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Preface

Faecal incontinence is, for the majority, a physically debilitating and socially
stigmatising condition that may have quite a profound adverse effect on one’s
quality of life, it being associated with poor self-esteem, embarrassment, and
depression. The causes are multifactorial, the investigations are varied, and

the treatment involves a multidisciplinary team of professionals who work with
patients and their significant others to optimise the quality of their lives. The
treatment modalities range from simple measures and lifestyle modifications to
complex interventions.

This book, Current Topics in Faecal Incontinence, features an international
authorship. The clinicians and researchers who contributed to this book have a
wealth of experience and have made seminal contributions to their respective
fields. The chapters represent both original research as well as up-to-date and
comprehensive reviews. The clinical, anatomical, and physiological evaluation of
faecal incontinence, including quality of life, is discussed in some detail. Chapters
are also devoted to faecal incontinence in autoimmune disease and obstructive
defaecation. The final two chapters focus on two key and expanding areas in the
treatment of faecal incontinence: anal implants and biosphincters.

This book should appeal to a wide readership. It is an invaluable resource for
physicians, surgeons, nurses, and allied healthcare professionals who seek to
refresh and expand their knowledge in this field, as well as a source of excellent
information for those preparing for professional examinations. I trust that readers
will find this book both enjoyable as well as educationally rewarding.

I hope that, with this book, I have contributed in some way to the understanding

of this complex yet common condition, and ultimately provide a service that will
benefit patients and improve their quality of life. I am most grateful to the authors
who have willingly put in an enormous effort in providing such excellent reviews of
these diverse topics.

John Camilleri-Brennan MD (Melit), MD (Dundee),
FRCSGlas, FRCSGenSurg, MFSTEd

University of Glasgow,

Glasgow, Scotland, UK
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Chapter1

Introductory Chapter: Challenges
in the Diagnosis and Treatment of
Faecal Incontinence

John Camilleri-Brennan

1. Introduction

Faecal incontinence is defined as the involuntary loss of faeces and flatus
through the anal canal and the inability to postpone defaecation until socially
convenient. In the majority, it is a physically debilitating and socially stigmatising
condition that may have an adverse effect on one’s quality of life. There are many
aspects of one’ life that are affected by this condition. Faecal incontinence has been
shown to be associated with poor self-esteem, embarrassment, and depression.
Those afflicted with this condition frequently need to plan and organise their lives
around the availability of and easy access to bathrooms and frequently avoid social
and leisure activities, especially venturing outdoors.

The prevalence of faecal incontinence in the UK is estimated to be about 2% of
the general population. Certainly the prevalence increases with age. Other inde-
pendent risk factors include female sex, physical limitations, poor general health,
and loose and frequent stools. From the financial point of view, the investigation
and treatment of faecal incontinence may add to a significant cost to the health
budget of most countries. In fact, the annual cost to treat and care for patients in the
UK with urinary and faecal incontinence and the consequences thereof is of about
£500 million. In addition, there are significant financial costs to the patients, their
families, and their employers due to the time taken off work and unemployment.

1.1 Diagnostic challenges

The pathophysiology of faecal incontinence is multifactorial. This presents the
first challenge: that of reaching a correct diagnosis. A thorough clinical assessment
of the patient is therefore mandatory. A detailed history, including a cognitive
assessment in most cases, is necessary. The characteristics of the faeces and the type
and frequency of incontinence should be noted. Urge incontinence is suggestive of
poor external anal sphincter function, whilst passive and post-defaecatory incon-
tinence indicates that internal anal sphincter function is weak. Any red flag symp-
toms, the symptoms suggestive of colorectal cancer such as rectal bleeding, should
be identified. Importance should be placed on secondary symptoms such as pruritus
ani and perianal skin, since these may reflect upon the severity of the inconti-
nence and may in some cases be the presenting complaint. Various questionnaires
that enable the clinician to quantify the degree of incontinence, the severity of
symptoms, and the impact on quality of life are available. These include symptom-
specific questionnaires, such as the ones developed by Vaizey et al. [1] and Jorge
and Wexner [2], the Fecal Incontinence Quality of Life Scale (FIQOL) developed
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by Rockwood et al. [3], and also generic questionnaires such as the Short Form 36
(SF 36) [4]. Further information is obtained from a full examination of the patient,
including the abdomen and perineum, and a neurological examination in some
cases. Beneficial investigations include a flexible sigmoidoscopy, anal manometry
(resting and squeeze pressure), rectal compliance, pudendal nerve terminal motor
latency (PNTML), endoanal ultrasound, and defaecating proctography. Clinicians,
however, need to be able to determine which test to perform and when. Crucially
important is the correct interpretation of the results to ensure as accurate a diagno-
sis as possible. This presents a difficulty in itself due to our incomplete knowledge in
some areas of physiology and pathophysiology and also due to the weak correlation
between subjective and objective parameters.

1.2 Treatment challenges

The treatment of faecal incontinence is most often demanding. Determining
the appropriate treatment depends upon the accuracy of the diagnosis but also has
to be tailored to the individual patient, taking into consideration the individual
circumstances.

There are many publications listing the various modalities of conservative and
operative treatment options. The main aim is to treat the patients’ incontinence
conservatively in the first instance. Stool consistency may be improved with the
use of loperamide and codeine, biofeedback and pelvic floor exercises may help
improve rectal evacuation, anal plugs minimise passive incontinence, and so on.
Failure of medical therapy may lead to consideration of surgical options, of which
a variety are available. For example, traumatic disruption to the anal sphincter and
pelvic floor may be repaired, either by simple muscle apposition or, in exceptional
circumstances, by more advanced and complex techniques such as the gracilis
neosphincter. However, direct surgery on the colon, rectum, and anal sphincter
is both invasive and irreversible, as well as being associated with poorly sustained
long-term outcomes and well-established complications. A less invasive surgical
mode of treatment is sacral nerve stimulation (SNS), which has been shown to be
effective in the improvement of continence in a selected group of patients. Other
more minimally invasive procedures, such as the SECCA procedure and the use of
anal bulking agents, have an important role to play. Scientific advances in the field
of anal implants, with their associated clinical benefits and safety profile, are mak-
ing these minimally invasive operations a more viable and effective option. A colos-
tomy always remains an option and may be considered in certain circumstances,
such as in those who are bed-bound, those with upper motor neurone lesions, and
those where other surgical options have failed or are considered inappropriate.

The choice of treatment is not always straightforward. It is therefore advisable
that patients are managed in a multidisciplinary setting, especially those who failed
conservative management and may require operative intervention. Continence
multidisciplinary team meetings to discuss patients with challenging continence
issues are therefore highly commended [5].

Moving forwards, we are faced with exciting challenges as technology is rapidly
advancing. A main example is the intrinsically innervated BioSphincter, which has
the potential to improve the quality of life of so many of our patients. Watch this
space!
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Chapter2

Comprehensive Clinical Approach
to Fecal Incontinence

Kasaya Tantiphlachiva

Abstract

Fecal incontinence is a disturbing condition, which reduces the quality of life
of patients. Prevalence of this apprehensive problem is usually underestimated.
However, it is more common in female, elderly, and institutionalized subjects.
Factors that may be associated are urinary incontinence, diabetes mellitus, depres-
sion, diarrhea, history of anorectal surgery, anorectal trauma, pelvic organ surgery,
and pelvic irradiation. To improve this condition, physicians should have insight
into the individual’s pathophysiology through the process of careful history taking,
severity, and quality of life assessment, thorough physical examination and com-
prehensive anatomic and neurophysiologic evaluation. These tests include imaging,
anorectal manometry, and neural conduction tests. Finally, by these gathered
information, individualized treatment for the patient is designed. Patient’s educa-
tion and judicious follow-up are also parts of the plan.

Keywords: fecal incontinence, digital rectal examination, endoanal ultrasound,
anorectal manometry, neurophysiologic test

1. Introduction

Fecal incontinence (FI) is defined as recurrent uncontrolled passage of solid or
liquid stool at least 3 months in an at least 4-year-old individual [1]. For research,
onset should be at least 6 months with the episodes of two times in 4 week-period
[1]. Severity of FI has a direct deteriorating effect on the quality of life of the
patients, especially on life style and depression [2, 3]. The higher severity was also
significantly associated with more direct annual medical (i.e. medical resources used
for diagnosis, treatment, and management of related conditions) and nonmedical
costs (i.e. nonmedical care such as transportation and use of protective products)
[4]. Other indirect cost is associated with loss of productivity [4] and work load of
caregivers [5]. Prevalence of FI in general population was 7.7% (range, 2.0-20.7%)
[6, 7]. It equally affected both gender in most studies; male 8.1% (range 2.3-16.1%)
and female 8.9% (range 2.0-20.7%) [7, 8]. The prevalence increased with age, that
is, 5.7% at 15-34 year, 9.9% at 60-90 year, and 15.9% at >90 years [7, 9]. Associated
risk factors of FI included increasing age, watery stool, functional diarrhea, urinary
incontinence, and polypharmacy (use of five or more medications) [5, 7, 9, 10, 11].
In instituted population, the prevalence of FI was up to 46-571% [11, 12]. Significant
associated factors of FI were poor general health status (>4 comorbidities), urinary
incontinence, cognitive-function impairment (dementia), decreased mobility, and
length of nursing home residency [12]. In elderly female, marriage was another pre-
dictive factor of FI [9]. This may be explained by the difference in pathophysiology
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of FI in female where parity, traumatic vaginal delivery, and previous pelvic surgery
played roles [13]. In parous female, the incidence of FI was as high as 46% from postal
survey [14]. In male with FI, impaired rectal sensation and evacuation disorder are
more prominent than female [13]. Thus, pathophysiology of FI is likely to be different
between genders and individuals. Careful systematic evaluation should be performed
to assess these underlying mechanisms in order to guide a successful management.

2. Pathophysiology of fecal incontinence

Normal control of defecation requires intact neuromuscular structures, includ-
ing rectum, anal canal, pelvic floor, and neural network. Rectum, as a reservoir;
anal canal, with intact sensation and vascular cushion as a checkpoint; pelvic floor
and anal sphincter, as controlling gate; and neural network, as a communication
system, all play roles in bowel control. For perfect action, colorectal motility, stool
volume, and stool consistency should also be normal. Disruption of one or more
compositions of the system leads to FI. In clinical practice, most patients with FI
were found to have multiple contributing factors [15].

Rectum is the distal part of colon, which extends from the rectosigmoid junc-
tion, dilates to form a reservoir, and ends at the tight circular anal canal [16]. It is
distensible and acts as a temporary storage of residue of ingested food [17]. Surgical
removal of rectum or physical injury to rectum such as radiation predisposes the
subject to FI.

Anal canal is the terminal part of the gastrointestinal tract. It is a close tube
surrounded by anal sphincter muscle (surgical anal canal). Anal sphincter and
pelvic floor muscle act together to close the bowel. Anal sphincter muscles comprise
internal anal sphincter (IAS) and external anal sphincter (EAS). IAS is the inner
circular smooth muscle layer, which contributes to most of the anal sphincter
pressure at rest [17, 18]. It is a continuation of inner circular muscle of the rectum
and ends just proximal to the subcutaneous part of EAS [18]. Its length is 2.5 cm and
thickness is 2-5 mm in normal population [18]. IAS is innervated by the autonomic
nervous system. Parasympathetic supply is from the first, second, and third sacral
nerves via pelvic plexus and sympathetic supply from both thoracolumbar outflow
and hypogastric nerves [18]. The enteric nervous system connecting between
neurons and glial cells situates in the myenteric (Auerbach’s) plexus and the submu-
cosal (Meissner’s) plexus is a part of reflex pathways that control bowel [18]. EAS
is the outer striated muscle layer, which voluntarily functions during squeeze. In
the literature, it had been described as three parts: subcutaneous, superficial, and
deep [19, 20]. However, the findings during surgery and from advance imaging, the
current concept accepts that the deep portion of EAS it on continuous circumfer-
ential mass with the puborectalis muscle [19]. The upper part of superficial EAS is
attached anteriorly with transverse perinei muscle at the perineal body [19]. The
subcutaneous portion of EAS is just underneath the skin and is traversed by the
conjoined longitudinal muscle, which is the continuation of the outer longitudinal
layer of the rectum. EAS is innervated by the perineal branch of pudendal nerve
(S2-4), inferior rectal nerve, and perineal branch of the forth sacral nerve [19, 21].
These nerves contribute in various patterns [21]. Mucosa of the upper anal canal
is lined by columnar epithelium and the lower anal canal is lined by squamous
epithelium [19]. Submucosal tissue and subepithelial tissue contain internal hemor-
rhoidal plexus and external hemorrhoidal plexus, respectively [19]. This distensible
hemorrhoidal cushion plays a protecting role for anus and helps in complete closure
of the anal canal. It contributes to 15-20% of resting anal canal pressure in addition
to the major 85% contributed by IAS [22].
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Pelvic floor muscle, or the levator ani muscle, continues with the uppermost part
of the external anal sphincter. It comprises of (1) puborectalis muscle, a U-shaped
muscular sling from each side of pubic symphysis that joins behind the rectum
at the anorectal junction [17]. It is a major muscle that maintains anorectal angle
approximately 90° at rest [19, 22]. (2) Pubococcygeus muscle: originates from the
back of the pubic bone, lateral to the puborectalis muscles, and from the anterior
half of the obturator fascia [19, 22]. It runs backward, downward, and medially to
decussate with the fibers from the opposite side forming a tendinous center called
anococcygeal raphe [19, 22]. (3) Iliococcygeus muscle arises from the ischial spine
and posterior part of the obturator fascia and passes downward, backward, and
medially to insert on the lower part of sacrum, coccyx, and anococcygeal raphe
[19]. In the middle of the anterior part of the levator ani, there is the levator hiatus,
which pelvic organs pass through [19]. Pubococcygeus and iliococcygeus contribute
to lateral pressure to narrow the levator hiatus, and puborectalis muscle has a role in
maintaining continence [22]. Impaired levator ani contraction is strongly correlated
with severity of FI [23]. Levator ani is innervated by direct branches from sacral
nerves (S3-5) proximal to sacral plexus [19, 24].

Sensory innervation of the anorectal area is responsible for correct afferent
information of the luminal content. Anal canal is sensitive to pain, temperature, and
touch, and afferent conduction is via pudendal nerve back to S2, S3, and S4 nerve
roots [16, 25]. For rectum, parasympathetic fiber transmits the sensation of rectal
distension via the nervi erigentes which are derived from the S2, S3, and S4 spinal
segment [22]. These fibers join the sympathetic nerve fiber which is derived from L1,
L2, and L3 spinal segment [16, 18, 22, 24] to form hypogastric plexus [18, 24].

Sacral reflexes, including rectoanal inhibitory reflex (RAIR), sampling reflex,
and cough reflex, are additional mechanisms of sensing and controlling stool [26].
These involve anorectum sensing area, peripheral nerve, spinal cord sensory and
motor nuclei, and anorectal musculature, acting in a coordinated circle. RAIR,
mediated by intramural myenteric neurons, is an immediate IAS relaxation follow-
ing rectal distension [26]. Sensation of rectal distention and stretch by nerve fibers
in rectal mucosa, submucosa, and myenteric plexus then go along the parasympa-
thetic system to S2, S3, and S4 [27]. When the intrarectal pressure becomes higher
than intra-anal canal pressure, bowel content is allowed to reach the anodermal area
in the upper anal canal where sensory receptors are abundant [26, 27]. This anorec-
tal sampling reflex provides information for discrimination between solid, liquid,
and gas contents [27]. Thus, the person can choose to retain those contents in the
bowel or pass it out at an appropriate time.

Cough reflex prevents leakage during a sudden rise in intra-abdominal pressure
by immediate contraction of EAS [26]. It is triggered by receptors on the pelvic
floor and transferred through a spinal reflex arc [28]. Connection between the
central nervous system and the anorectal area contributes to a higher function of
bowel control. Intact CNS to percept, process, and produce the efferent action is
required for perfect control. Specific sensory areas in the brain are responsible for
sensing the rectal distension [29]. Specific motor area in the parasagittal cortex is
responsible for controlling anal sphincter [30, 31]. Figure 1 shows the anatomical
and neural pathways of fecal continence control.

FI occurs when one or more of the controlling mechanisms were damaged.
Obvious etiology of FI is anal sphincter damage. In females, obstetric anal sphincter
injury can occur after vaginal delivery. Postpartum fecal incontinence had been
reported in 3-4% of women [32]. Sphincter weakness after delivery may be caused
by injury to internal and external sphincter and injury to pudendal nerve or com-
bination [32]. Risk factors include forcep delivery, prolonged second stage of labor
(>5h), shoulder dystocia, ano-vulvar distance <2 cm, perineal scar and third or
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Figure 1.
Fecal continence system.

fourth-degree perineal injury, and infant birth weight >3500 g [32, 33]. Symptoms
of continence may occur later in life as there are other compensatory mechanisms
to compensate [32]. Symptomatic group was older, had less body mass index, and
had more forceps delivery than the asymptomatic group [33]. FI in men was more
associated with constipation and previous colon and anorectal surgery compared
to women [34]. Anorectal surgery, including hemorrhoidectomy, lateral internal
sphincterotomy, and fistulectomy, may affect the anal sphincter and vascular
cushion, thus leading to FI [15, 35].

Normal rectum is a low-pressure space acting as a reservoir of fecal material
until a coordinated and effective evacuation is appropriate [36]. Decreased rectal
compliance, accommodation, or sensation may be found in inflammatory bowel
disease and radiation proctitis [15, 36]. Neurological interruption of the central,
peripheral, or autonomic nervous system is another cause of FI. These include
cerebrovascular accident, spinal cord injury, and pudendal neuropathy. The latter
had been reported after radiotherapy for prostatic cancer [37]. FI after multimodal-
ity treatment of pelvic malignancy, including prostate, cervical cancer, and rectal
cancer, had been reported between 3 and 53% [38].

Other contributing risk factors of FI are stool consistency and transit function
of the colon. In the presence of diarrhea and history of previous cholecystectomy,
the control of stool becomes more difficult. In obesity, increased body mass index
predisposed the subjects to FI due to weakening of pelvic floor musculature and
increased intra-abdominal pressure [15, 39]. Shorter anal canal length, lower
resting pressure, and higher rectal perception threshold were seen compared to
nonobese patients [39]. Table 1 summarizes the risk factors of fecal incontinence.
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Category

Risk factors

Intestinal factors

Diarrheal status

Irritable bowel syndrome

Inflammatory bowel disease

Post cholecystectomy

Malabsorption/food intolerance/enteral tube feeding

Hypersecretory tumors

Rectal factors

-Acquired structural

Rectal intussusception/rectal prolapse

abnormalities .
Rectal resection
Trauma/anorectal impalement
Radiation proctitis
Ulcerative proctitis
-Overflow Fecal impaction (overflow incontinence/paradoxical diarrhea)

Dyssynergic defecation

Rectal hyposensitivity

Anal sphincter and pelvic floor factors

-Acquired anatomical defect

Sphincter injury: obstetric, anorectal surgery, accident (e.g. pelvic
fracture), and impalement

-Congenital defect

Imperforated anus, cloacal defect, and spina bifida (myelomeningocele
and meningocele)

Neurological factors

-Central nervous system

Cerebrovascular disease

Trauma brain injury

Neoplasm of brain and spinal cord

Cerebral infection

Multiple sclerosis

Spinal surgery

Spina bifida

Dementia

Tabes dorsalis

-Peripheral nervous system

Pudendal neuropathy (radiation, diabetes, and chemotherapy)

-Autonomic nervous system

Diabetes mellitus

Parkinson’s disease

Previous pelvic surgery/radiation

Metabolic and systemic factors

Endocrine

Diabetic gastroenteropathy and hyperthyroidism

Electrolyte disturbance

Hypercalcemia and hypermagnesemia

Medication

Causing loose stool: laxatives/metformin/magnesium-containing antacids/
serotonin reuptake inhibitors, and orlistat

Alter gut flora: cephalosporins, penicillins, and erythromycin

Alter sphincter tone: nitrate, calcium channel blocker, sildenafil, and
bolulinum toxin injection

13



Current Topics in Faecal Incontinence

Category Risk factors

Psychological factors

Psychiatric disorder

Medication

Individual characteristics

Aging

Female gender

Smoking

Obesity

Institutionalization/physical disabilities

Table 1.
Risk factors of fecal incontinence.

3. Assessment of fecal incontinence

To define the underlying etiology of FI in each patient, the clinician should have
stepwise systematic assessment. There are three important steps in evaluation of
patients with FI: clinical assessment, anatomical assessment, and neurophysiologic
assessment.

3.1 Clinical assessment

Manifestation of FI may be classified into three subtypes: urge incontinence,
total incontinence, and seepage [27].

1. Passive incontinence: involuntary leakage of fecal material or gas without awareness.

2. Urge incontinence: leakage of fecal material or gas in spite of active attempts to
retain them.

3. Fecal seepage: undesired leakage of fecal material after normal bowel move-
ment without abnormal continence or evacuation.

Careful history taking should detect patients with FI who may not admit this
embarrassing condition [40]. By using different terms, such as diarrhea, fecal urgency,
accident, etc., and privacy of the clinic environment should allow more patients to dis-
cuss about their symptoms. Information retrieved from history taking should include
severity, onset duration, clinical subtypes, and associated symptoms, for example,
rectal prolapse, pelvic organ prolapse, and urinary incontinence [41]. Stool diary and
stool form charts such as the Bristol stool form scale can be used for better communica-
tion [15]. Aggravating factors should be elicited. These include detailed obstetric his-
tory and abdominal-colon-anorectal surgical history, and coexisting medical condition
should be noted [41]. Previous and current treatments and results should be recorded
[41]. Severity score should be documented by using one of the available established
scores: St. Mark’s Fecal Incontinence Severity Score (Vaizey's score), Cleveland Clinic
Fecal Incontinence Score (Wexner’s score), the American Medical System score, and
Pescatori score [42]. From the international survey, the Wexner score is the most com-
monly used scoring system even though the score does not include fecal urgency [43].
These scores do not have a cut-off point, may not be used to guide treatment, and can-
not predict the treatment outcome [44, 45]. However, it reveals the patient’s current
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Onset, duration, and precipitating event(s)

Severity and timing of symptoms

Clinical subtypes: passive, urge, and fecal seepage

Clinical grading of severity

Previous and current bowel movement activity; frequency, stool consistency, urgency, change in bowel habit,
constipation, and fecal impaction

Coexisting problem: urinary incontinence and pelvic organ prolapses

Previous surgery: anorectal surgery, abdominal surgery, and pelvic surgery

Previous pelvic irradiation

Central nervous system problem: cerebrovascular disease and spinal cord injury

Underlying medical problem and current medication

Current medication/caffeine/diet

Obstetric history: previous delivery, instrumentation, baby birth weight, perineal tear, and repair

Table 2.
Information that should be obtained during history taking from patient with fecal incontinence.

burden which can be used to compare during follow-up after treatment. Table 2 shows
the information that should be obtained during history taking [27]. Change in bowel
habit, stool character, advanced age, bleeding per rectum, anemia, mucous bloody
stool, and family history of cancer should alert the physician to further endoluminal
investigation. Multi-compartment involvement of pelvic organ prolapse should be
approached by the multidisciplinary team. Quality of life assessment using standard-
ized scores—fecal incontinence quality of life scale (FIQL) [46], SF-36 (short Medical
Outcomes Questionnaire), and Gastrointestinal Quality of Life Index—may be used
for clinical assessment and should be used routinely in research [44, 45].

Physical examination, especially perineal and anorectal examination, is an
important part of assessment. Information of baseline anatomy and function of the
subject are obtained [41]. Patients are usually placed on a left lateral position with hip
and knee flexion. Inspection of the perineum, at rest and strain, may be positive for
scar from previous surgery or obstetric injury, skin inflammation, thinning or loss
of perineal body, anal gaping, soiling fistula, hemorrhoid, mucosal prolapse, rectal
prolapse, and perineal descent [41, 47-49]. Following inspection, testing for perineal
sensation and anocutaneous reflex is performed by stroking the perianal skin in a cen-
tripetal fashion with a stick with cotton bud, in all four quadrants [47]. The absence
of anocutaneous reflex suggests pudendal neuropathy or a cauda equina lesion [48].
Digital palpation should then be performed gently using a gloved index finger [47].
Anal epithelium and rectal mucosa should be felt for tumor, smoothness, bulging,
protruding, and impacted stool. Resting anal sphincter tone and length of anal canal
should be noted before asking the patient to squeeze to note voluntary squeeze tone
[41, 47]. Then the patient is asked to push and bear down while the examiner places
her left hand over the patient’s abdomen. The defecation pattern is noted by observing
abdominal push effort, anal relaxation, and perineal descent [47]. Patients with sus-
pected pelvic organ prolapse are further examined in a lithotomy position, by asking
them to bear down to reveal prolapse of rectum, vaginal, uterus, and/or bladder [41].

By inspection, patients with gaping anus showed lower resting anal sphincter
pressure than those without and patients with anal scar had lower incremental
squeeze pressure than those without these signs [49]. When comparing squeeze
pressure measure by DRE and by high-resolution manometry, there was moderate
agreement in the diagnosis of fecal incontinence (K-coefficient = 0.418, p = 0.006).
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Sensitivity, specificity, PPV, and NPV were 774, 70.0, 88.9, and 50.0%, respectively
[50]. Even the agreement is poor if anal resting pressure was used; DRE can be a use-
ful beside test to diagnose FI [50]. Mechanical abnormalities detected during physical
examination including palpable mass, mucous bloody stool, and anemia warrant
additional investigation such as endoscopy, stool examination, and breath tests [51].

3.2 Anatomical assessment

After secondary FI has been ruled out, investigation to define the underlying
mechanism of FI in that patient should be performed. These include endoanal ultra-
sound or MRI to evaluate anal sphincter and pelvic floor anatomy integrity. For the
assessment of anal sphincter defects, DRE is inaccurate for determining external anal
sphincter defect <90° (accuracy 36%) [49]. Sensitivity is 90% and specificity is only
27.8% in distinguishing small from extensive anal sphincter defect [52]. Thus, DRE
may be able to identify anal sphincter defect but is not sensitive enough to quantify its
degree. Endoanal ultrasound (EAUS) has been recommended as a useful and sensitive
tool to detect and define anal sphincter anatomy [44, 45]. It has a firm role in diagnostic
work-up of FI [53]. EAUS is the gold standard for morphologic assessment of anal canal
[54]. Various kinds of probes are available. Traditional 2D, 360° rotating endoprobe
had been used to examine anal canal at multiple levels: (1) uppermost level, U-shaped
puborectalis muscle is seen; (2) middle level, complete rings of IAS and EAS were seen
and transverse perinei muscle is visualized; and (3) lower level, complete ring of sub-
cutaneous part of EAS was seen without IAS [54, 55]. Normative data using 3D-EAUS
had been described in both western and Asian population, and in both genders [56, 57].
Male had longer anal canal length than female by 3D-EAUS [56, 57]; M vs. F, 3.9 + 0.7 vs.
34 + 043 cm, p = 0.007 [57]. Importantly, anterior anal canal length, where puborec-
talis muscle mass is devoid, is significantly shorter in female [56, 57]; M vs. F, 3.6 + 0.8
vs. 2.8 £ 0.5 cm, p < 0.001 [57]. Information which can be obtained included thickness,
length, defect, and scar of IAS, EAS components (subcutaneous and superficial parts),
and puborectalis muscle. The information of defect and residual anal sphincter remnant
can guide anal sphincter repair. Figure 2 is an example of anal sphincter defect detected
by 3D-EAUS. Alternative to EAUS may be transperineal ultrasound (TPUS), which can
also detect anal sphincter defect [44]. There was no difference between MRI and EAUS

Anterior internal and external sphincter defect from
obstetric injury

Figure 2.
Anal sphincter defect detected by 3D-endoanal ultrasound.
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in depiction of external anal sphincter defect [58]. Sensitivity of MRI vs. EAUS was 81%
vs. 90% and the positive predictive value was 89% vs. 85% [58].

In detecting external anal sphincter atrophy, EAUS was also comparable to MRI
[59]. External phase-array MRI is comparable to endoanal MRI in detecting EAS atro-
phy [60]. However, MRI is more expensive and time-consuming than EAUS [45] and is
recommended only in the institute with sufficient experience available [60]. Dynamic
MRI may be useful in subjects with suspected concomitant pelvic floor disorder, such
as rectal prolapse, pelvic organ prolapses, rectocele, enterocele, and perineal descent.

3.3 Functional and neurophysiologic assessment

Anorectal manometry (ARM) has been used to assess global anorectal function.

It is used to quantify IAS and EAS function, rectal sensation, rectoanal reflexes, and
rectal compliance [51, 61]. Traditional techniques used water-perfused and solid-

state probe (6-8 channels). The newer technique uses high-resolution (HRM, 12
channels) and high definition probes (3D-HRM, 256 channels) [51, 61]. From recent
international survey, most institutions use a conventional water-perfused system

[62]. Solid-state and high-resolution systems are used mostly by specialist center [62].
Techniques and minimum standards of ARM had been described by Rao et al. [63].
These steps can be applied to the new probes. HRM and HDM results were comparable
to measurement by water-perfused systems [64, 65]. Important information obtained
includes resting anal sphincter pressure which primarily reflects internal anal sphinc-
ter function [64, 67]. Resting anal sphincter pressures are varied by gender, age, and
testing methodology [28]. Pressure is usually higher in men and younger age [28, 53,
67]. Normal value using classic catheter had been described using solid-state catheter
[68]. In our institute, water-perfusion catheter, normative value is shown in Table 3.
Males had longer high-pressure zone, higher squeeze pressure, and longer squeeze
duration than females [68]. Figure 3 shows manometric findings of a patient with fecal
incontinence, in whom, the anal squeeze pressure did not increase as high as normal.

Rectal sensory testing and rectal compliance evaluation can be performed as a part
of anorectal manometry or can be performed separately using the barostat technique
or electrical stimulus [28]. Incontinent patients may have rectal hyposensitivity or
hypersensitivity [51]. Rectal hypersensitivity is commonly found in patients with FI
which may be explained by the cognitive precaution of the patients. However, this
finding should be studied in detail. Rectal hyposensitivity, found in 10% of subjects
with FI, had been reported as a cause of idiopathic FI which may reflect the afferent
nerve dysfunction [69, 70]. It may also be due to megarectum and may be associated
to fecal retention with overflow FI. Reduced rectal compliance is seen in patients with
colitis, low spinal cord lesion, and diabetes mellitus. Increased rectal compliance is
seen in high spinal cord lesion [51]. RAIR and cough reflex may be impaired and con-
tribute to FI in some individuals. For example, RAIR may be impaired after low rectal
surgery [71] and spinal cord injury below L2 level [72]. Cough reflex is impaired in
patients with cauda equina or sacral nerve plexus lesion [28].

Clinical utility of ARM in FI is to assess the weakness of sphincter muscle and
abnormal anorectal sensation. For discrimination between normal and incontinent
individuals, ARM had reported a sensitivity of 91.4%, an accuracy of 85.8%, and a
specificity of 62.5% only [73]. By meta-analysis, ARM is accurate for diagnosis of FI
with a sensitivity of 0.80 (95% confidence interval (CI) 0.69-0.88) and a specific-
ity of 0.80 (95%CI 0.65-0.90). The diagnostic likelihood ratio was 16.61 (95%CI
5.52-50.03) [74]. The common parameter used to determine FI was maximal resting
pressure [74]. Recent technology of high-definition manometry (HDM) may be
able to predict the possibility and to distinguish subjects with FI from healthy
subjects [58]. However, further studies are required.
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Parameters (mean + 95%CI) Male Female Total
HPZ rest (cm) 24+04 22+0.2 23+0.2
HPZ squeeze (cm) 29+ 04 28+0.3 29+03
Resting sphincter pressure (mmHg) 65.3+15.2 58.5+83 64.3+83
Sustained squeeze pressure (mmHg) 126.9 £ 25.9 102.8 +10.3 121.3 + 14.0
Maximal squeeze pressure (mmHg) 205.8 + 43.2 169.1+191 203.5+231
Duration of squeeze (s) 31.8+36 294 +31 311+23
Rectal sensory testing

Mean first sensation (ml) 15.0 + 4.3 139 +31 151+27
Volume at desire to defecate (ml) 358+95 36.5+ 6.0 38757
Volume at urge to defecate (ml) 61.7 +13.8 60.0 £ 8.0 63.8+8.0
Volume at maximal toleration (ml) 120.0 + 34.1 1032+ 164 1191 +18.7
Saline continence test

Saline volume retained (ml) 655.8 +72.6 633.2 + 56.7 638.0 + 46.0
Mean %volume retained (ml) 90.8+9.3 88.3+74 90.0 £5.9
Volume at first leak (ml) 313.0 £ 76.4 263.6 +52.3 283.1+435
Median volume at first leak (ml) 325 280 280
Median retained volume (ml) 750 750 750
Mean % retained volume 100 100 100

"Author’s unpublished data.

Table 3.
Normative anovectal manometric data.™
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Figure 3.
Anorectal manometric findings in subjects with fecal incontinence during squeeze captured by different

techniques; water-perfusion system on the left and high-vesolution manometry on the right.
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Right: high-resolution manometric appearance
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Adjunctive test in FI is the saline continence test, which is performed by infusing
800 ml of 0.9% sodium chloride into the patient’s rectum while sitting on a com-
mode at a rate of 60 ml/min [55]. Volume infused at the onset of first leak was about
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770 (735-805) ml in male and 530 ml in female (410-650) [68]. The total volume
that a male could retain was about 790 (770-810) ml and for a female was 670
(620-750) ml [68]. Subjects with FI had significantly lower volume infused at first
leak and total volume retained compared to healthy volunteers [75].

Electromyography (EMG) performed by inserting a needle electrode in the
external anal sphincter muscle and levator ani muscle had been used to assess
integrity of neuromuscular connection of the muscle [76]. Due to invasiveness,
surface EMG had also been used [77]. However, the detection of the EAS defect has
been replaced by other imaging techniques such as EAUS and MRI [78], and EMG
could not predict the response to biofeedback therapy in FI [79].

Pudendal nerve terminal motor latency test (PNTML) assesses the neuromus-
cular circuit between the terminal branch of the pudendal nerve and the external
anal sphincter by measuring the conduction time between the initial stimulation
and the EAS contraction (seen by motor evoked potential curve). Prolonged latency
time suggests pudendal neuropathy [76]. However, the test is not sensitive enough
to be related with clinical symptoms, manometric findings, and histologic findings
[76, 80]. This is because a single intact nerve fiber in a FI patient can give the nor-
mal latency time. Thus, it is not routinely recommended [45]. However, in clinical
practice, it can be used in conjunction with anorectal manometry and endoanal
ultrasound to provide the “missing link” [81] or the possible explanation of under-
lying pathophysiology of FI in the patient. Figure 4 demonstrates the abnormal
PNTML in a FI patient compared to a normal subject.

Novel neurophysiological investigations can be used to assess the spino-anorectal
neuropathy with higher sensitivity. These include translumbar and trassacral
magnetic neurostimulation (TLMS, TSMS), which induce motor evoked potential
in the anal and rectal areas by using magnetic stimulation at the lumbar and sacral
levels [82]. The magnetic stimulation induces the electrical current in the lumbosa-
cral motor nerve roots and then the conduct along the peripheral nerves. The test
could detect more anorectal neuropathy than PNTML, is well-tolerated, and can
be used to assess the lumbosacral neuropathy in spinal cord injury subjects with
anorectal problems [83]. Underlying pathophysiology of fecal incontinence which
involves brain-gut axis connection can be tested bi-directionally [84]. For testing
efferent pathways, cortical stimulation using transcranial magnetic stimulation over
the paramedian motor cortex can be performed [84] and motor-evoked potentials
are registered intraluminal at the rectum and anal canal levels. The test has been
validated for reproducibility and good interobserver agreement [84]. In one study
where both cortico-anorectal and spino-anorectal magnetic stimulations were
performed, the peripheral spino-anal and spino-rectal neuropathy was identified to

-, FA p o

Pudendal Nerve Terminal Motor Latency of subjects with fecal incontinence (upper, blue border)
and healthy subjects (lower). In normal subjects latency time was <2.2 msec and in subjects with
fecal incontinence the motor evoked potential is not seen on the right and seen with lower
amplitude on the left with latency time of about 4.0 msec (arrow)

Figure 4.
Pudendal nerve terminal motor latency testing.
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have a possible role in the pathogenesis of FI [85]. For afferent pathways, the cortical
sensory perception of anal and rectal stimulation can be detected for cortical evoked
potentials (CEPs) using the scalp electrodes [84]. After rectal balloon distension, the
prolonged CEP latency was seen in subjects with idiopathic FI [86] suggesting affer-
ent dysfunctions [86]. Brain response to rectal distension can also be detected by
functional MRI [28]. Preliminary findings suggested that central cerebral processing
of rectal and anal stimuli plays a role in the pathogenesis of FI [29, 86].

3.4 Clinical utility of anorectal anatomical and neurophysiologic tests

FI usually has multiple etiologies including structural and functional defects.
Endoanal ultrasound is strongly recommended to detect anal sphincter defects in
patients with FI [44, 45]. Three-dimensional ultrasonography is useful to docu-
ment anal sphincter defects, levator ani muscle avulsion, and tears [44]. Anorectal
physiologic tests are used to confirm the diagnosis of FI, to grade the severity, and to
determine the underlying pathophysiology. Thus, appropriate management can be
planned accordingly. Anorectal manometry provides the baseline resting function of
anal sphincter and squeeze function during voluntary contraction. Subjects with FI
had shorter high-pressure zone, lower resting, and lower squeeze pressure than normal
healthy subjects [75]. In subjects with dyssynergic defecation with overflow continence,
the dyssynergic defecation pattern can also be demonstrated [66]. Abnormal anorectal
reflex can be demonstrated together with rectal sensation. This information can guide
in the biofeedback treatment and planning additional investigation or treatment.

The EMG technique is used to define an underlying neuromuscular dysfunc-
tion in selected cases. It is recommended for specialist use in the research study but
not in routine clinical practice [28]. PNTML may be useful for assessment of FI
especially when considering surgical intervention [28]. The test should be carefully
performed and interpreted with caution in conjunction with other investigation
results. Other neurophysiologic tests including motor evoked potential after lumbo-
sacral (TLMS, TSMS) and cortical stimulation (TMS) are used to study the efferent
brain-gut axis pathways, whereas cortical evoked potential after anorectal stimula-
tion is used to study afferent brain-gut pathways. Functional MRI is a research tool
to examine the brain-gut interaction and has not been tested for clinical use [28].

4, Conclusion

Fecal incontinence is a distressing condition of multifactorial etiologies.
Detailed clinical evaluation together with selective use of anatomical and neuro-
physiologic testing is useful for clarification of the underlying pathophysiology.
Recent change in bowel habit or stool characters should prompt the attention to rule
out secondary FI from organic causes, such as colorectal cancer and inflammatory
bowel disease. Severity and quality of life should be assessed. Clinical examination
can detect gross, but not minor, defects. 3D-EAUS is recommended to objectively
verify anal sphincter integrity. However, anal sphincter scar is better detected with
MRI. Dynamic MRI can demonstrate concomitant pelvic floor disorders. TPUS is an
alternative to EAUS and dynamic MRI but the accuracy is dependent on the opera-
tor’s experience. ARM-quantified anal sphincter function measures rectal sensation
and compliance. The saline continence test quantifies the severity of FI. EMG
has limited clinical utilities and had been replaced by EAUS in detecting the anal
sphincter defect. PNTML is insensitive to detect minor neuropathy. TLMS and
TSMS are more sensitive to assess the spino-anorectal efferent pathways and TMS
assesses the cortico-anorectal efferent pathway. CEP and functional MRI are used
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to assess the anorectal-cortical afferent pathways. The latter tests for brain-gut-axis
are mostly performed in the tertiary specialized institutes. By integration of the
patient’s all information, management can be planned accordingly. Further study
regarding brain-gut-microbiota interaction is continuing for a better understanding
of this group of patients.
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PPV positive predictive value

NPV negative predictive value

EAUS endoanal ultrasound

TPUS transperineal ultrasound

MRI magnetic resonance imaging
ARM anorectal manometry

HRM high-resolution manometry

CI confidence interval

HDM high-definition manometry

EMG electromyography

PNTML pudendal nerve terminal motor latency
TLMS translumbar magnetic stimulation
TSMS transsacral magnetic stimulation
CEP cortical evoked potentials

TMS transcranial magnetic stimulation
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Chapter 3

Quality of Life Considerations on
Fecal Incontinence

Arantxa Muiioz Duyos and Yolanda Ribas

Abstract

Traditionally, it has been assumed that tests like anorectal manometry and
endoanal ultrasound are essential in the evaluation of fecal incontinence (FI).
However, in daily practice, this testing rarely helps in the decision-making, as
are mainly based on the patient’s symptoms. Moreover, indications and outcome
evaluation should not be decided by only considering the symptom severity but
the impact on QoL and patient satisfaction. Nowadays, patients tend to be active
consumers of health care, so they may participate on the medical decision-making.
On the other hand, monitoring treatment results are mandatory in current practice.
Finally, considering the cost of some of the current treatments for FI, changes in
QoL should be demonstrated before implementing some procedures. For all these
reasons, the QoL scales should be used, and readers encouraged to become familiar
with QoL instruments and their limitations. The following chapter will cover almost
all areas on existing knowledge about QoL in patients with FI: from how many types
of QOL scales have been described, to the different ways to measure our patients’
satisfaction, passing through the difference between severity and QOL, going deep
on if the improvement of patients treated for FI is reflected enough in the current
used QOL scales.

Keywords: Quality of Life, Fecal Incontinence, Evaluation, Severity, Patients’
satisfaction

1. Introduction

Quality of life (QoL) is the general well-being of an individual including
all the emotional, social and physical aspects. A half century ago, the WHO
defined QoL as an “individual’s perception of their position in life in the context
of the culture and value systems in which they live and in relation to their goals,
expectations, standards and concerns” [1]. Therefore, the concept was already
multidimensional including physical, mental and social domains. Health-Related
Quality of Life (HRQoL) has been defined as the “physical, psychological, and
social domains of health, seen as distinct areas that are influenced by a person’s
experiences, beliefs, expectations and perceptions” [2]. In other words, it would
be an assessment of how the individual’s well-being may be affected over time by
a disease, disability or disorder.

Patients should be actively involved in the treatment decisions, and therefore,
the assessment of health perception is essential. Therapeutic outcomes are not
meaningful if they are not balanced with the patient’s perception of QoL, thus
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asking patients about their health and QoL before and after a procedure is crucial
to improve the quality of care. Patient-reported outcomes are reports coming
directly from patients about how they feel or function in relation to a health
condition and its treatment without any interpretation by healthcare profession-
als or anyone else [3].

In the last 30 years, different instruments assessing HRQoL and the broader
concept of patient-reported outcomes have been developed. These instruments
do not substitute the physical, physiological or biochemical evaluations, as they
are complementary and represent the patient’s general perception of the effect of
illness and treatment in different aspects of life such as physical, psychological
and social [4].

Fecal incontinence (FI) is a social and emotionally devastating condition
that significantly affects the QoL of patients and their families, and the ultimate
goal of treatment should be to improve it, being essential to obtain direct data
from the patient. Considering that it is a symptom, the subjective perception is
essential in assessing the impact of incontinence on QoL. Patients commonly
experience embarrassment, and some people limit their social life to assure an
easy access to a toilet. Unfortunately, given the social stigma associated with the
condition, many patients do not seek treatment. It has been suggested that the
prevalence in the general population has been systematically underestimated, to
the point that it has been proposed that healthcare professionals should improve
detection by actively enquiring about symptoms of FI in high-risk groups [5].
The fact that only 5-27% of people report their symptoms to their physicians
may justify the low number of published studies assessing the QoL in patients
with FI [6].

This chapter will cover almost all areas on the existing knowledge about FI
patients’ QoL.

2. Types of QoL scales

There are two ways of administering questionnaires: by a face-to-face inter-
view or in a self-administered way. Traditionally, face-to face surveys have been
considered the gold standard because of their ability to obtain high response rates
and valid data. However, in QoL questions, it seems that less bias in responses is
produced by self-administered questionnaires due to the embarrassing situation of
confessing such sensitive questions to an interviewer [7]. Furthermore, face-to-face
surveys are more expensive.

Having an alternative viewpoint on a patient’s QOL provided by family caregiv-
ers or other proxies is important to avoid excluding patients who cannot respond
for themselves due to some cognitive impairment, of in case of very young children.
Furthermore, proxy assessment of health utility may also supplement critical
information for clinical decision-making on economic evaluations of patients care
and health of cost-effectiveness and cost-utility analyses [8]. Proxy-patient agree-
ment is lower for more subjective measures (e.g., expectations and satisfaction with
social activities) compared with more objective ones (e.g., the frequency of social
participation) [9].

In case of children, parent-proxy rapport can often be a limitation in the
assessment of QOL [10], with only a few studies evaluating the level of agreement
between parents and children on a child’s QOL over time. A large study [11] showed
low to moderate levels of parent-child agreement at baseline and lower agreement
at follow-up; child’s age and parent’s self-perceived health were the primary factors
associated with parent-child disagreements over time. Based on these findings,
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authors recommended direct self-assessment of QOL among children and adoles-
cents as much as possible.

Most QoL questionnaires are self-administered and they take into account both
the physical and the emotional aspects, which are usually divided in different
dimensions, the domains.

For the development of a questionnaire, several questions have to be considered:

1. Validity: it is the degree to which evidence and theory support the interpreta-
tions of test scores entailed by the proposed uses of tests [12]. Validity refers
to whether the questionnaire actually measures what it is intended to measure
and not something else, so it has to be established whether the questions and
the responses are phrased appropriately. Thus, it has to be determined how
representative the questions are (content validity), an association between
the test scores and the prediction of a theoretical trait has to be demonstrated
(construct validity), and if the questionnaire is measuring what it is intended
to measure (criterion validity).

2.Reliability: it is the ability of the questionnaire to yield reproducible and
consistent estimates of true treatment effect [12]. Reliability means that the
responses to the questionnaire are reproducible and that it has internal consis-
tency as well.

3. Responsiveness: the instrument should be able to detect the changes in the
expected outcomes. For instance, if a questionnaire is determining the QoL of
certain condition, then it should be able to predict the QoL after treating that
condition.

Furthermore, in order to avoid erroneous research conclusions, the translation of
questionnaires should undergo an appropriate and rigorous validation process, as it
was done by the International Quality of Life Assessment (IQOLA) project to trans-
late the S-36 Health Survey [13]. Questionnaires must adapt in a culturally relevant
and comprehensible form while keeping the original meaning and intention [13, 14].

Studies assessing the QoL in patients with FI have used three types of question-
naires: generic QoL scales, specialized scales and condition-specific scales.

Generic QoL Scales try to cover all aspects of life and are summarized in an
overall score. They are commonly used to measure QoL in patients with more than
one disease, and they permit comparison of QoL across groups of patients with
different medical conditions. Generic scales enable researchers to look at the target
population relative to other populations. They are usually adequate for detecting
gross changes in a specific population, but they often lack the specific questions to
detect subtle changes and, in the case of FI, many remarkable aspects may not be
reflected. For FI, the most widely used generic questionnaire is the Short Form 36
Health Status Questionnaire (SF-36) [15].

Specialized scales have been developed for a specific condition or symptom, not
a specific population. These scales focus on the measurement of a particular aspect
of QoL, such as the assessment of sleeping disorders in patients with irritable bowel
syndrome [16] or depression in patients with FI [17]. Specialized scales provide
two advantages. First, there is a lower probability that other dimensions of life will
emerge, and the instrument will therefore probably be more responsive to change.
Second, as with general QoL measures, specialized scales allow for comparison
across different populations (for instance, comparing the presence of depression
in FI versus depression in multiple sclerosis). The main disadvantage of specialized
scales is that the global sense of QoL is not reflected [18].
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Condition-specific scales are specially designed to go deep into QoL aspects
in each group of patients and its main advantage is that they can be used to detect
changes in the treated population. However, as expected, these instruments cannot
be used to compare QoL between different diseases. Four different types of condi-
tion-specific scales have been used to assess QoL in FI, each of them with strengths
and weaknesses that will be further explained. The first one, the Fecal Incontinence
Quality of Life Scale (FIQL), has been used as an evaluation tool for patients with
FIand it has been widely translated [19]. The second one, the Gastrointestinal
Quality of Life Index (GIQLI) [20], is an instrument for measuring QoL specifi-
cally in patients with gastrointestinal disorders, which has the additional advantage
of looking at FI relative to other gastrointestinal diseases. Finally, the third type
would be condition-specific quality instruments, which are designed to assess QoL
in specific populations. The Manchester Health Questionnaire (MHQ) [21] was
adapted to measure the condition-specific QoL related to FI from a validated mea-
sure of urinary incontinence (the King’s Health Questionnaire [22]). Subsequently,
the Modified Manchester Health Questionnaire (MMHQ) [23] was developed by
combining the Fecal Incontinence Severity Scale (FISI) and the MHQ.

3. Measuring the impact of FI: the difference between severity and QoL

Initial scores to assess FI did not include questions about QoL [24, 25]. The most
frequently used questionnaires, the Cleveland Clinic Continence Score (CCCS) [26]
and the St Mark’s score [27], have demonstrated and excellent intra and interob-
server reliability [28] and they added a question about lifestyle alterations, with
answers ranking in time frequency. However, ranking limitations in daily activities
on the basis of time frequency may be difficult for patients. Furthermore, a person
who has adapted oneself to deal with episodes of FI over a long period of time may
not realize the magnitude of the impact that these episodes have been having on the
activities of daily living.

Moreover, severity scores in FI were developed to be as objective as possible but
introducing variables such as coping mechanisms and lifestyle changes tends to add
subjective aspects, thus they should be interpreted with caution [29].

Additionally, some limitations in applying some scores should be mentioned.
Both the CCCS and the St Mark’s score characterize the frequency of each type of
incontinence separately (i.e. solid, liquid or gas). However, other authors consider
that it is difficult for patients to specify and, consequently, their scale has been
developed using a different grading system, as in the Fecal Incontinence and
Constipation Assessment (FICA) scale [30].

Moreover, health professionals have an additional difficulty scoring the fre-
quency of liquid stool incontinence. In patients never experiencing liquid stools,
score could be considered both in the CCCS and the St Mark’s score, but if the ques-
tion is what patient think that it would happen in case that they had liquid stools,
score could be 4.

Other significant limitations when assessing FI are: (a) most scores do not
include urgency, with the exception of the FICA and the St Mark’s score and (b)
the FICA score is the only one that quantifies the amount of leakage, thus in other
questionnaires the severity of FI would be identical for a minor staining or a large
bowel leakage once a week [31].

For all the reasons mentioned above, we need to be aware that severity alone
may not be sufficient to establish a therapeutic decision.

As aresult, some authors have tried to correlate the QoL assessments with the
severity scores. Eypasch et al. [20] determined that patients with a CCCS over 9 had
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a severe alteration in their QoL measured by the Gastrointestinal Quality of Life
Index (GIQLI), and that they rested home with very poor social activities.

Bharucha et al. correlated the FICA symptom severity score and a modification
of the FIQL scale, and concluded that the FICA score is a simple instrument to use
in the office, and that it demonstrates reasonably both the physical manifestations
of FI (i.e. symptom severity) but also the impact on QOL [31].

However, the correlation between severity and QoL questionnaires is still a con-
troversial issue. Impact on QoL varies between patients depending on daily activity,
work, personality and many other dimensions. While one episode of solid FI might
represent a significant trauma leading to changes in personal and working life for
one patient, another one might consider it significant just in the case that it hap-
pened frequently. Consequently, gas incontinence may be a significant problem for
a young person with an active social and working life, but it may not be considered
as important for other people.

Rockwood et al. reported that patients acknowledged gas incontinence being
more severe than what their doctors considered, being the opposite regarding solid
FI [19]. This difference is due to the fact that severity scores are constructed under
a pathophysiologic point of view mainly reflecting the doctor’s perspective. Thus,
gas incontinence is considered less severe by doctors, as they don’t expect to find
a significant structural or functional disorder when compared with a patient with
solid stool incontinence.

Furthermore, FI assessment of the outcome of treatments for FI measurement
should take into account the impact on lifestyle. For instance, improving gas incon-
tinence in a young person with an active working life, could decrease the severity
score less than 20%, but, however, have a significant impact on QoL.

4. Measuring QoL in fecal incontinence

The Short Form-36 (SF-36) is a multidimensional questionnaire constructed
to survey health status in the Medical Outcomes Study [15]. It is used in clinical
practice and research, as well as health policy evaluations and general population
surveys.

The questionnaire includes 36 items grouped in 8 dimensions: limitations in
physical activities, limitations in social activities, limitations in usual role activities
because of physical health problems, bodily pain, general mental health, limita-
tions in usual role activities because of emotional problems, vitality (energy and
fatigue) and general health perceptions. The SF-36 is scaled from 0 to 100, where
higher scores represent a better health status. The questionnaire was designed for
self-administration as well as for administration by a trained interviewer either by
telephone or in person. The questionnaire has been sufficiently validated and its
main advantage is that it is easy and relatively fast to fill in, taking 10-20 minutes as
an average. It is the most used instrument to validate other questionnaires subse-
quently designed and to assess the specific questionnaires.

The SF-36 allows us to compare FI populations with urinary incontinence
patients or to compare FI populations with altogether different populations, such as
healthy persons or persons with other chronic diseases [13].

As other generic scales, the main disadvantage of the SF-36 is that while the “role
physical” measurement might be sufficient to detect changes among persons with
FI, the “role social” measurement is probably not sensitive enough to detect such
changes (i.e. going to a movie or travelling) [32].

The Gastrointestinal Quality of Life Index (GIQLI) [15] is a “systemic”, but not
generic, QoL instrument designed to be administered across all populations with
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gastrointestinal conditions, which has also been used to assess FI. The questionnaire
was designed in three phases and it was also validated against other generic mea-
sures of QoL. The GIQLI contains 36 questions, each with 5 response categories,
in 5 areas: a symptom list, physical issues (function and perception of functional
ability), psychological issues (primarily affect), social issues and disease-specific
items (items tied directly to a specific condition, such as bowel urgency for FI).
The significant advantage of this type of instrument over condition-specific QoL
measures is its ability to look at FI relative to other gastrointestinal conditions [18].

The FIQL scale is the most widely used condition specific QoL instrument in
FI. It was developed by a panel of experts, including colorectal surgeons and health
service researchers, that selected aspects (or domains) of QoL likely to be affected
by FI [19, 33]. The study included 190 participants (118 patients with FI and 72
controls) from 5 different clinics. The psychometric evaluation showed that the
questionnaire produced a reliable and valid measurement of QoL in patients with
FI. The questionnaire is self-administered, and it includes questions regarding the
limitations in their activities caused by FI during the last month.

The FIQL scale includes 29 items that are grouped into 4 scales or domains:

* Lifestyle: comprising 10 questions about the limitation in social activities such
as dining out, travelling, or even basic activities such as shopping.

* Coping/behaviour: including 9 questions relating to the level of concern of FI in
daily thoughts, and the limitation that represents on sexual relations, work, etc.

* Depression/self-perception: comprising 7 questions about the impact of FI on
their feelings, and how they see themselves in their environment.

* Embarrassment and feeling of social rejection, including 3 questions.

Possible answers range from 1 to 4, where 1 indicates a low functional status.
The score of each domain is obtained from the mean of all items. The scale includes
a “not applicable” category that is coded as a null value in the final sum, although
the author recommends not to use it as a response option [33]. Thus, the four
domains are scored from 1 to 4, and the higher score better QoL.

The main advantages of the FIQL scale are that it can be used in all adult popula-
tions with FI regardless their particular characteristics, and that it is sensitive to
the dynamic relationship between the condition, the treatment, and QoL. A recent
study re-evaluated the FIQL and confirmed several strengths but also has pointed
out some limitations warranting a revision [34].

The Manchester Health Questionnaire (MHQ ) [21] was made up of items
adapted from the King’s Health Questionnaire [22], a condition-specific HRQOL
to evaluate urinary incontinence. The MHQ contains 31 items that are grouped
into 9 subscales: general health, physical limitations, social function, role limita-
tions, emotional problems, sexual function, sleep/energy, incontinence impact and
incontinence severity. Scores range between 0 and 100, a higher score indicating
impairment of HRQOL. The questionnaire was evaluated for content validity by 15
females with known FI, and pre-tested for ambiguity and ease of comprehension in
a group of 15 females without known FI and in 20 midwives. Interestingly, during
pre-testing, it was found that women had difficulty understanding words such as
“fecal” and “stool” and thus, wording was replaced with the term “bowel leakage.”
The final questionnaire showed excellent internal consistency, test-retest reliability,
criterion validity and construct validity.

34



Quality of Life Considerations on Fecal Incontinence
DOI: http://dx.doi.org/10.5772/intechopen.9o101

Scores on the MHQ were compared with scores on the SF-36 reaching modest
to strong correlations depending on the domain, but the pattern of correlation
between the individual scales of the measures was not specified.

As the instrument appeared promising, it has been suggested that further
research is required to validate the measure and test sensitivity to change, before it
could be used as a primary end point for studies. Moreover, research comparing the
MHQ and the FIQL scale would be also useful as the sampled content is similar [32].

The Modified Manchester Health Questionnaire (MMHQ) [23] is a telephone-
administered version of the Fecal Incontinence Severity Scale (FISI) [29] and the
Manchester Health Questionnaire [21]. Questions from the FISI were combined
with similar questions from the MHQ, and some of the MHQ questions, which
had been validated in the UK, were rephrased to make them more consistent with
American English. Although the authors planned to collect data from 50 female
patients, they achieved a relatively small sample as only 30 patients provided data,
being incomplete in 4 of them. The MMHQ includes 8 subscales: overall impact,
role limitations, physical/social limitations, personal relationships, emotions, sleep/
energy, sexual activity and lifestyle adaptation. The MMHQ is scaled from 0 to 100,
for total and subscale scores, where higher scores represent a negative impact on
HRQOL. In an invited commentary in the same article, Rockwood considered that
whether the MMHQ is a viable instrument for a telephone assessment of QoL in FI
remains to be established due to the risk of measurement error [23].

The International Consultation on Incontinence Questionnaire—Bowel
Symptoms (ICIQ-B) [35] was developed by a multidisciplinary team of clinical
experts in order to evaluate symptoms of FI and impact on HRQOL in a general
adult population. The goal was to design an instrument including the patient’s input
that could be used globally in clinical practice or research. The ICIQ-B has 21 items
evaluating bowel pattern, bowel control and HRQOL. Scores are generated for each
section; the higher the score, the greater the symptom severity and bother to the
patient. The instrument has undergone psychometric evaluation and deemed to be
valid, reliable and responsive, and it is well suited to clinical practice. The question-
naire also queries the patient to rank issues that are most bothersome.

There are other types of impact measures less frequently used that need to be
mentioned. Although further investigation is required, they might prove to be use-
ful tools in the future.

The TyPE specification designed by Wexner and colleagues [36] was developed
to measure the fear of incontinence and how activities were affected by using a
single question: “During the past 4 weeks, did fear of bowel accidents or leakage
limit your participation in the following activities?”. Listed activities are: walking,
vigorous exercise, household chores, visiting friends, driving, sexual relations,
employment, traveling, church or temple attendance and shopping. There are no
summary scores for the measure, and thus, each item is evaluated individually. Very
little information is available about the development of the measure and informa-
tion on reliability is not available.

The Direct Questionning of Objectives (DQO) measure consists of a highly
personal assessment, constructed on the basis of each patient’s feelings. To calculate
the DQO, patients list different objectives that are important for them, such as
travelling or working, rate the importance of each objective on a scale and also rate
their ability to perform that objective in another scale, both from 0 to 10. The prod-
uct of ability and performance for each objective is calculated and divided by 10.
This number is added for all objectives and divided by the importance scores for all
objectives, resulting in a score from 0 to 1.0. The main disadvantages of this system
of ranking the impact are: (a) the initial generation of objectives and importance
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ratings require assistance by trained personnel; (b) it is a cognitively more complex
task than completing a questionnaire and (c) measuring only certain individualized
objectives may decrease the validity of the measure when groups of patients are to
be compared. However, on the other side, the result is directly relevant to a specific
person, so it would be more useful when deciding the treatment of an individual
patient. This measure has been used to assess the QoL in patients on home paren-
teral nutrition after surgery for inflammatory bowel disease and also to assess the
impact of neuropathic FI on QoL [37].

A study [38] analyzing the validation of QoL measures in FI concluded that the
scales with the strongest degree of validity are the GIQLI, FIQL and the ICIQ-B
although all of them have some deficiency. The FIQL is the most widely used by
far, the main reason for this probably being that it was constructed on a strong
methodological basis, being useful and sensitive to change. However, there may be
other factors such as habit and the easiness to use it, as it has fewer domains than
other questionnaires. Furthermore, the FIQL scale has been translated into many
languages (French, Portuguese, Italian, Spanish, Turkish, German, Norwegian and
Japanese).

5. What do we know about QoL in patients with FI?

Over the last 25 years, there have been improvements in the understanding,
diagnosis and treatment of FI. Although FI has a major impact on QoL, it was not
discussed in the literature until 15 years ago.

Few studies in elderly patients showed alterations in specific domains of the
SF-36 questionnaire, such as the emotional role, mental health and physical role
[39, 40]. However, in younger populations, the assessment of the impact of FI
on QoL including specific questions such as change in eating patterns, work,
social and sexual activities, only began when disease-specific measures were
designed (Table1).

Initially, aspects concerning QoL came from epidemiological studies performed
in the general population. Perry and colleagues [41] designed a population-based
study using a postal questionnaire that was mailed to almost 16,000 subjects aged
40 years or more. Although it was published in 2002, the study was designed before
the development of the FIQL scale, and QoL was measured using general questions:
Do your bowel symptoms: bother you?; cause you any physical discomfort?; inter-
fere with your daily activities?, interfere with your social life?; affect your relation-
ships with other people?, upset or distress you?, affect your sleep? and affect your
overall QoL? Overall, the prevalence of at least a monthly leakage was 3.3% and the
prevalence of soiling was 2.7%. Half of the patients with major FI and, interestingly,
16% of patients with minor FI reported that their bowel symptoms had a significant
impact on their life. Nearly two thirds of this group reported to need help for their
symptoms.

A panel of experts including colorectal surgeons and health service research-
ers, was invited to identify QOL-related domains adversely affected by FI,
leading to the development of the FIQL scale [19]. An extensive research in two
distinct populations demonstrated that patients with FI had a significantly lower
QoL than the control population (patients with other gastrointestinal problems).
The study demonstrated that these patients reduce activities that other people
take for granted such as shopping, going to the cinema, dining out or having
sexual intercourse. They suffer from embarrassment, shame and sometimes
depression. This was the first evidence that specific daily activities are affected in
patients with FI.
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Author

Year

N

Population
studied

Questionnaires

QoL alterations

O’Keefe et al.
[39], Edwards
and Jones [40]

1995
2001

704
2818

Elderly patients

SF-36

-Emotional role,
mental health, and
physical role

Perry etal. [41]

2002

16.000

Population-
based study,
>40 years old
Postal
questionnaire

Specific
questions
“Do your bowel

—50% with major FI
and 16% with minor
FIreported that
bowel symptoms
had a negative
impact on their life
-Nearly two thirds of
this group said they
wanted help with
symptoms

Rockwood et al.

[29]

2000

190

FI vs. other
gastrointestinal
disorders

FIQL

-FI patients reduced
shopping, going to
the cinema, dining
out or having sexual
intercourse

-FI patients

suffer from
embarrassment,
shame and
sometimes
depression

Bordeianou et
al. [42]

2008

502

Patients
referred to a
Pelvic Floor
Centre because
of FI

FIQL

SF-36

-All domains of
FIQL significantly
altered
-Coping-behaviour
and embarrassment
the two most
affected

-SF-36 scores
decreased as the
severity of FI
increased, with

the exception of
the scales on pain,
physical role and
physical functioning
-FI patients were
worse than those
with rheumatoid
arthritis or diabetes,
and as severely
affected as patients
with inflammatory
bowel disease

Bharucha etal.
[30]

2006

2800

Population-
based study
Postal
questionnaire

FIQL
adaptation
FICA score

-Urgency affect
more QoL
-<1episode/month
had important
impact on QoL
-More affected
activities in which
toilet access was
unpredictable

or activities that
involved eating
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Author Year N Population Questionnaires QoL alterations
studied
Boreham et al. 2005 457 Women FIQL -Embarrassment
[43] presenting for FISI the most affected
gynecologic domain
care -Almost 50%
thought that there
was no treatment
available
-Few of them had

previously sought
care

Bartlett et al. 2009 154 Patients FIQL -QoL severely

[44] attending a affected by Fl inall
urogynecology four scales
and colorrectal -Increased bowel
clinic for other frequency, quantity
conditions of fecal loss, type of

incontinence and
fecal urgency

-No difference

in QOL when
comparing weekly
and monthly
incontinent episodes

Markland et al. 2010 155 Women MMHQ ~Younger women had
[45] presenting FISI worst QoL
withFlina -Increased bowel
specialty clinic movement
frequency and
urgency worst QoL
-Urinary
incontinence, prior
cholecystectomy and
prior hysterectomy
worst QoL
-Loose or watery
stool was not a
factor for increased
MMHQ scores

Table 1.
What do we know about QoL in patients with FI?

Some years after the development of the FIQL scale, Bordeianou and Rockwood
published a prospective analysis of the correlation between severity and QoL,
using two tools designed for the same group, the FISI for severity and the FIQL
scale, and also the SF-36 [42]. All the domains of the FIQL were significantly
altered, being coping-behaviour and embarrassment the two most affected sub-
scales. Furthermore, SF-36 scores decreased as the severity of FI increased, with
the exception of the scales on pain, physical role and physical functioning, which
was expectable as usually alterations in the QoL of patients with FI are social and
emotional. Moreover, the authors reviewed the SF-36 alterations in other chronic
diseases managed in an outpatient setting and reported that patients with FI were
worse than those with rheumatoid arthritis or diabetes, and as severely affected as
patients with inflammatory bowel disease.
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Since the publication of the FIQL scale, most studies have used this tool to
measure the QoL in FI. Bharucha et al. [31] mailed a questionnaire to an age-strat-
ified random sample of 5300 women treated at two primary care centres covering
80% of a population of 100.000 inhabitants. Subjects with FI during the previous
year were assessed by a symptom severity validated scale (Fecal Incontinence and
Constipation Assessment, FICA) [30] and a QoL scale consisting in 15 domains
adapted from the FIQL scale. The survey was answered by 2800 women and the
prevalence of FI was 18.5%. FI had a moderate or severe impact on one or more of
the 15 QoL domains in 23% of the women with FI. The study demonstrated that
urgency affects more QoL than passive FI alone, being worse if both types of FI
are associated, probably due to the anxiety generated by the urgency. Interestingly,
women with less than one episode of leakage per month had more impact on their
QoL than those patients with the lowest QoL. Furthermore, they found that scores
for activities in which toilet access was unpredictable (i.e. going to the cinema,
shopping, recreational activities or sports, leaving home, travelling by car, plane or
train) and for activities that involved eating (i.e. eating before leaving home, going
out to eat) were higher (indicating worse QoL) than scores for activities associated
with predictable toilet access (i.e. employment, working home, sex life, visiting
friends or relatives, staying overnight away from home and family relationships).

Boreham [43] studied FI in 457 women presenting for gynaecologic care on
benign conditions, and reported that prevalence of FI was 28.4%. Moreover, even
when the authors considered FI that had an impact on the QoL (answering anything
except “never” on the FIQL scale), the prevalence of FI reached 21.7%. Of the 130
women with FI, 76.2% scored very low in the FIQL scales, being also embarrass-
ment the most affected domain. Women with liquid stool leakages reported the
largest impact on QoL. Another important aspect that impacts the QoL of patients
with FI is the feeling that they are compelled to adapt to their poor situation for
the rest of their lives. This study showed several interesting facts: (a) almost three
quarters of women reported that FI symptoms were present for 3 years or less; (b)
only 11.4% of them had previously sought care; (c) predictors of health care seek-
ing included loss of solid stool and lower scores on the FIQL embarrassment scale
and (d) 44.7% of women thought that there was no treatment available.

The findings of this study explain why this condition has been referred to as
“the silent affliction” or “the unvoiced symptom” [46, 47] because of the associ-
ated stigma. Moreover, we must consider that the overall prevalence of FI is also
underestimated because health professionals do not ask about this problem. Aitola
et al. reported that only 27% of patients had discussed FI with their physician [48].
Dunivan et al. found that 36% of primary care patients reported FI but only 2.7%
carried FI as a medical diagnosis, thus suggesting a lack of knowledge by health
professionals [49].

Bartlett and colleagues [50] studied the major reasons for non-disclosure of FI
symptoms in patients attending a urogynaecology and colorectal clinic for other
conditions. They identified that main reasons were: FI historical but not current;
problem not considered as FI by the patient; administrated questionnaires too long;
embarrassing condition; doctor considered too busy; patient wanted to focus on
the primary reason for consultation and the doctor explained that a one-off bout
of uncontrollable diarrhoea was not FI. Nevertheless, interviewees reported that
patients would respond to FI questions initiated by their general practitioner during
regular consultations.

Later on, the same group [44] reported that more than 22% of patients that
attended urogynaecology and colorectal clinic for other conditions than FI, had
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a QoL severely affected by FI in all four scales. Factors affecting the QoL were
increased bowel frequency, quantity of fecal loss, type of incontinence and fecal
urgency. Patients with both solid and liquid incontinence reported a poorer QoL
than those with either only solid or liquid incontinent episodes. Given the relation-
ship between the FIQL scales and the quantity of fecal leakage, the authors sug-
gested that the quantity of fecal loss as well as frequency, type, urgency and pad
wearing should be included in the definition of FI severity [44]. Another interesting
aspect of this study was the small difference found in the FIQL scales when compar-
ing weekly and monthly incontinence episodes, as other authors have previously
reported [29], probably because infrequent incontinence episode are always
unexpected, and hence, similarly distressing.

Several studies have assessed a potential difference between genders concerning
the impact on QoL, with women experiencing a greater impact when compared
with men [51, 52]. However, this has not been supported by other reports which
failed to find significant differences [44, 53].

Studies using other scales such as MMHQ have been also reached interesting
conclusions. Markland [45] studied women presenting with FI and reported a
weak correlation between the FISI severity score and the MMHQ. Younger women
(<65 years) had higher MMHQ scores, representing a negative impact on HRQoL
and the authors suggested that young patients were more likely to report their
limitations and seek treatment. However, other studies found that older women had
worse QoL than younger women, and justified that a delay in treatment resulted in
poorer QoL [50]. Thus, further studies are needed to address the impact on QOL
depending on the age. In the same study [45], increased bowel movements and
urgency were associated with significantly higher MMHQ scores. After controlling
for age and comorbid disease, women reporting more bowel urgency had increased
MMHAQ score. Urinary incontinence, prior cholecystectomy and prior hysterectomy
were also associated with increased QoL scores. Interestingly, loose stool or diarrhea
was not a significant factor for increased MMHQ scores in the multivariate analysis.

A prospective study including women with FI investigated the relationship with
depression and abdominal pain [54]. Depression was assessed by the Patient Health
Questionnaire (PHQ) [55]. Diabetes, prior hysterectomy, abdominal pain, history
of previous health care for FI and higher FISI scores were associated with more
severe QoL scores. Furthermore, higher PHQ scores predicted worse QoL scores
overall and in all four of the FIQL subscales. Other studies have reported a relation
between FI and depression [56]. This is an important fact to take into account,
because patients with FI are required to cooperate in the management plan, and
those suffering from major depression will be less likely to follow a rigorous pro-
gram. Obviously, FI itself may be the main factor for a depression status; therefore,
being aware of it and helping patients is likely to improve the overall treatment.

A study [57] with a cross-sectional design including 2269 ethnically diverse
women aged 40-80 years, investigated the impact of FI on sexual QoL. The
majority (60%) was sexually active despite having FI, but their sexual function
was impaired. The multivariate analysis showed that women with FI experienced
significantly lower sexual desire, lower sexual satisfaction, and limitation of
sexual activity. Women with isolated gas incontinence reported sexual function-
ing similar to women without FI. The authors concluded that sexual life should be
evaluated and prioritized during therapeutic management, as it is important to
women with FI.

In conclusion, key points could be summarized as follows:

1.F1 is a frequent condition with a higher prevalence of that reported in previous
studies.
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2.FI has been a neglected problem worldwide. Reasons for non-disclosure and
non-detected FI are multifactorial and related to the fear of embarrassment,
but also to the lack of professionals dealing with the problem.

3. QoL of patients with FI is severely affected in almost all life domains.

4.The FIQL scale seems to be a useful and essential tool to assess QoL. Altera-
tions in almost all domains have been demonstrated, especially in coping and
embarrassment scales.

5.The relationship between severity and QoL in FI is a complex matter, but it has
been suggested that the quantity of loss, bowel urgency and increased bowel
frequency should be measured and taken into account.

6. More specific aspects, such as depression or sexual activity, should also be
introduced in the evaluation of these patients in order to improve the quality of
health care.

6. Is the improvement of patients treated for FI reflected enough
in the QOL scales?

For the last 10 years, most studies regarding FI treatments have analyzed its
impact on QOL. The FIQL scale has been the most used score to evidence such
improvement, thus responsiveness of this score has been widely demonstrated.

A systematic review [58] about outcomes after anal sphincter repair showed
that, although continence deteriorates in the long-term, QoL and satisfaction
remained relatively high. The scales used in the studies were heterogeneous and,
despite most studies were published after the development of the specific QoL
scores, less than half used them.

Since the first multicentre European study about the feasibility of sacral neuro-
modulation [59], most centres regularly use the FIQL scale and some of them also
add the SF-36. Consequently, most articles on this treatment mention the improve-
ment in the four domains of the FIQL scale correlating with the FI improvement, as
well as some changes in the generic questionnaire. However, few studies go deeper
into the details of the meaning of these changes.

A report about the long-term outcome and QoL in patients treated by sacral neuro-
modulation showed a significant and stable improvement in all four categories of the
FIQL scale, in contrast to the SF-36 score, which only showed a significant improvement
in the social functioning, emotional and mental health subscales, probably due to its
generic profile [60]. On the other hand, other studies have demonstrated the quick onset
on this QoL improvement, which is already present at 3 months follow-up [61-63].

The Sacral Nerve Stimulation Study Group in the USA [64] reported in-depth
details about changes in QoL from baseline through 4 years of follow-up. They
reported that not only the four FIQL scales were significantly improved but there
was also an improvement in each of the component questions. Before the treatment,
patients tended to stay close to a toilet, thought about the impact of food on their
bowel function, disliked their body image, and were very limited in their personal
intimate life. After sacral neuromodulation, less patients were worried about the
proximity to a toilet, were fearful to sleep elsewhere than at home, avoided travel-
ling by plane or train, disliked their body image. Patients also reported an improve-
ment in their sexual life. Moreover, patient-reported overall health was significantly
improved, demonstrating a general perception of improvement in wellbeing
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beyond the mere restoration of continence. Furthermore, they demonstrated that
Embarrassment and Copying-Behaviour were the most affected dimensions, and
that correlated better with clinical improvement than Depression and Lifestyle sub-
scales. This fact could be explained because even if patients are not fully continent,
their QoL is better secondary to less episodes of FI, but they still remain affected by
all the changes that altered their lives during the time that they suffered FI.

Other reports have highlighted the impact of different surgical treatments, such
as injectable bulking agents, artificial bowel sphincter or dynamic graciloplasty, on
the QOL of patients with FI [44].

7. Measuring patient satisfaction

The current role of clinicians has changed from helping patients through their
illness, to have higher expectations that include both cure and alleviate chronic
symptoms. Moreover, patients tend to be active consumers of health care, so they
may participate on the medical decision-making. On the other hand, monitoring
treatment results is mandatory in current practice. For all these reasons, the QoL
scales should be used, at least when treatment outcomes are measured.

Nevertheless, the question is whether they are practical and whether its use in
the clinical practice is realistic. On certain occasions, decisions based on clinical
improvement and patient satisfaction need to be made, and sometimes is impossible
to score a QOL scale, in the outpatients’ clinic context.

Some studies have reported simple ways to measure patient satisfaction, which
are complementary to the application of QOL scores. This implies the addition of
study-specific customized questions, typically focusing on subjective measures of
satisfaction or QOL (i.e. “Would you recommend a sphincteroplasty to a friend?”
or “Are you pleased with the results of your surgery?”). Other authors have used a
Likert Scale or Visual Analogue Scales (VAS) to measure patient’s satisfaction with
the outcome [58].

A study [28] measuring the efficacy of different tools used in FI patient’s
evaluation, demonstrated and excellent intra and interobserver reliability of both
CCCS and St Mark’s score. Moreover, all domains of the FIQL demonstrate excellent
intraobserver reliability, although a simple quality of life assessment tool such as
VAS still maintains a better intraobserver agreement.

The relationship between patient’s satisfaction and clinical outcome, assessed by
bowel diaries and symptom scores, was evaluated in a study on sacral neuromodula-
tion [65]. Patients were asked to indicate if they were satisfied with their current
treatment results, with a simple question (yes/no) that simplified the analysis of
predictive factors of outcome. It was evident that this relationship is complex and
does not match the traditional used success criteria.

In another study [64], patients were asked to rate his/her own bowel health ona
scale from O to 10, 0 indicating the worst imaginable situation and a 10 indicating
the best one.

There is no consensus on what is the best way to measure patient satisfaction
easily, but it is clear that the way to evaluate patients must improve and its valida-
tion must be a future line of research.

8. Final comments

Traditionally, it has been assumed that testing is essential in the evaluation
of FI. Anorectal manometry and anal ultrasound have been considered the most
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useful and available tests to assess FI. Investigations would be clearly useful for
patients with a sphincter injury that could benefit from surgical repair. However,
in daily practice, the reality for the majority of patients is that testing rarely helps
in the decision-making, as decisions are mainly based on the patient’s symptoms.

It is commonly known that some patients with mild clinical symptoms may have a
severe dysfunction when tested, and on the contrary, there are patients experienc-
ing severe FI but showing minor structural and functional alterations. Moreover,
treatment decisions and outcome evaluation after treatment should not be decided
only considering the symptom severity but the impact on QOL and the patient
satisfaction. Finally, considering the economic cost of some of the current treat-
ments for FI, changes in QoL should be demonstrated before implementing certain
procedures.

Society is evolving, which implies changes in lifestyle and the possibility of
new treatments in the future. Therefore, it might be necessary to rethink the way
of assessing QoL, and that questionnaires will need to evolve as well, to adapt to
the new circumstances. Readers must be encouraged to become familiar with QoL
instruments and their limitations.
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Nomenclature

FI fecal incontinence

QoL quality of life

HRQoL health-related quality of life

IQOLA international quality of life assessment

SF-36 short form 36 health status questionnaire

FIQL fecal incontinence quality of life scale

GIQLI gastrointestinal quality of life index

MHQ Manchester health questionnaire

MMHQ modified Manchester health questionnaire

FISI fecal incontinence severity scale

CCCS Cleveland Clinic continence score

FICA fecal incontinence and constipation assessment

ICIQ-B international consultation on incontinence questionnaire-bowel
symptoms

DQO direct questionning of objectives

PHQ patient health questionnaire

VAS visual analogue scales
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Chapter 4

Assessment and Treatment of
Obstructed Defecation Syndrome

Dimitrios Linardoutsos

Abstract

Fecal incontinence is not a rare clinical pathology in general population.
Although it is more common in geriatric population, fecal incontinence should not
be underestimated in younger genders. Obstructive defecation syndrome (ODS)
has become a well-known syndrome with different clinical etiology and symptoms.
The main symptom is inability of proper rectal emptying, but it can also overlap
with symptoms of incontinence. In this chapter, we emphasize on the assessment
of ODS, focusing on the coexistence and clinical relation to fecal incontinence.
Anorectal studies are of great importance for the evaluation of the symptoms.
Biofeedback is the key to the proper management of patients with ODS, showing
significant improvement in incontinence as well. Surgical treatment of anatomic
deformities that cause ODS is also important.

Keywords: obstructive defecation syndrome, incontinence, rectocele,
dyssynergia, biofeedback

1. Introduction

Fecal incontinence is a common clinical problem in general population, mainly
in older people. By definition, it is the inability to control bowel movements or, in
other words, the uncontrolled and involuntary loss of solid or liquid stool or gas.
The uncontrolled loss should last at least more than 1 month and with regard to
patients who were previously continent. The terms anal or bowel incontinence are
also used to represent the same clinical entity. Fecal incontinence, as a symptom,
has various etiologies. Obstructed defecation syndrome is a very common pathology
acting actually as one of the underlying causes of fecal incontinence.

Obstructed defecation syndrome (ODS) is the inability of the patient to empty
the rectum normally. By definition, it is a clinical condition where the patient has
the feeling of not emptying the rectum adequately. It can also be related, some-
times, to reduced bowel movements. Terminology of this condition in the literature
also includes rectal outlet obstruction or evacuatory dysfunction. ODS may coexist
with other bowel pathologies such as irritable bowel syndrome, anatomical defor-
mities such as sigmoidocele, or even other colonic motility disorders, such as slow
transit constipation. ODS is frequently associated with fecal incontinence. The
established status quo is that fecal impaction, as a secondary effect from a rectocele
or intussusception, causes overflow incontinence. Prolonged fecal impaction, pro-
lapse or other ODS pathologies, all contribute to impairment of rectal compliance
and thus sensitivity, as well as sphincter damage from chronic distention. ODS from
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various causes can provoke episodes of incontinence; however, new data suggest
an increased risk of anal incontinence in patients who have had different types of
operation for ODS in the past.

2. Defecation physiology

In order to understand the physiology of defecation, deep knowledge of the
anatomy of the rectum and anal canal is very important. The rectum is the last
part of the large intestine, located in the lower pelvis. Rectal function is crucial
for retention of stool (continence) and for evacuation (defecation). The rectum
measures about 15-17 cm in length, descending along the sacrococcygeal concavity
and passing through the pelvic floor to the anal canal. The major part is called the
rectal ampulla, which is a wide segment, with a perimeter that can extend to more
than 15 cm. The lowest and narrowest part is the anal canal. The anorectal junction
is formatted by the constant traction of the puborectal sling. The levator ani muscle,
formed by the iliococcygeus, the pubococcygeal, and the puborectal muscles,
serves as the pelvic floor. The relaxation of levator ani, and mainly the puborectalis
muscle, the perineum and contraction of the lower abdomen, and the relaxation
of the anal sphincter, all work in tandem in order to provide a normal defecation.
Distention of rectal wall stimulates contractions of colon and rectal wall, mediated
by the parasympathetic defecation reflex. Thus, phasic rectal contractions start and
tone increases, formatting a conduit shape of rectum rather than a reservoir. For
the above pattern of function, rectal sensitivity is of great importance. Once the
rectum is filled with stool, the internal anal sphincter relaxes, as per the rectoanal
inhibitory reflex. Simultaneous relaxation of the puborectalis muscle creates an
obtuse anorectal angle, thus allowing defecation to occur normally. Defecation can
be postponed with voluntary contraction of the external anal sphincter. Regarding
pelvic floor innervations, the pudendal nerve innervates the external anal sphincter
and some fibers of the puborectalis muscle, while the rest of puborectalis and leva-
tor ani muscles are getting innervations from sacral roots of S3 and S4 [1].

3. Clinical manifestation

Symptoms of ODS include rectal or lower abdominal pain, a feeling of bloatedness
or incomplete rectal evacuation, the use of vaginal splitting or perineal manipulation
to help the defecation, prolonged straining, spending more time than usual in toilet,
perineal descent, report of hard stools as well as dependency on laxatives and enemas.
Obstructive defecation syndrome may be of various functional or anatomical origins.
Functional etiology includes aganglionic rectum (short-term Hirschsprung), neuro-
pathic disorders (multiple sclerosis, spinal cord lesions), and pelvic floor dyssynergia,
such as in anismic patients. Mechanical ODS comes from anatomic deformities such
as internal intussusception, rectocele, rectal prolapse or enterocele [2].

Soiling and real fecal incontinence are also usual symptoms of ODS mainly, but not
solely, representing overflow diarrhea. In this chapter, we will focus on the coexistence
and clinical relation between obstructive defecation syndrome and fecal incontinence.

4. Epidemiology

Obstructive defecation and fecal incontinence have been recognized as related
pathologies in geriatric population [3]. Fecal impaction and concomitant overflow

54



Assessment and Treatment of Obstructed Defecation Syndrome
DOI: http://dx.doi.org/10.5772/intechopen.86268

diarrhea, as a typical non-controlled loss of stool, is not unusual. However, the
coexistence of other pathologies and the lack of accurate statistics still exist [4].
Fecal impaction and chronic straining can cause denervation and pelvic floor weak-
ness, which is the most well-known cause of obstructed defecation syndrome [5].

Apart from chronic straining as a known cause, adaptation of endoanal
ultrasound in assessment of incontinence showed anal sphincter disruption as a
common cause of fecal incontinence [6]. However, it is well known that prevalence
of anal incontinence remains equal between genders. This leads to the possible
conclusion that the role of obstetric injury in fecal incontinence is important, but
may be not crucial, bearing in mind the equal number of male patients suffering
from this condition. In addition, most female patients who suffer from inconti-
nence, report the onset of their symptoms many years after delivery, making clini-
cians consider other contributing pathologies on top of the sphincter damage [7].
Recently, more studies are dealing with the coexistence of underlying constipation
and fecal pathology [8].

In general, population, overlapping of symptoms of slow transit constipation,
obstructive defecation, and incontinence are considerable, indicating constipation
as a principal risk factor for fecal incontinence. Damon et al. found that between
706 patients, 63% reported difficulty in defecation, and 51% found to have sense
of incomplete evacuation [9]. Several other studies represent similar findings and
demonstrate the role of ODS in coexistent fecal incontinence [10, 11].

More specifically, in patients assessed in colorectal clinics, although the series
are small, proctographic studies have shown similar findings. Rex et al. used
anorectal manometry and defecography for the assessment of their patients. They
demonstrated retention of contrast in rectoceles and incomplete evacuation in
patients having clinical symptoms of ODS with concurrent incontinence [12]. In
another study by Harewood et al., between 38 patients that evaluated with symp-
toms of incomplete evacuation and straining, 15% were found to also suffer from
fecal incontinence [13]. In another study from Mohammed SD et al. on 200 patients
complaining for symptoms of ODS, 91% reported incontinence [14]. Similar reports
are coming from an evaluation of 161 male patients complaining for fecal inconti-
nence, having found that almost half of them (48%) have concurrent functional
constipation [15].

5. Assessment

Rectal function and defecation should be assessed clinically and with several
radiological or functional tests. Apart from colonoscopy, which is important to
exclude any malignant causes of changes in bowel habits, clinical examination may
reveal descent perineum, absence of rectoanal inhibitor reflex, sphincter tears or
external openings of perianal sinus. Observation of perineum after requesting
patient to squeeze usually allows us to understand if intussusception, or prolapse, is
the clinical problem. Digital rectal exam is crucial to estimate the rest and squeeze
anal tone, to assess for possible fecal impaction, rectocele or to palpate any abnor-
mal mass.

Rectal sensitivity is usually assessed with air or water insufflation and distention
of either a balloon or condom inserted to the rectum. Today multimodal balloon
catheters allow the analysis of electrical and temperature receptors as well. Balloon
expansion resembles the full rectum and triggers the need for evacuation. The time,
the volume of the balloon, and the difficulty to expel provide much information
about the rectal sensitivity and the possible dyssynergic defecation. Mean balloon
volume is 50 ml of water. Expulsion should take less than 30 s in young men and less
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than 1 min in older men, but in women expulsion should occur in about a minute,
regardless of age. Balloon expulsion test along with anorectal manometry is consid-
ered the primary diagnostic tests for identifying ODS. New manometric catheters
have an expulsion balloon on the tip, permitting the performance of anorectal
manometry at the same time. Anorectal manometry with high resolution catheters
provides excellent information. Catheters can have up to 36 channels, evaluating
pressure along the entire anal canal as long as the changes of pressures at the time
of rectal distention (Figure 1). Physicians can get information for rest and squeeze
pressures, about the rectoanal inhibitor reflex, the push defecation test, and the
pressures during cough.

Manometry

Figure 1.
Anorectal manometry catheter. The multiple respective channels can be seen.

Anal endosonography (AES)
B & K 10 Mhz probe 1

6—-16 Mhz 2

Figure 2.
Anal endosonography equipment. The ultrasound can be seen in operation at the left, while the ultrasound

probe can be seen on the right.
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Anorectal ultrasonography is the most useful test not only to estimate the anatomy
of the anal sphincters but also to estimate possible enterocele or rectocele, using the
proper probe for perineal view (Figures 2-4). It is a cheap, painless, and very infor-
mative exam and provides the information needed by a colorectal surgeon. In expert
hands, it can be the only exam necessary to evaluate obstructive defecation syndrome.
Although most of the information taken from a proctogram can also be deciphered
from a good total anorectal and pelvic ultrasound, experts in most centers prefer a
combination of both for the best assessment of the patient [16] (Figures 5 and 6).

Subepithelial tissue Longitudinal muscle

Internal

sphincter

External sphincter Intersphincteric fat

Figure 3.
Anal endoultrasonogram of a normal person. The distinct structures of the region can be seen and labeled.

Transperineal
Sagital view

Rectum

Bladder
Puborectalis

Urethra
Anal canal

Vagina
Rectocoele

Figure 4.

Sagittal view of a transperineal ultrasonogram of a patient with rectocele, which can be discerned between the
vagina and the anal canal.
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Figures.
Proctogram of a rectocele.

hald
s

Figure 6.
Proctographic imaging of a case of anorectal intussusception.

6. Pathophysiology

As mentioned above, obstructive defecation syndrome has various clinical mani-
festations, but the predominant symptom is the sense of incomplete evacuation.
Etiologic factors can be classified as either functional or anatomical. It is of high
importance to clarify that, for patients with concomitant constipation from ODS
and incontinence, soiling is coming as a result. Overlapping and mixed pathophysi-
ology is very common. However, the most commonly accepted pathophysiological
mechanisms are (a) overflow incontinence due to fecal impaction mainly in elderly
people, (b) post defecation uncontrolled soiling or hard stool leakage after evacua-
tion due to retained material, as in rectoceles, and (c) perineal denervation, pelvic
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floor weakness or dyssynergy which cause fecal incontinence. All of the above
mechanisms are the underlying cause of obstruction defecation syndrome and
contribute to fecal incontinence.

6.1 Overflow incontinence: fecal impaction

Incontinence in elder population is not uncommon. In geriatric population
and particularly in institutionalized elders, prevalence of incontinence can reach
50%. Fecal impaction is defined as the prolonged retention of fecal material in
the rectum. This can be a result of incomplete evacuation such as in ODS pat-
tern, but also can happen from other causes such as immobility, hypothyroidism,
neurologic disorders, dehydration, and dementia. Pharmaceutical agents such as
opioids or antidepressants cause retard colonic contraction and may lead to fecal
impaction. Rectum physiologically acts a fecal reservoir. Dilatation of rectal wall
commences the autonomic nerve coordination for the pelvic relaxation and rectal
wall contraction. In elder people, rectal sensitivity may be impaired due to chronic
distention and denervation. These patients have reduced rectal sensation, pudendal
neuropathy caused of chronic straining, or even concurrent reduced anal resting
tone. However, when a large ball of fecal material remains for a while, secretion of
mucus from rectal mucosa will cause significant soiling. Furthermore, uncontrolled
contractions will end to true anal incontinence, and symptoms may be exacerbated
after laxative use [17].

A similar clinical manifestation of overflow incontinence due to prolonged
impaction can be seen not only in geriatric population but also in middle aged
adults, although less commonly. Rectal hyposensitivity is of great importance to
that type of incontinence. This is probably the underlying cause for the excessive
distention of rectal wall and the development of megarectum. As a consequence,
impaired rectal wall sensitivity contributes to excess rectal wall stretching and
distention caused due to retained stool. As a result, paradoxical rectal contractions
and overflow incontinence can happen to adult patients. In an interesting audit
study from Gladman et al., rectal hyposensitivity was found in 27% of patients with
coexisting constipation and incontinence [18]. On the basis of functional outlet
obstruction, a few patients also have short segment Hirschsprung disease, leading to
impaired rectoanal inhibitory reflex. A full rectal wall biopsy confirms the diagno-
sis. This disease is characterized by the absence of ganglion cells within the myen-
teric plexus. Rectal wall remains nonfunctional in terms of contractility, which
ultimately leads to fecal retention. Surgery of the rectal wall is unusual because the
same physiologic deformity usually occurs at the colonic wall. Therefore, subtotal or
total colectomy is the most common surgical practice for these patients [19].

6.2 Incontinence due to rectal evacuatory disorders

As mentioned above, the most common underlying pathology of obstruc-
tive defecation syndrome is mechanical outlet obstruction. Different anatomic
abnormalities can cause disruption of the normal evacuatory root. Internal rectal
intussusception is probably the most common underlying pathology. It represents
invagination of distal sigmoid or upper rectum to mid rectum. Traditionally,
internal intussusception is considered as a precursor of true full thickness rectal
prolapse and a predominant cause of ODS. It is worth to mention that intussuscep-
tion is quite the common finding in proctograms. Only a minor percentage of these
patients requires surgical intervention and, interestingly, many of them do not
complain for clinical symptoms of ODS. Rectal prolapse occurs in only 2% of the
patients with internal intussusceptions [20]. Patients suffering from years from
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intussusception or low take off rectal prolapse exhibit extreme straining during
defecation. Eventually, this causes perineal dyssynergia from pudendal chronic
neuropathy. Biofeedback remains the mainstay of treatment for this condition. The
patient learns the correct technique for prompt defecation after coordination of
pelvic floor muscles, under electrode monitoring [21].

Fecal incontinence in early stages of ODS is more seepage type and does not
present as major episodes of leakage. It comes as an unintentional loss of small
amount of liquid stool or mucus after the early hours post defecation. Patients
describe a feeling of incomplete evacuation, the urge for repeated visits to toilet,
incontinence or pruritus ani. Symptoms usually improve after courses of biofeed-
back [21]. For those who undergo surgical intervention for correction of rectoanal
intussusceptions or rectocele, symptoms are also improved [22].

Apart from intussusceptions, patients with rectoceles and ODS may also have
subsequent incontinence. Rectoceles can easily be detected in proctograms. These
are always anterior and found only in female patients as a result of anterior hernia-
tion of rectum through the loose rectovaginal septum, causing bulging of posterior
vaginal wall. Again, as in intussusception, rectocele may represent only a radiologi-
cal finding in asymptomatic women. Biofeedback remains the cornerstone of the
treatment algorithm. Small rectoceles usually do not require surgical intervention.
Incontinence symptoms improve postoperatively in patients who are submitted
to operation. Laparoscopic ventral mesh rectopexy has become the treatment of
choice for fit female patients, mainly in Europe [23]. Perineal or transvaginal recto-
cele repair with or without levatorplasty is another option, with promising results
in experienced centers [24]. Stapled transanal rectal resection procedure (STARR/
TRANSTARR) has gained a wide acceptance among colorectal surgeons. The
concept is the removal of the redundant anterior or circumferential rectal mucosa,
allowing a straightened outlet [25, 26].

Although surgery for ODS has gained great acceptance between colorectal
surgeons, it is crucial to understand that it is needed only for correction of major
anatomic abnormalities. Furthermore, surgery for ODS may aggravate any symp-
toms of urgency, as well as cause subsequent incontinence, thus it is not without
pitfalls or risks. Among the different techniques available for fixing rectoceles
or intussusception, laparoscopic ventral mesh rectopexy seems to have the less
risk of postoperative incontinence. However, it requires expert knowledge of the
technique, its results are not widely reproducible, and mesh complications may
lead surgeons to abandon the technique in the future [27, 28]. The Delorme and
the Internal Delorme procedures have been widely used for rectal prolapse and for
low take off prolapse or intussusception respectively, as causes of ODS symptoms.
Internal mucosa excision and plication completely restores the rectal cavity, reduc-
ing, however, in the process, the rectal capacity and compliance. The resulting
rectal hyposensitivity and abnormal distention contribute to urge incontinence.
For patients with preoperative anal incontinence and rectal prolapse Delorme or
Internal Delorme procedures should be avoided [29, 30] Regarding the STARR
technique, which is widely used to correct both rectocele and intussusception, criti-
cism has been raised due to the lack of long-term results, as well as the worsening
of urge incontinence in some patients. An Italian study on patients who underwent
STARR reported increased predominantly incidence of urge type of incontinence.
Maximum tolerated rectal volume capacity was impaired according to anorectal
manometry [31]. The European Stapled Transanal Rectal Resection Registry reports
urgency in about 20% of operated patients. Impaired rectal compliance and even
minimal sphincter damage from the stapler can easily transform defecatory urgency
to urge fecal incontinence [32].
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6.3 Incontinence due to dyssynergia and pelvic floor weakness

Dyssynergia, by all means, is a syndrome of different specific origins, with
symptoms that can be produced by lack of coordination or malfunction of different
pelvic muscles. Thus, pelvic dyssynergia generally results from paradoxic muscle
spasm and failure of puborectalis sling to relax during defecation. As a consequence,
functional outlet obstruction is not unusual. Rectal masses should be excluded
with flexible sigmoidoscopy at the first instance and anatomic abnormalities as
intussusception and rectoceles should be excluded—usually with a proctogram.
Defecography is also crucial to recognize anismic patients and paradoxic spasm of
the puborectalis muscle. Anal manometry usually shows increased anal rest pres-
sures, failure of relaxation, and increased puborectalis activity during straining
[16]. In proctograms, anorectal angle changes less than 15°, and the perineum fails
to relax and to descend during defecation. There are different studies that show the
connection between dyssynergia and fecal seepage or soiling. In the study of Rao
SS et al., in 25 patients who reported seepage, residual anal pressure was raised and
29% were unable to expel a rectal balloon [33]. As mentioned above, rectal sensation
is crucial, thus rectal hyposensitivity, which is common in functional obstruction
syndrome, results in impaired rectoanal coordination and pelvic muscles relaxation.

Biofeedback is the first step in the treatment of patient with ODS and is mainly
useful for patients with pelvic floor dyssynergy. It is a sophisticated approach using
behavioral and physiologic methods. Biofeedback uses anorectal manometers and
screen in front of the patient, where changes in attempts for defecation and correc-
tion of the technique can be visible for the patient, recognizing different patterns
of muscular activity. The majority of patients report improved outcomes after
repeated courses of biofeedback. For patients with rectal intussusception and small
rectoceles, this is the treatment of choice [21]. Botulinum toxin injection is another
option for anismic patients. Injection of 60-100 U on the puborectalis sling showed
prominent results in patients with pelvic dyssynergy, although the lack of long-term
data and the need for repeated injections [34].

The role of SNS in obstructive defecation has been debatable. Most of the studies
for SNS have been done for patients with slow transit constipation or incontinence,
and few data are available for ODS. Some of these patients report improvement of
straining, but still more studies are required [35].

Pelvic floor weakness and pudendal denervation due to chronic straining or
repeated perineum stretching had been traditionally considered as the principal
mechanism for fecal incontinence. Prolonged straining, descent of perineum, and
prolapse cause not only anal sphincter disruption but also chronic pudendal neu-
ropathy. As a result, anal pressures are reduced and this predisposes to incontinence
[36]. Pudendal neuropathy needs time to be established, but time is crucial because
once it is established, the malfunction becomes permanent. In a longitudinal study
of patients with perineal descending syndrome, more than 50% became inconti-
nent in a second follow up 5 years after initial assessment [37]. In general, pelvic
floor weakness, with all clinical presentations (rectocele, descending perineum,
prolapsed) and organ prolapse predispose to evacuatory disorders and denervation,
causing finally fecal incontinence.

7. Conclusions

Fecal incontinence is a quite common and underestimated clinical syndrome,
which is not exclusive to aged patients. Great clinical expertise is needed for the
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assessment of the patients. Obstructive defecation syndrome has been nowadays
accepted as one of the underlying pathologies that ultimately lead to fecal inconti-
nence. Clinical assessment, defecatory proctogram, anorectal manometry evalua-
tion, and endoanal ultrasound are the tools needed for a full discussion on a pelvic
floor MDT. Conservative management with biofeedback is a key to the treatment,
and of great benefit to the patients. Surgery for ODS should be offered only to
patients who fail biofeedback or have major anatomic abnormalities. The decision
of the type of surgery that will be suggested to the patient must be decided after

a great deal of thought, because different procedures for ODS may lead to fecal
incontinence as well.
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Chapter 5

Faecal Incontinence and
Autoimmune Diseases

Batool Mutar Mahdi

Abstract

Anal and rectal continence depend on many factors such as such as consistency
of stool, integrity of neuromuscular sphincter complex, rectal capacity, sensation
of defecation, higher cerebral function, and mobility. Any disturbance to these
parameters may lead to various degrees of faecal incontinence. Continence may also
be affected by immunological disorders that cause vasculitis as well as gastrointesti-
nal mucosal and smooth muscle damage due to the formation of autoantibodies and
immune complexes in autoimmune disease. A thorough knowledge of the gastro-
intestinal manifestations of autoimmune disease is important in order to be able to
manage patients’ symptoms optimally.

Keywords: autoimmunity, immune tolerance, inflammasomes, cytokines,
faecal incontinence

1. Introduction

Faecal incontinence is characterized by inability to control bowel motions,
causing the unexpected leakage of flatus and feces per rectum [1]. It may adversely
affect the quality of one’s life. Faecal incontinence may be precipitated by condi-
tions such as diarrhea, constipation, pelvic muscle damage, nerve damage, and
vaginal delivery. Faecal continence depends on many factors; for example, consis-
tency of faecal substance, neuromuscular sphincter complex, rectal capacity, and
sensation of defecation [2]. Other causes of faecal incontinence include immuno-
logical disorders that cause muscle damage due to formation of autoantibodies in
autoimmune diseases [3, 4].

2. What is autoimmunity?

Autoimmunity is a disorder of the immune system. It is characterised by the
absence of immune tolerance (tolerance is the absence of an immune response in
an immunologically competent person), be it central tolerance in the thymus or
peripheral tolerance through Treg cell CD4+ and CD25+ (T regularity). It is due
to a defect in immune regulatory and signaling mechanisms; genetic factors like
single-gene defects or gene mutation can also cause an immune dysregulation and
autoimmunity [5].
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3. Causes of autoimmunity
3.1 Epigenetic alterations

Epigenetic alterations like DNA methylation, histone modification, and microR-
NAs alter the transcription and activity of genes that are involved in autoimmune
responses and disease pathogenesis. These lead to aberrant epigenetic modifications
in CD4 T helper cells’ function through deregulations in several transcriptional
genes like Ifng, Cd70, Tnf, Dnmt3a, and Foxp3 that determine T cell identity.
Adding to this, epigenetics target regulatory genes like Tim-3, cereblon, protein
kinase C theta, octamer transcription factor 1, basic leucine zipper transcription
factor ATF-like, p70 kinase, and lactate dehydrogenase A that influence T cell
activation, differentiation, and metabolism [6].

3.2 Genetic mutation in inflammasome

Inflammasomes are multi-protein complexes that consist of NOD-like receptor
(NLR) and AIM-like receptor (ALR) and apoptosis-associated speck-like protein
that contains a CARD and caspase-1. The active caspase-1 cleaves pro-IL-1f
and pro-IL-18 to IL-1p and IL-18, resulting in inflammation. Genetic mutations
in inflammasomes result in autoimmune diseases. NOD-like receptor family,
pyrin domain containing 1 (NLRP1) haplotypes contributes to susceptibility to
autoimmune disease and single nucleotide polymorphisms (SNPs) that alter the
susceptibility and severity of autoimmune disease. IL-1p and IL-18 maintain Th17
responses and endothelial cell damage, which potentiate autoimmune diseases.
Autoimmunity is mediated in part by innocent bystander cells, augmented by
inflammasomes [7].

3.3 HLA-associated autoimmune diseases

Autoimmune diseases have associations with particular HLA alleles through
displaying the autoantigens targeted by self-reactive T cells that escape thymic
deletion because most HLA alleles are capable of presenting self-antigens even in
healthy individuals [8].

3.4 Cytokines pathway

Cytokine and cytokine receptor genetic polymorphisms have been associated
with many different autoimmune diseases like IL23R and IL-23 that augment
the pro-inflammatory action of Th17 cells that leads to tissue damage, and
anti-cytokine therapy can be nicely used as a target to treat autoimmune diseases

[9-11].

4. Mechanism of autoimmunity

The mechanism of autoimmune reactions is due to an imbalance between
two immune responses, effector and regulatory, that develop through stages of
initiation and propagation, and often show phases of resolution or remissions
and exacerbations or flares. The mechanism of autoimmunity is defective elimi-
nation and/or control of self-reactive lymphocytes. A major goal of treatment
is reestablishing the normal balance between effector and regulatory immune
responses [12] (Figure1).
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Mechanism of autoimmunity.

5. Gastrointestinal manifestations in systemic autoimmune diseases

The systemic autoimmune diseases include different diseases like collagen vas-
cular diseases, systemic vasculitides, Wegener granulomatosis, and Churg-Strauss
syndrome that involve any part of gastrointestinal tract, hepatobiliary system, and
pancreas. Patients with these diseases had different gastrointestinal symptoms like
oral ulcers, dysphagia, gastroesophageal reflux diseases, abdominal pain, constipa-
tion, diarrhea, faecal incontinence, pseudo-obstruction, perforation of GIT tract,
and bleeding [13].

5.1 Effects of autoimmune diseases on the gastrointestinal tract

Some autoimmune diseases are characterized by autoreactive T cells attacking
body’s own tissues. One of the manifestations of these diseases is gastrointestinal
manifestation, which is either the initial presentation or the complications of the
disease.

5.1.1 Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disease of unknown
etiology, characterized by deposition of autoantibodies and immune complexes in
tissues (type III hypersensitivity). Gastrointestinal manifestations of SLE are due
to primary gastrointestinal disorders, complications of therapy, and SLE itself. Any
part of the gastrointestinal tract may become involved in SLE. Many GI conditions
can be mimicked by SLE [14]. Lupus enteritis, a distinct subset of SLE, is defined
as either vasculitis or inflammation of the small bowel. The clinical manifesta-
tions include decreased salivation, buccal mucosal ulcers, dysphagia, oesophageal
ulceration, gastric ulceration, pseudo-obstruction, and faecal incontinence [15-17].

5.1.2 Rheumatoid arthritis

It is also a type III hyper sensitivity reaction due to deposition of immune com-
plexes in the synovium of small interphalangeal joints of hands. Gastrointestinal
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manifestations are common and variable. It involves the esophagus resulting in
decreased peristalsis, decreased lower esophageal sphincter tone, hiatal hernia, and
esophageal ulcer. It may also result in peptic ulcer and chronic atrophic gastritis.
Colonic inflammation such as collagenous colitis with secondary amyloidosis may
also occur, leading to diarrhea and faecal incontinence [18].

5.1.3 Sjogren’s syndrome

Sjogren syndrome is a common autoimmune disease due to B cell activation and
invasion of T and B lymphocytes to affected exocrine glands. This disease affects
the gastrointestinal tract resulting in dry mouth, difficulty in swallowing, esopha-
geal atrophy, epigastric pain, dyspepsia, chronic atrophic gastritis, chronic pancre-
atitis, jejunitis, sigmoiditis, and inflammatory bowel disease [19, 20].

5.1.4 Progressive systemic sclerosis (scleroderma)

It is one of the connective tissue diseases of unknown etiology that affects
females more than males. It is characterized by vasculopathy, tissue fibrosis, and
autoimmunity. It causes overproduction of collagen due to autoimmune dysfunc-
tion that leads to fibrosis of many visceral organs. The immune system attacks
the kinetochore of the chromosomes that leads to genetic malformation of nearby
genes. Patients experience gastrointestinal tract symptoms like thinning of the
lips, tightening of the perioral skin, impaired taste sensation, atrophy of the
mucous membrane and tongue papilla, dysphagia and dyspepsia, gastroesopha-
geal reflux, peptic esophagitis, Barrett’s metaplasia, gastric antral vascular ectasia
(GAVE) or watermelon stomach, and dysmotility of small intestine leading to
chronic pseudo-obstruction. As scleroderma progresses, it may lead to decreased
motility of the intestine and to progressive fibrosis and scarring of the small
intestine leading to bacterial overgrowth and malabsorption of nutrients and
growth in stagnant intestinal fluid. Large intestine and colon will be involved,
causing pseudo-obstruction or ischemic colitis [21, 22]. Anorectal involvement
causes faecal incontinence and rectal prolapse. Gastrointestinal tract involvement
greatly affects morbidity and mortality in this disease and therapy aims to relieve
these symptoms [23, 24].

5.1.5 Polyarteritis nodosa

The gastrointestinal manifestations of systemic vasculitis that results from
mesenteric ischemia are vague nonspecific abdominal pain, hematemesis, melena,
hematochezia, jejunal ulceration, and perforation. Liver may be involved with
acalculous cholecystitis, appendicitis, pancreatitis, and biliary strictures [25-27].

5.1.6 Kawasaki disease

This is a syndrome that is characterized by oral mucosal changes, fever,
lymphadenopathy, and polyarteritis in addition to gastrointestinal symptoms
like abdominal pain, vomiting, diarrhea, small bowel obstruction, jaundice, and
paralytic ileus [28].

5.1.7 Inflammatory muscle disovders: polymyositis and dermatomyositis

These are systemic autoimmune diseases characterized by inflammation of
striated and smooth muscle of the body. Patients had a progressive weakness of
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proximal striated muscles and skin rash with dermatomyositis. The whole gastroin-
testinal tract may be affected but the proximal esophagus is more common affected.
Gastric and esophageal emptying and peristalsis are affected in many patients, so
they complain of dysphagia, aspiration, nasal regurgitation, early satiety, bloating,
reduced gastrointestinal motility, hiatal hernia, gastroesophageal reflux disease
(GERD), stricture, dilated atonic esophagus associated with delayed gastric empty-
ing, and intestinal mucosal thickening. In addition to that, there are colonic pseu-
dodiverticulosis and pneumatosis coli. Neurological dysfunction and diminished
smooth muscle contractility due to muscle atrophy and fibrosis lead to bowel wall
oedema, ulceration, and perforation [29].

5.1.8 Giant cell arteritis

This is a granulomatous inflammation of the arteries, particularly cranial and
temporal, leading to narrowing the lumen of the arteries. The main symptoms are
headache and fever. Blindness may occur suddenly. There are associations with
intestinal manifestations like bowel ischemia and gangrene, acute pancreatitis, liver
granulomas, lymphocytic infiltration, and dilated bile canaliculi. The erythrocyte
sedimentation rate is high [30, 31].

5.1.9 Henoch-Schénlein purpura

This is an IgA-mediated immune complex deposit resulting in systemic vasculitis
in small vessels. Gastrointestinal signs and symptoms are common such as peri-
umbilical pain with nausea and vomiting. Sometimes ulceration of the mucosa of
the second part of the duodenum and less commonly in the colon and rectum may
occur [32].

5.1.10 Takayasu arteritis

This is a chronic vasculitis of unknown etiology. The inflammatory processes
cause thickening, narrowing, and eventual occlusion of the walls of the affected
arteries. Patients usually experience gastrointestinal symptoms such as abdominal
pain, nausea, diarrhea, and hemorrhage due to the involvement of the descending
abdominal aorta [33].

5.1.11 Cogan’s syndrome

This is a chronic inflammatory disorder characterized by interstitial keratitis,
audiovestibular system involvement, aortitis, mesenteric vasculitis, weight loss,
fever, lymphadenopathy, hepatosplenomegaly, abdominal pain, nausea, and
vomiting [34].

5.1.12 Churg-Strauss syndrome

This is an allergic angiitis that occurs mostly in asthmatic patients, and is
associated with granulomatous necrotizing vasculitis. Patients have eosino-
philia, fever, and allergic rhinitis. Sometimes gastrointestinal involvement
occurs in about 50% of patients, leading to eosinophilic gastroenteritis associ-
ated with abdominal pain, bloody diarrhea due to multiple ulcers, nausea, and
vomiting. Perforation of the small intestine and colon may commonly occur.
Necrotizing granulomatous vasculitis of the mesenteric artery leads to mucosal
ischemia [35].
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5.1.13 Wegener granulomatosis

This is a systemic autoimmune disease characterized by granulomatous
vasculitis of the upper and lower respiratory tracts leading to infection, glomeru-
lonephritis, and small-vessel necrotizing vasculitis with granuloma formation.
Gastrointestinal manifestations of Wegener granulomatosis are oropharyngeal
mucosal lesions, gingivitis, ulcer of gastric mucosa, small intestinal perforation,
colonic ulceration, non-healing perianal ulcers, cholecystitis, recurrent acute
pancreatitis, and splenic necrosis [25].

5.1.14 Antiphospholipid antibody syndrome

This is a disorder characterized by recurrent vascular thrombosis, abortion, and
thrombocytopenia due to increased antiphospholipid antibodies. The gastrointes-
tinal manifestations of antiphospholipid antibody syndrome lead to vasculopathy
and tissue ischemia. Antiphospholipid antibodies in SLE patients are associated
with Budd-Chiari syndrome, with patients presenting with abdominal pain, ascites,
and hepatic failure [36-38].

5.1.15 Spondyloarthropathies

These are a group of interconnected chronic inflammatory rheumatic diseases
including ankylosing spondylitis, arthritis associated with inflammatory bowel
disease and reactive arthritis. The spondyloarthropathies are associated with the
HLA-B27 gene. About 36% of patients have reactive arthritis secondary to a dysen-
teric infection were positive for HLA-B27. Subclinical gut inflammation, ulcerative
colitis, and Crohn’s disease are frequent types of idiopathic IBD that are associated
with arthritis or spondylitis [39-43].

5.1.16 Behget's disease

This is a widespread autoimmune vasculitis of unknown origin occurring in
all ages resulting in a damage to blood vessels in all the body. Patients usually had
uveitis with oral and genital ulcers. Clinical manifestations also include vascular,
neurological, articular, renal, and gastrointestinal manifestations. Gastrointestinal
Behget’s disease symptoms are similar to those caused by inflammatory bowel
diseases, and include nausea, abdominal pain, and bloody diarrhea. In addition,
ulceration in the mouth, gastrointestinal tract, or genitalia may occur, the ulcers
typically being painful, shallow and round with discrete borders. Segmental
mucosal ulceration in the ileocecal and colonic area leads to perforation and bloody
diarrhea [44].

6. Mechanisms of how autoimmune disorders cause faecal
incontinence

The precise cause and mechanism how autoimmune diseases cause faecal
incontinence are unknown, but multiple factors are probably involved. These
factors include deterioration and destruction of collagen framework by the effect
of autoantibodies, resulting in inflammation, reduced compliance of rectal muscles
with consequent urgency, and urge faecal incontinence. Diarrhea is one of GIT
manifestation of autoimmune connective tissue diseases, and this in itself may lead
to incontinence even in the presence of normal sphincters.
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7. Conclusion

Continence usually requires normal functioning of both the muscles of the lower
digestive tract and pelvic floor, and the nervous system. There are many causes of
faecal incontinence. In this chapter, we have discussed the various autoimmune
disorders and their involvement in the disruption of the continence mechanism.
Further studies are necessary in this field, focusing on targeted therapies to mini-
mize the effect of these diseases on the gastrointestinal tract.
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Chapter 6

Anal Injectable and Implantable
Bulking Agents for Faecal
Incontinence

John Camilleri-Brennan

Abstract

Faecal incontinence (FI) is a common condition, the prevalence of which
increases with age. It is associated with a negative impact on the quality of one’s
life. The aetiology is multifactorial; hence, both the diagnosis and the treatment
of faecal incontinence may be challenging. A variety of surgical treatments for
faecal incontinence have emerged over the years. One of these is the use of anal
bulking agents. Anal bulking agents have been available for over 25 years, with
various studies being published. Initial results were disappointing, mainly due to
lack of efficacy and reliability as well as concerns about safety. Great strides have
been made recently with the introduction of the anal implants Gatekeeper (GK)
and Sphinkeeper (SK). This chapter explores the evolution of anal injectables and
implants, discusses operative techniques and provides a critical analysis of the
results of the various studies to date.

Keywords: faecal incontinence, anal sphincter, anal implants, anal injectables,
anal bulking agents, gatekeeper, Sphinkeeper

1. Introduction

Faecal incontinence (FI) may be defined as an impaired ability of the control
of the release of flatus or faeces. It is a socially stigmatising condition that may
have an adverse effect on one’s quality of life. From the financial point of view, the
investigation and treatment of faecal incontinence may add to a significant cost to
the health systems of most countries. In fact, the annual treatment cost of patients
in the UK with urinary and faecal incontinence is of about £500 million.

Many factors may be involved in the pathophysiology of FI. A thorough clinical
assessment of the patient is therefore mandatory. This starts with a full history, which
may include a cognitive assessment if necessary. The characteristics of the faeces and
the type and frequency of incontinence should be noted. Urge incontinence is sugges-
tive of poor external anal sphincter (EAS) function, whilst passive and post-defae-
catory incontinence indicates that internal anal sphincter (IAS) function is weak.
Various questionnaires that enable the clinician to quantify the degree of incontinence
and the impact on quality of life are available. These include symptom-specific
questionnaires, such as the ones developed by Vaizey et al. [1] and Wexner et al. [2]

81 IntechOpen



Current Topics in Faecal Incontinence

and the faecal incontinence quality of life (FIQOL) scale developed by Rockwood
et al. [3], and also generic questionnaires such as the Short Form 36 (SF 36) [4].

A full examination of the patient, including the abdomen and perineum and
a neurological examination in some cases, is necessary. Beneficial investigations
include a flexible sigmoidoscopy, anal manometry (resting and squeeze pressure),
rectal compliance, pudendal nerve terminal motor latency (PNTML) and endoanal
ultrasound (EAUS). Clinicians, however, need to be able to determine which test to
perform, and when, as well as be able to correctly interpret the results.

The management of FI is complex and multidisciplinary, involving the general
practitioner, continence nurse, physiotherapist, gastroenterologist, urologist and
colorectal surgeon. Conservative measures, which include patient education and
support, improvement in diet and bowel habit, judicious use of anti-diarrhoeal
medication and pelvic floor exercises, are used in the first instance. This is, in
fact, recommended in the UK by the National Institute for Clinical Excellence
(NICE) guideline ‘CG49 Faecal Incontinence’ [5]. If these measures fail, surgical
intervention may be necessary. A variety of surgical options are available, with the
appropriate therapy being selected depending on the cause of the incontinence and
the patient’s cognitive function and general physical condition (Table 1). One of the
surgical options available is the use of anal bulking agents.

1. Restoration and improvement of residual sphincter function
a. Correcting a defective external anal sphincter
Sphincteroplasty (end-to-end repair; overlap repair)
b. Correcting a defective pelvic floor:
Levatorplasty
Postanal repair
Total pelvic floor repair
c. Correction of anorectal deformities
d. Sacral nerve stimulation (SNS)
e. Posterior tibial nerve stimulation (PTNS)
2.Increasing the outlet resistance of the anal sphincter
a. Augmentation of the anal sphincter and anal cushions (anal bulking agents)
b. Anal submucosal fibrosis (SECCA)
c. Anal encirclement (Thiersch procedure)
d. Non-dynamic graciloplasty
3.Dynamic sphincter replacement
a. Dynamic graciloplasty
b. Artificial anal sphincter
4.Antegrade continence enema (ACE)
5.Faecal diversion
a. Colostomy

b. Ileostomy

Table 1.
Surgical options in the management of faecal incontinence.
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2. Anal bulking agents

Anal bulking agents have emerged as a treatment for FI, following the success
of bulking agents for urinary stress incontinence in females. In the urology setting,
bulking agents have been employed to augment the bladder neck and increase
urethral resistance [6]. Therefore, the aim of anal bulking agents is to prevent FI by
closing the anal canal or increasing the pressure within the anal sphincter.

The ideal characteristics of a bulking agent have been described in the literature
[7]. The injected or implanted substance should be biocompatible, non-migratory,
non-allergenic and noncarcinogenic. The substance should also be easy to inject or
implant and should produce an improvement in continence, both in the short term
and in the long term.

2.1 The evidence for anal bulking agents

Anal injectables and implantables have been used to manage faecal incontinence
for over 20 years. It may be useful to chart their development over the years and to
classify this development into three phases. The first phase consists of the initial
experimental studies that took place in the 1990s. The second phase, from about
the year 2000 onwards, encompasses an increase in the number of studies using a
wide variety of agents and injection techniques. The third phase features the latest
generation of anal bulking agents, the implantable polyacrylonitrile, available as
Gatekeeper (GK) and Sphinkeeper (SK) devices.

2.2 Initial studies: The first phase

Anal bulking agents were first described in 1993 by Shafik [8]. Shafik, an
Egyptian surgeon, is considered to be a pioneer in this field. In his first study, he
described the outcomes following the injection of 5 ml of PTFE (polytef/Teflon)
paste in 11 patients, 7 of whom had incontinence following a lateral internal sphinc-
terotomy for anal fissure. In another study, the same author used 60 ml of abdomi-
nal wall fat as a submucosal injection into the rectal neck at 3 and 9 oclock in 14
patients with partial faecal incontinence [9]. Pescatori’s group from Rome, Italy,
reported the use of anal injection of autologous buttock fat to restore continence
in one patient who had poor results following a sphincteroplasty. This patient’s
continence improved following repeated injections [10].

The indications for injection of the anal bulking agents in these studies were
various. Most patients had passive FI, but some had urge incontinence, indicating
EAS disruption. The results of these initial studies showed that continence was
improved in the short term. However, the medium- and long-term results were
poor, probably because of the resorption or migration of the injected material.
Reinjection was necessary in order to maintain continence.

A number of safety issues were raised with these studies. Teflon could poten-
tially cause granuloma formation and sarcomas. The injection of autologous fat as a
bulking agent in urology has been implicated in fatal fat embolism and stroke.

2.3 The second phase

The second phase in the development of anal bulking agents consisted of a wide
variation in the types of materials used, surgical technique and clinical indications
[11]. Some of the materials used to bulk the anal sphincter were being used in urol-
ogy to augment the bladder neck. Nine different types of injectable bulking agents
have been used in these studies (Table 2).
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Type of bulking Commercial Injection site Injectionroute  Published No. of
agent name(s) studies patients

Silicone biomaterial. PTQ; Intersphincteric; ~ Transsphincteric 21 619
Polydimethylsiloxane Bioplastique within IAS

elastomer particles

suspended ina

biocompatible

hydrogel made of poly-

N-vinyl-pyrrolidone

Carbon-coated Durasphere Submucosal Transmucosal; 7 187
zirconium beads, transsphincteric

comprised of pyrolytic

carbon-coated beads

suspended in a

water-based carrier gel

containing p-glucan

Spherical particles Coaptite Submucosal Transsphincteric 1 10
of calcium

hydroxylapatite,

suspended in a gel

Dextranomer NASHA Submucosal Transmucosal 5 192
microspheres and Dx, Zuidex,

stabilised sodium Solesta

hyaluronate in
phosphate-buffered
0.9% sodium chloride

solution

Glutaraldehyde cross- Contigen Submucosal Transmucosal 2 90
linked collagen

Synthetic non- Bulkamid Intersphincteric ~ Intersphincteric 1 5
particulate hydrogel

consisting of water

(97.5%) and cross-

linked polyacrylamide

(2.5%)

Cross-linked porcine Permacol Submucosal; Transmucosal; 5 172
dermal collagen intersphincteric ~  intersphincteric
matrix

8% ethylene vinyl Onyx34 Intersphincteric ~ Intersphincteric 1 21
alcohol copolymer
dissolved in dimethyl
sulfoxide. A spongy
solid mass forms from
the solidification

of the hydrophobic
copolymer when the
solvent diffuses away
on contact with tissue
fluid

Expandable silicone Submucosal Transmucosal 1 6
microballoons filled

with a biocompatible

hydrogel made of poly-

N-vinyl-pyrrolidone

Table 2.
Injectable materials used in the second phase of studies.
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2.3.1 Indications

The clinical indications for which these bulking agents were used varied from
study to study. These were:

* Failure of conservative management of faecal incontinence.
* Structurally intact but weak internal anal sphincter. This would be due to

either primary idiopathic degeneration of the IAS or degeneration secondary
to tissue disorders such as scleroderma.

IAS damage (childbirth, haemorrhoidectomy, anal stretch, sphincterotomy)
(Figure1).

* Defect in the external anal sphincter.

The main indication was IAS dysfunction or disruption. Unlike the EAS, the IAS
is not amenable to surgical repair.

2.3.2 Surgical procedure and technique

The bulking agents may be inserted under local, regional (anal or pudendal
nerve block) or general anaesthesia. The type of anaesthesia used depends on the
preference of the patient and the surgeon. The patient may be positioned in the
prone (jackknife), lithotomy or left lateral positions, although the latter position
may not give a satisfactory view of the anorectum to enable accurate injection. A
phosphate enema is usually administered preoperatively. The procedure is usu-
ally covered by prophylactic antibiotics, such as intravenous (IV) co-amoxiclav
1.2 g, cefuroxime 750 mg and metronidazole 500 mg or gentamicin 1.5 mg/kg and
metronidazole 500 mg at induction.

1:ENDORNAL

Figure 1.
Endoanal ultrasound scan showing a defect in the IAS of a 57-year-old lady with passive faecal incontinence
following haemorvhoidectomy. The defect is present between the arrows from the 3 to the 5 o’clock positions.
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The injection of the bulking agent varies depending on the type of substance
used and the clinical indications. Three different routes of needle insertion were
mentioned in the literature: transmucosal, transsphincteric or intersphincteric. The
bulking agent was placed submucosally, within the intersphincteric space or within
the IAS itself. For example, porcine dermal collagen (Permacol) may be injected
via the transmucosal or transsphincteric route using a disposable 19G needle [12]
(Figure 2). In patients with an intact IAS, 2.5 ml of Permacol is equally injected
into the submucosal space at the 3, 7 and 11 o’clock positions above the dentate
line. In cases of an IAS defect, 5 ml of Permacol may be injected at the site of the
defect, with 2.5 ml of the substance injected diametrically opposite. With silicone
biomaterial (PTQ or Bioplastique), four doses of 2.5 ml of silicone are used, using
an 18G needle [13, 14]. Patients with an intact IAS have the silicone injected trans-
sphincterically into the intersphincteric space at the 2, 4, 8 and 10 oclock positions.
In patients with an IAS defect, for example, after a lateral internal sphincterotomy,
a total of three doses of 2.5 ml of silicone are injected into the defect. A fourth dose
is injected into the intersphincteric space contralateral to the IAS defect, to provide
symmetry. With carbon-coated beads (Durasphere), a total of 10 ml is injected in
four divided doses in the submucosal plane using an 18G needle [14].

It is of utmost importance to ensure that the anal mucosa is not breached during
injection, since that would allow intra-anal leakage of the substance. Intravascular
injection must also be avoided.

Once the injection is completed, it is a good practice to leave the needle and
syringe in place for a few seconds. As the needle is being withdrawn, pressure on the
needle track by the index finger may prevent leakage of the bulking agent [12].

The bulking agent may be injected freehand, with an anal retractor such as
Eisenhammer used to identify the IAS and intersphincteric groove. A finger placed
within the anal canal may be useful to guide the needle to its correct position.
However endoanal ultrasound has been recommended to guide the needle to an
optimum position [13], especially if the agent is to be injected into the intersphinc-
teric space or adjacent to a defect in the IAS.

2.3.3 Results

The majority of studies in this second phase of development were mainly case
series and observational studies. Most of these studies reported either an improve-
ment in the faecal continence scores or less frequent episodes of incontinence over
time. Anorectal manometry testing is featured in some studies, with some showing
an improvement in resting or squeeze pressures. Others studies showed no such
improvement. Clinical improvement was not always associated with an increase in

Figure 2.
Porcine dermal collagen (Permacol) in a 2.5 ml syringe.
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these pressures. Quality of life was formally assessed in some of these studies. The
majority reported an improvement across various domains such as physical and
social function.

To date there have been 6 randomised trials using anal bulking agents, with
more than 400 patients. Two trials compared a bulking agent with a sham or saline
injection. Siproudhis et al. in 2007 [15] compared a silicone biomaterial (PTQ)
with a normal saline injection (control) into the intersphincteric space. PTQ did
not demonstrate any appreciable clinical benefit when compared to the control.
The trial was however deemed to be too small to detect any differences in conti-
nence. Graf et al. in 2011 [16] compared the injection of dextranomer (NASHA
Dx) against sham injection (no substance injected). Continence was better in
the short term (6 months) in the active intervention group, although interest-
ingly about 30% of patients in the control group had an improvement in their
continence. This same group, the NASHA Dx study group, published the results
of a prospective multicentre trial in 2014, showing that ‘submucosal injection
of NASHA Dx provided a significant improvement of FI symptoms in a major-
ity of patients and this effect was stable during the course of the follow-up and
maintained for 3 years’.

A small study with 10 patients by Maeda et al. in 2008 [17] revealed significant
improvement at 6 weeks postinjection using injection of Bulkamid and Permacol.
Continence decreased slightly in the Permacol group at 6 months. However there
was no reported difference between the two agents. The numbers were too small
to detect a difference. Tjandra et al. in 2009 reported the results of a randomised
study comparing PTQ with carbon-coated beads (Durasphere) [14]. PTQ injection
was associated with better continence scores and quality of life and was safer than
Durasphere.

Tjandra et al. in 2004 reported the short-term benefits from ultrasound-guided
injection of silicone biomaterial (PTQ) compared with digital guidance [13].

The follow-up for the majority of patients in studies was less than a median of
3 years. A question on the term durability and effectiveness of these agents is there-
fore raised. The majority (97%) of patients were only followed up once or twice.
No long-term evidence on outcomes was available, and further conclusions were
not warranted from the available data. None of the studies reported patient evalu-
ation of outcomes, and thus it is difficult to gauge whether the improvement in the
continence scores matched the practical symptom and quality of life improvements
that mattered to the patients.

The majority of patients did not report any complications. The complications
described were mainly pain, anal bruising and leakage of injected material [11, 12].
Less common complications were anal ulceration and infection (local cellulitis and
abscess formation). There were two reported cases of local giant cell foreign body
reaction after injection of silicone (PTQ) [18]. Durasphere has been associated with
skin rashes and arthritis. Skin patch testing is therefore recommended before using
this agent [14].

2.4 The third phase: The implantable gatekeeper and Sphinkeeper

A relatively new and innovative development in anal bulking technology is
the Gatekeeper and Sphinkeeper (THD S.p.A., Correggio, Italy). The material
used is polyacrylonitrile (Hyexpan). Polyacrylonitrile is an inert, non-allergenic,
nondegradable material that is also non-immunogenic and noncarcinogenic. First
developed by Medtronic in Minneapolis, USA, it was originally used as an implant
in the oesophagogastric junction for the management of gastro-oesophageal reflux
disease.
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The main indications for the use of the GK and SK are passive faecal inconti-
nence, secondary to IAS dysfunction or damage, where conservative measures or
injection of other bulking agents such as PTQ or Permacol has failed. However, the
use of GK and SK in patients with other causes of FI is being explored.

The following are contraindications to the use of the GK and SK. Similar con-
traindications have also been described by the product manufacturers of other anal
bulking agents:

* Perianal sepsis

* Inflammatory bowel diseases with anorectal involvement (Crohn’ disease,
ulcerative colitis)

* Anal, rectal or colon cancer undergoing active treatment

* Rectal bleeding of unknown or undiagnosed origin

* Rectal prolapse

* Uncontrolled blood coagulation disorders

* Pelvic radiotherapy

* Immunosuppression

* Pregnancy or planned pregnancy in the next 12 months.
2.4.1 Surgical apparatus, procedure and technique

Whereas the anal bulking agents that were developed in phases 1 and 2 are
injected into or around the anal canal by means of a hypodermic syringe, the
Hyexpan prostheses are implanted into the intersphincteric space using a custom-
made gun (Figure 3).

The difference between GK and SK lies in the size of the prostheses. The

dehydrated GK prostheses consist of thin solid cylinders, 22 mm long and 2 mm
in diameter. The success of this material depends on its hydrophilic properties.

—t

DISPENSER

DELIVERY SYSTEM

Figure 3.
The gatekeeper gun, made of the dispenser that houses one prosthesis and the delivery system. The Sphinkeeper
delivery system and dispenser are similar but slightly larger.
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Within 48 hours after implantation in the human tissue, the Hyexpan cylinders
absorb water to become thicker and shorter. The in vitro maximum diameter is

6.5 mm and the length is 17 mm (Figure 4). The volume of each individual implant
increases from approximately 70 mm? to 500 mm?, a 750% increase. The implant
also becomes much softer in consistency. On the other hand, the SK prostheses in
the dehydrated state are thin, solid cylinders, 29 mm long with a diameter of 3 mm,
changing their size to alength of 23 mm and a diameter of 7 mm within 48 h of
contact with fluids.

The technique of implantation of the GK and SK is identical. The operation is
performed under regional or general anaesthesia. Intravenous antibiotics are given
at induction. The author’s patients receive gentamicin 1.5 mg/kg and metronidazole
500 mg IV. The patient is placed in the lithotomy position. A strict sterile technique
is used. The IAS and intersphincteric groove are identified by the placement of an
anal retractor (e.g. Eisenhammer). The author’s preference is a THD surgy Mini-
light proctoscope, a self-illuminating anal and rectal retractor that gives a very good
view of the anorectum without causing trauma to the anal sphincter (Figure 5). A
2 mm incision is made in the perianal skin, 2 cm from the anal verge (Figure 6).

Having attached the dispenser to the delivery system, the needle is inserted
through the incision and tunnelled to the intersphincteric margin and introduced
into the intersphincteric space. The needle is then positioned so that the tip would
lie just beyond the dentate line. When the needle is identified in the correct posi-
tion, by direct vision and palpation and/or by endoanal ultrasound, the prosthesis is
released into the intersphincteric space (Figure7).

The steps may be repeated to insert up to 10 prostheses, equidistant from each
other. The GK has been originally described with the insertion of between 4 and
6 prostheses, whereas the SK has been described with the use of 10 prostheses.

The choice of inserting 4 as opposed to 6 or 10 prostheses is arbitrary. The use of
10 prostheses enables the formation of a circumferential or quasi-circumferential
intersphincteric ring, akin to an artificial anal sphincter. The prostheses self-fix in
the desired position, thereby preventing displacement and migration in the major-
ity of cases.

The wounds are closed with a single absorbable suture (Figure 8). At the end of
procedure, EAUS imaging will show the location of all prostheses. The procedure
takes about 30 to 40 minutes to complete and is done as a day case. Oral metronida-
zole 400 mg tds is prescribed for 5 days postoperatively. Oral laxatives such as lactu-
lose are prescribed to minimise the risk of constipation. The patients are advised
to avoid any anal trauma as well as anal intercourse for at least 72 h after implant
insertion. The patients are followed up after 6 weeks and 3 months thereafter. The
material remains identifiable both by palpation and by endoanal ultrasonography in
the postoperative period (Figures 9 and 10).

(a) (b}

Figure 4.
(a) Shape of Hyexpan gatekeeper cylinder at insertion. (b) Fully expanded Hyexpan gatekeeper cylinder
following contact with water.
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Figure 5.
Palpating the 1AS and the intersphincteric groove at the 6 o’clock position with a THD surgy mini-light
proctoscope in position.

Figure 6.
Making an incision, 2 cm away from the anal verge, at the 6 o’clock position.
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Figure7.
The gatekeeper needle at the 9 o’clock position, with the endoanal ultrasound probe in place to determine
corvect placement.

Figure 8.
Up to 10 equidistant circumferential perianal wounds, each closed with an absorbable suture (Monocryl 3/0).
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Figure 9.
Endoanal ultrasound scan (Aloka) at 6 weeks following the implantation of six gatekeeper prostheses in a
72-year-old male with idiopathic passive faecal incontinence.

2.4.2 Results

The first reported experience with the Gatekeeper was by Ratto et al. in 2011
[19]. This was a study with 14 patients. Eight had idiopathic FI, four had an IAS
defect, and two had combined IAS and EAS defects. The median follow-up was of
12 months (ranging from 5 to 48 months). The authors reported a clinically signifi-
cant improvement in continence in 13 patients, a sustained significant improvement
in the Wexner and Vaizey scores and in the SF36 and FIQOL scores. No complica-
tions have been reported.

The second study was a comparative retrospective study by Parello et al. in
2012 [20]. Seven patients who had the Gatekeeper implanted were compared to six
patients who underwent sacral nerve stimulation. The median follow-up was of
18 months in the Gatekeeper group and 20 months in the SNS group. The authors
reported a sustained improvement in the Wexner continence scores with both
modalities of treatment.

Fabiani et al. [21] used Gatekeeper for a group of patients affected by minor
faecal incontinence. Four out of seven patients complained of passive incontinence
prior to the procedure. After an average follow-up of 6 months, 6 patients reported
a Wexner incontinence score under the value of 4, meaning that they rarely experi-
enced symptoms (0 = perfect incontinence and 20 = complete incontinence). Only
one patient who suffered mixed incontinence failed to respond.

Biondo et al. [22] concluded that Gatekeeper is a safe and effective procedure
in more than 50% of patients for at least a year after implantation. They found
that no patients had postoperative or long-term complications. Forty-eight per
cent of patients were classed as responders, and significant differences were found
between baseline mean Vaizey scores at 6 months, 12 months and last follow-up. At
long-term follow-up (2.7 years), those patients that responded were found to have
maintained an improvement more than 50% of their baseline Vaizey score.
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Farth Valley

Figure 10.
Endoanal ultrasound scan (Be¥’K) at 6 weeks following the implantation of 10 Sphinkeeper prostheses in a
68-year-old female with passive faecal incontinence and previous episiotomy.

In a multicentre study involving 54 patients and a clinical follow-up for a year,
Ratto et al. [23] noted that after Gatekeeper implantation, incontinence to gas,
liquid and solid stool improved significantly, soiling was reduced and the ability
to defer defaecation was enhanced. All faecal incontinence severity scores were
significantly reduced, and patients’ quality of life improved. At 12 months, 30
patients (56 per cent) showed at least 75 per cent improvement in all faecal incon-
tinence parameters, and 7 (13 per cent) became fully continent. Dislodgement
of a few prostheses was reported, but this made no difference to postoperative
continence.

The author has carried out more than 40 GK procedures in a single centre
since 2012. The main indications were idiopathic FI and passive incontinence
following surgery (anal stretch for anal fissure and haemorrhoidectomy). All
patients had failed conservative management. There was a significant sustained
improvement in the median Vaizey scores. The median (range) Vaizey scores
improved from 16 (12-17) preoperatively to 5 (3-9), 4 (3-7), 4 (3-5), 4 (3-5),

5 (3-6) and 5 (3-6) at 6 weeks and at 3, 6, 12, 24 and 36 months, respectively

(p < 0.01, Wilcoxon test). There was also an improvement in the Rockwood qual-
ity of life scores. The author reports no complications apart from minor pain that
is managed by paracetamol.

Publications on the Sphinkeeper are limited. Ratto et al. [24] treated 10 patients
with SK and followed them up for 3 months. The study demonstrated that the SK,
with its larger prostheses than that of GK, is safe and effective. The Pelvic Floor
Society of the Association of Coloproctology of Great Britain and Ireland is cur-
rently collecting prospective data on the SK from multiple centres in the UK.
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3. Discussion

The development of anal injectable and implantable technology over the past
20 years has taken great strides forwards. Starting with the pioneering efforts of
Shafik with autologous fat, more materials have been tried and used, the most
popular being collagen (Permacol) and silicone (PTQ or Bioplastique). These agents
were associated with variable and inconsistent results. Injections were frequently
repeated to maintain continence in the long term. The latest generation of anal
bulking agents is the implantable Hyexpan (Gatekeeper and Sphinkeeper). This
material fits the criteria for the ‘ideal’ bulking agent. It overcomes most limitations
of other bulking agents, and its use has shown very promising results.

The choice to implant the GK and SK prostheses into the intersphincteric
space of the anal canal plays a key role. This location potentially avoids extrusion
or migration of prostheses (different to what could happen if implanted into the
submucosa). Moreover, thanks to the rapid increase of their volume, the prostheses
self-fix and are unlikely to move after deployment.

The mechanism of action of anal bulking agents is a subject of debate. Most
of the resting anal pressure is the function of the IAS, with some contribution from
the EAS and anal cushions. Studies of faecal incontinence in patients who have
undergone a traditional Milligan-Morgan haemorrhoidectomy lend support to the
concept that anal cushions play an important part in the maintenance of the normal
mechanism of continence. It is thought that the mechanism of action of a bulking
agent injected into the submucosal space is an increase in the size of the natural anal
cushions. On the other hand, a bulking agent injected or implanted into the inter-
sphincteric space would bulk up the size of the anal sphincter. The end result would
be an improvement in the seal of the lumen of the anal canal at rest and potentially
an increase in resting anal pressure and in the length of the anal high pressure zone.
When the injection is placed adjacent to an identifiable IAS defect, a better degree
of anal canal sealing may be obtained through improvement in the configuration
and symmetry of the anal canal [7]. Ratto argues that GK and SK, being embed-
ded within the intersphincteric space, thereby pushing the EAS outwards and the
IAS inwards, ‘may improve sphincter contractility by increasing sarcomere length
as well as increase the length of the anal canal and provide a powerful “bulking
effect™ [24].

It is acknowledged that more research is required in this field. Most studies are
case series with very few randomised trials. The Gatekeeper and Sphinkeeper, the
latest generation of anal bulking agents, show promising results. Whether these
results are maintained in the longer term or not awaits to be seen. The key factor
however remains that correct patient selection is extremely important to achieve
good results.

Larger series with longer follow-up and randomised controlled trials are there-
fore necessary. Further development on existing and emerging technology is also
warranted.
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BioSphincter a Regenerative
Medicine Approach to Treat FI

Prabhash Dadhich and Khalil N. Bitar

Abstract

A healthy sphincter physiology is a complex interplay between neural and
muscle population, responsible for relaxation and contraction, which allow feces to
pass and reestablishment of closure. The loss of integrity of neuromuscular func-
tionality or cellular component results in fecal incontinence (FI). The current avail-
able treatments have been disappointing in long-term relief. This chapter represents
a regenerative medicine approach to this debilitating disease, wherein a new
internal anal sphincter (IAS) BioSphincter™ is bioengineered from the patient’s
own cells and implanted. It results in long-term restoration of the cellular integrity
and reinstatement of the physiological function of the IAS. Following implantation
in rodents, the engineered sphincters became vascularized and maintained their
phenotype and functionality. The developed IAS BioSphincter™ were validated to
treat the FI in large animals and successfully restored anorectal functionality.
According to NIH/NIDDK, one out of seven people report to health care providers
complaining of fecal incontinence. This chapter elucidates the long road in devel-
oping on implantable bioengineered IAS “BioSphincter™” that would benefit and
improve the quality of life of a large socially distressed segment of the population.

Keywords: fecal incontinence, regenerative medicine, BioSphincters, neural
progenitor cells, anorectal physiology

1. Introduction

A healthy anorectal functionality is a coordinated interplay between the enteric
nervous system, smooth muscle of internal anal sphincter (IAS), striated external
anal sphincter and puborectalis muscles [1]. Anomalies in any of this individual or
group of tissues may lead to anorectal irregularities and diseases [2]. Fecal inconti-
nence (FI) is devastating from a hygiene perspective due to involuntary soiling of
liquid and solid stool and results in the distressing psychosocial impact on the
patient [3]. Injury to the perineum may also result in the complete or partial
destruction of the anal sphincter and distal rectum potentially resulting in persistent
incontinence [4]. The resulting psychological stress, social stigma, decreased self-
esteem and productivity can be overwhelming. In the USA, men and women suffer
from FI equally with a range of 2-6% in people aged 20-30 years. The prevalence
increases to over 15% in people older than 70 years [5].

Clinical characteristics of FI have been correlated with underlying sphincter
pathology [1]. In the classical FI, the pelvic floor muscles are dysfunctional (due to
muscle or nerve damage) and result in the frequent urge of incontinence. The urge
of incontinence is mainly due to external anal sphincter defects and lower anorectal
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squeeze pressures. Patients with the urge of incontinence have FI episodes with
awareness of the event but cannot prevent it because of the inability to increase
anorectal pressures [1, 6, 7].

The passive FI caused an isolated or combined loss of smooth muscle function
(IAS), skeletal muscle function (EAS), anorectal sensory mechanisms or neural
control [8, 9]. It leads to loss of the sense that rectum is full and results in unknow-
ingly leakage of stools, mucus, and flatus. Passive incontinence occurs without the
patient’s awareness of the event until after incontinence has occurred [6]. Patients
with passive incontinence are more likely to have internal anal sphincter defects
and lower anorectal resting pressures. The anal resting tone is produced by the
internal anal sphincter (IAS) and the external anal sphincter. The IAS contributes
60-70% of the anal tone [10]. In addition, patients with passive incontinence have
been shown to have more frequent and exaggerated IAS relaxation compared to
continent controls [11]. Patients with FI have been shown to have variable loss of
the Recto Anal Inhibitory Reflex (RAIR) [12].

Currently, there is no satisfactory long-term treatment for FI. Epidemiological
studies indicated that most patients suffering from FI do not consult to clinicians
and depend on self-management or rely on the use of adult diapers. The classical
treatment of FI becomes more involved in accordance with the extent and severity
of the incidences of incontinence.

Conservative management of FI is usually initiated with educating the patients
with behavioral techniques. These techniques such as scheduling toileting and pre-
ventive strategies [13]. The next step is the incorporation of dietary changes using
fiber supplements or laxative to normalize stool consistency [14]. Along with die-
tary modulations, antidiarrheal drugs, alpha (1 and 2) receptor agonists could also
be used to control the frequency of FI episodes [15]. Pelvic floor muscle exercise and
biofeedback are other conservative methods to manage initial stages of FI. Biofeed-
back methods are behavioral management that incorporates electronic and
mechanical devices to emphasize bowel and muscle retraining. Pelvic floor muscle
exercises with biofeedback improve sense and strength of pelvic floor muscles for
contraction during rectal distention and uncontrollable urge of FI [16, 17].
According to an observational study, these conservative methods resulted in 50%
reduction in the frequency of FI and 21% adequate relief in FI [13]. The effective-
ness and success of these measures may help in the management of mild cases of FI.

If the patient does not improve with the mentioned conservative methods, the
patient is offered advanced therapies. Advanced therapies are more invasive and
involve different levels of surgical interventions such as electrical stimulation,
sphincteroplasty, injection of bulking agents, and implantable devices. Sacral nerve
and tibial nerve stimulation found to be more effective than electrical stimulation of
muscles [18-20]. In a randomized controlled trial on patients with structurally
intact and innervated sphincters, the implantation of a battery-operated stimulator
was found to be effective from 36 to 50% [18, 19]. The frequency of episodes of FI
was reduced during stimulation, but unaffected without stimulation or similar to
sham [13]. The implantable devices such as artificial bowel sphincter [21], magnetic
beads [22] and synthetic polymer rings are implanted around the anal canal to
augment the pressure. There is a lack of randomized controlled trial towards long-
term safety and efficacy of these procedures. The sphincteroplasties (suturing of the
separated sphincter) and graciloplasty (wrapping of gracilis muscle around the anal
canal) are another class of surgical procedures to treat FI. These procedures have
shown varying rates of success and high chances of obstructed defecation. Inert
materials (silicone elastomers, ceramic beads) or biopolymers (polycaprolactam
beads) as bulking agents injected around the anal canal to increase resting pressure
[23]. There was no specific success reported regarding long-term efficacy.
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However, a 3-month follow up study of injection of dextranomer microspheres
resulted in a 50% reduction in FI frequency in 52% patients [24].

Cell delivery is advanced translation method for long-term efficacy in FI. Stem cell
constructs were developed, and were able to generate smooth muscle tone but lacked
innervation [25]. Autologous transplantation of muscle progenitor cells into the
sphincters exhibited potentials for re-stabilization of myogenic functionality in the anal
sphincters [26]. Delivery of autologous human adipose-derived stem cells in poorly
functioning sphincter muscle as replacement of fibrous tissues acted as a mechanical
support for physiological functions [27]. Injection of autologous myoblasts into the
external anal sphincter defect also resulted as a safe and promising approach to improve
symptoms of FI induced owing to obstetric anal sphincter trauma [28]. Sphincters are
complex organs for cell delivery. There are several challenges to overcome in direct cell
delivery, such as specific types and dosages of cells, circular distribution and orientation
of cells around the anal canal after injection, functional integration with host cells and
long-term effects such as biodistribution, tumorigenicity.

Current cell delivery technologies focus either on the reinstatement of the striated
muscle of the external anal sphincter or mechanical support to the sphincter, with
little attention on the reinstatement of IAS function [29-32]. The terminal gut func-
tion requires coordinated contraction and relaxation of the smooth muscle of rectum
mediated through the enteric nervous system of IAS [2, 6]. To remedy an injured
anus, it is imperative to reinstate both smooth muscle and intrinsic neural components
of IAS. We describe the evolution of a regenerative medicine approach proposed to
provide critical components to reinstate function in the anorectum and remedy pas-
sive fecal incontinence caused by injury to the IAS. According to this hypothesis,
implantation of engineered autologous BioSphincters reinstate IAS function and
restore fecal continence. Autologous smooth muscle and neural progenitor cells from
gut biopsies were used to bioengineer intrinsically innervated IAS [33, 34]. Autolo-
gous functional intrinsically innervated IAS construct was successfully implanted into
healthy animal models. Following implantation in rodents, the engineered sphincters
became vascularized and maintained their phenotype and functionality [35-38]. A
large animal model of passive fecal incontinence was developed and demonstrated
sustained restoration of fecal continence, and restoration of basal tone and restoration
of RAIR after implantation of engineered autologous, intrinsically innervated internal
anal sphincter (IAS) BioSphincters [10, 39] (Figure 1).

— e&p —

1. Biops
aa 5. Implantation of

' ; Post-Sphincterectomy Anorectal BioSphincter

Prassure

2. Expansion of smooth muscle cells
and enteric neuronal progenitor cells

. s ]
3. Bioengineered 3D 4, Physiological testing
autologous BioSphincters & Quality control

Ganeration o
spenilare o Bkl Lahe

P

Foran (]
EEEEE

Figure 1.

Regenerative medicine approach to treat fecal incontinence using autologous bioengineered BioSphincter.
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This chapter summarizes the regenerative medicine approach of bioengineering
of BioSphincters, including developmental stages of the technology, challenges,
process optimization, characterization, detail pre-clinical evaluation of the
BioSphincter towards the treatment of FI.

This chapter encompasses both in vitro and in vivo studies designed to support the
safety and efficacy of bioengineered sphincters. Studies performed in vitro include
the generation of three-dimensional internal anal sphincter models using rabbit IAS
smooth muscle cells and human IAS smooth muscle cells. The in vitro studies also
describe the intrinsical innervation of bioengineered IAS sphincters. Studies
performed in vivo are described in two parts, small animal rodent studies and a large
animal, rabbit fecal incontinent model. Small animal rodent studies included: (1)
generation and implantation of IAS smooth muscle cell sphincter into a C57BL/6 ]
rodent; (2) generation and implantation of human innervated bioengineered sphinc-
ters into an athymic rodent model, at subcutaneous and peri-anal sites. Large animal
studies demonstrating successful implantation of intrinsically innervated autologous
IAS BioSphincters were conducted in a rabbit model of fecal incontinent.

2. Bioengineering an in vitro three-dimensional physiological model
of the internal anal sphincter from rabbit smooth muscle cells

The objective of the early studies was to develop an in-vitro three-dimensional
(3-D) physiological model of the IAS smooth muscle cells. In this initial attempt,
rabbit origin IAS smooth muscles were cultured on top of a loose fibrin gel; subse-
quently, these cells migrated and self-assembled in circumferential alignment. As
the cells matured, the fibrin gel contracted around a 5-mm-diameter silicon mold,
resulting in a 3-D cylindrical ring of sphincteric tissue [40].

Histological analysis exhibited a gradient of cell alignment in the bioengineered
IAS sphincters. The engineered sphincters were analyzed for physiological func-
tionality using an isometric force transducer. Constructs were placed between a
stationary central pin and the measuring arm of the organ bath transducer (Harvard
Apparatus, Holliston, MA). The bioengineered sphincter generated a spontaneous
basal tone, and treatment with 8-bromo-cAMP (8-Br-cAMP) resulted in relaxation.
In the next step, agonist-induced stimulation (using acetylcholine) resulted in cal-
cium- and concentration-dependent peak contraction. This effect was diminished
by the addition of 8-Br-cAMP. Similar bioengineered IAS sphincters were also
generated using colonic smooth muscle cells. IAS constructs display significant
differences in functionality compared to colonic smooth muscle cells constructs,
which confirmed tissue specificity and functionally to IAS [40].

This was the first successful attempt to develop 3-D in vitro model of engineered
IAS sphincters using smooth muscle cells of IAS. Bioengineered IAS sphincters
displayed circular cell alignment and physiological functionality. The functionality
and physiological response in engineered tissues exhibited similarity to IAS smooth
muscle in vivo [38].

3. In vivo cytocompatibility and functionality analysis on subcutaneous
implantation of physiologically functional bioengineered internal
anal sphincter

After successful bioengineering an IAS specific sphincter tissues, the next goal was
to evaluate the in vivo biocompatibility and adverse reaction. The objective of these
studies was to test the post-implantation functionality of bioengineered sphincters
engineered using IAS smooth muscle cells. Table 1 summarized the detail study design.
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In this endeavor, smooth muscle cells were isolated from the IAS of donor
C57BL/6 mice. Smooth muscle cell constructs were engineered on Sylgard coated
plates using fibrin gel, as described previously [40]. The engineered constructs
were successfully implanted into the subcutaneous region of same strain mice and
treated with either fibroblastic growth factor-2 or saline as controls using a micro-
osmotic pump. Mice were euthanized after 4 weeks, and the implant was harvested.
The implant was intact, healthy in color without any degradation, and interestingly
displayed muscle attachment to the back of the mouse, with neovascularization.
Constructs exhibited no external sign of inflammation, fibrosis, or infection,
because of the use of syngeneic tissue. The supplement of FGF-2 also helped in
tissue viability, cellular integrity, and vascularization. The harvested tissues
maintained smooth muscle alignment and phenotype [37, 38].

The post-implant harvested constructs were analyzed for force generation. The
harvested implants generated and maintained the spontaneous basal tone in the
absence of any external stimuli. The developed tone confirmed the integrity of ionic
membrane characteristics, membrane receptors and their intracellular signaling
mechanisms for contraction and relaxation. On treatment of a relaxing stimulant
such as a vasoactive intestinal peptide (VIP), the force and magnitude of relaxation
were consistent before and after implantation. The rapid, and dose-dependent
sustained (over 30 min without signs of muscle fatigue) contractions on the treat-
ment of acetylcholine and phorbol dibutyrate was elicited as well. The physiological
studies confirmed that implanted bioengineered sphincters maintain IAS physio-
logical functionality after implantation [37, 38].

In summary, IAS sphincters using smooth muscle tissue could be bioengineered.
The bioengineered sphincters were cytocompatibility, functional, without any
adverse reaction and had potential to be used as a graft for dysfunctional internal
anal sphincter [37, 38].

Steps Study objective(s) Test article Animal Key outcome (e.g., safety
model (tumor/tox/biodistribution),
efficacy, characterization,
stability, degradation)

Study purpose: cell isolation

Isolation of To isolate IAS smooth  In vitro C57BL/  Smooth muscle cells expressed
SMC muscle cells (SMC) and expanded IAS 6] mice cell lineage appropriate
characterization of smooth phenotype markers
smooth muscle muscle cells

Study purpose: bioengineered sphincters

Bioengineering ~Characterize the Bioengineered C57BL/ Formation of stable sphincters
sphincters with bioengineered sphincters 6] mice
smooth muscle  sphincters

Study purpose: implantation of bioengineered sphincters into rodent

Implantation of Optimization of the Bioengineered C57BL/ Bioengineered sphincters were

bioengineered  implantation procedure sphincters 6] mice implanted subcutaneously on

sphincters syngeneic mice (C57BL/6J)
model

Study purpose: end points analysis

Bioengineered ~ Analysis of fibrosis/ Implanted C57BL/  No fibrosis or inflammation was
sphincters inflammation and bioengineered 6] mice observed in bioengineered
histopathology  functional activity sphincters sphincter implants

Table 1.

Summary of nonclinical study for safety and efficacy of bioengineered sphincters in Cs7BL/6] mice.
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4. Bioengineering an internal anal sphincter derived from smooth
muscle cells isolated from the human internal anal sphincter

The preliminary work in the previous sections using SMCs harvested from
animal models confirmed the feasibility of engineering functional physiologic
IAS constructs and initial biocompatibility. [40]. The next objective was to
validate the feasibility of engineering IAS sphincter constructs from SMCs of
human IAS origin.

Human IAS was received from NDRI and SMCs were harvested following
previously described protocol. At confluency, SMCs were seeded on Sylgard
coated plates with fibrin gel. Cells migrated and aligned circularly around the
Sylgard mold located at the center of the plate. All the 3-D bioengineered
sphincter constructs successfully formed within 5-10 days of seeding of Human
IAS SMCs [34].

The developed human IAS constructs displayed the essential characteristics of a
native functional IAS; the bioengineered IAS constructs able to generate the spon-
taneous myogenic basal tone and respond to different pharmacological agents.
Bioengineered human IAS sphincters also exhibited dose-dependent force genera-
tion in response to different stimulants. The IAS smooth muscle constructs
displayed a tissue-specific basal tone compared to colonic muscle cells. The basal
tone, acetylcholine-induced contraction and PdBU generated were reduced by
calphostin-C but not with Y-27632. The detailed functionality resulted that the
protein kinase C (PKC) pathway (independent of the Rho/ROCK pathway)
appeared to be responsible for IAS specific tone and contractions [34].

The process of bioengineering IAS constructs using human IAS smooth muscles
was highly reproducible. The developed IAS muscle constructs were functionally
similar to native IAS sphincters. This was the first report demonstrating the gener-
ation of a functional in vitro model of human IAS that may be used for the elucida-
tion of mechanisms associated with smooth muscle sphincter myogenic
malfunction and for the investigation of treatments for fecal incontinence [34].

5. Bioengineered IAS generated from human cells and preliminary
biocompatibility and functional analysis after implantation
in an athymic rodent model

In the previous sections, IAS muscle constructs were successfully bioengineered
with animal and human origin IAS circular muscles. The bioengineered mouse IAS
muscle constructs displayed physiological functionality after implantation in wild type
mice. However, compare to anatomy and physiology of native IAS sphincters, the
bioengineered muscle constructs lacked innervation of the neuronal population. There-
fore, the next target in these studies was to intrinsically innervation of bioengineered
IAS muscle constructs and evaluation of cellular viability, physiological functionality,
and safety after implantation. Table 2 summarized the detail study design.

In this effort, the human IAS muscles were harvested and cultured as described
previously. The neuronal cell line was isolated from a D13 embryo from H-2Kb-
tsA58 immortomouse. The bioengineering of constructs was divided into two steps.
In the first step, the isolated neuronal stem cells were mixed with hydrogel and
plated in the Sylgard coated plates. After gelation, IAS origin smooth muscle cells
were mixed with the collagen gel and overlaid to the previous cell-hydrogel. A fully
compacted sphincter-like construct were developed in the first 60 h [35].

The neuronal stem cells differentiation towards functional neurons was carried
out in a specific media targeted to neural differentiation. The bioengineering
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Steps

Study objective
(s)

Test article

Animal model

Key outcome (e.g., safety
(tumor/tox/
biodistribution), efficacy,
characterization, stability,
degradation)

Study purpose: cell isolation

Isolation of SMC

To isolate IAS
smooth muscle
cells (SMC) and
characterization

In vitro
expanded IAS
smooth
muscle cells

Cadaver
human

Smooth muscle cells expressed
cell lineage appropriate
phenotype markers

Isolation of
neural cells from
embryo of
immortomouse

To isolate neural
cells and
characterization

In vitro
expanded
neural cells

h-2kb-tsA58
immortomouse

Neural cells expressed cell
lineage appropriate phenotype
markers

Study purpose: bioengineered sphincters

Bioengineered

Sphincters with
smooth muscle
and neural cells

Characterize the
bioengineered
sphincters

Bioengineered
sphincters

Cadaver
human and h-
2kb-tsA58

immortomouse

¢ Formation of
intrinsically innervated
sphincters

* Bioengineered
sphincters exhibited
basal tone, relaxation
and contractile activity

Study purpose: implantation of bioengineered sphincters into rodent

Implantation of ~ Optimization of Bioengineered RAG1—/—mice

Bioengineered sphincters

bioengineered the implantation sphincters were implanted
sphincters procedure subcutaneously on athymic
mice (RAG1—/—) model
Study purpose: end points analysis
Bioengineered  Analysis of Implanted RAG1-/—
sphincters fibrosis/ bioengineered mice * No fibrosis or
histopathology ~ inflammation sphincters inflammation was
and functional observed in
activity Bioengineered
Sphincter implants
* Harvested post-implant
sphincters capable of
maintaining basal tone,
relaxation, and
contractile activity
Table 2.

Summary of nonclinical study for safety and efficacy of bioengineerved sphincters in athymic rodent model.

process took 9 days to generate an intrinsically innervated muscle constructs mim-
icking physiological functionality to native IAS tissues. The neural cell differentia-
tion was further confirmed by positive expression of mature excitatory (choline
acetyltransferase; ChAT) and inhibitory (VIP) motor neurons in the quantitative
analysis using PCR. The cross-sections of engineered sphincters were demonstrated
positive immunoreactivity against ChAT and VIP markers. After physiological
functional analysis, the bioengineered sphincter were implanted subcutaneously
into immune suppressed RAG1—/— mice for 4 weeks [35].

At harvest, the implanted construct exhibited neo-vascularization without any
symptom of fibrosis or immunogenic reaction. The immuno-histological analysis
confirmed that the sections of the harvested implant displayed reticulated
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neural network innervated into intact aligned muscles. The section displayed
microvasculature and several blood vessels embedded within the implanted
smooth muscles [35].

The myogenic and neuronal components were preserved after implantation. All
the bioengineered constructs were able to generate myogenic spontaneous basal
tone pre- and post-implantation. A rapid and robust relaxation response was
observed against VIP. This relaxation was 50-70% attenuated on pre-treatment of
TTX, indicated that VIP-induced relaxation has both neuronal, as well as myogenic
component. The relaxation was further validated with EFS and resulted in transient
relaxation ultimately recovered to basal tone. The inhibition of nitrergic and VIP-
ergic EFS-induced relaxation (by antagonizing nitric oxide synthesis or receptor
interaction) confirmed the relaxation of enteric nerves results in nitrergic as well as
VIP-ergic inhibitory neurotransmission in the implants. The excitatory neurotrans-
mitter Ach (and partial inhibition on pre-treatment with TTX)-induced contraction
response emulated before and after implantation, confirmed synergistic involve-
ment of both neuronal and myogenic components. Fundamental electromechanical
coupling of smooth muscle was also maintained during implantation, rendering the
implanted IAS physiologically similar to in vivo IAS [35].

This was the first attempt of bioengineering of intrinsically innervated human
IAS constructs. Both of myogenic and neuronal components of constructs were
stable, sustained, viable and synergistically responsive after implantation in
immune-suppressed mice. The study also concluded that bioengineering of intrin-
sically innervated sphincter is feasible, scalable, and customizable to match specific
size and cell population. This leads to one step closer towards bioengineering of
human engineered BioSphincters.

6. Bioengineering of physiologically functional intrinsically innervated
human internal anal sphincter constructs

In previous studies, IAS smooth muscle constructs were engineered [34, 40] and
implanted for cytocompatibility and physiological analysis. These preliminary
studies were proof of concept using human origin SMCs and immortomouse-origin
neural stem cells. To translate the bioengineered sphincter to the clinical realm, it
was essential to use human origin neural cells to engineer IAS sphincters.

The next objective was to develop bioengineering physiologically functional,
intrinsically innervated human IAS tissues, using human origin neural cells and IAS
muscle cells. Therefore, a method was optimized for the isolation of neuronal
progenitor cells (NPCs) from intestinal biopsies of adult human donors. The cell
culture and characterization protocol were standardized to yield an un-
differentiated pure population of enteric neural progenitor cells [33].

Several matrix compositions were evaluated as a carrier for differentiation of
adult enteric NPCs to functional neurons. The type-1 collagen with laminin was
optimized as hydrogel for neural differentiation [41, 42]. The collagen acts as a
matrix for mechanical strength and laminin is important for neuronal development.
The SMCs has the ability to reform the collagen hydrogel into 3D structure due to
matrix metalloproteinase activity [43]. During this restructure of hydrogel from 2D
to 3D, SMCs came into close proximities of NPCs and enhanced the NPCs differen-
tiation. Detail NPCs-SMCs interactions were studied, and it was observed that
mature smooth muscle was essential for the direct differentiation of adult enteric
NPCs [33]. The ratio of NPCs and SMCs were also studied and concluded that
200,000 NPCs/construct with 500,000 SMC/constructs were optimum do generate
a native physiological response [33].
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The constructs responded appropriately to physiologically relevant stimulatory
and inhibitory neurotransmitters during functional analysis. It was validated in
immunocytochemistry, the intrinsically innervated bioengineered construct
exhibited excitatory and inhibitory motor neuronal population. The constructs
displayed characteristics of functional mature contractile IAS smooth muscle as
well. Overall, the human innervated functional IAS sphincter like tissues were
successfully bioengineered and characterized [33].

7. Peri-anal implantation of bioengineered human internal anal
sphincter constructs intrinsically innervated with human neural
progenitor cells

After successful bioengineering of human IAS sphincter-like tissues, it was
essential to evaluate the in vivo safety and functionality. In the next part of the
study, a method was developed for isolation of rectal verge in an athymic rodent

Steps Study objective Test article Animal Key outcome (e.g., safety (tumor/tox/
(s) model  biodistribution), efficacy,
characterization, stability,
degradation)

Study purpose: cell isolation

Isolation of SMC ~ To isolate IAS In vitro Cadaver Smooth muscle cells expressed cell
smooth muscle ~ expanded IAS human  lineage appropriate phenotype markers
cells (SMC) and smooth
characterization muscle cells

Isolation of neural ~ To isolate neural In vitro Cadaver Neural progenitor cells expressed cell
progenitor cells progenitor cells  expanded human  lineage appropriate phenotype markers
and neural
characterization ~progenitor
cells

Study purpose: bioengineered sphincters

Bioengineered Characterize the Bioengineered Cadaver

sphincters with bioengineered  sphincters human  Formation of intrinsically
smooth muscle and  sphincters innervated sphincters

neural progenitor * Bioengineered sphincters

cells exhibited basal tone, relaxation,

and contractile activity

Study purpose: implantation of bioengineered sphincters into rodent

Implantation of Optimization of Bioengineered athymic Bioengineered sphincters were
bioengineered the implantation sphincters nude implanted peri-anal site on athymic
sphincters procedure rats nude rats model

Study purpose: end points analysis

Bioengineered Analysis of Implanted athymic
sphincters fibrosis/ bioengineered nude * No fibrosis or inflammation
histopathology inflammation sphincters rats was observed in Bioengineered
and functional Sphincter implants
activity * Harvested post-implant
sphincters capable of
maintaining basal tone,
relaxation, and contractile
activity
Table 3.

Summary of nonclinical study of safety and efficacy of peri-anal implantation of human origin bioengineered
sphincters into athymic rodent model.
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model. Athymic nude mice were larger animal compared to normal mice. The
selection of immune deficient rat for implantation studies of human-origin
bioengineered constructs was to avoid any immune rejection.

The intrinsically innervated human IAS Sphincter were bioengineered using IAS
origin SMCs and enteric NPCs. The developed surgical models were used to implant
bioengineered sphincter into the perianal region of athymic rats for 4 weeks, follow-
ing assessment of viability and functionality [36]. All the rats survived till respective
time points without any obstruction or difficulty with defecation or fecal accumula-
tion. Histopathology analysis concluded the absence of any abscess formations, infec-
tion, or adverse reaction. The implanted constructs were stable and intact at perirectal
tissue of the rat, without any sign of fibrosis or neoplasia. Immuno-histological anal-
ysis with endothelial-specific antigen, von Willebrand’s factor confirmed neovascu-
larization and formation of several blood vessels. The contractile smooth muscle
phenotype was maintained by exhibiting positive expression to human reactive mus-
cle specific antibodies. Table 3 summarized the detail study design [36].

Pre- and post-implant physiological force measurement studies confirmed dis-
tinct characteristics like native sphincters. The engineered IAS sphincter exhibited
stable spontaneous myogenic basal tone. There was a robust response to different
relaxant and excitatory stimulants, which was persistent after implantation.

This study concluded that for clinical application the bioengineered sphincter
could be used in an additive manner rather than in a replacement manner, where
native compromised IAS sphincter can be supported by transplantation of additional
bioengineered sphincters. In this way, the patient’s own IAS can be preserved and
augmented with additional autologous functional neuro-muscular components [36].

8. Long-term non-clinical study of autologous bioengineered
BioSphincters for the treatment of fecal incontinence

This study aimed to provide data for a large animal model in support of the use
of Bioengineered sphincter as a new therapy to treat FI. These nonclinical studies
were conducted to test the safety and efficacy of using autologous cell
bioengineered sphincters as a regenerative medicine approach for treating induced
FI in rabbits. The study design consisted of four steps. Table 4 summarizes the four
steps including their objectives and key outcomes.

8.1 Selection of a large animal model for nonclinical studies of fecal
incontinence

Currently, there is no model for FI where the defect is specific to the internal
anal sphincter. In humans, the IAS is responsible for 70% of anal basal pressure,
anal closure, and fecal continence. The New Zealand white rabbit (female, 3.0-

3.5 kg at the enrollment of the study) was chosen as an animal model because the
anatomy and the surgical planes of the anal area are similar to humans. The rabbit
was selected as a good model for successful identification and surgical resection of
full thickness biopsies with a successful outcome. Thus, the rabbit is a good large
animal model for our lab to utilize in evaluating FI. The number of animals, exper-
imental protocols, and overall study design used in this study were reviewed and
approved by the Wake Forest Institutional Animal Care and Use Committee before
conducting any component of this study involving animals. Each rabbit was given a
unique identification number that was printed on the cage card. Each rabbit was
identified using a unique identification number. All data collected on each animal
was referenced with the unique animal identification number and tattooed onto the
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Steps Study objective(s) Test article Animal Key outcome (e.g., safety
model  (tumor/tox/
biodistribution),
efficacy,
characterization,
stability, degradation)
Study purpose: developing FI model and autologous cell isolation
IAS hemi- To induce FI Donor IAS Female Lack of fecal hygiene and
sphincterectomy tissue New significant reduction in
Zealand anal basal pressure and
rabbits ~ RAIR
Isolation of SMC To isolate autologous In vitro Female Smooth muscle cells
IAS smooth muscle cells expanded IAS New expressed cell lineage
(SMC) characterization smooth Zealand appropriate phenotype
of autologous smooth ~ muscle cells rabbits  markers
muscle
Small intestinal To isolate neural In vitro female  Neural progenitor cells
biopsy progenitor cells (NPC)  expanded New expressed cell lineage
characterization of small intestine Zealand appropriate phenotype
autologous NPC neural rabbits  markers
progenitor
cells
Study purpose: autologous bioengineered sphincters
Bioengineered Characterize the Autologous female  Restoration of fecal
sphincters with bioengineered bioengineered New hygiene, anal basal
autologous smooth  sphincters sphincters Zealand pressure, and RAIR
muscle and neural rabbits

progenitor cells

Study purpose: implantation of engineered autologous bioengineered sphincters to treat FI in vabbits

Implantation of Optimization of the Autologous female  The dosage of
bioengineered implantation procedure bioengineered New bioengineered sphincters
sphincters sphincters Zealand was optimized four
rabbits  bioengineered sphincters
were implanted on each
rabbit in the treated group

Anal basal pressure  Effects of Autologous female  Rabbits with induced FI

and RAIR bioengineered bioengineered New receiving bioengineered
sphincters on the sphincters Zealand sphincter implants had
restoration of rabbits  anal basal pressure, and
continence RAIR restored to normal

baseline, but rabbits with
induced FI in the non-
treated group and sham
surgery group had
consistently reduced anal
basal pressure and RAIR

Study purpose: end points analysis

Blood results Effects of implants on  Implanted female  There were no adverse
blood cell counts, bioengineered New effects of implants on
kidney and liver sphincters Zealand blood values
function, and rabbits
electrolytes.

Tissue pathology Effects of experimental Implanted female  There were no effects of
conditions on tissue bioengineered New experimental condition on
pathology sphincters Zealand local or peripheral

rabbits  histopathology
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Steps Study objective(s) Test article Animal Key outcome (e.g., safety
model  (tumor/tox/
biodistribution),
efficacy,
characterization,

stability, degradation)

Clinical Morbidity/mortality Implanted female  There were no effects of
presentation bioengineered New bioengineered sphincter
sphincters Zealand implantation on morbidity

rabbits  or mortality

IAS histopathology  Fibrosis/inflammation ~ Implanted female  No definitive difference
bioengineered New between bioengineered
sphincters Zealand sphincter implants and
bioengineered rabbits naive. No evidence of
sphincter neoplasia

Table 4.

Summary of nonclinical study of safety and efficacy of bioengineered sphincters.

ear of each animal to prevent mix-up. Rabbits were acclimated for at least 6 days
before enrollment in the study [10, 39].

8.2 Study groups

The groups of the study, summarized in Table 5, was developed to assess the post-
implantation safety of bioengineered sphincters in rabbits at three-time points (3, 6, and
12 months). All animals underwent IAS hemi-sphincterectomy to induce FI. Rabbits
were randomly divided into three experimental groups: (1) non-treated group (inconti-
nent control), (2) treated group (received surgical implantation of bioengineered
sphincters 6-8 weeks following sphincterectomy through a surgical opening of the anal
verge), and (3) Sham surgery group (surgical opening of the anal verge was performed
followed by immediate closure without implantation of bioengineered sphincters).

8.2.1 Development of FI

The IAS hemi-sphincterectomy was performed on all the rabbits to induce
passive FI. The development of passive FI was confirmed in each assessment of
fecal hygiene and anorectal pressure. Baseline manometry readings were obtained
on all rabbits before any surgeries. Following hemi-sphincterectomy, anorectal
manometry was performed on all rabbits to confirm passive FI, which was identi-
fied by lack of fecal hygiene and by a significant decrease in anal basal pressure and
RAIR in all rabbits [10, 39].

8.2.2 Bioengineering of autologous BioSphincters

The SMCs were isolated from the IAS harvested during hemi-sphincterectomy.
Isolated cells were characterized by a-smooth muscle actin and smoothelin markers.
Cells stained positive confirming contractile phenotype of smooth muscle cells.
NPCs were isolated from small intestine biopsies. Cells were then characterized by
immunofluorescence and stained positive for p75NTR, Nestin, and Sox2,
confirming neural crest-derived stem cells. Both cell types were expanded for
4 weeks to obtain the required number to form the bioengineered sphincters.

Intrinsically innervated IAS sphincters were bioengineered using both types of
cells as described previously. Bioengineered sphincter products were characterized
using different methods. The presence of aligned smooth muscle cells and the
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differentiated functional neural network was confirmed via immune-reactivity
against smoothelin and BIII tubulin. These results further validated via positive
expression of smoothelin and III tubulin qPCR. Engineered IAS sphincters were
tested for physiological functionality. The engineered tissues able to generate the
spontaneous basal tone and exhibited a robust stable response following pharmaco-
logical or electrical stimuli. The bioengineered autologous BioSphincters were
implanted adjacent to IAS tissues into the respective rabbits [10, 39].

8.2.3 Implantation and restovation of fecal continence

Anorectal manometry is a technique used to measure contractility in the anus
and rectum. Anorectal manometry was performed initially at baseline prior to any
surgery. These measurements reflected the control state for all animals in this study.
Anorectal manometry was performed prior to any surgery (before animals went for
any procedure) to record the baseline, and 1 month following IAS hemi-
sphincterectomy (biopsy), then at 3, 6, and 12 months in each experimental group.

8.2.3.1 Restoration of anovectal pressure

IAS hemi-sphincterectomy resulted in a significant decrease in anal basal pres-
sure and RAIR compared to baseline (no surgery), supporting the validity of the
induced-incontinence model. In the sham surgery group, anal basal pressure and
RAIR were not improved and were comparable to readings from rabbits in the non-
treated group. Compared to baseline, the basal pressure in non-treated and sham
group was decreased by 41% (p < 0.0001) after 1 month of hemi-sphincterectomy
and remained low up to study time point of 12 months. Similarly, RAIR was also
reduced by 50.9% from the baseline (p < 0.0001). It remained low in
non-treated group (49.2%) and sham groups (40.0%) compared to baseline till the
study time point.

This reduced anorectal functionality was restored within 1-month post-
implantation of autologous BioSphincters in the treated group. The resting pressure
was returned to baseline after 4 weeks of implantation and remained similar up to
12 months. RAIR was restored by ~88% in initial 1 month and improved within
3 months and sustained till 12 months. The restoration of basal pressure and RAIR
were significantly higher (p < 0.0001) than values observed in the non-treated
group and sham groups.

8.2.3.2 Improvement in fecal hygiene

The IAS hemi-sphincterectomy affected fecal hygiene of the rabbits. This was
evident from messy rabbit cages as feces were dispersed over the whole area of the
cage. There was a definite lack of anal area hygiene as the area was always covered
in a thin layer of feces. After implantation, the fecal hygiene returned to normal
with a clean anal area and normal defecatory movement.

An improvement in defecatory activity was observed as early as 3 weeks after
implantation of the bioengineered sphincters. Stool consistency returned to a firm
pellet, similar to what was observed before FI was induced by the sphincterectomy.

8.2.3.3 Histopathology assessment
The post-implant harvested tissues displayed intact BioSphincter after 12 months

of implantation. The presence of a thick continuous sheet of muscles innervated with
neuronal network validated the manometry outcomes. There was the absence of any
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Figure 2.

Different stages from bioengineered sphincter to implantation; (A) bioengineered sphincter; (B) implantation
of two bioengineered sphincters; (C) 4 implanted bioengineered sphincters; and (D) implanted bioengineered
sphincter after euthanasia (after 12 months of implantation).

fibrosis or avascular collagen around the implant, indicating no foreign-body reaction
with the implants. Pathologic findings in this study were generally minor and
consisted primarily of a low incidence of background changes and minor changes
attributable to implantation. There was no evidence of neoplasia. These results con-
firmed that the bioengineered sphincters were viable and functional in vivo with the
maintenance of both the muscle and neural components [10, 39].

In this study, passive Fi was successfully developed in the large animal model.
The bioengineered intrinsically innervated IAS constructs from the autologous cells
retrieved at biopsy. The IAS constructs were bioengineered and implanted after 6
8 weeks after harvesting the cells (Figure 2A); then, one by one, four bioengineered
sphincters were implanted at the anal site (Figure 2B). The four bioengineered
sphincters were stacked together at the site (Figure 2C). After 12 months of
implantation, implanted bioengineered sphincters appeared intact as one tissue at
the site (Figure 2D).

The animals resumed normal activity and defecatory bowel movement. There
was no indication of any rectal outlet obstruction or anal stenosis. Anorectal
manometry was performed on the animals monthly beginning 6 weeks after
implantation. The animals exhibited a reinstated basal tone and RAIR. Animals were
maintained and monitored up to 12 months after implantation. At each endpoint,
after euthanasia, the harvested implant was tested. Results show that the construct
maintained physiological functionality. The tests show that both muscle and neural
type of cells maintained their physiological function. In other experiments, we have
demonstrated that the cells of the implant stayed within the implant and did not
migrate outside the location of the implant.

9. Conclusion

Regeneration of an intrinsically innervated function IAS sphincter is a promising
approach for long-term relief from passive FI. The IAS muscle and neural cells
synergized in collagen-laminin hydrogel as a 3D sphincter like architecture, mim-
icking the native IAS cell orientation and innervation. The bioengineering process
has been optimized, scaled up for clinical application using human origin cells. The
signaling pathways for sphincter tone and contraction were characterized. The
bioengineered sphincter able to generate spontaneous tone and response to differ-
ent pharmacological agents was comparable to human IAS. The stability, viability
and cytocompatibility analysis of engineered sphincters were carried out in vitro
and in vivo conditions. The step-wise pre-clinical assessment of engineered
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autologous BioSphincters confirmed biocompatibility as IAS sphincter substitute,
without any adverse effect. The implanted autologous BioSphincters vascularized,
integrated with the impaired native IAS and regenerated stable, circularly oriented
IAS muscle population, innervated with the neural network. The regeneration
approach provided immediate symptomatic relief by restoration fecal hygiene. We
have developed a large animal model of passive fecal incontinence and demon-
strated sustained restoration of fecal continence, and restoration of basal tone and
restoration of RAIR in this model after implantation of engineered autologous
intrinsically innervated internal anal sphincter (IAS) BioSphincters. In a clinical
scenario, this innovative approach will be able to reinstate continence, by providing
an additive functional intrinsically innervated IAS bioengineered from the patient’s
cells.

As summary, regeneration, and implantation of the IAS BioSphincter will bene-
fit a large socially distressed segment of the population via restoration of physio-
logical function of the IAS, resolve FI, and improving quality of life.
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