1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.

-, HHS Public Access
«

Published in final edited form as:
Neurogastroenterol Motil. 2015 May ; 27(5): 594-609. doi:10.1111/nmo0.12520.

ANMS-ESNM Position Paper and Consensus Guidelines On
Biofeedback Therapy for Anorectal Disorders

Satish S.C. Rao, M.D., PhD!, Marc A Benninga, MD?, Adil E Bharucha, MD3, Giuseppe
Chiarioni, MD#4, Carlo Di Lorenzo, MD>, and William E Whitehead, PhD®

1Section of Gastroenterology/Hepatology, Georgia Regents University, Augusta, USA
2Department of Pediatric Gastroenterology, Emma Children’s Hospital/Academic Medical Centre,
Amsterdam, The Netherlands 3Department of Gastroenterology, Mayo Clinic, Rochester, MN,
USA “Division of Gastroenterology of the University of Verona, A.O.U.l. Verona, Italy and Division
of Gastroenterology/Hepatology, University of North Carolina, Chapel Hill, NC, USA ®Department
of Pediatric Gastroenterology, Nationwide Children’s Hospital, Columbus, OH, USA 5Division of
Gastroenterology/Hepatology, University of North Carolina, Chapel Hill, NC, USA

Abstract

Anorectal disorders such as dyssynergic defecation, fecal incontinence, levator ani syndrome and
solitary rectal ulcer syndrome are common, and affect both the adult and pediatric populations.
Although they are treated with several treatment approaches, over the last two decades,
biofeedback therapy using visual and verbal feedback techniques has emerged as an useful option.
Because it is safe, it is commonly recommended. However, the clinical efficacy of biofeedback
therapy in adults and children is not clearly known, and there is a lack of critical appraisal of the
techniques used and the outcomes of biofeedback therapy for these disorders. The American
Neurogastroenterology and Motility Society and the European Society of Neurogastroenterology
and Motility convened a task force to examine the indications, study performance characteristics,
methodologies used and the efficacy of biofeedback therapy, and to provide evidence-based
recommendations. Based on the strength of evidence, biofeedback therapy is recommended for the
short term and long term treatment of constipation with dyssynergic defecation (Level I, Grade A),
and for the treatment of fecal incontinence (Level I, Grade B). Biofeedback therapy may be
useful in the short-term treatment of Levator Ani Syndrome with dyssynergic defecation (Level 11,
Grade B), and solitary rectal ulcer syndrome with dyssynergic defecation (Level Ill, Grade C), but
the evidence is fair. Evidence does not support the use of biofeedback for the treatment of
childhood constipation (Level 1, Grade D).
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INTRODUCTION

Anorectal disorders such as dyssynergic defecation, fecal incontinence and levator ani
syndrome are common and affect up to 25% of the adult and pediatric populations. They
significantly affect quality of life and pose a major health care burden (1-3). Although these
disorders are treated with several approaches including laxatives, antidiarrheals, botulinum
toxin or dextranomer injections, electrical and sacral nerve stimulations and surgery (1,2,4),
biofeedback therapy using visual and verbal feedback techniques has emerged as a useful
treatment option. However, a critical appraisal of the techniques used and the outcomes of
biofeedback therapy are lacking.

The American Neurogastroenterology and Motility Society and the European Society of
Neurogastroenterology and Motility convened a task force to examine the indications, study
performance characteristics, methodologies used and the scientific basis, noting especially
the results of randomized controlled trials and the impact of biofeedback therapy on patient
reported outcomes, objective measurements and quality of life. These measures were used to
provide evidence-based recommendations regarding the clinical utility and efficacy of
biofeedback therapy for dyssynergic defecation, fecal incontinence, levator ani syndrome,
solitary rectal ulcer syndrome and childhood constipation.

Pubmed, Embase, Medline, and PsychInfo databases from inception to August 2014 were
used to identify appropriate studies in adults and children. Inclusion criteria included
randomized controlled trials (RCTs), and those that compared biofeedback with standard
care, placebo or no treatment. If unavailable, uncontrolled studies were examined. Treatment
recommendations were based on grading recommended by the U.S. Preventive Services
Task Force (5).

BIOFEEDBACK THERAPY FOR DYSSYNERGIC DEFECATION

Introduction

Neuromuscular dysfunction of the defecation unit can lead to disordered or difficult
defecation. Dyssynergic defecation (DD) is the most common defecation disorder that
affects about 40% of patients with chronic constipation (6). It is an acquired behavioral
disorder where the act of stooling is uncoordinated or dyssynergic (6). Physiologic testing
may demonstrate one or more abnormalities when attempting to defecate: (a) paradoxical
anal contraction, (b) incomplete anal relaxation, (c) inadequate push effort, or (d) elevated
threshold for the sensation of stooling (rectal hyposensitivity). Whole gut transit time may
be delayed in up to 2/3rds of these patients, but this is believed to be secondary to the outlet
dysfunction rather than a cause of defecatory dysfunction (6-8).
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Indications

Patients with chronic constipation and DD who fulfill the criteria shown in Table 1 are
eligible for biofeedback therapy (6-8). Contraindications include severe neurological
disorders, inability to sit on a commode, developmental disability and visual impairment.

Study Performance

Technical Aspects—The goal of biofeedback training is to improve bowel function by
restoring a normal pattern of defecation. Biofeedback therapy is an instrument-based
learning process that is based on “operant conditioning” techniques. The governing principle
is that any behavior when reinforced repeatedly can be learned and perfected. In patients
with dyssynergic defecation, the goal of biofeedback training is three-fold (8-10):

i. To correct the dyssynergia or incoordination of the abdominal, rectal, puborectalis
and anal sphincter muscles in order to achieve a normal and complete evacuation

(Fig. 1).
ii. To facilitate normal evacuation by simulated defecation training using balloons.

iii. To enhance rectal sensory perception in patients with impaired rectal sensation.

(i) Correct dyssynergia and improve rectoanal coordination: The purpose of this training
is to produce a coordinated defecatory movement that consists of an abdominal push effort
synchronized with relaxation of the pelvic floor (Fig. 1). This is achieved by manometric or
electromyographic (EMG)-guided training of the abdominal push effort (diaphragmatic and
abdominus rectus muscle training) together with anal relaxation.

The subject should be seated on a commode with the manometry/EMG probe in situ. The
monitor display of the pressure/EMG changes from the rectum and anal canal provides
visual feedback and facilitates learning (Fig. 1). First, their posture and breathing techniques
during attempted defecation are corrected. Next, at least 10-15 bearing down maneuvers is
performed. Additional bearing down maneuvers may be performed with a 60 cc balloon
inflated in the rectum in order to provide a sensation of stooling. After few sessions the
patient is encouraged to perform these maneuvers without visual or verbal feedback.

(ii) Facilitate smulated defecation training: The goal here is to teach the subject to expel
a 50 ml water or air-filled balloon by using gentle traction to supplement the patient’s
efforts, preferably in the seated position on a commaode.

(iii) Sensory training: The objective of this optional training is to improve the thresholds
for rectal sensory perception and to promote better awareness for stooling in patients with
rectal hyposensitivity (9,11). This is performed by intermittent inflation of the balloon in the
rectum. The goal is to teach the subject to perceive a lower volume of balloon distention but
with the same intensity as experienced with a higher volume. Thus, by repeated inflations
and deflations newer sensory thresholds can be established (8,9).

Duration and Frequency of Training: The number of sessions and frequency of sessions
should be customized for each patient. Typically, training sessions are performed biweekly
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and each session takes one hour, and on average, 4 to 6 training sessions are required;
periodic reinforcements at additional intervals may provide benefit (9,12), but its role has
not been examined. Patients are encouraged to practice diaphragmatic breathing and
attempted defecation maneuvers at home for at least 15 minutes, two or three times a day
(11-15). Training is discontinued when patients demonstrate: (i) consistent coordinated
pattern of defecation with anal relaxation; (ii) improved stooling habit; and (iii) normal
balloon expulsion time.

Devices and Techniquesfor Biofeedback: Because biofeedback is an instrument-based
learning technique, several devices and methods are available including solid-state
manometry systems, catheters with microballoons or perfusion ports, anal EMG probes, and
home training devices (8). A manometry probe with microtransducers located in anal canal
and a rectal balloon has the advantage of displaying rectal and anal pressure changes
accurately and this may facilitate training of rectal propulsive forces (increases in rectal
pressure produced by the diaphragm and abdominal muscle contraction), anal relaxation and
sensory training. EMG probes provide information on the striated anal muscles but do not
provide information on rectal propulsive forces.

Efficacy of Biofeedback Therapy and Randomized Controlled Trials (Table 2)

Several randomized controlled trials have been reported in adults with dyssynergic
defecation and are summarized in Table 2 (11-15). Although there are methodological
differences between the studies including recruitment criteria, end points and outcome
measures, all studies have concluded that biofeedback therapy is superior to controlled
treatment approaches including diet, exercise and laxatives (11,12), polyethylene glycol
(15), diazepam/placebo tablets (14), balloon defecation therapy (16) and sham feedback
therapy (11).

Both short-term and one year long-term outcome studies have shown that biofeedback is
superior to standard therapy alone in patients with DD (12). A meta-analysis of 7 studies
involving biofeedback compared to any other treatment suggested that biofeedback
conferred a six-fold increase in the odds of treatment success (odds ratio 5-861 (95% CI, 2-2
to 15:8); (17). Predictors for successful therapy include harder stool consistency (P = 0.009),
greater willingness to participate, higher resting anal sphincter pressure, and prolonged
balloon expulsion time, with sensitivity and specificity of 0.79 to 0.81, respectively. A
longer duration of laxative use was associated with poor outcome (18). DD is associated
with significant impairment in QOL (19). In a prospective RCT of 100 patients, biofeedback
therapy, administered at home or in-office improved most QOL domains in patients with
DD (20).

Strengths & Confounding Issues

Biofeedback therapy is a labor-intensive approach but has no adverse effects. However, it is
only offered in a few centers and is performed by nurse therapists or physiotherapists. In
order to treat the vast number of constipated patients in the community, a home based, self-
training program is desirable. Uncontrolled studies of home trainers have reported that
biofeedback is useful (21,22). However, there is no standard or approved device. A recent
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RCT showed that home biofeedback is as useful as office biofeedback therapy in improving
symptoms and anorectal function (23). Also, treatment success may be best defined by a
combination of improvement in bowel function such as =1 CSBM/week + correction of
dyssynergia pattern, but such measures have not been used in clinical trials.

The mechanism of action of biofeedback therapy is not fully understood. Improvements in
defecation appear to be mediated by enhanced rectal propulsive forces and by anal and
pelvic floor relaxation and by improved sensory thresholds (11-15,24). Recent studies using
bidirectional cortical evoked potentials and transcranial magnetic stimulations have revealed
significant bi-directional brain-gut dysfunction in patients with dyssynergic defecation (25),
and biofeedback appears to improve these dysfunctions (26).

Because biofeedback is an instrument-based treatment, standardization of both equipment
and protocols is desirable. At present, both EMG and pressure-based biofeedback therapy
protocols have been used, and both appear to be efficacious, but comparative trials are
lacking. EMG probes are cheaper, more durable and usually provide one or two- channel
display whereas manometric systems are more expensive, provide multiple channel display
and because they have a balloon and rectal sensor they can facilitate recto-anal coordination
and sensory training. A recent systematic review concluded that there is currently
“insufficient evidence to allow firm conclusions regarding efficacy and safety of
biofeedback for treatment of chronic constipation (27). However, this review addressed the
use of biofeedback in all patients with constipation, for example, it included studies that
evaluated biofeedback therapy for conditions that are not always associated with disordered
defecation (eg, rectal prolapse and slow transit constipation). In fact, biofeedback therapy
does not benefit constipated patients without dyssynergic defecation (13). Hence, including
patients with these disorders as well as many other suboptimal and non-randomized older
studies in the meta analysis, most likely diluted the benefit of biofeedback therapy, and led
to an inappropriate conclusion regarding its use in defecation disorders. Lastly, the review
determined that blinding was suboptimal and there was a risk of bias; however, the ability to
blind subjects to treatment assignment in behavioral trials is limited and the risk of bias
definition used for drug trials cannot be applied to behavioral trials. Hence, these factors
should not weigh against the rigorous quality of randomized controlled trials for
biofeedback therapy. It is essential that only patients who fulfill the criteria for dyssynergic
defecation be offered this treatment modality.

RECOMMENDATION

Biofeedback therapy is recommended for the short term and long term treatment of
constipation with dyssynergic defecation. Level I, Grade A.

BIOFEEDBACK THERAPY FOR FECAL INCONTINENCE

Introduction

Fecal Incontinence affects approximately 8.3% of the population and its treatment remains
unsatisfactory. Biofeedback has been shown to be a useful treatment approach (1,2,4).
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Indications—~Patients with FI who have not responded to conservative medical treatment
measures including a trial of antidiarrheals or fiber supplements. Patients must have
adequate cognitive ability and be motivated to participate in this training program.
Contraindications include neurological disorders such as spinal cord injury, severe internal
anal sphincter injuries resulting in absence of resting anal canal pressure, dementia,
developmental disability, uncontrolled psychotic disorder, age younger than 8 years, and
visual impairment.

Study Performance

Technical Aspects—Biofeedback involves the use of electronic or mechanical devices to
provide augmented awareness of physiological responses to patients and their therapists to
facilitate neuromuscular retraining. The goals are to correct the physiological deficits that
contribute to FI by (1) improving the strength and isolation of pelvic floor muscles, (2)
improving the ability to sense weak distentions of the rectum and contract pelvic floor
muscles in response to these distentions, and/or (3) improving the ability to tolerate larger
rectal distentions without experiencing uncontrollable urge sensations (28-34).

(i) Anal and pelvic floor muscle training: First, patients are instructed to isolate the anal
sphincter and puborectalis muscles and improve its strength by using modified Kegel
exercises in the sitting or lying position with a probe in situ. Visual and verbal feedback
techniques are used to reinforce the maneuvers, as they are being performed. The anal and
rectal pressure changes displayed on the monitor provides visual feedback to the patient.
The verbal feedback is provided by the physician/nurse therapist and consists of either
complimenting the patient for performing a correct maneuver or rectifying any errors. The
patient is instructed to squeeze and to maintain the squeeze for as long as possible. During
the maneuver, the patient observes the monitor and is educated about the changes in anal
pressure/EMG activity. For comparison, a normal recording is shown (32). As the sphincter
strength improves, the patient is encouraged to maintain a voluntary contraction for at least
30 s. Patients are instructed not to use their abdominal or gluteal muscles to achieve a
voluntary squeeze. After a few sessions, the patient is encouraged to perform these
maneuvers without visual feedback (32,33). Also, the patient is instructed to perform
squeeze exercises at home for at least 20 min, two to three times a day, and to perform about
20 squeeze maneuvers per session. Training may be discontinued when patients demonstrate
(1) reduction in the number of incontinence episodes; (2) improvement in anal squeeze
pressure and rectoanal coordination when squeezing. Patients also receive sensory-motor
coordination training. The objective here is to achieve a maximum voluntary squeeze in less
than 1 second after inflation of a rectal balloon and to control the reflex anal relaxation by
consciously contracting the sphincter muscles (28,29,32).

(ii) Sensory Training: Patients found to have an impaired rectal sensation may benefit from
sensory training (29-31). In brief, a series of progressively smaller balloon inflations are
performed, starting with the volume that induced a sensation of urge to defecate, and
decreasing by 5-10 ml with each successive distention. The patient is instructed to respond
to the rectal distention by squeezing their anal sphincters. When the patient fails to perceive
the balloon inflation, this defines the sensory threshold. Sensory discrimination training is
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used to train the patient to recognize and respond to lower balloon volumes; the balloon is
distended with slightly higher, and on others trials slightly lower volumes than the current
threshold. The patient is encouraged to focus on any sensation they feel in their rectum even
if it is not the sensation they were expecting, and to squeeze in response to it. They are
encouraged to watch for these sensations when they are at home (between training sessions)
and to always squeeze when they think they feel something, even if they are not sure. They
are told that it does not hurt to squeeze extra times if there is a chance this could prevent an
accident.

(iii) Urge Resistance Training: Patients who have accidents that are preceded by a strong,
uncontrollable urge to defecate are desensitized to the sensations of rectal balloon inflation
by distending the rectal balloon in a step-wise fashion with progressively larger volumes of
air until a strong urge is experienced. Once this strong urge threshold is identified, some air
is removed from the balloon and the patient is taught to relax using a deep breathing
technique. They are encouraged to use relaxation to counteract the urge sensation while the
balloon is gradually inflated again. This process is repeated several times during the training
session. The goal is to teach the patient how to use relaxation as a coping mechanism to
enable them to tolerate larger volumes of balloon inflation. For home practice, they are
taught to use relaxation to counteract urge sensations at home and to “Walk; don’t run” to
the toilet when they feel an urge.

Duration and Frequency of Training: Typically, treatment sessions are performed
biweekly (32,35), although different intervals may be used. The number of sessions may be
customized for each patient but usually six sessions are performed. Each session takes
approximately one hour.

Devices and Techniques for Biofeedback: Commonly a manometry system (pressure
sensors) or EMG probe is used (32,33,35,36), and rarely an anal ultrasound probe (34) or a
home training device has been used (33).

Efficacy of Biofeedback therapy & Randomized Controlled Trials (Table 3)

RCTs of biofeedback for FI have yielded inconsistent results (30-34, 37,38,39). Two earlier
studies (33,34) showed no benefit for biofeedback compared to pelvic floor exercises taught
by digital rectal exam, while a third study (32) showed a clear superiority for biofeedback
compared to pelvic floor exercises taught verbally. In the third study, which had the
strongest design, patients with severe FI (at least weekly solid or liquid stool accidents) first
underwent a one-month screening period on conservative management, and patients who
achieved adequate relief were excluded from further participation (32). The remaining 108
patients underwent biofeedback training by an experienced biofeedback therapist during 6
biweekly sessions and were reassessed at 3 months and 12 months follow up. In the intent to
treat analysis, 76% of biofeedback patients vs. 41% of pelvic floor exercise patients
improved at 3 months follow up (p<0.001) and patients using biofeedback had greater
reductions in Fecal Incontinence Severity Index (FISI) scores. Results were well maintained
at 12 months in this and in an independent, uncontrolled study (36). Anal sphincter exercises
(pelvic floor muscle training) and biofeedback therapy have been used alone and in

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rao et al.

Page 8

combination for the treatment of FI. Anal sphincter exercises are performed to strengthen
the puborectalis and EAS muscles (32,33,35,36). A single-center, randomized controlled
study indicated that a regimen of pelvic floor exercises with biofeedback was nearly twice as
effective as pelvic floor exercises alone, with 44% vs. 21% of patients achieving complete
continence at 3 months, respectively (P = 0.008) (35). In a more recent randomized study
comparing 2 different pelvic floor exercise regimens, both with biofeedback, 59 of the 69
patients (86%) had improved continence with 20% fully continent, with no statistically
significant differences between exercise regimens (40). A 2012 systematic review of
randomized or quasi-randomized controlled trials of patients performing anal sphincter
exercises and/or receiving biofeedback and/or surface electrical stimulation of the anal
sphincter concluded that the addition of biofeedback or electrical stimulation was superior to
exercise alone in patients who had previously failed to respond to other conservative
treatments, but overall there was insufficient evidence for biofeedback therapy or one
method of therapy (35).

In patients with reduced rectal sensation, there is objective evidence that
biofeedback therapy can improve rectal sensation (29,36,41) and shorten the
latency between rectal distention and contraction of the external anal sphincter
(41). While anal resting and squeeze pressure increased after some studies of
biofeedback therapy, effects were relatively small (35). The American College of
Gastroenterology (1), and the Rome Foundation (7) recommends biofeedback for
the treatment of FI.

Strengths & Confounding Issues

It is important to recognize some differences in study methodology among the key RCTs of
biofeedback therapy that are summarized in table 3. One study (32) systematically screened
patients for one month and excluded those who achieved adequate relief with conservative
management, and required that patients have at least moderately severe FI (two or more
episodes of FI per week) prior to treatment. However, others (33,34) included patients with
mild FI and did not exclude those who could benefit from conservative treatment alone. Two
studies (31,37) were underpowered, and the one (31) used a cross-over design but did not
demonstrate return to baseline following the first intervention. Thus, further research is
needed to standardize the treatment protocols and the training of biofeedback therapists.
Treatment success is best defined by an improvement in bowel function such as 50%
reduction in episodes of fecal incontinence, but this measure has not been used in clinical
trials.

Alternative/comparative approaches

Pelvic floor exercises alone are nearly always recommended to patients with FI, but there is
little consensus on how they should be taught. There are no known RCTs (33). In some
recent studies, pelvic floor exercises were taught by a health care provider during a digital
rectal examination, and reductions in FI from baseline were comparable to those achieved
with biofeedback training using electronic devices (33). Electrical stimulation of the anal
mucosa is not effective when used as the sole treatment for FI (38). However, mucosal
electrical stimulation may augment the effects of biofeedback (39) and merits further RCT.
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RECOMMENDATION

Biofeedback therapy is recommended for the short term and long term treatment of fecal
incontinence. Level 11, Grade B.

BIOFEEDBACK THERAPY FOR LEVATOR ANI SYNDROME AND SOLITARY
RECTAL ULCER SYNDROME

INTRODUCTION

Levator ani syndrome (LAS) is characterized by chronic or recurrent anorectal pain or
aching lasting at least 20 min, without any structural or systemic disease (7). Its exact
prevalence is unknown. It is part of a spectrum of painful anorectal disorders. LAS is
associated with tenderness of the levator ani muscle during digital rectal examination (7),
and increased anal canal resting pressures. In a recent study, 85% of patients with LAS
showed dyssynergic defecation, i.e., paradoxical contraction or failure to relax the pelvic
floor muscles when straining to defecate plus inability to evacuate a water-filled rectal
balloon (42).

Solitary Rectal Ulcer Syndrome (SRUS), is characterized by single or multiple ulcers in the
rectum with specific histological inflammatory changes, and is associated with symptoms of
excessive straining, chronic or recurring anal or rectal discomfort, use of digital maneuvers
to defecate, and frequent blood and mucus discharge (43, 44). Manometric studies have
revealed dyssynergia in up to 2/3rds of patients with SRUS (44, 45), and this may develop
secondary to painful defecation. It has been suggested that excessive straining over years
may lead to rectal mucosal intussusception; repeated trauma of the prolapsing rectal mucosa
together with dyssynergia may lead to a stretch injury or ischemic ulceration (44, 45).

Indications

- Levator Ani Syndrome: (i) Patients unresponsive to standard therapies including
antispasmodics and muscle relaxants. (ii) Absence of structural or inflammatory
causes of chronic anorectal pain and pelvic pain. (iii) Demonstrable tenderness
of levator ani muscle on digital rectal exam.

- Solitary Rectal Ulcer Syndrome: (i) Endoscopically and histologically proven
SRUS. (ii) SRUS unresponsive to behavioral measures including avoiding
excessive straining, laxatives, topical therapies such as sucralfate or 5-ASA.

Study performance and technical aspects—Studies of biofeedback therapy for these
disorders have used methods, techniques and protocols similar to those described under the
section of biofeedback therapy for dyssynergic defecation (11-14, 43, 44, 46).

Efficacy of Biofeedback Therapy & randomized Controlled Trials

Reports of biofeedback treatment for chronic functional anorectal pain have shown
inconsistent results, and most of these were small and uncontrolled (46) However, a recent
RCT of 157 well-characterized patients with LAS compared three treatments: biofeedback
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to teach pelvic floor muscle relaxation, electrogalvanic stimulation (EGS) to relax the pelvic
floor, and digital massage of the levator muscles (42). The primary outcome measure was
the subjects’ report of adequate pain relief. Key to the interpretation of the study was an a
priori decision to test for tenderness when traction was applied to the levator ani muscles
during digital rectal examination, and patients were stratified into the three treatment arms
based on the presence or absence of tenderness. Among patients with tenderness on physical
examination, adequate relief was reported by 87% with biofeedback, 45% with EGS and
22% with digital massage. However, none of these three treatments were effective in
patients who did not report tenderness on physical examination (42). The mixed results
reported in previous biofeedback studies most likely were a consequence of failure to
stratify patients based on the presence or absence of levator ani tenderness.

Biofeedback therapy has also been used to treat SRUS in open, short-term, small sized (less
than 20 patients) studies (43,44). Inclusion criteria, physiological investigations and
outcome parameters were variable. Biofeedback therapy was associated with symptom
improvement in at least two thirds of patients with some histological improvement (44).
Most notably, the highest successful outcome was reported when SRUS was associated with
DD (44).

Strengths and confounding issues

The biofeedback training protocol that was developed originally to treat dyssynergic
defecation also appears to be effective for the treatment of LAS in one large RCT, and
possibly useful in SRUS based on uncontrolled trials. These observations suggest that DD
may be a key pathophysiological dysfunction in both LAS and SRUS, although it is
unknown why tense striated pelvic floor muscles cause pain in some patients, bleeding and
ulceration with mucosal intussusception in others and only difficulty with defecation in the
majority. Further characterization of the underlying pathophysiology of these disorders may
shed more insights, and importantly confirmatory RCTs are needed for LAS and SRUS.

RECOMMENDATION

Biofeedback therapy may be useful for the short-term treatment of Levator Ani Syndrome
with dyssynergic defecation (Level I, Grade B) and solitary rectal ulcer syndrome with
dyssynergic defecation (Level 11, Grade C), but the evidence is fair.

BIOFEEDBACK THERAPY FOR PEDIATRIC FUNCTIONAL CONSTIPATION

Introduction

Functional constipation (FC) and overflow fecal incontinence (FI) are commonly
encountered in the pediatric population, with a worldwide prevalence of 3% (47) In most
children, the purposeful or subconscious withholding of stool after having experienced the
passage of a hard, painful or frightening bowel movement leads to FC. The retentive child
learns to contract the pelvic floor, the anal sphincter, and the gluteal muscles in response to
the urge to defecate so as to avoid defecation (3). The withholding behavior creates a vicious
cycle of progressive accumulation of feces and hardening of stool, which when untreated
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causes stretching of the rectal wall and development of a megarectum. This in turn results in
overflow Fl, loss of rectal sensation and eventually loss of normal urge to defecate (3).

Anorectal manometry can demonstrate abnormal defecation dynamics in 50% of children
with FC (48,49), and rectal barostat studies show impaired rectal sensation and higher rectal
compliance (50). Conventional treatment consists of educating the parent and the child
regarding correct defecation dynamics and behavioral interventions, such as toilet training,
laxatives and/or enemas (51). Despite these interventions, only half of all children with
constipation, followed for 6-12 months evacuate regular stools without laxatives (52). Thus,
biofeedback therapy may be an option in children with chronic defecation disorders.

Functional constipation with dyssynergic defecation, which is unresponsive to conventional
treatment.

Study Performance Characteristics

Technical aspects—The objective is to achieve normal evacuation by using visual and
verbal biofeedback techniques and correcting the inadequate coordination of pelvic floor
muscles and anal sphincter and by improving the awareness for stooling (urge to defecate).
Biofeedback teaches children how to relax the external anal sphincter (EAS) with visual
reinforcement (anorectal manometry and electromyography) in response to abdominal
straining. The equipment used and principles of training including the duration and
frequency of therapy sessions are similar to those described above for adult patients
undergoing biofeedback therapy for dyssynergic defecation. After reliable and consistent
relaxation of EAS is accomplished, children are instructed to do the same without visual
feedback.

Efficacy of biofeedback therapy & Randomized Controlled Trials (Table 4)

Several RCTs have been reported in children and have also been systematically assessed in a
recent ESPGHAN/NASPGHAN guideline (51). There are significant methodological
differences among the published studies including recruitment criteria, end points and
outcome measures. These are summarized in Table 4 (48, 49, 53-57). One single study
included children with functional nonretentive fecal incontinence (FNRFI) and one study
evaluated children with FI due to a myelomeningocele, and both were excluded from this
analysis.

Seven trials compared biofeedback to conventional therapy, including education, toilet
training and laxatives (58) Two studies only used surface EMG to provide biofeedback
whereas others used anorectal manometry and EMG. Sample sizes ranged from 21 to 192
subjects, and only children who were older than 5 years were enrolled. Children should be at
least 5 year old before starting biofeedback therapy (48, 49, 55, 56, 57), as attention span
and ability to focus and not being intimidated by laboratory environment are important
factors that contribute to treatment success. Three studies were conducted in outpatient
clinics in USA, two in Europe, one in South America and one in Australia (Table 4). Four
studies included children with chronic constipation and FI and the other three studies
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enrolled children with constipation associated with FI and pelvic floor dyssynergia. Follow-
up varied from 6-18 months. Since allocation concealment was unclear in 5 studies and
double blinding is not possible due to the nature of performing trials with behavioral
interventions, the standard definitions for a risk of bias used in conventional drug studies
cannot be directly applied to these studies. One study had a high risk of incomplete outcome
data (51, 52). Number of biofeedback sessions depended on how soon the child learned to
relax the EAS. Different outcome measures were used across all studies, such as defecation
frequency, episodes of FI, use of laxatives and results of anorectal manometry, but the
number of children improved or not cured was used as an outcome measure in all trials (51,
52).

A RCT by Loening-Baucke (48) compared biofeedback with conventional therapy
(education, toilet training, laxatives) in 129 children (5-18 years of age) in USA, in an
outpatient setting, with a follow-up period of four years. Whether the treatment allocation
was concealed was unclear, and because blinding is not possible, meta-analysis adjudged a
possible risk of bias. Patients were rated as recovered if they had =3 bowel movements per
week and <2 FI episodes per month while off laxatives for at least one month. Results
showed that biofeedback did not improve long-term recovery rates when compared to
conventional therapy alone.

Another RCT by Van der Plas et al (49) evaluated the additional effect of biofeedback
compared to conventional treatment (education, toilet training and laxatives) in 192 children
with chronic constipation (5-16 years of age) in the Netherlands, in an outpatient tertiary
care setting, with a follow-up period of 1 year. Although treatment allocation was concealed,
blinding was not possible. Treatment was considered successful if the patients achieved
three or more bowel movements per week and had less than two episodes of FI per month
while not receiving laxatives for 4 weeks. The results showed that additional biofeedback
compared to conventional therapy did not result in higher success rates in chronically
constipated children. Furthermore, achievement of normal defecation dynamics was not
associated with success.

After pooling the data and excluding the trials that either enrolled children with FNRFI or
children with FI due to organic causes, there were no significant differences between
biofeedback plus conventional treatment when compared to conventional treatment alone
after 12 months for the number of children designated as cured or improved (OR 1.13; 95%
Cl 0.77-1.66) and 18 months (OR 1.42; 95% CI 0.79-2.53).

Strengths & Confounding issues

In these different RCTs, neither adverse effects nor cost-effectiveness analysis were
reported, although risk is very small. Studies in constipated children have shown that
abnormal defecation dynamics can begin at any age in childhood (58). Thus, it is possible
that in the majority of these patients withholding behavior due to painful defecation could be
avoided by early and adequate therapeutic intervention with laxatives and reassurance alone
(59). Because many children are diagnosed late and fail to respond to laxative therapy,
alternative therapies are often sought either by caregivers or medical providers. Although
several pediatric studies show that biofeedback therapy results in an improvement of
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defecation dynamics and other parameters like maximal defecation pressure (49,55), it
appears that the long-term treatment success does not differ between most children who
have received biofeedback versus those who have received conventional therapy.

The results of biofeedback therapy in children are at odds with those in the adult literature.
As discussed earlier in this article, several RCTs in adult patients have demonstrated that
biofeedback therapy is effective in improving bowel symptoms and in correcting
dyssynergic defecation. It is unclear why biofeedback therapy in children is less successful.
The absence of clinical improvement after correction of abnormal defecation dynamics,
could suggest that dyssynergic defecation plays a less crucial role in the pathophysiology of
pediatric constipation or the nature of illness and its natural history is different in children.
For example, children may learn to stop withholding more easily or the cognitive skills
required for biofeedback to succeed might be more complex and challenging making clinical
outcomes less favorable. Thus, based on published evidence, although biofeedback therapy
is useful, it does not provide additional benefit over conventional treatment of constipation
in most children, either with or without FI (51).

RECOMMENDATION

Biofeedback therapy is not recommended for the routine treatment of children with
functional constipation, with or without overflow fecal incontinence. Level 1, Grade D.
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The rectal and anal pressure changes, and manometric patterns in a patient with constipation
and dyssynergic defecation, before and after biofeedback showing paradoxical anal
contraction at baseline that improved after 5 sessions of biofeedback therapy
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B. The anorectal pressure changes in the same patient (2A) after 4 sessions of biofeedback
therapy for fecal incontinence. The patient now demonstrates a coordinated squeeze
response with a significant and sustained increase in the anal sphincter pressure, and without
any rise in intrarectal pressure.
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Table 1

Diagnostic Criteria for Dyssynergic Defecation (6,7):

Patients must satisfy the diagnostic criteria for functional chronic constipation (Rome I11) and

B. Patients must have dyssynergic pattern of defecation (Types 1-4), which is defined as paradoxical increase in anal sphincter
pressure (anal contraction) or less than 20% relaxation of the resting anal sphincter pressure or inadequate propulsive forces based
on manometry (8), radiologic imaging or EMG.

C. Patients must satisfy one or more of the following criteria*:
1. Inability to expel an artificial stool (50 ml water filled balloon) within one to two minutes.
2. Inability to evacuate or =50% retention of barium during defecography.

3. "Some laboratories use a prolonged colonic transit time, i.e. greater than 5 markers (=20% marker retention) on a plain
abdominal x-ray taken 120 hours after ingestion of one radiopaque marker capsule containing 24 radio opaque markers.

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.



Page 20

Rao et al.

uonednsuod Jsuel)

Adelay) prepuels
pue oeqpas)

SaAllexe| 0} wedazelp pue ogade|d OIS 10U pue e1BIauAssAp Adelay) psepuels weys 03 Jouadns SuoISNIdUOY

Jouadns sem xoeqgpasjorg | o3 Jouadns si yoeqpasjolg Sljauaq Yoeqpasjolg 0] Jouiadns si oeqpasjolg Sem xoeqpasjolg

(10°0>0) G0'0>d ‘plepuels

pazijewJou Jisues} 91uojo) 10 weys sa dnoib

(T00°0>d) >oegpasjolg =NEGSO

panoidwi uoisindxa uoojeg : dnoub plepuels

SyuoW g 1e Juswanoidwi (t0°0>d) 0T00°0>d6 pazijewou Ul 959 pue weys
Jofew pauodal 94G°T8 ‘wedazelp yum o Og pue swoydwiAs ul ulaned eibiauhssAg %t SA Yoeqpaslolq panoidwi
syuow 0qa2e|d UM %8S Juawanoidwi Jrey payiodal T00'0>d6 %oeqpasjolq UHM 956/ Ul Syuow swoldwAs

2T pue 9 e Juswanoiduwi
Jofew pauodal %69°6/

0] paJsedwod %oeqpas}oiq
Yum panoiduit 950,

9UOE 1ISUEJ] MO[S UM %8
pue e1B1auASSAp yum 9% T/

ur Ajpueaiyiubis pasealoul
A93M/INEGSD JO ON

€ Je pa)dali0d
eIb1auhssAg

10 Pala8.I0d
e1blauhssAig

p=1uawanoidwi Jofen

uonoejsiyes [eqo|9
awi uoisjndxa uoojjeg

uoljoeysiyes |eqo|o 14

SjuswisAow

Z=PI'N y=lole\ e1B18uAssAp JO 8ouasald
T=luswanoidwi oN €=lre4 ‘aWo9INQ AJepuodas |amoq snosureods 31dwed Jo JBQWNN - €
0=8SI0M\ ¢=PIIN SjusLSAOLW awn uoisindxa uoojleg ¢
swodwAs T=dUON Jamoq snoaueiuods T S3W09IN0
10 Juswanoidwi [eqo|o 31131 wordwAs [eqo|9 Juawanoidwi woydwAs 919]dwod Jo JaquinN eIBJaUASSAp JO 9JUdSAId T Arewd
1s1desay)
ww::w v_om%m&o_m
s|eAsaul  pawLIopa
Joyebnsanul uerdisAyd Yluow € Je suoIssas ‘sypuow 93y} SUOISSas
Aq pawJopad suoissas JoreBnsanul ueroisAyd JUBWIdI04UIBI € pUe J3A0 SUOISSaS XIS JO 3|0eqPasjolq
Buluresy anuiw og ‘Apeam g SUOISSas Aq pawiogiad ‘suoissas suoissas Adelayy aanoe 9 winwixew ‘Inoy auo 10 JaquinN
‘Jeak T 7 syuow g Inoy auo ‘Apj@am-1q 9 | Buluren snuiw g Apjeam g ‘Jeak auQ ‘Apfeamig ‘syuow € 79 uoneIng

(parenn) sannexe|
‘3s1049X3 ‘131p :plepuels

8qoud [e10810UR YYIM
uolexe|al ajasnw
aAISsa1601d :Weys

oqgaoe|d yz paxiw 9 Adelay) psepuels =€T saAlexe| ‘as1olexa | (s)uonuanisiul
109416 ausjAyraA|od g wedazelp 0g JIsuBJ) MOJS 2T oeqpasjolq =ZT “121p :pJepurlS pue
3|0eqpasyolq] ¥ oeqpaajolq 0 eIB18UASSAp € Apnis wJa) Buo| =9z uonngiisIp T:T:T | uoneziwopuey
(uswom ¥0T) 60T (uswom 12) ¥8 (uswom 6t) 2§ Adetayy wisy Hoys ‘z§ (uswom 69) 2/ pue sjoslgns
>oeqpasjolq
Wweys ‘s
1UsWIeal] prepuels
Adesayy "SA (a4nssaud
swb 9'yT | ogadeld sa Buw g wedazeiq e1B18uAsSSAQ SA 1suel] pJepuels sA (ainssald Answouew)
93d SA >deqpasjolg OINT SAJeqPasJOIg OINT | MOJS 10§ 4deqpasjolg OINT Anawouen) 3oeqpasjolg >oeqpasjolg ufiisa@ |euL

(ST) fe ® 1oL eIy

(1) re 1 uswAhsH

(€T) fe 1 lUOLrRIYD

(1) re B OBY

(TT) re 18 OBY

Author Manuscript

uonedaaaq 2161auhssAQ oy Adeiay) oeqpaslolq JO S|elL Pajj0Ju0d paziwopuel Jo Arewwns

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.



Page 21

Rao et al.

pue (swiod G SA 8) 81093 € 15e9] Je Jo} >oeqpasjolq OINT
14 21U puejsAes|) awioy Je so1my M pauiquiod
u1 uonanpal Jayealb 3oeqpasjolg uone|nwngs (6€)
3onpoud X1 sulquiod OSN3 [B21398]3 | papnpoul IV VN VN 0Z/8ET | Jsupuemyos
sdnoub usamiaq
700 7 swoydwAs ul asN uolre|nwnis S9S1919X8 BWOH- papnjoxa
panosdwi sdnoJb ylog [e211309]3 g49- | 10949p Jofey VN VN o/6y | (8g) AwreN
(1 ZT'Apfeam) (2€)
sdnoub usamiagq QSN | uonejnwins [eald8le + g4g a4g | papnjoul IV s108[qns ||v VN 0/09 uswAsH
(suoissas
S ‘Alypuow)
>oeqpasjolq
J118WoueW
+1N4d '€
>oeqpaajolq
punosenn
sdno.b usamiaq leue + [INdd 2
sabueyo Answouew 7 1N4d T (ve)
700 % swoidwAs ulr asN sdnoub aas :sdnoub ¢ | papnjoxa || VN | .81eI8po 01 PIIIA,, €T/.0T uowojos
(syuow
€ ‘suoISsas
9 "Apsamiq)
g4g awoy + € dnoib sy ¢
sdnoub usamiaq 3oeqpas)olq d1swouew + Z dnolb sy '
700 7 swoldwAs ur asN 1IN4d + T dnoib sy 'z
sdno.b sdno.lb 90IApE + UOITeINp ‘T papnjoxa
11e u1 panosdwl 9 #G ~ 1UBWILal] {7 89S :sdnoub ¢ | 109)9p Joley papnjox3 Z = UeIpa\l 21/6ST | (g€) uonoN
(m z1 ‘Apfaamg)
(T00°0 =d ‘%IV Burureny Alosuas papnjoxa
SA 9%//) LINAd Uewy aJow 1IN4d- alepipues (z¢)
swoldwAs panosdwi g49 1N4d g49g- |eaibing VN 2'G = Uea\ Gz/e8 uswiAaH
(syeam ¢ ‘Apjaam
— J9AO0 S5019)
Buiuren
uoIRUIPI00D)-
Buluren
Aiosuss [e109Y-
swoydwAs (4910 $50.9) oeqpaajolq papnjoxa NEEI
panoldwi 3oeqgpasjolg Buluren weys oujewoue- | 1088p Jofey BUON ® 99U0 1S89] 1Y 8/.T | (1) ppohun
(m 2T Apaam)
(T00°0> = d) |013U09 UeY) oeqpesjolq uoneNwnis (ewnen
aJow swordwAs panoidwi JljsWouRW 122111983~ 211191500)
dnoib pajuswibny [eutfen g4g- | papnpul IV VN VN o/or | (0€) saukd4
spepp | Buuren Wid (/)
awodIN0 |01ju0d juswies . | »Bpulyds Snoine id YoM/ Id8ulpseq | sielans | seous ey

"S)INPE Ul 80UBUINUOUI [293) 10} S8sIDIaXa 1o/pue Adelay) %0eqpas)olq J0 S[el pajj0JIuod PaziWwopuel palos|as

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.



Page 22

Rao et al.

a|ce|rene 10N =yN ‘Bulurenyajasnw oo} dInpd =1N-dd ‘841 40 Anfend =100 uaIsp Apueaiyiubis J0N =QSN :8[eds Bofeue [ensiA =SV A ‘8qoid AydesboAwoioals Buisn Buluren soeqpasjolg = 949

(%692 SA %605) 82UBUNUOD syuow ¢ 1ses|
panaiyoe syuaired alow syuow 1e Aj1ep 801my
s194ep | Buluresy N4d (w/3)
awodINo 1013U0D Juswiyesl | Jepuyds Snoine id Yoo/ Idaulpseg | s1elgns | ssous ey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.



Page 23

Rao et al.

oym uosiad ayy
JaY}Iau pauonusw
10U SI UOISS3S
ay} Jo uoneing
“Jesjoun Jorebnsanul
SI SUOISSaS 1s160j0y2Asd Jo1ebnsanul
oeqpassolq Aq Jojebnsanul ueloisAyd
10 JaquinN pawLiogsad uerdIsAyd Aq paw.iogiad
*o1u1]2 Juairedino SUOISSas S|eAIaul Aq pawJopiad SUOISSas
ayl 1e Apjeam Buluren Apjoam Jo1ebnsanul SUOISSas Buiuren J01eB1ISaAUI
PaMO]|0} 1M anuIw og e pPa1dNpUod ueldIsAyd Buluren saINuIW Qg uendisAyd
sdnoib Apnis Jesjoun a1am Bulures Aq pawuopiad anuIw og ‘Jede skep Aq pawuogiad SU0ISSaS
ylog ‘syeam SUOISSas oeqpassolq potiad Yaam SHoaM g pue 2 —/+ / Adesayy ‘Jede | oeqpasjolq
2T sem Apnis >9egpas)oIq 10 SUOISSas ¥ e Buunp ¥'2'0 Yoam JO suoIssas skep gz —/+ / Adesay} J0 JaquinN
ay} Jo uoneing 10 JaquinN inoy 01dn SUOISSas 8 1e SUOISSas x1s 01 dn 10 Su0Issas XIS 0} dn 79 uoneing
Alrenuanbas
palolis
WiaIsAs sadojanua
uoI1399]109 pajess
elep palagwnu
|1ew 8210A p anbedo
8z1aINdwod ‘Apnis
© JO sueaw ayl yum
Aq payoa)j0d paloauu09 Jeajoun
elep 10U uosiad JUBW[E32U0D
awodnQ | e Aqanpayds uoredo| e Jeajoun
‘uonyesIwopuel paxoo|q | ‘uonesiwopuel 1UBW[Ba2U0D Jleajoun
Jesjoun 3o0|g paiens 20|q uoredI0| |y JUBWE3dU0D
JUBW[B32U0I >9egpasjolq 3oeqpaajolq >9egpasjolq 3oeqpaajolq uoneI0| Y
uonedo||vy 174 ST swaned TT 144 >0eqpasjolq 86 (s
9eqpasjolq G BUEILEEY] JusWIea.} |euonUsAUOD JusWIea] BUEILEEY sadojanus pajeas | Juonusnisiul
JusWIea] [euonUsAU0D [eUOIUBAUOD sjuaired 0T | |euonuaAuo) JeUonUBAUOD 39eqPasyolq Zg pue uo
[UOIIUBAUOD 77 9z -7 (sih6 9z sjuaned v6 juawieal} | 1eziwopuey
(steak (steak €T-5 (SIA yT-¥ abe abelane (s1AgT-9 (s1A 915 |eUOIIUBAUOD BT pue
G1-G 'skoq /2) 6v ‘skoq z2) /8 ‘skoq ¥2) 62 ‘skoq ¥T) 12 ‘skog ov) 0§ ‘skoq 921) 26T | (s1A 9T-G 'shoq T€) Tv syslans
>oeqpasjolq >oeqpasjolq
OINT + Juswyean
+ 113+ 21 [eUONUBAUOD 3oeqpaajolq
sA (LH3) SA + JuaWiean
oeqpasjolq Buiure 191103 Buiureny | (Buiuresy 19110} [eUONUBAUOD 39eqpasjoIq 39eqpasjolq
sn|d juawiyealy pasueyua oeqpaajolq + SaAITexe| 'SA + Juswieal) + Juswiean
[UOIIUSAUOD + JINI 9T SA 10 98N + (annexe| se |eUONUSAUOD [EUOIUBAUOD SA
SA (Sanljexe| SA (DINI) | (uoneaiyipow | ad1Ape Atelaip | |10 [essulw JO SA (SeAlexe| (Bunayjio1 pajnpayos
10 asn ‘ad1Ape SAAITEXE| leJolneyaq + sAep a8y} asn ‘Buiuren 10 asn ‘adIApe pue Jaqyy Arelalp
Arejaip ‘Buiuren Buipnjoul + SaAlexe|) 10} SeWaus) 11103) | Aseiaip ‘Buuren 10 9sealoul ‘sanlexe|
19]103) JuBWIIEaI} aJed [edIpaw JuswIea] JuswIeas} Juswieas} | 19]101) Juswieas} 10 3sN) Juswieal}
[euonuaAu0D AAISUaU| [euonuUaAUOD [euonusAuo) | [euonusAuo) |eUOIUBAUOD leuonusauo) | ubisaq euL
(29) (99) e (s9) ¥9) (€9) o1 6r) P (8v)
fe ® 2wO-oINS B Z1Imodog [e 1o Ue|oN [e 1 ejineg e B pPremMm seld jep e/ &oneg Buiuso

available in PMC 2016 May 01.

1

Neurogastroenterol Motil. Author manuscript

uolrednsuod yum ualpiyd Jo) Adelayl xoeqpaajolq Jo S[els pajjouod paziwopuel Jo Arewwns

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 24

Rao et al.

[e30810UE AAISuUBUI oYM UBIPJIYD SaJeJ $5899NS UoIIeI8)ap [ewWIOUqe
JewJouqe Jaya ueyy ut Buiuren 14 pue J13yBiy ur ynsas pue uonedisuod
10 A1an02%3l 14 pooyp|1yo oeqpassolq uonednsuod 10U pIp Adeiayr yum syusied ui
andsap ‘Adesays Burrean 10} 3WOIINO UM pIIyd 8y} JusWIeas] JeUONUBAUOD uswibal onnadesayy
oeqpaajolq Ul 9A1103448 [eaunfo 10 JusWIeal] [eUONUBAUOD 01 paJedwod [euonuaAuod pooh
J0 1y8uaq alow si ul Jiyauaq ay} ul 0} Jouadns Buiuren e 0] Alejuswa)dwod
wJs)-Buoj Joy Buiure 191103 Bunsey e jo |ngasn swiaas 10U SeM >9eqpasjoIq Sl Juswieas}
30UBPINS Je3[d ON pasueyug 30U3PIN3 ON 3oeqpaajolg 3oeqpasjolg [euonippy Moegpaajolrg | suoisnjouo)
‘paJanodal
dnoib
[euonUsAU0D
aup ur Auew (¥z°0
‘(%92 MOY Jesjoun =d) dnoib
01 %iz— SLI B[IUM Yoeqpaajolq
"(50°0 >d) ‘30UBIBHIP 2eqpasjolq ul %09
paJanovai dnoib (12) reatayul ayl pue paIan0dal
oeqpaajolq 30UaPIU0D Ul paJanodal dnoif
Ul %%8 pue dnoib %S6) %806 |eUOIIUBAUOD
[eUOIIUBAUOD S]04JU0d GT/Z S9IM 17 1Y "AjaAnoadsal ayi ul
ay ul ut pue dnouf ‘dnoib | 9%0G SA %09 | %6G Uesk TV "(50°0>d pue 100
0%E9 ‘SY9IM ZT IV 3oeqpasjolq |eUOIIUBAUOD pUe 940G SA (1000 >d) siuaned pajean
(T00°0 ayp ut aupur (su) | 9629 ‘syuow =d) %98 0} -9eqpasjolq ay}
> d) %g6 0} ‘(su) | swaned yT/z 9F %E6 01/ Zrpue | 9%ge wolydnoib | ul 960G pue 9GS pue
995 wouy dnoib Alannoadsal u1 paureisns F #8 sA dnoub 9 1e sdnoib oeqpas)oIq PaJan0daJ JusWIIRa}
oeqpaajolq ‘066E sem >9egPasjolq 3y} usamiaq ayl ul JeuonuaAU0d
ayr ut —4g pue uoissiwal ayl ul punoy atam | pue (queaiyiubis 3y} Ul 99T puUe %S
pue (su) %8S 0} ‘%8y— 113 a1y aniexel | (100'0>d) 9 F S90UBIBHIP 10U) %S 0} SYIuoW ZT pue / v
950G woJ} dnoib ‘059E-DNI ‘dn Mmoo} %626 01 0T | weaiubis oN | %Ty wody dnosb ‘dno.b
[eUOIUBAUOD :a1om dnoif Syuow F9'6/ WOI ‘syuow g e |eUOnUBAUOD [eUONUBAUOD Ul
ayi ul yoea Joy XISV "pPlIY2 pasealoul sdnoib yloq | 8y ul pasessoul %ET SA Yoeqpasjolq
Pasealou] syaam sarel aInd auo Inqg |e Seam U1 pauodas Syeam YNM 05/ Ul SyIUOW
9 1e e1bIauAssAp ay} ‘syiuowl U1 paloaliod ¥ e pajoallod 9IaM SaYel 9 1e paldallod / Te pajoallod
10 U01193110D W e1BIsuAssAQ e1b1suhssAig SS900NS 04GG e1bisuhssAq eibisuhssAq $5900NS
SYeam
yuow ¥ 10} SOAIEXR|
J1ad saposida Buiniaoal
425 10U 3]1YM Lyuow
aAljexe| e Jo asn pue yaam Jad Jad saposida
3y} INOYNIM yjuow Sjuswanow 14 25 pue Xaam S$Y99M 1 10} SAIIEXE]
Jad saposida Jamoq JUBLUSSASSe Jad sjuawanow Buinladal Jou ajiym
14 Z5 pue Xeam ‘Adesayy € < ‘e8I Ju8WoueWw |emoq Yauow Jad seposids
Jad sjuswanow 10 uoneniul Buimoy|oy [e308.i0UE € < TBLIBIID 14 Z5 pue Xaam
1amoqg € < ‘elaI Jaye EMBENT ‘saposida |4 Buimoy|oy Jad syjuawanow
Buimojjoy syluow gt S)89M INoJ Aay1 J1 |4 pue ‘sjusLIBAOW EIRENT] 19MO( € < el
ayl1aw syl 1 14 ‘JusISSasse 1583] TR 40} uoirediisuod Jamoq Aaup J1 14 pue Buimo|oy
pue uolrednsuod Maam | Buijios ou pue 21U0IYD Wouy 10 Jagwinu uonednsuod | syl law Aayl 1 |4 pue
21U0JYD WOy -z ay1 Buninp uoljealpaw palanodal ‘panoidwi 21U0JYD Wouy uo1edisuod 21uo0Iyd
paJan0dal aney ERITEIHTe511]] ou se aney 10 paind paJanodal aney W0} paJanodal
0] PaJapIsuod [e98} Jo paulyap sem 0] paJapIsuod ualppyo 0] paJapisuod aney 0} PaJapISuod SaW02)N0
a1aM sjusifed saposida oN | uoissiwal [|n4 alam sjuaied 10 JaquinN alaMm sjusired alam sjuaied Arewnd
suoponAsul
ay) aneb
(29) (99) re (s8) ¥9) (€9) o4 r)rew (8v)
fe  2wO-oINS B Z1modog e 1 UejoN [e 1 e|ineg e 1 preMm seld jep uepn axoneg Buiueo

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 May 01.

1

Neurogastroenterol Motil. Author manuscript



Page 25

Rao et al.

'$$300NS UYIIM

*SoIWRUAD pareldosse jou

uoneIayep SeM SOIWBUAD

|ewouqe (o] R ETEN]

‘Adesayy yum lew.ou

3oeqpasjolq paje1o0sse 10 JUBWIBABIYDE

Jarulyds 14 Juspuadap ‘alowlayun

‘slajoweled leue JuaWeal] ‘uaJpIyo

JuBWouRW 10 Adesayy 10 JUelsISal payediisuod
pue soiwreuAp [edipaw | juswieas) pey Ajeatuoayo ui 'SolWeuAp
(29) (99) e (s9) ) (€s) P (6v) re® (8v)
fe ® 2wo-oINS B z)molog [e © Ue|oN e pe|ireq e ® preMm seld #op UeA axoneg bBuiuso

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 May 01.



