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CLINICAL AND SYSTEMATIC REVIEWS

       INTRODUCTION

  Th is is the second of two articles summarizing the proceedings 

of a conference held at the National Institutes of Health on 19–20 

August 2013, which was titled “Developing a Clinical Research 

Agenda for Fecal Incontinence”. Day 1 of the conference addressed 

the defi nition, pathophysiology, epidemiology, and impact of fecal 

incontinence (FI). It also reviewed measurement instruments for 

the severity and quality of life impact of FI, and proposed a clas-

sifi cation scheme to guide diagnostic assessment. Th e fi rst day of 

the conference was summarized separately  (  1  ) .

  Day 2 of the conference included expert reviews of the current 

state of the art, with respect to behavioral, medical, and surgical 

treatments for FI. Th ese reviews were followed by discussions of 

the challenges that are unique to the design of clinical trials for 

behavioral and surgical interventions, and recommendations for 

the design of future clinical trials. Th e conference concluded with 

an open session in which conference attendees were invited to 

identify other knowledge gaps and research priorities. A survey 

questionnaire soliciting information on clinical research priorities 

was also distributed to FI investigators before the conference and 

to conference attendees on Day 2; the fi ndings of these surveys are 

summarized here.

    SELF-MANAGEMENT

  Epidemiological studies suggest that ~70% of patients with FI 

have not consulted a physician or other health-care providers 

 (  2,3  ) . Th e mainstay of self-management is the use of absorbent 

                                          Treatment of Fecal Incontinence: State of the Science 

Summary for the National Institute of Diabetes and 

Digestive and Kidney Diseases Workshop

        William E.     Whitehead   ,   PhD   1   ,      2      ,     Satish S.C.     Rao   ,   MD, PhD   3    ,     Ann     Lowry   ,   MD   4    ,     Deborah     Nagle   ,   MD   5    ,     Madhulika     Varma   ,   MD   6    ,     
Khalil N.     Bitar   ,   PhD   7    ,     Adil E.     Bharucha   ,   MBBS, MD   8     and     Frank A.     Hamilton   ,   MD, MPH   9   

                                                                                                                   This is the second of a two-part summary of a National Institutes of Health conference on fecal incontinence (FI) 

that summarizes current treatments and identifi es research priorities. Conservative medical management consisting 

of patient education, fi ber supplements or antidiarrheals, behavioral techniques such as scheduled toileting, and 

pelvic fl oor exercises restores continence in up to 25% of patients. Biofeedback, often recommended as fi rst-line 

treatment after conservative management fails, produces satisfaction with treatment in up to 76% and continence in 

55%; however, outcomes depend on the skill of the therapist, and some trials are less favorable. Electrical stimulation 

of the anal mucosa is ineffective, but continuous electrical pulsing of sacral nerves produces a ≥50% reduction in 

FI frequency in a median 73% of patients. Tibial nerve electrical stimulation with needle electrodes is promising 

but remains unproven. Sphincteroplasty produces short-term clinical improvement in a median 67%, but 5-year 

outcomes are poor. Injecting an inert bulking agent around the anal canal led to ≥50% reductions of FI in up to 53% 

of patients. Colostomy is used as a last resort because of adverse effects on quality of life. Several new devices are 

under investigation but not yet approved. FI researchers identify the following priorities for future research: (1) trials 

comparing the effectiveness, safety, and cost of current therapies; (2) studies addressing barriers to consulting for 

care; and (3) translational research on regenerative medicine. Unmet patient needs include FI in special populations 

(e.g., neurological disorders and nursing home residents) and improvements in behavioral treatments.

   Am J Gastroenterol  advance online publication, 21 October 2014; doi: 10.1038/ajg.2014.303 

   1   Division of Gastroenterology and Hepatology, Department of Medicine ,  Chapel Hill ,  North Carolina ,  USA   ;     2   Division of Urogynecology and Reconstructive Pelvic 

Floor Surgery, Department of Obstetrics and Gynecology, University of North Carolina ,  Chapel Hill ,  North Carolina ,  USA   ;     3   Department of Gastroenterology, 

Georgia Regents University ,  Augusta ,  Georgia ,  USA   ;     4   Colon and Rectal Surgery Associates, Ltd. ,  St. Paul ,  Minnesota ,  USA   ;     5   Department of Colon and Rectal 

Surgery, Harvard Medical Faculty Physicians at Beth Israel Deaconess Medical Center ,  Boston ,  Massachusetts ,  USA   ;     6   Section of Colorectal Surgery, University 

of California ,  San Francisco ,  California ,  USA   ;     7   Department of Regenerative Medicine, Wake Forest Institute for Regenerative Medicine ,  Winston Salem ,  North 

Carolina ,  USA   ;     8   Division of Gastroenterology and Hepatology, Mayo Clinic ,  Rochester ,  Minnesota ,  USA    and     9   National Institutes of Diabetes, Digestive and Kidney 

Diseases, National Institute of Health ,  Bethesda ,  Maryland ,  USA   .   Correspondence:      William E. Whitehead, PhD ,  Division of Gastroenterology and Hepatology, 

University of North Carolina at Chapel Hill ,  Campus Box 7080 ,  Chapel Hill ,  North Carolina   27516-7080 ,  USA . E-mail:  William_Whitehead@med.unc.edu  
   Received     17     June     2014  ;     accepted     5     August     2014   

CME



Whitehead  et al. 

The American Journal of GASTROENTEROLOGY VOLUME XXX | XXX 2014   www.amjgastro.com

R
E

V
IE

W
2

pads or protective garments, oft en supplemented by diet restric-

tion. Th ere is no published literature on eff ectiveness or satisfac-

tion with these self-management techniques. Research is needed 

to determine whether patients with small volume fecal soiling 

may be adequately managed and satisfi ed with absorbent pads.

    CONSERVATIVE MEDICAL MANAGEMENT

  Conservative medical management may include (1) patient edu-

cation regarding the physiology of continence and the causes of 

FI; (2) normalization of stool consistency by dietary fi ber sup-

plements or antidiarrheal medication or laxatives as appropriate; 

(3) behavioral techniques such as scheduled toileting attempts 

and prevention strategies (e.g., “squeeze before coughing or lift -

ing”); and/or (4) daily exercises to strengthen pelvic fl oor muscles 

( Box 1 ). Th e evidence for each of the components of conservative 

management is as follows:

   Patient education

  Th ere is no objective evidence that education makes an inde-

pendent contribution to improvement in FI  (  4  ) . However, expert 

opinion holds that it is an important component of medical 

management, and websites (e.g.,  www.digestive.niddk.nih.gov/

ddiseases/pubs/fecalincontinence/ ) and patient brochures have 

been developed to meet this need.

    Fiber, antidiarrheal medications, and laxatives

  Fiber is frequently recommended to normalize stool consistency, 

and a small randomized controlled trial (RCT) showed that fi ber 

supplementation decreased diarrhea-associated FI  (  5  ) . Th ere is no 

documented evidence that fi ber supplements benefi t patients with 

constipation-associated FI, although clinicians oft en use fi ber for 

this indication. Systematic reviews indicate that antidiarrheal 

drugs improve diarrhea-associated FI more than placebo, and 

loperamide is more eff ective compared with diphenoxylate  (  6,7  ) ; 

however, the evidence is of poor quality. Cholestyramine 2–6 g 

daily was associated with improvements in diarrhea-associated 

FI in an uncontrolled trial  (  8  ) . Clonidine, an alpha 2 adrenore-

ceptor agonist, was tested in a large RCT that enrolled patients 

with FI, irrespective of whether they had diarrhea; at a dose of 

0.1 mg twice daily, clonidine decreased diarrhea episodes but did 

not signifi cantly decrease FI frequency  (  9  ) . Further research on 

clonidine is needed. Topical phenylephrine and oral valproate 

sodium, which are drugs that increase smooth muscle tone, have 

been tested in patients with FI associated with decreased inter-

nal anal sphincter resting pressure (principally, these are patients 

with ileal pouch procedures), and they yield a statistically sig-

nifi cant but weak improvement in bowel control  (  7  ) . Th e laxative 

lactulose benefi ts some nursing home residents with FI associated 

with fecal impaction  (  7  ) . Th e evidence base for specifi c treatment 

modalities is summarized in  Table 1 .

    Behavioral training

  Recommendations to patients that they attempt defecation at spe-

cifi c times of the day or try to prevent FI by techniques such as 

squeezing before activities that are likely to increase intra-abdom-

inal pressure have not been tested for their independent contribu-

tions to continence.

    Pelvic fl oor exercises

  Th ese exercises are nearly always recommended to patients with 

FI, but there is little consensus on how they should be taught. 

Th ere are no known RCTs that test the effi  cacy of pelvic fl oor exer-

cises alone, although pre-post comparisons suggest that they are 

eff ective  (  10  ) . In some recent studies, pelvic fl oor exercises were 

 Table 1  .     Evidence-based assessment and recommendation for 

specifi c therapies 

  Treatment modality    Level of evidence   a     Recommendation 

grade   b   

  Pharmacological  

  Loperamide   II    B  

  Diphenoxylate/atropine   II    B  

  Lactulose   II    C  

  Fiber supplements   II    B  

  Amitriptyline   II    B  

  Clonidine   II    C  

  Cholestyramine   III    C  

  Topical therapy  

  Zinc aluminum   II    B  

  Estrogen   II    B  

  Phenylephrine   II    C  

 Biofeedback   I    A  

  Surgical treatment  

  Sacral nerve stimulation   II    B  

  Sphincteroplasty   II    B  

  Colostomy   III    B  

  Novel therapies  

  Tibial electrical stimulation   I    C  

  Dextranomer Injection   I    B  

   a   Evidence is graded level I if at least one properly randomized controlled trial is 

available, level II if well-designed cohort or retrospective case–control studies 

support the recommendation, and level III if the evidence consists of expert 

opinion or descriptive studies and case reports.  

   b   Recommendations are graded A if strongly recommended, grade B if recom-

mended, grade C if the balance of evidence does not allow a recommendation 

for or against to be made, and grade D if the evidence suggests that the harms 

outweigh the benefi ts  (  71  ).   

 Box 1  .    Noninvasive therapies

     •  Fiber supplements and antidiarrheal drugs for diarrhea-associated FI 

   •  Laxatives, enemas, or suppositories for constipation-associated FI 

   •  Pelvic fl oor exercises 

  •   Biofeedback 

   •  Electrical stimulation of anal mucosa   
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taught by a health-care provider during a digital rectal exami-

nation, and reductions in FI from baseline were comparable to 

those achieved with biofeedback training using electronic devices 

 (  11,12  ) . However, there are no RCTs comparing exercise training 

by digital rectal examination to verbal instructions only.

  In clinical practice, conservative medical management usually 

includes the four components listed above. Th ere are no RCTs 

comparing multicomponent medical management to no-treat-

ment, but there are prospective observational studies that pro-

vide a basis for estimating the expected reduction from baseline: 

a 1-month conservative management intervention incorporating 

patient education, normalization of stool consistency with fi ber 

and medication, and behavioral strategies (but no pelvic fl oor exer-

cises) yielded a 60% reduction in the frequency of FI and reported 

adequate relief of FI in 21%  (  10  ) . Th ese improvements were main-

tained in at least 2/3 of patients for 12 months. In another study, a 

similar combination of patient education, diet, and drug interven-

tions to normalize stool consistency, and behavioral strategies was 

associated with a self-report of “improved” FI status in ~55% of 

patients but no patients reported “cure”  (  11  ) .

     BIOFEEDBACK

  Biofeedback involves the use of electronic or mechanical devices 

to provide augmented awareness of physiological responses to 

patients and their therapists to facilitate neuromuscular retrain-

ing. Th e goals are to correct the most common physiological 

defi cits that contribute to FI by (1) improving the strength and 

isolation of pelvic fl oor muscle contractions, (2) improving the 

ability to sense and contract pelvic fl oor muscles in response to 

weak distentions of the rectum; and/or (3) improving the ability 

to tolerate larger rectal distentions without experiencing uncon-

trollable urge sensations. Following biofeedback strength training, 

anal squeeze pressures increased, and inappropriate abdominal 

wall muscle contractions decreased in some  (  10  )  but not in all 

studies  (  13  ) . In patients with reduced rectal sensation, biofeed-

back therapy improves rectal sensation  (  14,15  ) , and shortens the 

latency between rectal distention and contraction of the external 

anal sphincter  (  16  ) . Th ere are no published studies on the out-

comes of urge resistance training for FI.

  RCTs of biofeedback have yielded inconsistent results: two 

large studies  (  11,12  )  showed no benefi t for biofeedback com-

pared with pelvic fl oor exercises taught by digital rectal exam, 

whereas a third study  (  10  )  showed a clear superiority for biofeed-

back compared with pelvic fl oor exercises taught verbally. In the 

third study, which had the strongest design, patients with severe 

FI (at least weekly solid or liquid stool accidents) fi rst under-

went a 1-month screening period on conservative management, 

and patients who achieved adequate relief were excluded from 

further participation. Th e remaining 107 patients underwent 

biofeedback training by an experienced biofeedback therapist 

during six biweekly sessions, and were reassessed at 3-month 

and 12-month- follow-up. In the intent-to-treat analysis, 76% 

of biofeedback patients vs. 41% of pelvic fl oor exercise patients 

reported adequate relief at 3-month follow-up. Results were well 

maintained at 12 months in this and in an independent, uncon-

trolled study  (  17  ) . Biofeedback is recommended for the treat-

ment of FI by the American College of Gastroenterology  (  18  )  

and the American Gastroenterological Association  (  19  ) . Further 

research is needed to standardize the treatment protocols and the 

training of biofeedback therapists.

    ELECTRICAL STIMULATION

   Electrical stimulation from anal electrodes

  When used as the sole therapy, electrical stimulation of the anus 

through the skin or mucosa does not appear to be eff ective  (  20,21  ) . 

However, one group reported that a complex protocol combining 

anal electri)cal stimulation with electromyographic biofeedback 

was superior to either electrical stimulation  (  22  )  alone or biofeed-

back  (  23  )  alone. In this protocol, a pelvic fl oor electromyographic 

response above a minimum threshold triggered an electrical 

pulse that augmented the pelvic fl oor muscle contraction. Six 

to nine months of twice daily exercises combined with electrical 

stimulation at home were required to produce signifi cant clinical 

improvements in FI.

    Sacral nerve stimulation (neuromodulation)

  Sacral nerve stimulation (SNS) is a type of electrical stimulation 

in which electrodes are inserted adjacent to sacral nerves and 

continuously pulsed by a battery-operated stimulator. Th e proce-

dure is performed in two phases: (1) in the fi rst visit, percutane-

ous electrodes are inserted into the sacral foramina to identify an 

electrode location that causes a contraction of the external anal 

sphincter. Th ese electrodes are connected to an external electrical 

stimulator, and stimulation is applied for 2–3 weeks to determine 

whether there is at least a 50% reduction in FI frequency. (2) If 

the 2- to 3-week trial is successful, the battery-operated stimula-

tor is permanently implanted beneath the skin. Most studies of 

SNS in FI have been uncontrolled. In the pivotal US multicenter 

trial, 90% of 133 patients proceeded from temporary to perma-

nent stimulation  (  24  ) . Five-year follow-up was available in 76 of 

120 patients (63%); 36% reported complete continence and 89% 

were deemed a therapeutic success  (  25  ) . In one crossover study 

of 34 patients, the number of episodes of FI declined by 90% 

during stimulation vs. 76% without stimulation  (  26  ) . Small (<30 

patients) RCTs comparing SNS with no stimulation or medical 

therapy support its effi  cacy  (  26–28  ) , but most of these trials have 

been performed in patients with structurally intact and inner-

vated sphincters; the median proportion of such patients achiev-

ing at least a 50% reduction in FI on an intent-to-treat basis is 

73%  (  29  ) . Limited data that are available from patients with an 

external sphincter defect suggest that SNS is also eff ective in this 

group, although outcomes are less predictable, and eff ect sizes 

are smaller  (  30  ) . Improvements in continence with continuous 

SNS are maintained for at least 5 years  (  31,32  ) . Batteries must be 

replaced aft er ~7 years  (  33  ) . Th e most common adverse events are 

pain and infection at the insertion site, which occur in 3%  (  29  )  to 

11%  (  34  ) . Th ese data demonstrate that SNS is an eff ective surgical 

option for selected patients with FI, but sham controlled, prospec-
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tive RCTs that are not restricted to patients with intact sphincters 

are still needed. Th e mechanism of action of SNS eff ects on FI is 

unknown  (  35  ) .

  Th ree studies  (  36–38  )  tested the eff ects of stimulating sacral 

nerves using skin-surface electrodes. Patients used battery-oper-

ated electrical stimulators for 2–12 h each day for 1–3 months. Th e 

median proportion of patients reporting at least a 50% reduction 

in FI frequency was 70%  (  38  ) , which is comparable to the results 

reported with implanted stimulators. However, these small uncon-

trolled studies did not account for placebo eff ects.

    Tibial nerve stimulation

  Posterior tibial nerve stimulation is carried out either using a 

skin-surface electrode placed over the nerve in a position poste-

rior and superior to the medial malleolus (transcutaneous stimu-

lation) or with a needle inserted through the skin in the same area 

(percutaneous stimulation). Th omas  et al.   (  39  )  reviewed 13 stud-

ies but noted that methods varied, making comparisons diffi  cult. 

Although outcomes were mixed, 62–82% of patients reported at 

least a 50% reduction in frequency of FI. A large multicenter RCT 

found that transcutaneous stimulation was not signifi cantly better 

than sham stimulation  (  40  ) , and a study that compared percuta-

neous with transcutaneous stimulation showed that percutaneous 

stimulation was signifi cantly better  (  41  )  ( Box 2 ).

     SPHINCTEROPLASTY AND POST-ANAL REPAIR

  When sphincter injuries are recognized during birth, they are 

repaired immediately by overlapping or juxtaposing the ends of 

the separated sphincter and suturing them. Th ese acute repairs are 

not reported in the literature on treatment of FI; rather the results 

of secondary sphincteroplasties, performed when the woman pre-

sents with FI and shows evidence of internal or external sphinc-

ter separation, are reported. In the short term, a median 67% of 

patients are described as having “good” or “excellent” outcome 

following these secondary repairs  (  42  ) . However, follow-up at 5 

years shows that the median proportion rated “good” or “excel-

lent” at that point is 51%  (  43  ) .

  Post-anal repair is a surgical procedure in which the pubo-

rectalis is plicated with the objective of restoring the anorec-

tal angle and lengthening the anal canal. A total pelvic repair 

involves a combination of puborectalis plication with sphinc-

teroplasty. For post-anal repair, published series show conti-

nence in a median 27% and “improvement” in a median 74%. 

A small RCT comparing post-anal repair, anterior levator pli-

cation (sphincteroplasty), and total pelvic fl oor repair found a 

signifi cant advantage for total pelvic repair  (  44  ) , but subsequent 

experience has not supported its effi  cacy, and post-anal repair 

has been largely abandoned  (  45  ). 

    OTHER SURGICAL PROCEDURES

   Graciloplasty

  Th e gracilis muscle from one leg is freed at its distal end and 

wrapped around the anal canal to create an innervated neosphinc-

ter. In dynamic graciloplasty, an electrical stimulator is implanted 

to continuously pulse this neosphincter  (  46  ) . Th e median success 

rate for dynamic graciloplasty in published series is 67%, although 

the defi nition of success varies. Complication rates for this proce-

dure are high and include obstructed defecation. Th is procedure 

has not gained traction, and the stimulator is not approved for use 

in the United States.

    Radiofrequency lesions (SECCA)

  Radiofrequency energy from a probe in the anal canal is used to 

create submucosal injuries in the distal rectum and anal canal, with 

the goal of causing scarring and increased resistance to stool pas-

sage. A multicenter prospective series of 50 patients with weekly 

FI at baseline yielded statistically signifi cant but relatively small 

improvements in the Cleveland Clinic Florida Fecal Incontinence 

score from 13.5 to 11.1 and signifi cant improvements on Fecal 

Incontinence Quality of Life scores  (  47  ) . Complications included 

mucosal lesions in 2/50 and bleeding in a third patient. A subse-

quent publication  (  48  )  on a retrospective series showed long-term 

benefi t in only 22% and noted that most patients underwent addi-

tional treatments.

     INJECTION OF INERT BULKING AGENTS AROUND 

THE ANAL CANAL

  Eff orts to improve FI by injecting inert substances around the 

anal canal to increase resting anal canal pressure began in 1993 

 (  49  ) . Th ere are several reviews  (  50–52  ) . Th e types of substances 

injected have included silicone elastomers, carbon-coated 

zirconium beads, ceramic beads, and dextranomer microspheres 

 (  51  ) . Until 2011, these trials provided no clear evidence of 

effi  cacy for the treatment of FI. However, a large multicenter 

RCT  (  53  )  from eight US and fi ve European centers published in 

2011 supports the effi  cacy for dextranomer injections compared 

with sham injections. In this study, patients were required to 

have a Cleveland Clinic Florida Incontinence Score of at least 10 

(moderate severity) to be included, and patients with sphincter 

injuries were included unless the sphincter separation was com-

plete. At 3-month follow-up, 52% of the dextranomer-injected 

patients had at least a 50% decrease in FI frequency, whereas 

only 31% of sham-treated patients achieved this. A follow-up 

study showed that these gains were stable for 36 months  (  54  ) .

    IMPLANTED DEVICES

  Many devices for preventing or containing FI are in use or are 

under development. However, it is rare that devices are tested in 

RCTs because regulatory approval only requires evidence of safety. 

Once they are found to be safe and possibly eff ective, RCTs will be 

needed to compare these approaches with conservative medical 

management or other established treatments.

 Box 2  .    Invasive therapies

     •  Sacral nerve stimulation (neurostimulation) 

   •  Injectable bulking agents 

   •  Sphincteroplasty and artifi cial sphincter 

   •  Colostomy   
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able pump to a pressure suffi  cient to obstruct stool passage in the 

nearby rectum. A prospective uncontrolled study to evaluate the 

safety and effi  cacy has been completed with long-term data being 

accrued; data are not yet available.

     STOMAS

  Colostomy or ileostomy prevents all instances of FI, although 

mucus may still leak if the patient retains their rectum. Th is 

treatment option is infrequently used because, in most surveys, 

patients with ostomies report poorer quality of life than controls 

 (  60,61  ) . Th e greatest impact on quality of life is in social roles, 

and women experience greater impairments than men. In another 

survey in which patients were recruited through an advertisement 

in the magazine of the British Colostomy Association (  62  ) , the 

majority were positive about the stoma, and 84% said they would 

choose it again. Ascertainment bias may contribute to the diff er-

ences between these studies.

  Th e Malone antegrade colonic enema is a technique used fre-

quently in children with chronic constipation and/or FI  (  63,64  ) , 

and it is occasionally used with good results in adults  (  65  ) . Th e 

technique is to create a trans-abdominal conduit into the cecum 

through the appendix or through an artifi cial channel. Th e patient 

is taught to instill an enema fl uid, usually containing a laxative, 

through this conduit daily to empty the colon. In children  (  63  ) , 

~71% become symptom free, 20% improve but remain symp-

tomatic, and 9% are unchanged or worse. Limited experience 

in adults suggests that this approach is promising, although not 

always feasible  (  65,66  ). 

    TRANSLATIONAL RESEARCH

  Bitar and group  (  67  )  developed a technique for harvesting progen-

itor cells from the anal canal and small intestine, diff erentiating 

these into muscle cells and enteric neurons, and combining them 

to bioengineered intrinsically innervated internal anal sphincter 

for implantation. Th ey transplanted these neosphincters into a 

rabbit model of FI and demonstrated that they became vascu-

larized, reinstated continence, and demonstrated refl ex activity 

(recto-anal inhibitory refl ex, RAIR). Rattan and Singh  (  68  )  also 

developed a neosphincter from stem cells and demonstrated 

smooth muscle tone. Th us, regeneration of a functional internal 

anal sphincter seems achievable. Other advances in understand-

ing the physiological mechanisms for continence include Mittal’s 

observation that the external anal sphincter is a purse-string mus-

cle with attachments to bone rather than a circular muscle (  69  ) , 

and Rattan’s characterization of signaling pathways mediating 

internal anal sphincter tone and phasic contractions  (  70  ) .

    RATING OF EVIDENCE FOR CURRENT TREATMENTS

   Table 1  summarizes the strength of the evidence for the effi  cacy 

of current therapies and grade recommendations for clinical 

evidence based on the scoring system of the US Preventive 

Services Task Force  (  71  ) . Only three therapies have been assessed 

   Thiersch ring

  A permanent suture or other synthetic material encircles the anal 

canal to increase resistance to stool leakage. Th is procedure was 

originally developed to treat rectal prolapse but was tested in 33 

patients with FI. Signifi cant improvements in FI were seen, but 

in 13 patients the sutures had to be removed (3 permanently) 

because of erosion or infection ( n =4) or device breakage ( n =9).

    Artifi cial bowel sphincter

  An infl atable cuff  surrounding the anal canal can be infl ated 

using an implanted pump to prevent stool passage and defl ated 

to permit defecation  (  55  ) . For patients who retained the device 

at follow-up, Wexner incontinence scores decreased from 16 to 

7. However, device erosions and infections caused revisions in 

half and explant in a quarter. Obstructed defecation is also seen in 

more than half of patients  (  55  ) .

    Magnetic beads

  A band of magnetic beads fi tted on an elastic band is inserted 

around the anal canal to increase the resting pressure in the 

anal canal. Straining separates the beads to permit defecation. A 

small uncontrolled series (  56  )  showed ~90% improvement in FI 

frequency in fi ve patients who retained the device for 6 months. 

Complications were few: 2/14 devices had to be removed. Other 

small studies showed success rates comparable to the artifi cial 

bowel sphincter (  57  )  and SNS  (  58  )  but with less morbidity. Th is 

device has not yet been approved in the United States.

    Mesh sling support of the puborectalis muscle

  A mesh sling is inserted through small incisions lateral to the 

anus and tunneled beneath the puborectalis via a transobturator 

approach, with guidance from digital rectal examination. Th e trial 

evaluating this technique has been completed with long-term data 

being accrued, but results are not yet available.

     DEVICES USED OUTSIDE THE BODY

   Anal plugs

  Th ese have been reviewed  (  59  ) . A variety of types have been 

tried, and most produce discomfort and are not tolerated. How-

ever, newer models made of soft er material are under investiga-

tion. When patients are able to tolerate the devices, they report 

improvement in FI ( Box 3 ).

    Vaginally inserted balloon

  Th is device consists of a silicone balloon that can be inserted 

into the vagina while defl ated and then infl ated with a detach-

 Box 3  .    Emerging therapies

     •  Tibial nerve electrical stimulation 

   •  Anal plug devices 

   •  Mesh sling support for anorectal angle 

   •  Vaginal balloon device   
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by RCTs of suffi  cient size to justify a recommendation; they are 

biofeedback, tibial nerve electrical stimulation, and dextranomer 

injection. SNS is supported by strong level II evidence, but the 

RCTs reported to date have been limited by selection of patients 

with structurally intact and innervated external anal sphinc-

ters. On the basis of the available evidence, biofeedback merits a 

strong recommendation for clinical practice, and SNS and dex-

tranomer injections are also recommended for practice.  Table 1  is 

not intended as a treatment algorithm showing which treatment 

should be tried fi rst and how decisions about treatment progres-

sion should be made. Additional RCTs, comparative eff ectiveness 

trials, and tests of treatment combinations are needed to develop 

a treatment algorithm.

    PRIORITIES FOR FUTURE RESEARCH

  In addition to assessing gaps in knowledge through systematic 

reviews of the state of the science, the conference organizers 

surveyed active investigators about their own priorities for future 

research. Th is was done in the following three steps: (1) before the 

conference, the organizers identifi ed FI investigators by surveying 

the Medline Database for original research articles on the treat-

ment of FI and emailed a survey to the fi rst and last author of each 

article published from a US institution; (2) the same survey was 

distributed to conference attendees on the second day of the con-

ference; and (3) the fi nal session of the conference was an open 

forum in which conference attendees were invited to identify 

other research needs. Conference attendees were representative of 

the fi eld and included gastroenterologists, urogynecologists, colo-

rectal surgeons, nurses, physical therapists, behavioral scientists, 

geriatricians, public health researchers, and patient advocates. Th e 

survey included four open-ended questions: (1) identify impor-

tant research priorities; (2) list unmet patient needs; (3) indicate 

which research would have the greatest impact on the fi eld; and 

(4) identify the highest priority for funding.

  Responses to these open-ended questions were grouped 

into common themes by the fi rst author (WEW) and are listed 

in  Table 2  in order of frequency of endorsement. Trials compar-

ing the eff ectiveness, safety, and cost of current therapies were 

assigned the highest priority for funding and were thought to have 

the greatest potential impact on the fi eld. A related priority was 

the development of treatment algorithms. A second major priority 

was to improve access to care by understanding the barriers that 

prevent 2/3 of patients with FI from consulting a physician and 

which explain low rates of physician screening. A related priority 

was increasing public awareness of FI and reducing the stigma 

associated with it. Th ird priority was assigned to research on the 

pathophysiological mechanisms for FI and translational research 

on regenerative medicine. Unmet patient needs identifi ed by the 

conference attendees were the understanding and management of 

FI in special populations, such as those with neurological disor-

ders, and further research on behavioral treatment strategies, such 

as biofeedback. Participants also identifi ed the need to involve 

patient focus groups in the refi nement of severity measure and 

trial end points. Th ey felt that a classifi cation scheme for subtypes 

of FI should be developed, which is better able to predict respon-

siveness to specifi c treatments.

  In the open forum at the end of the conference, these same 

themes were endorsed, and additional unmet patient needs were 

brought out: (1) among people with FI, ~2/3 have milder, less fre-

quent forms of FI, which may benefi t from inexpensive, conserva-

tive management techniques. Research to validate such treatments 

is needed. (2) Cost eff ectiveness data are needed to improve insur-

ance reimbursement for FI treatment.

 Table 2  .     Research priorities endorsed by four or more respondents 

  General priorities    Unmet patient needs    Greatest impact    Highest priority  

  Pre-conference survey  

  Pathophysiology (9)  Special populations (5)  Comparative effectiveness (12)  Comparative effectiveness (12) 

  Special populations (9)  Biofeedback/ behavior therapy (4)  Access to care (9)  Access to care (5) 

  Access to care (6)    Pathophysiology (5)  Pathophysiology (4) 

  Trial design (5)      Develop new treatments (4) 

  Pads/devices (4)       

  End of conference survey  

  Defi nitions/end points (13)  Public awareness (7)  Comparative effectiveness (8)  Treatment algorithms (6) 

  Regenerative medicine (6)  Biofeedback (4)  Regenerative medicine (5)  Access to care (6) 

  Access to care (5)    Public awareness (4)  Comparative effectiveness (5) 

  Multisite clinical trial (4)    Access to care (4)  End point development (5) 

     Combined treatments (4)  Classifi cation system (4) 

     End point development (4)   

 Numbers in parentheses are number of respondents. 
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by (a) using multiple therapists, (b) draft ing a treatment manual 

before the trial begins, and (c) monitoring adherence to protocol. 

Outcome testing should be carried out by a blinded assessor.

    Patient selection

  Th ere are multiple etiologies for FI that can confound effi  cacy tri-

als: for example, antidiarrheal drugs only help if the patient has 

diarrhea, and they could worsen constipation. It is recommended 

to stratify patients at enrollment on the basis of physiological sub-

types that may predict response to the treatment under study. It 

is also recommended to exclude patients with mild or infrequent 

symptoms to avoid fl oor eff ects.

    Outcome assessment

  Employ validated outcome measures. Defi ne the minimally impor-

tant diff erence and/or decide who will be treated as a responder 

before beginning the trial. Th ere is no consensus on whether to use 

retrospective questionnaires to assess severity vs. daily diaries vs. 

quality of life measures, and further research is needed.

    Statistical analysis

  Th e primary analysis should be intent-to-treat. Estimate the sample 

size before the study and include a description of the  a priori  sample 

size calculation in the manuscript. Comparative eff ectiveness trials 

require larger samples to test superiority of one treatment, and non-

inferiority tests (testing whether the treatments can be considered 

equally eff ective) may be more appropriate in some circumstances.

    Reporting trial results

  Register the trial on ClinicalTrials.gov before enrolling patients. 

Keep a recruitment log per the Consolidated Standards for Report-

ing Trials (CONSORT, www.consort-statement.org) guidelines. 

Describe recruitment strategy, minimum screening process, and 

randomization method.

     SUMMARY

  Th ere are several established treatments for FI, which are supported 

by RCTs. Biofeedback, SNS, and injection of bulking agents have the 

best evidence and success rates, whether measured as at least a 50% 

reduction in the frequency of FI or a patient report of “satisfactory 

relief ” ranging from 52 to 76% on an intent-to-treat basis. How-

ever, many of the patients classifi ed as successful by these criteria 

continue to have some FI. Biofeedback outcomes have been highly 

variable between studies, presumably owing to lack of standardiza-

tion in the treatment protocols, and the training and experience of 

the therapist. Several devices (e.g., implantable mesh slings, vaginal 

balloons to obstruct the anal canal, new artifi cial sphincters, and 

anal plugs) are under development and appear promising; however, 

most device trials are uncontrolled, and RCTs or comparative eff ec-

tiveness trials will be needed once safety is established.

  Conference attendees identifi ed the following as priorities for 

future research: (1) comparative eff ectiveness of established treat-

ments, especially surgical vs. behavioral interventions, on the 

basis of safety and cost as well as effi  cacy; (2) studies that identify 

    RECOMMENDATIONS FOR CLINICAL TRIAL DESIGN

   Control groups

  A challenge that is unique to the design of RCTs for behavioral and 

surgical therapies is the impossibility of masking the investigator 

and patient to whether they receive an investigational treatment. 

Usual care or symptom monitoring while waiting to receive treat-

ment are not acceptable controls because they create a negative 

expectancy of improvement for the control group, leading to over-

estimation of effi  cacy in the active treatment arm. Th e preferred 

solution in behavioral and surgical trials is to compare the inves-

tigational treatment with an alternative treatment that generates a 

similar patient expectation of benefi t and to measure expectancy by 

questionnaire aft er initial exposure to each treatment. Demonstrat-

ing equal expectation of benefi t is more important to the integrity 

of the trial than equal contact time with the therapist ( Box 4 ).

    Comparative effectiveness trials

  Two problems arise when designing trials to compare the eff ec-

tiveness of two active treatments: (a) if the two treatments are dis-

similar (e.g., biofeedback vs. surgery), patients may have strong 

preferences for one and may be reluctant to be randomized; they 

may drop out if randomized to their non-preferred treatment. 

A possible solution to this problem is to design the trial so that 

patients who fail to benefi t from their randomly assigned treat-

ment are off ered the opportunity to be crossed over to their pre-

ferred treatment. (b) A second problem is that if both treatments 

are eff ective, very large sample sizes may be required to detect 

diff erences between them. However, the investigator may hypoth-

esize that the two treatments diff er on other dimensions such as 

cost and safety. It is recommended that comparative eff ectiveness 

trials be designed with separate  a priori  hypotheses related to effi  -

cacy, safety, and cost.

    Experimenter bias

  Th erapist skill and experience infl uence the eff ectiveness of 

behavioral and surgical treatments and should be controlled for 

 Box 4  .    Key points in design of behavioral and surgical treatment 

trials

     •  Patient selection:

       ✓   Stratify patients on factors likely to infl uence treatment response (e.g., 

stool consistency, urge vs. passive FI) before randomization    

   •  Control for difference in interventionist skill and experimenter bias:

       ✓   Develop a treatment manual and measure adherence to it 

       ✓   Use multiple sites/interventionists    

   •  If masking is not feasible:

       ✓   Measure expectation of benefi t after initial exposure 

       ✓   Mask treatment assignment from outcome assessor    

   •  When comparing established treatments:

       ✓   Include cost and safety as additional outcome measures 

       ✓   Address reluctance to be randomized by offering to crossover treatment 

nonresponders to their preferred treatment      
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and overcome patient barriers to medical consultation; (3) inves-

tigation of the pathophysiology of FI, especially the potential of 

regenerative medicine; (4) studies that improve understanding and 

management of FI in special populations such as those with neu-

rological disorders and nursing home residents; and (5) improve-

ments in biofeedback and other behavioral treatments.
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 Study Highlights

  WHAT IS CURRENT KNOWLEDGE

   ✓      There are effective treatments for fecal incontinence. 

  ✓      Differences in research methods make comparisons 
diffi cult. 

  ✓      No consensus on a common treatment algorithm. 

   WHAT IS NEW HERE

   ✓      Biofeedback, sacral nerve stimulation, and dextranomer 
injections are best supported treatments. 

  ✓      Multidisciplinary conference identifi ed priorities for future 
research. 

  ✓      Consensus recommendations for study design provided.   
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