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Surgery for Faecal Incontinence
R. D. MADOFF
J. H. PEMBERTON, T. MIMURA, S. LAURBERG

INTRODUCTION
Therapy for fecal incontinence has traditionally been
divided into three approaches: conservative care,
biofeedback, and surgical repair. Selection of treatment modality is based upon a number of considerations, including the severity of incontinence, structural integrity of the anal sphincter, and results of electromyography and anorectal physiology tests.
Conservative therapy is most applicable to relatively
mild cases of incontinence. Biofeedback retraining
can be attempted for incontinence of any cause or
severity, as the therapy is painless and risk-free. Biofeedback has been considered a particularly useful
option for incontinent patients whose sphincter
muscle is intact. However, the added benefit of biofeedback to standard supportive conservative care
has recently been called into question in a randomized controlled trial. [1]
The most widely accepted operation for fecal incontinence is overlapping sphincteroplasty. This procedure, useful only in cases in which there is an anatomic sphincter defect, has been reported to provide
good results in many case series. However, several
recent studies have shown that results of sphincteroplasty deteriorate with time. [2, 3]
A number of operations were developed in the early
to mid 20th century to provide a treatment option for
patients whose native sphincter was either intact but
weak or not reparable. Muscle transposition procedures using either gluteus maximus or gracilis were
devised to create a functional biological neosphincter, but the approach did not gain widespread popularity. The Parks postanal repair was devised in 1975
to treat patients with incontinence due to pelvic neuropathy. [4]
Dissatisfaction with available operations for fecal
incontinence led to development of a variety of novel

procedures during the last 20 years. The stimulated
(dynamic) graciloplasty and the artificial anal
sphincter were devised as salvage procedures for
patients who had failed or were not candidates for
standard therapy. Recently, a novel approach, adopted from its better-defined role in urinary voiding
dysfunction, is the use of sacral nerve stimulation.
Moreover, there has also been a trend towards development of minimally invasive approaches to fecal
incontinence, such as the use of injectable biomaterials and radiofrequency ablation.
Importantly, a number of caveats apply to interpretation of the results of surgery for fecal incontinence
reported in the literature. First, the vast majority of
reports are uncontrolled case series. Randomized
controlled studies are rare, and those reported include only small numbers of patients. Second, numerous quantitative measures have been used to report
outcomes, but only recently have any of these been
validated. Similarly, criteria for “successful” outcomes have been variable and often arbitrary. Third,
the quality of data reported is variable, though it has
generally improved with the passage of time. For
example, early reports of sphincteroplasty may not
include details of data collection and reported results
are based upon chart review. Later reports are usually based on results of a patient questionnaire, but
patients are often queried by the operating surgeon.
Still later reports recognized the need for an independent data auditor. The most recent studies utilize
daily continence diaries, widely considered to be the
most stringent continence measure. Despite the fact
that studies using lax data collection are certain to
report better results than those using methodology
that is more stringent, of necessity, composite
reviews of surgical results include studies using
various methods of data collection. Finally, results
are not always reported on an intention to treat basis,
particularly in the implantable device literature.

1567

I. STANDARD SURGICAL THERAPY
1. SPHINCTER REPAIR /SPHINCTEROPLASTY
Anal sphincter repair continues to be the standard
accepted surgical approach to patients with an anatomic anal sphincter abnormality as the basis for their
fecal incontinence. Nearly all patients with sphincter
injuries are parous women. [5]
Meta-analysis of 717 vaginal deliveries revealed the
incidence of new anal sphincter defects was 27%
among primiparous women and 9% in multiparous
women. [6] Interestingly, 70% of such defects were
asymptomatic. Risk factors for fecal incontinence
include maternal age, prolonged second stage of
labor, instrumental vaginal delivery, and sphincter
rupture. [7] This rather high rate of injury, the
concomitant obstetrically-related injuries to the
innervation of the sphincter and pelvic floor which
appear to worsen and become increasingly symptomatic over time, and the relatively modest results of
surgical management of such injuries, [2] has
prompted increasing discussion that vaginal delivery
may be much more hazardous to the long-term quality of life than previously believed. Indeed, fully
32% of female obstetricians in the United Kingdom
would choose C-section for their own first uncomplicated pregnancy. [8]
Surgery performed acutely upon discovery of a third
degree or fourth degree obstetrical tear, is correctly
termed sphincter repair. This is performed immediately in the delivery room, usually by opposing or
overlapping the ends of the acutely severed and
greatly retracted ends of the external anal sphincter.
[9] [10]. One randomized trial showed no difference
in outcome between overlapping and direct apposition repairs. [10] Sometimes edema, swelling, and
contamination may delay acute repair for 1-2 weeks.
[11] In patients with severe tears, waiting for scars to
form (months) may be unacceptable, because
patients are frankly fecally incontinent while they are
recovering after delivery; such patients may best be
managed by debridement, apposition of the severed
ends of the sphincter, and reposition and diversion.
Repair of anal sphincter disruption (third degree tear)
is an operation performed most often by junior residents in the milieu of a just completed delivery. It
may not be surprising then that the results of such
operations are poor. Up to 50 percent of women
experience some degree of sphincter incontinence
after anal sphincter repair. [12-14] Pinta et al [9]

found that 75 percent of women who had been repaired at delivery after an obstetrical tear had persistence of a defect in the anal sphincter musculature fifteen months (median) after a repair, and 60% were
incontinent. [9] It is most often patients with worsening fecal incontinence presenting for evaluation
years following delivery who are found to have an
anterior defect by direct inspection and ultrasound;
these patients are ideal candidates for a sphincteroplasty. Whether a colon and rectal specialist or staff
obstetrician should repair obstetric-related anal
sphincter defects acutely is controversial. [11] The
importance of accurate expert repair in the acute setting is becoming more and more recognized. Hematoma formation, wound infection, faulty technique,
and unrecognized inaccurate apposition of tissues
may all lead to poor outcome requiring a second
repair (sphincteroplasty) in a number of these
patients. [11]
The acutely injured anal sphincter is repaired by pulling the severed ends of the muscle together in the
anterior midline using a direct apposition technique.
Such an approach is associated with a good outcome
in 50 to 100% of patients reported. [15] If the injury is
very severe, particularly when there is loss of tissue,
severe contamination, multiple associated injuries or a
prolonged delay before surgery, it is better to divert
the fecal stream and return for a secondary repair
when the inflammation and infection clear entirely.
Results of primary repair of the acutely damaged anal
sphincter are shown in Table 1. [10, 16-34]
The term sphincteroplasty is reserved for reconstruction of the sphincter musculature, which has
never healed or healed incorrectly after acute disruption. These operations are performed at a time remote from the original injury.
Anterior sphincteroplasty is the most common anal
sphincter reconstruction performed. The sphincter
muscle and perineal body have healed with a defect
after disruption. Indeed, the vagina and anus may
actually present as a cloaca, with only the thinnest of
anovaginal septum present. This loss of anterior
sphincter mass coupled with an absent perineal body
is very common and prompts a more complex repair.
At its simplest, sphincteroplasty entails an overlapping repair of the sphincter mechanism in the anterior midline. Many authors include plication of the
puborectalis at the cranial aspect of the repair to
lengthen the anal canal. [35] Some surgeons favor
individual repair of the internal and external sphincter muscles, but there is no evidence to support this.
[36-38]

1568

Table 1. Prevalence of anal incontinence following primary repair of acute obstetric anal sphincter rupture
Authors

Year

Country

N

Haadem et al [16]

1988

Sweden

62

3

44%

Sorensen et al [17]

1988

Denmark

25

78

42%

Bek & Laurberg [18]

1992

Denmark

121

?

50%

Nielsen et al [19]

1992

Denmark

24

12

29%

Crawford et al [20]

1993

USA

35

12

23%

Sorensen et al [21]

1993

Denmark

38

3

24%

Sultan et al [22]

1994

UK

34

2

41%

Fornell et al [23]

1996

Sweden

51

6

40%

Tetzschner et al [24]

1996

Denmark

72

24-48

42%

Walsh et al [25]

1996

UK

81

3

20%

Gjessing H et al [26]

1998

Norway

38

12-60

57%

Go & Dunselman [27]

1998

Netherlands

20

6

30%

Goffeng et al [28]

1998

Sweden

27

12

59%

Poen et al [29]

1998

Netherlands

117

56

40%

Wood J et al [30]

1998

Australia

84

31

17%*

Kammerer-Doak et al [31]

1999

New Mexico

15

4

43%

Sander et al [32]

1999

Denmark

48

1

21%

Zetterstrom et al [33]

1999

Sweden

46

9

41%

Fitzpatrick et al [10]

2000

Ireland

154

3

53%

Sangalli et al [34]

2000

Switzerland

177

13 years

15%

*Includes 2 with secondary sphincter repair
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Follow-up
Months

Anal Incontinence

Complications of fistula-in-ano, fissure, or hemorrhoidal surgery may also cause disruption of the anal
sphincter in positions other than the anterior one, but
this is relatively uncommon in the general population; the number of patients with sphincter defects
and fecal incontinence caused by obstetric-related
sphincter disruption exceeds those caused by surgical misadventures by 3 to 1. [39] Simple sphincteroplasty is performed, incorporating any associated
scar into the repair.

43] Combining pelvic floor retraining (biofeedback)
and sphincter repair for patients who demonstrate
poor or absent squeeze pressures, in addition to a
defect in the sphincter musculature, may be an approach for patients with such combined etiologies presenting years after the inciting obstetrical event. [44]
The results of sphincteroplasty are shown in Table 2.
[2, 3, 12-14, 37, 39, 45-61] In general, good results
(defined as control of solid and liquid stools) are
achieved in about 70 percent of patients. However,
recent data from several centers have indicated that
successful results are often not durable and the
degree of continence initially achieved may frequently deteriorate with time. Control of flatus is
very problematic at best and may reflect concomitant
injury to the IAS. The role rectal and anal canal sen-

Sphincteroplasty can be performed repeatedly (2-3
times) in an attempt to eliminate a persistent defect
in the anal sphincter mechanism. [40] Success of the
repair is related to whether the sphincter defect is
finally eliminated. [5, 40-42] Failure is nearly always
associated with a persisting defect on ultrasound. [40,
Table 2. Sphincteroplasty
Authors

Year

No. of Patients

Obstetric Related (%)

Results
Excellent to Good (%)

Pezim et al [45]

1987

40

58

62

Stern et al [46]

1987

11

90

100

Christiansen & Pedersen [47]

1987

12

100

80

Laurberg et al [48]

1988

19

100

47

Yoshioka & Keighley [49]

1989

27

70

74

Abcarian et al [50]

1989

53

40

74

Fleshman et al [51]

1991

55

87

72

Wexner et al [37]

1991

16

100

95

Londono-Schimmer et al [39]

1994

94

60

50

Engel et a l[52]

1994

55

100

79

Simmang et al [53]

1994

14

79

100

Nikiteas et al [14]

1996

42

62

67

Oliveira et al [54]

1996

55

100

71

Felt-Bersma et al [55]

1996

18

55

72

Sitzler & Thomson [56]

1996

31

64

100

Gilliland et a l[57]

1998

77

69

100

Young et al [58]

1998

54

91

86

Karoui et al [12]

2000

74

--

51

Osterberg et al [59]

2000

51

61

58

Malouf et a l[2]

2000

55

100

91

Morren et al [13]

2001

55

84

56

Halverson & Hul l[3]

2002

49

63

49

Pinta et al [60]

2003

39

100

67

Bravo Gutierrez et al [61]

2004

191

91

40 (3 yr) 23 (10 yr)
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sation plays in the outcome of sphincteroplasty is
unknown.
The major problem with determining prognostic
factors associated with a successful surgical outcome is the heterogeneity of the patient populations
reported throughout the literature.
The effect of age at operation on long-term function
is controversial. Oliveira et al [54] and Simmang et
al [53] found no correlation between the two while
Sitzler and Thomson, [56] Nikiteas et al, [14] Rasmussen et al, [62] and Bravo Gutierrez et al [61]
found that increased patient age was associated with
a lower rate of successful outcomes.
Whether clinical data and physiologic testing might
serve as prognostic indicators for outcomes is
controversial. It has been suggested that preoperative
data as well as preoperative clinical data (manometry), as well as electrophysiologic data (pudendal
nerve terminal motor latency (PNTML), EMG) may
have predictive value, but this is not conclusive. [54,
57] PNTML [37, 39, 48, 53, 54, 57, 58, 63, 64] is
perhaps the most controversial of the associations
and there are as many proponents of the importance
of PNTML in predicting outcome as there are opponents. [14, 56, 58, 65]

2. POSTANAL REPAIR
Postanal repair was first reported by Sir Alan Parks
in 1975. [4] This procedure was designed to increase
the length of the anal canal, restore the anorectal
angle and recreate the flap valve mechanism, which
at the time was thought essential for maintaining
fecal continence. Success rates ranged from 38% to
80%, depending on the definition of the success, the
length of follow-up and possibly the cause of incontinence. [66-72] The results of postanal repair are
shown in Table 3. [4, 52, 66-82]
Subsequent observational studies with a median follow-up of more than 5 years showed that continence
deteriorated with time. Despite 60% to 80% of
patients reporting persisting improvement, only onethird were actually continent to liquid or solid stool.
[75, 80, 81] Possible explanations for deterioration
of continence following initial improvement included unrecognized denervation and/or muscular injury of the sphincter and pelvic floor musculature, and
the presence of occult anal sphincter disruption, particularly in the studies reported before endoanal
ultrasonography or magnetic resonance imaging
were available. Moreover, physiological and radiological evaluations before and after postanal repair

have not demonstrated consistent changes in anal
canal length, resting pressure, voluntary contraction
pressure, anorectal sensitivity and movement of the
anorectal angle. [67, 71, 72, 74, 83] These reports of
increasingly poor outcome have diminished the
popularity of this procedure significantly.
Deen et al [73] in a randomized controlled trial,
comparing three procedures in 36 women with neuropathic fecal incontinence, found that complete
continence was achieved in 42% of patients after
post anal repair, 33% after anterior levatoroplasty,
and 67% after total pelvic floor repair. In contrast,
van Tets et al [74] conducted a randomized controlled trial comparing postanal repair and total pelvic
floor repair in 20 women with neurogenic fecal
incontinence . Complete continence to solid or liquid
stool was achieved in 27% of patients after post anal
repair and in 22% after total pelvic floor repair
In conclusion, postanal repair may lead to improvement in a variable percentage of patients with neurogenic incontinence, but results deteriorate with time
(level C).

3. NON-STIMULATED MUSCLE TRANSPOSITION
A variety of muscle transposition procedures have
been devised for the treatment of fecal incontinence.
Early efforts focused upon the use of transposed skeletal muscle to supplement the function of a weak or
disrupted anal sphincter. Early in the 20th century, a
number of surgeons utilized gluteus maximus
muscle, transposed in a variety of configurations, to
create a neosphincter. [84, 85] In 1952, Pickrell and
associates described the use of transposed gracilis
muscle to create a neosphincter for incontinent children. [86]
Published series of gracilis transposition are uncontrolled and demonstrate variable success rates. [8796] One study reviewed the functional results of graciloplasty longitudinally in 22 patients followed for a
median 63 months. [97] 18 patients (81%) were
improved at 6 months, though only one regained normal continence. Results deteriorated in 5 patients
during subsequent follow up. Bilateral gracilis transposition has been used successfully in several small
series. [88, 98]
Success rates following gluteus transposition have
likewise been variable. [99-103] A prospective randomized trial in women with post-obstetric neuropathic incontinence showed similar significant degrees
of improvement following both gluteus maximus
transposition and total pelvic floor repair. [104]
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Table 3. Postanal Repair for Fecal Incontinence
Outcomes
Authors

year

Number of patients
(female)

Median or mean
follow-up: months
(range)

Continent to
Solid and
Liquid (%)

Symptomatic
improvement

Parks[4]

1975

75 (68)

ns (180 or less)

83%

ns

Browning and Parks [67]

1983

42 (36)

ns (1or less)

81%

ns

Keighley and Fielding [66] 1983

40 (ns)

ns (ns)

68%

83%

Ferguson [68]

1984

9 (8)

ns (ns)

67%

ns

Henry and Simson [69]

1985

242 (193)

11 (0.5 - 27)

60%

ns

Habr-Gama et al [70]

1986

42 (39)

12 (12)

52%

ns

Womack et al [71]

1988

16 (14)

26 (15 or more)

38%

88%

Scheuer et al [76]

1989

39 (ns)

ns (ns)

15%

70%

124 (111)

60 (ns)

ns

81%

Yoshioka and Keighley [75] 1989
Rainey et al [78]

1990

42 (37)

42 (6 - 95)

31%

71%

Scott et al [77]

1990

62 (56)

ns (ns)

45%

82%

Orrom et al [72]

1991

17 (ns)

15 (ns)

59%

ns

Deen et a l [73]

1993

12 (12)

24 (22 - 28)

42%

42%

Engel et al [52]

1994

38 (34)

43 (15 - 126)

21%

50%

Jameson et al [79]

1994

36 (33)

6 (6)
25 (6 - 72 )

50%
28%

83%
53%

Setti-Carraro et al [80]

1994

34 (34)

73 (61 - 95)

26%

82%

Rieger et al [81]

1997

19 (ns)

96 (24 - 120)

37%

58%

van Tets et al [74]

1998

11 (11)

3 (3)

27%

45%

Matsuoka et al [82]

2000

20 (20)

36 (12 - 90)

35%

35%

ns: not stated

Several unique approaches to pediatric fecal incontinence have been reported in small series with reasonable success rates. These include autogenous transplantation of denervated palmaris longus muscle,
[105] transposition of vascularized but denervated
gracilis, [106] and use of a reversed autogenous
smooth muscle cuff [90] None of these techniques
have gained widespread acceptance (Level D).

II. NOVEL SURGICAL THERAPIES
1. STIMULATED MUSCLE TRANSPOSITION
Even after successful muscle transposition, functional outcomes are limited by two physiological factors. First, patients are unable to consciously maintain tonic contraction of their neosphincters over
long periods of time. Furthermore, even if patient

volition were not a problem, gracilis muscle is poorly suited to tonic contraction. While the external anal
sphincter comprises predominantly slow-twitch,
fatigue-resistant type I fibers, the gracilis muscle
comprises predominantly type II, fast-twitch fibers
that are rapidly fatigable. [107] Graded electrical stimulation transforms type II into type I muscles
fibers,[108] and use of an implantable electrical
pulse generator has been shown to convert transposed gracilis to a muscle with predominantly type I
fibers. [107, 109, 110] The results of stimulated graciloplasty are shown in Table 4. [110-127]
Successful electrical stimulation of a previously
transposed gracilis muscle was first reported in
1988,[128] and case series from 2 independent centers were simultaneously reported in 1991. [109,
110] Encouraging additional investigation, Baeten et
al [109] showed improved continence in 8 of 10
patients; Williams et al,[110] in 12 of 20. Several
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Table 4. Dynamic Graciloplasty: General measures of continence
Authors

year

No. of pts

Percentage continent*

Mercati et al [111]

1991

7

Williams et al [110]

1991

20

60

Baeten et al [112]

1995

52

73

Geerdes et al [113]

1996

67

78

Mander et al [114]

1996

12

42

Geerdes et al [115]

1997

15

53

Cavina et al [116]

1998

31

85

Christiansen et al [117]

1998

13

77

Madoff et al [118]

1999

131

66

Mander et al [119]

1999

64

69

Rouanet et al [120]

1999

9

56

Sielenzneff et al [121]

1999

16

81

Baeten et al [122]

2000

123

74

Rullier et al [123]

2000

12

58

Matzel et al [124]

2001

121

--

Bresler et al [125]

2002

24

79

Wexner et al [126]

2002

129

56

Rongen et al [127]

2003

200

72

* variable definitions; does not necessarily denote perfect continence.

issues of divergence in technique arose from these
studies, each of which has seen increasing consensus
in the literature despite a lack of randomized trial
data. Thus, intramuscular (vs. epineural) electrodes
are now universally employed, and diverting stomas
and ‘vascular delay’ prior to muscle transposition are
no longer utilized.
In 1995, Baeten reported his results in 52 patients,
with 38 (72%) becoming continent after surgery.
[112] In a subsequent paper, 200 patients followed
for a median of 261 weeks were reported. [127] The
overall success rate was 72%. Patients with incontinence due to trauma had the best results (82% success), while patients with incontinence due to congenital anorectal malformation had the worst results
(52% success). 138 complications were reported,
including disturbed evacuation in 32 patients (16%),
infection in 24 (12%), pain in 16 (8%) and pulse
generator displacement in 12 (6%). Ten patients
(5%) had anorectal perforations, 7 of whom eventually obtained a successful outcome.
Rosen et al [129] reported restoration of continence

in 9 of 10 patients treated by dynamic graciloplasty
using a “split-sling” wrap configuration. Sielezneff
et al [121] treated 16 patients and 13 had improved
continence. However, 8 patients suffered morbidity,
resulting in 33 subsequent admissions and 23 reoperations.
Three multicenter prospective trials of dynamic
muscle plasty have been performed to date. [118,
119, 122] In each of these studies, patients served as
their own controls. No randomized prospective trials
have been performed.
Madoff et al studied 139 patients from 12 centers,
128 of whom had gracilis wraps and 11 gluteus
wraps. [118] Of those patients, 104 were treated for
fecal incontinence, and 35 underwent total anorectal
reconstruction following abdominoperineal resection
for cancer. Success rates for graciloplasty were 71%
for patients with acquired incontinence and 50% for
those with incontinence due to a congenital abnormality. There were a total of 138 complications for
the entire group. Wound complications (41 major
and 35 minor) were both the most prevalent and the
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most consequential. Other complications included
pain in 28 patients (22%), hardware problems in 14
(11%) and tendon detachment in 4 (3%). Centers
with significant prior experience with the procedure
had substantially fewer major wound complications
(17.4 vs. 33.1%) and significantly higher success
rates (80% vs. 47%).
Mander et al [119] reported the results of dynamic
graciloplasty in 64 patients with refractory fecal
incontinence treated at 7 centers. There were 24
infectious complications, 5 of which involved perineal wound breakdown and 3 of which required reoperation. 44 (69%) patients became continent to
solid stool 1 month following stoma closure. Evacuation problems developed in 16 patients (25%),
and this lead to failure in 14. At a median of 10
months follow-up, 29 patients had a good functional
result.
Baeten et al [122] reported the results of dynamic
graciloplasty in 123 patients treated at 20 centers.
189 adverse events occurred in 91 patients, including
one death due to pulmonary embolism. There were
18 major and 31 minor infectious complications.
There were 42 instances of therapy-associate pain,
occurring variably in the donor leg, at the anal canal,
or at the device site. There were 11 lead dislodgements but no problems with lead breakage or pulse
generator malfunction. A follow-up study showed
full or partial recovery from these complications in
87% of patients. [124]
This study, in contrast to others, was based upon data
from daily continence diaries. A successful result
(defined as a 50% or greater decrease in incontinent
events in patients without pre-existing stomas) was
achieved in 63% of patients after one year. Followup of this patient cohort demonstrated stable success
rates at 18 months (55%) and 24 months (56%).
[126] Statistically significant improvements in the
physical and social function scales of the SF-36 were
recorded at 12 months.
Chapman et al [130] performed a systematic review
of dynamic graciloplasty for fecal incontinence on
behalf of the Australian Safety and Efficacy Register
of New Interventional Procedures- Surgical (ASERNIP-S). The authors reviewed 37 original articles
published between 1991 and October 2000. All of
the papers were judged to be of low-evidence quality, as all but one paper were case series, and the sole
comparative study utilized historical controls. Mortality excluding cancer deaths was 1% (95% confidence interval 1-3%) and morbidity 1.12 (95% CI

0.14 - 2.08) events per patient. Success was variably
defined between studies, but was reported as ranging
from 42-58%. The ASERNIP-S Review Group
determined that “the safety of the procedure cannot
be determined at the present time due to an incomplete and/or poor-quality evidence base” and that
“efficacy is established.” Thus, a grade C recommendation can be given to stimulated muscle transposition.

2. ARTIFICIAL ANAL SPHINCTER
Artificial sphincters have been used for the treatment
of urinary incontinence since 1973. [131] A success
rate of 79% with a mean follow-up of 7.2 years has
been reported. [132] The device (AMS Sphincter
800™ Urinary Control System, American Medical
Systems, Minnesota, USA) and its subsequent modifications is a totally implantable system consisting of
3 parts: an inflatable occlusive cuff that is implanted
around the native sphincter, a pressure-regulating
balloon that is implanted in the prevesical space, and
a control pump that is implanted in the labia majora
or the scrotum. In 1987, Christiansen & Lorentzen
[133] applied this device to a patient with fecal
incontinence. The patient had an excellent result
with no complications at a follow-up of three
months.
Early promising results[134] prompted the modifications of the AMS Sphincter 800™, which eventually
culminated in the development of Acticon™ Neosphincter (American Medical Systems, Minneapolis,
USA) that was specifically designed for fecal incontinence and became available in May 1996. The
results of the artificial anal sphincter are shown in
Table 5. [133-157]
Lehur et al [137] and Wong et al [149] reported early
results and demonstrated the feasibility of the technique with 77% and 75% of patients retaining a functioning device after a median 20-month and a mean
58-month follow-up, respectively. The success rate
(defined as continence to liquid and solid stool) in
patients with a functioning device was 90% and
86%, and the intention-to-treat success rate was 69%
and 67%, respectively in the two studies.
With a longer follow-up period (median 7 years
[range 5 to 10 years]), Christiansen et al [151] reported a poorer result. Forty-one percent of patients
had their devices explanted due to infection, mechanical malfunction, or obstructed defecation (n=1).
Only 47% of patients retained a functioning device.
The success rate at a median 7-year follow-up was
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Table 5. Artificial anal sphincter for fecal incontinence

50%, while the intention-to-treat success rate was
just 24%.
The Department of Health and Aged Care in Australia conducted a systematic review to assess the safety and effectiveness of artificial bowel sphincters in
the management of fecal incontinence, and reported
their results in 1999. [136] The authors identified 7
case-series involving 60 patients that satisfied their
criteria. [139, 149-151, 155, 156] Mortality was
zero, but 18% of patients had surgical site infections
and 5% had erosion of the adjacent skin. Twentyeight percent of patients had their devices explanted.
Only 60% of patients had adequate follow-up. Of
these, 94% were continent to solid stool, 72% to
solid and liquid stool, and 36% were completely
continent. On the basis of these analyses, it was
recommended that public funding not be approved
for artificial anal sphincters because there were
insufficient data to assess the safety profile of the
device and because the effectiveness of the device in
fecal incontinence had not been demonstrated due to
the lack of rigorous studies.
There have been 9 non-randomized interventional
studies[139, 141-148] and 2 observational studies
[152, 153] evaluating the safety and effectiveness of
newest sphincter systems (Acticon™ Neosphincter).
No mortality was reported, but the overall complication rate varied between 20 and 87%. Surgical site
infections (9 to 58%) and erosion of the adjacent skin
(6 to 25%) were common. Up to 46% of patients
underwent revisional surgery and the proportion of
patients with a functioning device at the time of evaluation after follow-up of up to 34 months ranged
between 46 and 83%, with 17 to 40% patients having
their devices explanted.
Almost all of the patients (93 to 100%) with a functioning device were continent to solid stool, 60 to
95% were continent to solid and liquid stool, and 27
to 67% were completely continent. The success rate
in patients with a functioning device was 49 to 100%
and the intention-to-treat success rate was 41 to 83%.
Wong et al [145] has reported the largest multicenter
prospective trial to date. Of 115 patients, 75 patients
(65%) retained a functioning device after a median
follow-up of 12 months. The overall complication
rate was 87%. Forty-six percent of patients underwent revisional operations and device explantation
was required in 37%. Thirty patients (40%) experienced obstructed defecation with 21 reporting to
have been impacted. A successful outcome was
achieved in 85% of the 61 patients with a functioning

device. The intention-to-treat success rate was 54%.
In conclusion, a grade C recommendation can be
made regarding the safety and effectiveness of artificial anal sphincters for the treatment of fecal incontinence.

3. SACRAL NERVE STIMULATION
Sacral nerve stimulation (SNS) was proposed for the
treatment of patients with urologic symptoms in
1967,[158] but not used in urology until 1981. [159]
SNS was first used for the treatment of fecal incontinence in 1995 by Matzel et al. [160] The authors
treated 3 patients, all of whom improved (2 became
totally continent).
SNS is a minimally invasive technique with low
morbidity. The surgical technique can be divided into
two stages. The first stage, percutaneous nerve evaluation, is used to confirm a satisfactory nerve response and then evaluate the clinical response before
permanent device implantation. Screening is performed for a one to three-week period after which the
electrode is removed and a permanent electrode and
neurostimulator may be implanted if the response is
satisfactory. [161]
The second stage is implantation of a permanent
electrode and neurostimulator if screening is successful. The test and screening stage can be done
with either a temporary, percutaneously placed test
stimulation lead or by operative placement of a permanent quadripolar lead close to the target nerve.
Those with the temporary, percutaneously placed test
stimulation lead require simultaneous implantation
of the pulse generator and the quadripolar lead by
either an open or a percutaneous technique, while
those with a lead already in place will undergo removal of the percutaneous extension before placement
of the pulse generator. The pulse generator is placed
subcutaneously in the abdomen or gluteal area. [162]
The impulse generator can be modified by external
telemetry and is activated the day after surgery. The
results of sacral nerve stimulation are shown in
Table 6. [160, 162-170]
Vaizey et al [171] evaluated 12 women with an intact
anal sphincter with percutaneous nervous evaluation.
Seven of nine patients without lead displacement had
complete cessation of incontinence for solid and
liquid stool. In a different study by Ganio et al,[172]
28 patients with fecal incontinence underwent the
peripheral nerve evaluation test. 25 patients completed the test period. Out of the 25 patients with incontinence, 22 had a successful test-period.
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Table 6. Sacral Nerve Stimulation for Incontinence
Authors

Year

Patients

Before stimulation

After stimulation

Matzel et al [160]

1995

3

52 % of bowel movements were
involuntary

6 % of bowel movements were
involuntary

Malouf et al [163]

2000

5

18 (2-58) episodes of
incontinence / 7 days

2 (0-8) episodes of
incontinence / 7 days

Malouf et al [164]

2000

3

10.3 episodes of
incontinence / 7 days

0 episodes of
incontinence / 7 days

Matzel et al [165]

2001

6

Leroi et al [166]

2001

6

40.2 % incontinent bowel
movements
3.2 +/- 2.6 episodes of
incontinence / 7 days

2.8 % incontinent
bowel movements
0.5 +/-0.6 episodes of
incontinence / 7 days

Ganio et al [167]

2001

5

3 episodes of incontinence /
7 days

0 episodes of incontinence /
7 days

Rosen et al [168]

2001

16

Ganio et al [169]

2001

16

6 (3-15) episodes of
incontinence / 21 days
11.5 +/- 4.8 (2-20) episodes of
incontinence / 14 days

2 (0-5) episodes of incontinence/
21 days
0.6 +/- 0.9 (0-2) episodes of
incontinence / 14 days

Kenefick et al [170] 2002

15

11 (2-30) episodes of
incontinence / 7 days 0

(0-4) episodes of incontinence /
7 days

Matzel et al [162]

34

16.4 episodes of incontinence /
7 days

2 episodes of incontinence / 7 days

2004

Several studies have investigated the effects of SNS
in the longer term, after permanent implantation of
the neurostimulator. Malouf et al [163] reported marked improvement in 5 of 5 patients followed for a
median of 16 months. Matzel et al [165] reported
improvement in 6 of 6 patients followed for 5-66
months. Two devices had to be removed due to
intractable pain. Leroi et al [166] studied nine of eleven patients who progressed from temporary to permanent stimulation. Eight out of nine experienced
improvement in their incontinence. Rosen et al [168]
performed test stimulations in 20 patients; 16 had a
positive response and underwent device implantation. The median number of incontinent events/21
days dropped from 6 to 2. Kenefick et al [170] reported the results of SNS in 15 consecutive patients. All
patients were improved and 11 were fully continent
at a median follow up of 24 months.
Matzel et al [162] published a multicenter prospective trial of SNS in 37 patients, 34 of whom underwent
neurostimulator implantation. The median number of
incontinent episodes/week dropped from 16.4 at
baseline to 3.1 at 12 months and 2.0 at 24 months.
Patients reported an improved ability to defer defecation and decreased pad use. FIQL was significantly improved in all 4 scales. SF-36 scores improved in
7 of 8 scales, but only reached statistical significance in social functioning.

The mechanism of action of SNS is uncertain. Some
studies have demonstrated increased resting anal
pressure, [167, 168, 170, 172] but others have not.
[163, 173] Several studies have documented an
increase in anal squeeze pressure. [167, 168, 170,
172] SNS appears to increase rectal sensitivity. [168,
170, 172] In one short-term study, SNS was found to
decrease rectal contractile activity and reduce episodes of spontaneous anal relaxation. [171]
Kenefick et al [174] investigated the effect of sacral
nerve stimulation on rectal blood flow as a measure
of autonomic nerve function. Sixteen patients were
recruited and examined with a laser Doppler flowmeter to measure changes in red cell flux. The study
provided evidence of an effect of sacral nerve stimulation on the autonomic innervation of the lower gut,
as the flux increased as a function of voltage. The
change in flux happened within seconds in all
patients, suggesting modulation of extrinsic neural
activity.
SNS has been a safe procedure with a relatively low
complication rate. Complications include pain,
infection and lead dislodgement. The explantation
rate is reported to be 4%. [161]
Based on numerous small prospective trials, SNS for
fecal incontinence is recommended at a grade C
level.
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4. INJECTABLE BIOMATERIALS
Injection of bulk-enhancing agents to increase urethral resistance at the level of the bladder neck is a
successful treatment for patients with urinary incontinence. [175] This concept has now been utilized in
a number of trials to improve fecal continence.
Shafik[176] treated 11 patients with “partial” fecal
incontinence with perianal injections of polytetrafluoroethylene paste with improvement or cure in all
patients. Shafik[177] subsequently treated 14
patients with “partial” fecal incontinence with autologous fat injections. All patients became continent.
There were no complications using either agent.
Kumar et al [178] reported of the use of glutaraldehyde cross-linked collagen injections in 17 patients
with fecal incontinence. The collagen was injected
submucosally in one to three positions either until a
gutter deformity was corrected or adequate symmetrical anal cushions were raised. Following injection, 11 out of 17 patients showed marked symptomatic improvement, one some improvement, two
minimal improvement and three no improvement.
The mean follow-up was 8 months. There was a
trend towards an increase in resting pressures, but
squeeze pressures were not altered.
Malouf et al [179] studied 10 patients with passive
incontinence. The patients were either injected circumferentially or at a single site with a siliconebased product Bioplastique. Patients who failed to
show improvement after the first injection were offered a second injection six weeks after the first injection. At six weeks, 6 of 10 patients showed either
marked improvement or complete cessation of leakage. Three patients were not improved. However,
after six months, only 2 of 7 had maintained marked
improvement. Complications occurred in five of the
first six patients including infection and pain.
Kenefick et al [180] reported upon six patients with
fecal incontinence related to “poor internal anal
sphincter function” treated with silicone Bioplastique. The median follow-up was 18 months .There
was a marked improvement in symptoms in five of
six patients, as well as improvement in the physical
and social function scales of the SF-36. Fecal incontinence score improved from a median of 14 before
the procedure to 8 after the procedure on a scale
where 24 is the worst score and 0 the best score.
Davis et al [181] assessed the efficacy of a larger
molecule, bulking agent (Durasphere) over the short
and long-term in 18 patients with an internal anal
sphincter defect refractory to conservative manage-

ment. It was injected in the submucosal plane at the
site of the defect until adequate anal sphincter symmetry was restored. The mean follow-up was 28.5
months. Fifteen of eighteen patients reported improvement in their incontinence. Interestingly, patients
who predominantly have mucus leakage as their
main presenting symptom were not helped by this
treatment.
In summary, most series of injectable biomaterials
report reasonable success rates. However, each of
these series is uncontrolled and involves small numbers of patients. Very few long term outcomes data
have been reported, so the longevity of therapeutic
efficacy is unknown. Numerous injectable agents
have been employed and no comparative data are
available. Injection technique has not been standardized. Accordingly, perianal injection therapy for
fecal incontinence can be recommended at a grade C
level.

5. RADIOFREQUENCY
PROCEDURE)

ABLATION

(SECCA®

Radiofrequency ablation is a novel but unproven
invasive management option for fecal incontinence
that has recently been introduced into the literature.
[182] The potential usefulness of this approach was
first established in patients with gastroesophageal
reflux disease (Stretta® procedure), where intraluminal radiofrequency energy was used to treat the
lower esophageal sphincter. However, the utility of
the Stretta® procedure for gastroesophageal reflux
has been called into question[183] because a shamcontrolled trial showed no decrease in esophageal
acid exposure post-treatment. [184] It was hypothesized that delivery of radiofrequency energy to the
anal canal (termed the Secca® procedure) could
potentially improve the barrier function of the anal
sphincter complex. This hypothesis was based on
histologic animal data generated by studies of Stretta® technique; no human histologic data exist for the
effect of radiofrequency energy in the esophagus or
the anal canal. [183] Radiofrequency heating apparently causes “tissue tightening” with concomitant
collagen contraction, focal wound healing, and tissue
remodeling. This approach has also been used to
“tighten tissue” in other clinical situations, such as
sleep apnea, snoring and BPH. [182]
The first study of ten patients was reported by Takahashi et al in 2002. [182] The authors reported a
decrease in the Cleveland Clinic Florida Fecal Incontinence score from 13.5 to 5 and both the FIQL and
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SF-36 were improved as well. Two-year follow-up
showed persistence of these results. [185]
A multi-center study then commenced. [186] On an
outpatient basis using local anesthesia, radiofrequency energy was delivered via an endoscopic device
with multiple needle electrodes to create thermal
lesions in the mucosa of the anal canal. Forty-three
women and seven men (50 patients total, mean age
61) were treated. Patients had had fecal incontinence
for a median of 15 years. At six months after treatment, the Cleveland Clinic Florida Fecal Incontinence score dropped from 14.5 to 11 and the SF-36 parameters improved from 64 to 76. These improvements
were substantially smaller than those reported in the
original single-center study. [182] Physiologic parameters, including PNTML, anal ultrasound, and anorectal manometry, were not changed.
It is of critical importance to emphasize that the
effectiveness of the Secca® technique remains unknown as no comparative trial data has been generated. Long-term results will need to be documented in
order to determine the place this management technique might have in the armamentarium of surgical
approaches used to treat fecal incontinence. A randomized trial between this approach and simple biofeedback and medical management needs to be done.
The technique is recommended at a grade D level.

III. COLOSTOMY
A permanent colostomy is usually formed as a last
resort for severe fecal incontinence when all other
interventions have failed. Because colostomy is
generally regarded as a failure of treatment, its effectiveness, perioperative complications, and impact on
the quality of life have never been properly evaluated. Importantly, however, colostomy is a frequently
successful management strategy for fecal evacuation
that restores dignity to many patients and allows
them to regain social function.
No systematic reviews, randomized controlled trials
or non-randomized interventional studies have been
reported regarding colostomy for incontinence, and
only one observational study (level 4 evidence) and
one non-experimental study (level 4 evidence) were
identified.
Catena et al [187] reported a retrospective chart
review of 44 patients (35 women) who underwent
elective end sigmoid colostomy for fecal incontinence of various etiologies. After colostomy formation

19 patients (43%) were asymptomatic, while the
other 25 experienced such problems with their rectal
stump as diversion colitis and mucus leakage. Of the
25 patients, 12 (27% of the total) underwent a secondary proctectomy due to the rectal stump problems
sufficient to warrant the operation. Histological examination revealed diversion colitis in 6 patients. The
sole factor associate with proctectomy was age, with
younger patients being more likely to require rectal
excision. The authors concluded that data are insufficient to recommend primary proctectomy in
patients with severe fecal incontinence warranting
permanent end sigmoid colostomy.
Norton et al [188] examined patients’ view of a colostomy by conducting a questionnaire study of
patients who had a colostomy created to manage
their fecal incontinence. Sixty-nine individuals (58
women) responded. When patients were asked to
rate their ability to live with their stoma on a scale of
0-10, the median score was 8 (range 0 – 10). The
majority (83%) felt that the stoma, within the past
month, restricted their life “a little” or “not at all.”
Eighty-four percent answered that they would “probably” or “definitely” choose to have the stoma
again. When they were asked the question “compared to when you were incontinent, how much change
has having a stoma made to your overall quality of
life?” on the scale of -5 (much worse) to +5 (much
better), the median rating was +4.5 (range -5 to +5).
The authors concluded that health care professionals
should discuss the option of a stoma with incontinent
patients because of the overwhelmingly positive outcomes.
In conclusion, a grade C recommendation regarding
the role of permanent colostomy to manage fecal
incontinence can be made on the basis of only two
studies of level 4 evidence as well as the consensus
of expert opinion.

IV. SURGERY FOR CHILDHOOD
INCONTINENCE
Incontinence in childhood can be either functional or
organic. Functional incontinence is usually associated with severe constipation. It is a self-limiting problem that usually disappears at puberty, while organic incontinence is caused by congenital malformations affecting the anorectum, anal sphincters or the
spinal cord. [189] Between 40% and 70% of affected
patients have one or more additional congenital

1579

defects, more likely in patients with higher malformations. Anomalies of the sacrum and genitourinary
tract are the most common associated anomalies.
[190]
A commonly accepted figure for the incidence of
anorectal malformations in Europe and North America is around 1 in 4000-5000 live births. [191-194]
The overall male to female ratio is approximately
1.4:1. [195-197]
Posterior sagittal anorectoplasty is the most frequently performed surgical procedure in the reconstruction of anorectal malformations. It was developed and popularised by Peña in 1982. [198] A critical determinant for functional outcome is the type of
anorectal malformation. Poor prognostic factors are
high malformations[197] and presence of a sacral
defect. [199, 200] Fecal incontinence is a frequent
postoperative sequela after surgery for anorectal
malformations. [201-203]
Patients with fecal incontinence due to conditions
such as myelomeningocele or persisting incontinence after surgery for anorectal malformations are
mainly treated with the antegrade continence enema
(ACE) procedure. Since Malone et al [204] reported
their initial experience with this method it has become widely performed and accepted as the most successful treatment for intractable fecal incontinence in
young patients. [205] It is believed that ACE offers
over 70 % of patients with neuropathic bowel or anorectal malformations a chance to be clean. [205]
The ACE procedure can be made by using an ileal
segment or the appendix. Tackett et al [206] presented their results with an ileal segment or the appendix in 45 children (29 with myelomeningocele, 7
with imperforate anus) in a retrospective review in
2002. The appendix was used to create the continent
cecostomy in 28 patients and ileum in 17 patients. In
16 patients who underwent simultaneous construction of appendiceal Mitrofanoff neourethra, the
appendix was split and used for the cecostomy and
neourethra in 11. No significant difference was noted
in the rate of continence or complications between
the two groups. Acceptable continence was achieved
in 87 % (39 patients) of the patients and total continence in 69 % (31 patients). Complications that
required reoperation related to the continent cecostomy occurred in 10 patients, including stomal stenosis
in 8 (6 with an appendicostomy) and stricture in 2 (1
with an appendicostomy).
It is possible to perform the antegrade continence
enema procedure laparoscopically. Lynch et al [207]

compared the results of their experience with the
laparoscopic appendicostomy with the published
results of previously described open ACE procedures. [208-210] 30 children have had laparoscopic
appendicostomy procedures at Lynch’s institution
and two required conversion to open procedure,
because of difficulty locating the appendix. The
stoma is being used for regular antegrade colonic
washouts in 29 of the 30 patients, compared with 19
of 31 in Malone’s series and 16 of 20 in Pena’s.
Improvement in soiling has been achieved in 27 (90
%), 15 of whom are completely clean. This rate is
similar to that of the other types of procedures. Stenosis of the stoma occurred in 8 (27 %), compared
with rates of 10 % - 33 % in other series. Stomal leakage has been troublesome for 2 (6.7 %), compared
with leak rates between 5.6 % and 15 % in other
series. From these data it appears that that laparoscopic appendicostomy is a simple and safe alternative
to previously described methods. There is a minimal
morbidity, a long-term viability rate and improved
control of soiling in 90 % of the children.
Yerkes et al [211] objectively determined outcomes
after the ACE to refine patient selection and maximize the quality of perioperative counselling and teaching. An anonymous questionnaire was mailed to
all ACE patients within the last four years. 71 % (65
patients, 57 with myelodysplasia) returned the questionnaires. Complete or near complete fecal incontinence was achieved by 77 % of the patients, while
the other 23 % reported improved continence with
the ACE. All responses indicated that the ACE was
superior to medical management and 91 % rated
ACE as significantly better than medical management. 9 patients (14 %) required revisions due to stenosis at skin level. For overall satisfaction on a 5point Likert scale 89 % were very satisfied, 9 %
satisfied and 1.5 % very dissatisfied.
Based upon consistent results from case series and
consensus expert opinion, the antegrade continent
enema (ACE) procedure can be recommended at a
grade of C.
To reduce the risk of stomal stenosis in antegrade
continence enema, Tam[212] reported about a virtually complication-free simple modification: the Yappendicoplasty in 1999. Twelve children underwent
the Y-appendicoplasty and orthopic appendicostomy
and none experienced stomal complication that
required intervention and the control of fecal continence ranged from excellent to good.
Peña et al [213] described sigmoid resection with
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preservation of a rectal reservoir in three children
suffering from fecal incontinence, intractable constipation and a dilated rectosigmoid after anorectal
malformation repairs. The dilated colonic segment
was resected in all three cases. Proximally, the resection line was immediately above the upper limit of
the dilated bowel and the distal line above the level
of the peritoneal reflection. An end-to-end anastomosis was performed between the descending colon
and the dilated rectum. The follow-up period was 6
months to 3 years. No fecal impaction and full continence was achieved.
Powell et al [214] and Cloutier et al [215] also described megarectum and megasigmoid occurring after
anorectal malformation repairs. In these cases a
resection of the dilated bowel, including the rectum,
with a pull-through technique was performed. The
constipation was relieved, but incontinence remained
a problem in most patients.
Graciloplasty has also been used for children with
fecal incontinence. [216, 217] Sonnino et al [216]
reported 7 patients (5 with imperforate anus) aged
6.5 to 19 years who underwent a modified Pickrell
procedure with the gracilis muscle transposed subcutaneously, without constructing a pulley through the
median raphe as originally described. All patients
were continent at a mean follow-up of 4.4 years.
None of the patients had evidence of fibrosis of the
muscle or anal canal, and tension in the transposed
muscle was maintained. Han et al [217] reported
similar results following graciloplasty in sixteen
children (12 with imperforate anus) with uncontrollable fecal incontinence. Only 11 patients were followed-up over a mean period of 5.6 years; 10 of
these had nearly normal continence. There were no
evidence of fibrosis in the transposed muscle and the
tension was maintained. In contrast, Baeten et al
[218] reported that incontinent adults treated with
dynamic graciloplasty were less likely to achieve
successful results than those with acquired incontinence.
Hakelius et al [105] have used free muscle transplantation in the treatment of anal incontinence in
children for several years. They transpose a striated
muscle, usually the palmaris longus, two weeks after
denervation, to the perirectal area as a U-sling
around the rectum corresponding to the location of
the puborectalis muscle. 26 children had been operated by this method during more than 15 years and at
follow-up after an average of 11 years and 4 months,
60% of the cases were regarded as good, 16% as fair,
8% as improved and 16% as failures.

V. CONCLUSIONS
Data regarding the surgical treatment of fecal incontinence are generally weak. Randomized, controlled
studies are rare, and practical considerations make
the likelihood of such studies improbable. Furthermore, the quality of data reported, particularly in
older studies, is frequently poor. Problems include
heterogeneous patient populations; variable definitions of “continence,” “incontinence,” “success,”
and “failure”; non-standardized and non-validated
continence scales; underreporting of validated symptom-specific quality of life measures; variable
patient follow up and lack of independent assessment
of continence outcomes. Given these realities,
conclusions must be drawn with considerable care.
The spectrum of surgery for fecal incontinence is
broad and expanding. Interventions range from
simple outpatient procedures to major reconstructive
surgery. As the reported outcomes of these various
operations are often similar, a sound general principle is to proceed first with the simplest and least
invasive procedure. Major operations associated
with more profound morbidity should be restricted to
patients who have failed simpler measures.

1. GENERAL (LEVEL D)
Surgery for fecal incontinence is an acceptable treatment modality for patients with moderate or severe
fecal incontinence. Surgery is not indicated for
minor complaints.
Patients with moderate incontinence should undergo
conservative therapy before being offered surgery.
Before surgical intervention is undertaken, all
patients should have anorectal physiology evaluation
(including assessment of sphincter integrity by
endoanal ultrasound or magnetic resonance imaging). Anal manometry is sometimes of adjunct
benefit. Surgery should be performed by surgeons
with specialty training and expertise in pelvic floor
physiology and the management of fecal incontinence.

2. SPHINCTER REPAIR (LEVEL C)
Sphincter repair is indicated for patients with acute
traumatic sphincter disruption, such as following
obstetrical injury. In the acute setting, direct apposition of the muscle ends is generally the most appropriate technique, but many patients experience persisting incontinence. Optimal results can be expected
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when the surgeon is expert and experienced and the
environment is controlled.
Overlapping sphincteroplasty can be offered to
patients with moderate to severe fecal incontinence
who have a documented sphincter injury confirmed
by endoanal ultrasound or magnetic resonance imaging. If early repair is not undertaken, repair should
be delayed at least 6 months to allow resolution of
local inflammation and maturation of scar tissue. A
diverting stoma is not indicated except under special
circumstances such as a history of Crohn’s disease or
multiple previous failed repairs. Most patients enjoy
significant functional improvement after sphincteroplasty, but long-term results deteriorate with time.

6. ARTIFICIAL ANAL SPHINCTER (LEVEL C)
Artificial anal sphincter implantation is an effective
procedure that can be offered to patients with severe
fecal incontinence when other conventional treatment options have failed or are not suitable. Patients
must be well motivated and both physically and psychologically skilled to manage the device. Morbidity
associated with the procedure is significant and device explantation is eventually required in a third of
patients. For patients who can retain a functioning
device, continence, together with the quality of life,
is highly likely to improve significantly. The overall
intention to treat success rate is approximately 50%.
The procedure should only be performed in dedicated specialized centers.

3. POSTANAL REPAIR (LEVEL C)
The popularity of the postanal repair for patients
with “idiopathic” (neurogenic) fecal incontinence
has diminished considerably the procedure’s introduction, and the operation is now done only infrequently. Postanal repair can be offered to patients
with persistent severe fecal incontinence and intact
anal sphincters who have failed conservative therapies and are reluctant to have more complicated or
experimental surgical procedures. Reasonable continence can be achieved in the short term in about half
of the patients who undergo this operation, but the
restored continence tends to deteriorate with time.

4. NON-STIMULATED
(LEVEL D)

MUSCLE TRANSPOSITION

Non-stimulated muscle transposition using either
gracilis or gluteus muscle can improve continence in
a variable percentage of patients. Children often
have the best results. The quality of continence
achieved is not well documented in many studies,
and some data suggest that results may deteriorate
with time. Since the advent of electrical muscle stimulation, unstimulated wraps are performed infrequently.

5. STIMULATED
(LEVEL C)

MUSCLE

TRANSPOSITION

Electrically stimulated gracilis muscle neosphincters
can provide improved continence for a majority of
patients who undergo the procedure. However, the
complication rate associated is high, particularly in
the hands of inexperienced surgeons. The procedure
should only be performed in dedicated specialized
centers.

7. SACRAL NERVE STIMULATION (LEVEL C)
Sacral nerve stimulation is a promising treatment for
patients with fecal incontinence. The clinical benefit
appears to be maintained in the medium-term
without deterioration. It is not possible to give
recommendations on patient selection, because such
a diverse group of patients have been treated with
SNS. Until now all patients treated have had an
intact, partially intact or surgically repaired external
anal sphincter. The effect of SNS on patients with
anatomic sphincter defects is unknown. The mechanism of SNS action is uncertain.

8. INJECTABLE BIOMATERIALS (LEVEL C)
There are only a few small studies published on
injectable biomaterials in the treatment of fecal
incontinence. The clinical results are promising, but
many different injection materials and techniques
have been used, the follow-up period is short and the
patients highly selected. At present this technique
only has a place within trials, and randomised
controlled studies are needed.

9. RADIOFREQUENCY ABLATION (SECCA®
PROCEDURE) (LEVEL D)
Available data are very limited and too sparse to
draw reliable conclusions as to safety and efficacy.

10. SURGERY FOR
(LEVEL D)

CHILDHOOD INCONTINENCE

Despite development of the Pena sagittal anorectoplasty, successful management of imperforate anus,
particularly high lesions, remains challenging. Fecal
incontinence is a frequent sequela of surgery for ano-
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rectal malformations, and a team approach involving
specialists in incontinence management is important.
For children with intractable incontinence, the antegrade continent enema (ACE) procedure is the most
successful treatment. (level C) ACE can be performed using either the appendix or ileum, and laparoscopic ACE procedures are safe and simpler than
open ACE procedures. Stimulated graciloplasty has
been used successfully in selected children with
refractory incontinence, but long-term safety and
efficacy data are not available.

10. Fitzpatrick M, Behan M, O’Connell PR, O’Herlihy C. A randomized clinical trial comparing primary overlap with approximation repair of third-degree obstetric tears. Am J Obstet Gynecol
2000;183(5):1220-4.

11. COLOSTOMY (LEVEL C)

15. Cherry DA, Greenwald ML. Anal incontinence. In: Beck DE,
Wexner SD, eds. Fundamentals of Anorectal Surgery New York:
McGraw-Hill, 1992:104-30.

Formation of an end colostomy is a reasonable treatment option for patients with refractory incontinence
who are able to accept the associated alteration in
body image. Colostomy provides restoration of a
more normal lifestyle and improves quality of life.
Colostomy should not be regarded as a treatment failure but rather a reasonable treatment option for
patients whose lives are restricted by fecal incontinence that is not amenable to other therapy. An end
sigmoid colostomy alone, without proctectomy, is
recommended. The minority of patients who develop
significant symptoms from their retained rectal
stump may eventually require proctectomy as a
secondary procedure.

REFERENCES

11. Cook TA, Mortensen NJ. Management of faecal incontinence
following obstetric injury. Br J Surg 1998;85(3):293-9.
12. Karoui S, Leroi AM, Koning E, Menard JF, Michot F, Denis P.
Results of sphincteroplasty in 86 patients with anal incontinence. Dis Colon Rectum 2000;43(6):813-20.
13. Morren GL, Hallbook O, Nystrom PO, Baeten CG, Sjodahl R.
Audit of anal-sphincter repair. Colorectal Dis 2001;3(1):17-22.
14. Nikiteas N, Korsgen S, Kumar D, Keighley MR. Audit of
sphincter repair. Factors associated with poor outcome. Dis
Colon Rectum 1996;39(10):1164-70.

16. Haadem K, Ohrlander S, Lingman G. Long-term ailments due to
anal sphincter rupture caused by delivery--a hidden problem.
Eur J Obstet Gynecol Reprod Biol 1988;27(1):27-32.
17. Sorensen M, Bondesen H, Istre O, Vilmann P. Perineal rupture
following vaginal delivery. Long-term consequences. Acta Obstet Gynecol Scand 1988;67(4):315-8.
18. Bek KM, Laurberg S. Risks of anal incontinence from subsequent vaginal delivery after a complete obstetric anal sphincter
tear. Br J Obstet Gynaecol 1992;99(9):724-6.
19. Nielsen MB, Hauge C, Rasmussen OO, Pedersen JF, Christiansen J. Anal endosonographic findings in the follow-up of primarily sutured sphincteric ruptures. Br J Surg 1992;79(2):104-6.
20. Crawford LA, Quint EH, Pearl ML, DeLancey JO. Incontinence
following rupture of the anal sphincter during delivery. Obstet
Gynecol 1993;82(4 Pt 1):527-31.
21. Sorensen M, Tetzschner T, Rasmussen OO, Bjarnesen J, Christiansen J. Sphincter rupture in child birth. British Journal of Surgery 1993;80(3):392-394.
22. Sultan AH, Kamm MA, Hudson CN, Bartram CI. Third degree
obstetric anal sphincter tears: risk factors and outcome of primary repair. BMJ 1994;308(6933):887-91.

1.

Norton C, Chelvanayagam S, Wilson-Barnett J, Redfern S,
Kamm MA. Randomized controlled trial of biofeedback for
fecal incontinence. Gastroenterology 2003;125(5):1320-9.

23. Fornell EK, Berg G, Hallbook O, Matthiesen LS, Sjodahl R. Clinical consequences of anal sphincter rupture during vaginal delivery. J Am Coll Surg 1996;183(6):553-8.

2.

Malouf AJ, Norton CS, Engel AF, Nicholls RJ, Kamm MA.
Long-term results of overlapping anterior anal-sphincter repair
for obstetric trauma. Lancet 2000;355(9200):260-5.

24. Tetzschner T, Sorensen M, Lose G, Christiansen J. Anal and urinary incontinence in women with obstetric anal sphincter rupture. Br J Obstet Gynaecol 1996;103(10):1034-40.

3.

Halverson AL, Hull TL. Long-term outcome of overlapping anal
sphincter repair. Dis Colon Rectum 2002;45(3):345-8.

4.

Parks AG. Anorectal incontinence. Proceedings of the Royal
Society of Medicine 1975;68(11):681-690.

25. Walsh CJ, Mooney EF, Upton GJ, Motson RW. Incidence of
third-degree perineal tears in labour and outcome after primary
repair. Br J Surg 1996;83(2):218-21.

5.

Norton C, Christiansen J, Butler W, Harari D, Nelson RL, Pemberton JH, Price K, Rovnor E, Sultan A. Committee 15: Anal
Incontinence. In: Abrams P, Cardozo L, Khoury S, Wein A, eds.
Incontinence. 2nd ed: Health Publication Ltd., 2002:985-1043.

6.

7.

Oberwalder M, Connor J, Wexner SD. Meta-analysis to determine the incidence of obstetric anal sphincter damage. Br J Surg
2003;90(11):1333-7.
Zetterstrom JP, Lopez A, Anzen B, Dolk A, Norman M, Mellgren A. Anal incontinence after vaginal delivery: a prospective
study in primiparous women. Br J Obstet Gynaecol
1999;106(4):324-30.

26. Gjessing H, Backe B, Sahlin Y. Third degree obstetric tears; outcome after primary repair. Acta Obstet Gynecol Scand
1998;77(7):736-40.
27. Go PM, Dunselman GA. Anatomic and functional results of surgical repair after total perineal rupture at delivery. Surg Gynecol
Obstet 1988;166(2):121-4.
28. Goffeng AR, Andersch B, Andersson M, Berndtsson I, Hulten L,
Oresland T. Objective methods cannot predict anal incontinence
after primary repair of extensive anal tears. Acta Obstet Gynecol
Scand 1998;77(4):439-43.

8.

Al-Mufti R, McCarthy A, Fisk NM. Obstetricians’ personal
choice and mode of delivery. Lancet 1996;347(9000):544.

29. Poen AC, Felt-Bersma RJ, Strijers RL, Dekker GA, Cuesta MA,
Meuwissen SG. Third-degree obstetric perineal tear: long-term
clinical and functional results after primary repair. Br J Surg
1998;85(10):1433-8.

9.

Pinta TM, Kylanpaa ML, Salmi TK, Teramo KA, Luukkonen
PS. Primary sphincter repair: are the results of the operation
good enough? Dis Colon Rectum 2004;47(1):18-23.

30. Wood J, Amos L, Rieger N. Third degree anal sphincter tears:
risk factors and outcome. Aust N Z J Obstet Gynaecol
1998;38(4):414-7.

1583

31. Kammerer-Doak DN, Wesol AB, Rogers RG, Dominguez CE,
Dorin MH. A prospective cohort study of women after primary
repair of obstetric anal sphincter laceration. Am J Obstet Gynecol 1999;181(6):1317-22; discussion 1322-3.
32. Sander P, Bjarnesen J, Mouritsen L, Fuglsang-Frederiksen A.
Anal incontinence after obstetric third- /fourth-degree laceration.
One-year follow-up after pelvic floor exercises. Int Urogynecol
J Pelvic Floor Dysfunct 1999;10(3):177-81.
33. Zetterstrom J, Lopez A, Anzen B, Norman M, Holmstrom B,
Mellgren A. Anal sphincter tears at vaginal delivery: risk factors
and clinical outcome of primary repair. Obstet Gynecol
1999;94(1):21-8.
34. Sangalli MR, Floris L, Faltin D, Weil A. Anal incontinence in
women with third or fourth degree perineal tears and subsequent
vaginal deliveries. Aust N Z J Obstet Gynaecol 2000;40(3):2448.
35. Pemberton JH. Spincter and pelvic floor reconstruction. In:
Keighley MR, Pemberton JH, Fazio VW, Parc RF, eds. Atlas of
Colorectal Surgery: Churchill Livingstone, 1996:131-144.
36. Briel JW, de Boer LM, Hop WC, Schouten WR. Clinical outcome of anterior overlapping external anal sphincter repair with
internal anal sphincter imbrication. Dis Colon Rectum
1998;41(2):209-14.
37. Wexner SD, Marchetti F, Jagelman DG. The role of sphincteroplasty for fecal incontinence reevaluated: A prospective physiologic and functional review. Diseases of the Colon & Rectum
1991;34(1):22-30.
38. Deen KI, Kumar D, Williams JG, Grant EA, Keighley MR. Randomized trial of internal anal sphincter plication with pelvic
floor repair for neuropathic fecal incontinence. Dis Colon Rectum 1995;38(1):14-8.
39. Londono-Schimmer EE, Garcia-Duperly R, Nicholls RJ, Ritchie
JK, Hawley PR, Thomson JP. Overlapping anal sphincter repair
for faecal incontinence due to sphincter trauma: five year followup functional results. Int J Colorectal Dis 1994;9(2):110-3.
40. Pinedo G, Vaizey CJ, Nicholls RJ, Roach R, Halligan S, Kamm
MA. Results of repeat anal sphincter repair. Br J Surg
1999;86(1):66-9.
41. Engel AF, Kamm MA, Sultan AH, Bartram CI, Nicholls RJ.
Anterior anal sphincter repair in patients with obstetric trauma.
Br J Surg 1994;81(8):1231-4.
42. Nielsen MB, Dammegaard L, Pedersen JF. Endosonographic
assessment of the anal sphincter after surgical reconstruction.
Dis Colon Rectum 1994;37(5):434-8.
43. Giordano P, Renzi A, Efron J, Gervaz P, Weiss EG, Nogueras JJ,
Wexner SD. Previous sphincter repair does not affect the outcome of repeat repair. Dis Colon Rectum 2002;45(5):635-40.
44. Jensen LL, Lowry AC. Biofeedback improves functional outcome after sphincteroplasty. Dis Colon Rectum 1997;40(2):197200.

51. Fleshman JW, Peters WR, Shemesh EI, Fry RD, Kodner IJ. Anal
sphincter reconstruction: anterior overlapping muscle repair. Dis
Colon Rectum 1991;34(9):739-43.
52. Engel AF, van Baal SJ, Brummelkamp WH. Late results of postanal repair for idiopathic faecal incontinence. Eur J Surg
1994;160(11):637-40.
53. Simmang C, Birnbaum EH, Kodner IJ, Fry RD, Fleshman JW.
Anal sphincter reconstruction in the elderly: does advancing age
affect outcome? Dis Colon Rectum 1994;37(11):1065-9.
54. Oliveira L, Pfeifer J, Wexner SD. Physiological and clinical outcome of anterior sphincteroplasty. Br J Surg 1996;83(4):502-5.
55. Felt-Bersma RJ, Cuesta MA, Koorevaar M. Anal sphincter
repair improves anorectal function and endosonographic image.
A prospective clinical study. Dis Colon Rectum 1996;39(8):87885.
56. Sitzler PJ, Thomson JP. Overlap repair of damaged anal sphincter. A single surgeon’s series. Dis Colon Rectum
1996;39(12):1356-60.
57. Gilliland R, Altomare DF, Moreira H, Jr., Oliveira L, Gilliland
JE, Wexner SD. Pudendal neuropathy is predictive of failure following anterior overlapping sphincteroplasty. Dis Colon Rectum
1998;41(12):1516-22.
58. Young CJ, Mathur MN, Eyers AA, Solomon MJ. Successful
overlapping anal sphincter repair: relationship to patient age,
neuropathy, and colostomy formation. Dis Colon Rectum
1998;41(3):344-9.
59. Osterberg A, Edebol Eeg-Olofsson K, Graf W. Results of surgical treatment for faecal incontinence. Br J Surg
2000;87(11):1546-52.
60. Pinta T, Kylanpaa-Back ML, Salmi T, Jarvinen HJ, Luukkonen
P. Delayed sphincter repair for obstetric ruptures: analysis of failure. Colorectal Dis 2003;5(1):73-8.
61. Bravo Gutierrez A, Madoff RD, Lowry AC, Parker SC, Buie
WD, Baxter NN. Long-term results of anterior sphincteroplasty.
Dis Colon Rectum 2004;47(5):727-31; discussion 731-2.
62. Rasmussen OO, Colstrup H, Lose G, Christiansen J. A technique
for the dynamic assessment of anal sphincter function. Int J
Colorectal Dis 1990;5(3):135-41.
63. Sangwan YP, Coller JA, Barrett RC, Roberts PL, Murray JJ,
Rusin L, Schoetz DJ, Jr. Unilateral pudendal neuropathy. Impact
on outcome of anal sphincter repair. Dis Colon Rectum
1996;39(6):686-9.
64. Fleshman JW, Dreznik Z, Fry RD, Kodner IJ. Anal sphincter
repair for obstetric injury: manometric evaluation of functional
results. Dis Colon Rectum 1991;34(12):1061-7.
65. Chen AS, Luchtefeld MA, Senagore AJ, Mackeigan JM, Hoyt C.
Pudendal nerve latency. Does it predict outcome of anal sphincter repair? Dis Colon Rectum 1998;41(8):1005-9.
66. Keighley MR, Fielding JW. Management of faecal incontinence
and results of surgical treatment. Br J Surg 1983;70(8):463-8.

45. Pezim ME, Spencer RJ, Stanhope CR, Beart RW, Jr., Ready RL,
Ilstrup DM. Sphincter repair for fecal incontinence after obstetrical or iatrogenic injury. Dis Colon Rectum 1987;30(7):521-5.

67. Browning GG, Parks AG. Postanal repair for neuropathic faecal
incontinence: correlation of clinical result and anal canal pressures. Br J Surg 1983;70(2):101-4.

46. Stern H, Gallinger S, Rabau M, Ross T. Surgical treatment of
anal incontinence. Can J Surg 1987;30(5):348-50.

68. Ferguson EF, Jr. Puborectalis sphincteroplasty for anal incontinence. South Med J 1984;77(4):423-5.

47. Christiansen J, Pedersen IK. Traumatic anal incontinence.
Results of surgical repair. Dis Colon Rectum 1987;30(3):189-91.

69. Henry MM, Simson JN. Results of postanal repair: a retrospective study. Br J Surg 1985;72(Suppl):S17-9.

48. Laurberg S, Swash M, Snooks SJ, Henry MM. Neurologic cause
of idiopathic incontinence. Arch Neurol 1988;45(11):1250-3.

70. Habr-Gama A, Alves PA, da Silva e Souza AH, Femenia Viera
MJ, Brunetti-Netto C. Treatment of faecal incontinence by postanal repair. Coloproctology 8, 1986:244-246.

49. Yoshioka K, Keighley MR. Sphincter repair for fecal incontinence. Dis Colon Rectum 1989;32(1):39-42.
50. Abcarian H, Orsay CP, Pearl RK, Nelson RL, Briley SC. Traumatic cloaca. Dis Colon Rectum 1989;32(9):783-7.

71. Womack NR, Morrison JF, Williams NS. Prospective study of
the effects of postanal repair in neurogenic faecal incontinence.
Br J Surg 1988;75(1):48-52.

1584

72. Orrom WJ, Miller R, Cornes H, Duthie G, Mortensen NJ, Bartolo DC. Comparison of anterior sphincteroplasty and postanal
repair in the treatment of idiopathic fecal incontinence. Dis
Colon Rectum 1991;34(4):305-10.
73. Deen KI, Oya M, Ortiz J, Keighley MR. Randomized trial comparing three forms of pelvic floor repair for neuropathic faecal
incontinence. Br J Surg 1993;80(6):794-8.
74. van Tets WF, Kuijpers JH. Pelvic floor procedures produce no
consistent changes in anatomy or physiology. Dis Colon Rectum
1998;41(3):365-9.
75. Yoshioka K, Keighley MR. Critical assessment of the quality of
continence after postanal repair for faecal incontinence [published erratum appears in Br J Surg 1990 Mar;77(3):356]. Br J
Surg 1989;76(10):1054-7.
76. Scheuer M, Kuijpers HC, Jacobs PP. Postanal repair restores
anatomy rather than function. Dis Colon Rectum
1989;32(11):960-3.
77. Scott AD, Henry MM, Phillips RK. Clinical assessment and anorectal manometry before postanal repair: failure to predict outcome. Br J Surg 1990;77(6):628-9.
78. Rainey JB, Donaldson DR, Thomson JP. Postanal repair: which
patients derive most benefit? J R Coll Surg Edinb
1990;35(2):101-5.
79. Jameson JS, Speakman CT, Darzi A, Chia YW, Henry MM.
Audit of postanal repair in the treatment of fecal incontinence.
Dis Colon Rectum 1994;37(4):369-72.
80. Setti Carraro P, Kamm MA, Nicholls RJ. Long-term results of
postanal repair for neurogenic faecal incontinence. Br J Surg
1994;81(1):140-4.
81. Rieger NA, Sarre RG, Saccone GT, Hunter A, Toouli J. Postanal
repair for faecal incontinence: long-term follow-up. Aust N Z J
Surg 1997;67(8):566-70.
82. Matsuoka H, Mavrantonis C, Wexner SD, Oliveira L, Gilliland
R, Pikarsky A. Postanal repair for fecal incontinence—is it worthwhile? Dis Colon Rectum 2000;43(11):1561-7.
83. Yoshioka K, Hyland G, Keighley MR. Physiological changes
after postanal repair and parameters predicting outcome. Br J
Surg 1988;75(12):1220-4.
84. Chetwood CH. Plastic operation for restoration of the sphicter
ani with a report of a case. Med Rec 1902;61:529.
85. Schoemaker J. Un nouveau procédé opératoire pour la reconstitution du sphincter anal. Sem Med 1909;29:160.
86. Pickrell KL, Broadbent TR, Masters FW, Metzger JT. Construction of a rectal sphincter and restoration of anal continence by
transplanting the gracilis muscle; a report of four cases in children. Annals of Surgery 1952;135(6):853-862.
87. Raffensperger J. The gracilis sling for fecal incontinence. J
Pediatr Surg 1979;14(6):794-7.
88. Brandesky G, Holschneider AM. Operations for the improvement of faecal incontinence. Prog Pediatr Surg 1976;9:105-14.
89. Schwedler T, Erichsen K. [Gracilis-muscle transplant for the
treatment of fecal incontinence (author’s transl)]. Langenbecks
Arch Chir 1975;339:451-7.
90. Holschneider AM, Hecker WC. Smooth muscle reverse plasty. A
new method to treat anorectal incontinence in infants with high
anal and rectal atresia. Results after gracilis plasty and free
muscle transplantation. Prog Pediatr Surg 1984;17:131-45.
91. Corman ML. Gracilis muscle transposition for anal incontinence: late results. Br J Surg 1985;72 Suppl:S21-2.
92. Leguit P, Van Baal JG, Brummelkamp WH. Gracilis Muscle
Transposition in the Treatment of Fecal Incontinence. Long-term
Follow-up and Evaluation of Anal Pressure Recordings.
Diseases of the Colon & Rectum 1985;28(1):1-4.
93. Scharli AF. Anorectal incontinence: diagnosis and treatment. J
Pediatr Surg 1987;22(8):693-701.

94. Yoshioka K, Keighley MRB. Clinical and manometric assessment of gracilis muscle transplant for fecal incontinence.
Diseases of the Colon & Rectum 1988;31(10):767-769.
95. Sielezneff I, Bauer S, Bulgare JC, Sarles JC. Gracilis muscle
transposition in the treatment of faecal incontinence. Int J Colorectal Dis 1996;11(1):15-8.
96. Kotobi H, Forin V, Larroquet M, Khairouni A, Loc’h P, Grapin
C, Audry G. [Pickrell intervention in children for anal incontinence secondary to anorectal malformation]. Ann Chir
2000;125(10):954-60.
97. Faucheron JL, Hannoun L, Thome C, Parc R. Is fecal continence improved by nonstimulated gracilis muscle transposition? Dis
Colon Rectum 1994;37(10):979-83.
98. Kumar D, Hutchinson R, Grant E. Bilateral gracilis neosphincter construction for treatment of faecal incontinence. Br J Surg
1995;82(12):1645-7.
99. Prochiantz A, Gross P. Gluteal myoplasty for sphincter replacement: principles, results and prospects. J Pediatr Surg
1982;17(1):25-30.
100. Christiansen J, Hansen CR, Rasmussen O. Bilateral gluteus
maximus transposition for anal incontinence. Br J Surg
1995;82(7):903-5.
101. Guelinckx PJ, Sinsel NK, Gruwez JA. Anal sphincter reconstruction with the gluteus maximus muscle: anatomic and physiologic considerations concerning conventional and dynamic
gluteoplasty. Plast Reconstr Surg 1996;98(2):293-302; discussion 303-4.
102. Devesa JM, Madrid JM, Gallego BR, Vicente E, Nuno J, Enriquez JM. Bilateral gluteoplasty for fecal incontinence. Dis
Colon Rectum 1997;40(8):883-8.
103. Pearl RK, Prasad ML, Nelson RL, Orsay CP, Abcarian H. Bilateral gluteus maximus transposition for anal incontinence.
Diseases of the Colon & Rectum 1991;34:478-481.
104. Yoshioka K, Ogunbiyi OA, Keighley MR. A pilot study of total
pelvic floor repair or gluteus maximus transposition for postobstetric neuropathic fecal incontinence. Dis Colon Rectum
1999;42(2):252-7.
105. Hakelius L, Olsen L. Free autogenous muscle transplantation in
children. Long-term results. Eur J Pediatr Surg 1991;1(6):353-7.
106. Holle J, Freilinger G. Improvement of continence by myoplasty
of the pelvic floor. Prog Pediatr Surg 1984;17:123-30.
107. Konsten J, Baeten CGMI, Havenith MG, Soeters PB. Morphology of dynamic graciloplasty compared with the anal sphincter.
Dis Colon Rectum 1993;36(6):559-563.
108. Salmons S, Vrbova G. The influence of activity on some
contractile characteristics of mammalian fast and slow muscles.
Journal of Physiology 1969;201:535-549.
109. Baeten CG, Konsten J, Spaans F, Visser R, Habets AM, Bourgeois IM, Wagenmakers AJ, Soeters PB. Dynamic graciloplasty
for treatment of faecal incontinence. Lancet 1991; 338 (8776):
1163-5.
110. Williams NS, Patel J, George BD, Hallan RI, Watkins ES. Development of an electrically stimulated neoanal sphincter. Lancet
1991;338:1166-1169.
111. Mercati U, Trancanelli V, Castagnoli GP, Mariotti A, Ciaccarini
R. Use of the gracilis muscles for sphincteric construction after
abdominoperineal resection. Technique and preliminary results.
Dis Colon Rectum 1991;34(12):1085-9.
112. Baeten GM, Geerdes BP, Adang EM, Heineman E, Konsten J,
Engel GL, Kester ADM, Spaans F, Soeters PB. Anal dynamic
graciloplasty in the treatment of intractable fecal incontinence.
N Engl J Med 1995;332(24):1600-1605.
113. Geerdes BP, Heineman E, Konsten J, Soeters PB, Baeten CG.
Dynamic graciloplasty. Complications and management. Dis
Colon Rectum 1996;39(8):912-7.

1585

114. Mander BJ, Abercrombie JF, George BD, Williams NS. The
electrically stimulated gracilis neosphincter incorporated as part
of total anorectal reconstruction after abdominoperineal excision of the rectum. Ann Surg 1996;224(6):702-9; discussion
709-11.
115. Geerdes BP, Zoetmulder FA, Heineman E, Vos EJ, Rongen MJ,
Baeten CG. Total anorectal reconstruction with a double dynamic graciloplasty after abdominoperineal reconstruction for low
rectal cancer. Dis Colon Rectum 1997;40(6):698-705.

Restoration of anal sphincter function by single-stage dynamic
graciloplasty with a modified (split sling) technique. Am J Surg
1998;175(3):187-93.
130. Chapman AE, Geerdes B, Hewett P, Young J, Eyers T, Kiroff G,
Maddern GJ. Systematic review of dynamic graciloplasty in the
treatment of faecal incontinence. Br J Surg 2002;89(2):138-53.
131. Scott FB, Bradley WE, Timm GW. Treatment of urinary incontinence by an implantable prosthetic urinary sphincter. J Urol
1974;112(1):75-80.

116. Cavina E, Seccia M, Banti P, Zocco G. Anorectal reconstruction
after abdominoperineal resection. Experience with double-wrap
graciloplasty supported by low-frequency electrostimulation.
Dis Colon Rectum 1998;41(8):1010-6.

132. Haab F, Trockman BA, Zimmern PE, Leach GE. Quality of life
and continence assessment of the artificial urinary sphincter in
men with minimum 3.5 years of followup. J Urol
1997;158(2):435-9.

117. Christiansen J, Rasmussen OO, Lindorff-Larsen K. Dynamic
graciloplasty for severe anal incontinence. Br J Surg
1998;85(1):88-91.

133. Christiansen J, Lorentzen M. Implantation of artificial sphincter
for anal incontinence. Lancet 1987;2(8553):244-5.

118. Madoff RD, Rosen HR, Baeten CG, LaFontaine LJ, Cavina E,
Devesa M, Rouanet P, Christiansen J, Faucheron JL, Isbister W,
Kohler L, Guelinckx PJ, Pahlman L. Safety and efficacy of
dynamic muscle plasty for anal incontinence: lessons from a
prospective,
multicenter
trial.
Gastroenterology
1999;116(3):549-56.
119. Mander BJ, Wexner SD, Williams NS, Bartolo DC, Lubowski
DZ, Oresland T, Romano G, Keighley MR. Preliminary results
of a multicentre trial of the electrically stimulated gracilis neoanal sphincter. Br J Surg 1999;86(12):1543-8.
120. Rouanet P, Senesse P, Bouamrirene D, Toureille E, Veyrac M,
Astre C, Bacou F. Anal sphincter reconstruction by dynamic
graciloplasty after abdominoperineal resection for cancer. Dis
Colon Rectum 1999;42(4):451-6.
121. Sielezneff I, Malouf AJ, Bartolo DC, Pryde A, Douglas S. Dynamic graciloplasty in the treatment of patients with faecal incontinence. Br J Surg 1999;86(1):61-5.
122. Baeten CG, Bailey HR, Bakka A, Belliveau P, Berg E, Buie
WD, Burnstein MJ, Christiansen J, Coller JA, Galandiuk S,
LaFontaine LJ, Lange J, Madoff RD, Matzel KE, Pahlman L,
Parc R, Reilly JC, Seccia M, Thorson AG, Vernava AM, 3rd,
Wexner S. Safety and efficacy of dynamic graciloplasty for fecal
incontinence: report of a prospective, multicenter trial. Dynamic
Graciloplasty Therapy Study Group. Dis Colon Rectum
2000;43(6):743-51.
123. Rullier E, Zerbib F, Laurent C, Caudry M, Saric J. Morbidity
and functional outcome after double dynamic graciloplasty for
anorectal reconstruction. Br J Surg 2000;87(7):909-13.
124. Matzel KE, Madoff RD, LaFontaine LJ, Baeten CG, Buie WD,
Christiansen J, Wexner S. Complications of dynamic graciloplasty: incidence, management, and impact on outcome. Dis
Colon Rectum 2001;44(10):1427-35.
125. Bresler L, Reibel N, Brunaud L, Sielezneff I, Rouanet P, Rullier
E, Slim K. [Dynamic graciloplasty in the treatment of severe
fecal incontinence. French multicentric retrospective study].
Ann Chir 2002;127(7):520-6.
126. Wexner SD, Baeten C, Bailey R, Bakka A, Belin B, Belliveau P,
Berg E, Buie WD, Burnstein M, Christiansen J, Coller J, Galandiuk S, Lange J, Madoff R, Matzel KE, Pahlman L, Parc R,
Reilly J, Seccia M, Thorson AG, Vernava AM, 3rd. Long-term
efficacy of dynamic graciloplasty for fecal incontinence. Dis
Colon Rectum 2002;45(6):809-18.
127. Rongen MJ, Uludag O, El Naggar K, Geerdes BP, Konsten J,
Baeten CG. Long-term follow-up of dynamic graciloplasty for
fecal incontinence. Dis Colon Rectum 2003;46(6):716-21.
128. Baeten C, Spaans F, Fluks A. An implanted neuromuscular stimulator for fecal continence following previously implanted
gracilis muscle: report of a case. Dis Colon Rectum
1988;31(2):134-7.
129. Rosen HR, Novi G, Zoech G, Feil W, Urbarz C, Schiessel R.

134. Christiansen J, Sparso B. Treatment of anal incontinence by an
implantable prosthetic anal sphincter. Ann Surg
1992;215(4):383-6.
135. Ortiz H, Armendariz P, DeMiguel M, Solana A, Alos R, Roig
JV. Prospective study of artificial anal sphincter and dynamic
graciloplasty for severe anal incontinence. Int J Colorectal Dis
2003;18(4):349-54.
136. Medicare Services Advisory Committee. Placement of artificial
bowel sphincters in the management of faecal incontinence.
Assessment report December 1999. Available at:
http://www.health.gov.au/msac/pdfs/reports/msac1023.pdf.
Accessed June 2, 2004.
137. Lehur PA, Michot F, Denis P, Grise P, Leborgne J, Teniere P,
Buzelin JM. Results of artificial sphincter in severe anal incontinence. Report of 14 consecutive implantations. Dis Colon Rectum 1996;39(12):1352-5.
138. Lehur PA, Glemain P, Bruley des Varannes S, Buzelin JM,
Leborgne J. Outcome of patients with an implanted artificial
anal sphincter for severe faecal incontinence. A single institution
report. Int J Colorectal Dis 1998;13(2):88-92.
139. Vaizey CJ, Kamm MA, Gold DM, Bartram CI, Halligan S,
Nicholls RJ. Clinical, physiological, and radiological study of a
new purpose- designed artificial bowel sphincter. Lancet
1998;352(9122):105-9.
140. Savoye G, Leroi AM, Denis P, Michot F. Manometric assessment of
an artificial bowel sphincter. Br J Surg 2000;87(5):586-9.
141. Lehur PA, Roig JV, Duinslaeger M. Artificial anal sphincter:
prospective clinical and manometric evaluation. Dis Colon Rectum 2000;43(8):1100-6.
142. Dodi G, Melega E, Masin A, Infantino A, Cavallari F, Lise M.
Artificial bowel sphincter (ABS) for severe faecal incontinence:
a clinical and manometric study. Colorectal Dis 2000;2:207-11.
143. Devesa JM, Rey A, Hervas PL, Halawa KS, Larranaga I, Svidler L, Abraira V, Muriel A. Artificial anal sphincter: complications and functional results of a large personal series. Dis Colon
Rectum 2002;45(9):1154-63.
144. Ortiz H, Armendariz P, DeMiguel M, Ruiz MD, Alos R, Roig
JV. Complications and functional outcome following artificial
anal sphincter implantation. Br J Surg 2002;89(7):877-81.
145. Wong WD, Congliosi SM, Spencer MP, Corman ML, Tan P,
Opelka FG, Burnstein M, Nogueras JJ, Bailey HR, Devesa JM,
Fry RD, Cagir B, Birnbaum E, Fleshman JW, Lawrence MA,
Buie WD, Heine J, Edelstein PS, Gregorcyk S, Lehur PA,
Michot F, Phang PT, Schoetz DJ, Potenti F, Tsai JY. The safety
and efficacy of the artificial bowel sphincter for fecal incontinence: results from a multicenter cohort study. Dis Colon Rectum 2002;45(9):1139-53.
146. Lehur PA, Zerbib F, Neunlist M, Glemain P, Bruley des
Varannes S. Comparison of quality of life and anorectal function
after artificial sphincter implantation. Dis Colon Rectum
2002;45(4):508-13.

1586

147. Parker SC, Spencer MP, Madoff RD, Jensen LL, Wong WD,
Rothenberger DA. Artificial bowel sphincter: long-term experience at a single institution. Dis Colon Rectum 2003;46(6):7229.
148. Michot F, Costaglioli B, Leroi AM, Denis P. Artificial anal
sphincter in severe fecal incontinence: outcome of prospective
experience with 37 patients in one institution. Ann Surg
2003;237(1):52-6.
149. Wong WD, Jensen LL, Bartolo DC, Rothenberger DA. Artificial
anal sphincter. Dis Colon Rectum 1996;39(12):1345-51.
150. Michot F. Artificial anal sphincter. 8th World Congress of the
International Gastro-Surgical Club Strasbourg, France: Monduzzi Editore S.p.A., 1998:767-773.
151. Christiansen J, Rasmussen OO, Lindorff-Larsen K. Long-term
results of artificial anal sphincter implantation for severe anal
incontinence. Ann Surg 1999;230(1):45-8.
152. O’Brien PE, Skinner S. Restoring control: the Acticon Neosphincter artificial bowel sphincter in the treatment of anal incontinence. Dis Colon Rectum 2000;43(9):1213-6.
153. Altomare DF, Dodi G, La Torre F, Romano G, Melega E, Rinaldi M. Multicentre retrospective analysis of the outcome of artificial anal sphincter implantation for severe faecal incontinence.
Br J Surg 2001;88(11):1481-6.
154. Christiansen J, Lorentzen M. Implantation of artificial sphincter
for anal incontinence. Report of five cases. Dis Colon Rectum
1989;32(5):432-6.
155. Weston PM, Morgan JD, Hussain J, Stephenson TP. Artificial
urinary sphincters around intestinal segments—are they safe?
Br J Urol 1991;67(2):150-4.
156. Gelet A, Meunier P, Platet RL, AbdelRahim AF, Friaa S, Lopez
JG, Manzan K, Dubernard JM. Treatment of dual urinary and
fecal incontinence by implantation of two AMS 800 artificial
sphincters. Case report. Eur Urol 1997;31(1):115-7; discussion
117-8.
157. Malouf AJ, Vaizey CJ, Kamm MA, Nicholls RJ. Reassessing
artificial bowel sphincters. Lancet 2000;355(9222):2219-20.
158. Habib HN. Experience and recent contributions in sacral nerve
stimulation for voiding in both human and animal. Br J Urol
1967;39(1):73-83.
159. Thon WF, Baskin LS, Jonas U, Tanagho EA, Schmidt RA. Neuromodulation of voiding dysfunction and pelvic pain. World
Journal of Urology 1991;9:138-141.
160. Matzel KE, Stadelmaier U, Hohenfellner M, Gall FP. Electrical
stimulation of sacral spinal nerves for treatment of faecal incontinence. Lancet 1995;346(8983):1124-7.
161. Kenefick NJ, Christiansen J. A review of sacral nerve stimulation for the treatment of faecal incontinence. Colorectal Dis
2004;6(2):75-80.
162. Matzel KE, Kamm MA, Stosser M, Baeten CG, Christiansen J,
Madoff R, Mellgren A, Nicholls RJ, Rius J, Rosen H. Sacral spinal nerve stimulation for faecal incontinence: multicentre study.
Lancet 2004;363(9417):1270-6.
163. Malouf AJ, Vaizey CJ, Nicholls RJ, Kamm MA. Permanent
sacral nerve stimulation for fecal incontinence. Ann Surg
2000;232(1):143-8.
164. Malouf AJ, Kamm MA, Nicholls RJ. Effect of acute changes in
sacral nerve stimulation amplitude on anorectal function in faecal incontinence. Colorectal Dis 2000;2(6):336-339.
165. Matzel KE, Stadelmaier U, Hohenfellner M, Hohenberger W.
Chronic sacral spinal nerve stimulation for fecal incontinence:
long- term results with foramen and cuff electrodes. Dis Colon
Rectum 2001;44(1):59-66.
166. Leroi AM, Michot F, Grise P, Denis P. Effect of sacral nerve stimulation in patients with fecal and urinary incontinence. Dis
Colon Rectum 2001;44(6):779-89.
167. Ganio E, Luc AR, Clerico G, Trompetto M. Sacral nerve stimulation for treatment of fecal incontinence: a novel approach for

168.

169.

170.

171.

172.

173.

174.

175.

176.
177.
178.

179.

180.

181.

182.

183.
184.

185.

1587

intractable fecal incontinence. Dis Colon Rectum
2001;44(5):619-29; discussion 629-31.
Rosen HR, Urbarz C, Holzer B, Novi G, Schiessel R. Sacral
nerve stimulation as a treatment for fecal incontinence. Gastroenterology 2001;121(3):536-41.
Ganio E, Ratto C, Masin A, Luc AR, Doglietto GB, Dodi G,
Ripetti V, Arullani A, Frascio M, BertiRiboli E, Landolfi V, DelGenio A, Altomare DF, Memeo V, Bertapelle P, Carone R, Spinelli M, Zanollo A, Spreafico L, Giardiello G, de Seta F. Neuromodulation for fecal incontinence: outcome in 16 patients
with definitive implant. The initial Italian Sacral Neurostimulation Group (GINS) experience. Dis Colon Rectum
2001;44(7):965-70.
Kenefick NJ, Vaizey CJ, Cohen RC, Nicholls RJ, Kamm MA.
Medium-term results of permanent sacral nerve stimulation for
faecal incontinence. Br J Surg 2002;89(7):896-901.
Vaizey CJ, Kamm MA, Turner IC, Nicholls RJ, Woloszko J.
Effects of short term sacral nerve stimulation on anal and rectal
function in patients with anal incontinence. Gut 1999;44(3):40712.
Ganio E, Masin A, Ratto C, Altomare DF, Ripetti V, Clerico G,
Lise M, Doglietto GB, Memeo V, Landolfi V, Del Genio A,
Arullani A, Giardiello G, de Seta F. Short-term sacral nerve stimulation for functional anorectal and urinary disturbances:
results in 40 patients. Evaluation of a new option for anorectal
functional disorders. Dis Colon Rectum 2001;44(9):1261-7.
Jarrett ME, Varma JS, Duthie GS, Nicholls RJ, Kamm MA.
Sacral nerve stimulation for faecal incontinence in the UK. Br J
Surg 2004;91(6):755-61.
Kenefick NJ, Emmanuel A, Nicholls RJ, Kamm MA. Effect of
sacral nerve stimulation on autonomic nerve function. Br J Surg
2003;90(10):1256-60.
Monga AK, Robinson D, Stanton SL. Periurethral collagen
injections for genuine stress incontinence: a 2-year follow-up.
Br J Urol 1995;76(2):156-60.
Shafik A. Polytetrafluoroethylene injection for the treatment of
partial fecal incontinence. Int Surg 1993;78(2):159-61.
Shafik A. Perianal injection of autologous fat for treatment of
sphincteric incontinence. Dis Colon Rectum 1995;38(6):583-7.
Kumar D, Benson MJ, Bland JE. Glutaraldehyde cross-linked
collagen in the treatment of faecal incontinence. Br J Surg
1998;85(7):978-9.
Malouf AJ, Vaizey CJ, Norton CS, Kamm MA. Internal anal
sphincter augmentation for fecal incontinence using injectable
silicone biomaterial. Dis Colon Rectum 2001;44(4):595-600.
Kenefick NJ, Vaizey CJ, Malouf AJ, Norton CS, Marshall M,
Kamm MA. Injectable silicone biomaterial for faecal incontinence due to internal anal sphincter dysfunction. Gut
2002;51(2):225-8.
Davis K, Kumar D, Poloniecki J. Preliminary evaluation of an
injectable anal sphincter bulking agent (Durasphere) in the
management of faecal incontinence. Aliment Pharmacol Ther
2003;18(2):237-43.
Takahashi T, Garcia-Osogobio S, Valdovinos MA, Mass W,
Jimenez R, Jauregui LA, Bobadilla J, Belmonte C, Edelstein PS,
Utley DS. Radio-frequency energy delivery to the anal canal for
the treatment of fecal incontinence. Dis Colon Rectum
2002;45(7):915-22.
Kahrilas PJ. Radiofrequency energy treatment of GERD. Gastroenterology 2003;125(3):970-3.
Corley DA, Katz P, Wo JM, Stefan A, Patti M, Rothstein R,
Edmundowicz S, Kline M, Mason R, Wolfe MM. Improvement
of gastroesophageal reflux symptoms after radiofrequency energy: a randomized, sham-controlled trial. Gastroenterology
2003;125(3):668-76.
Takahashi T, Garcia-Osogobio S, Valdovinos MA, Belmonte C,
Barreto C, Velasco L. Extended Two-Year Results of RadioFrequency Energy Delivery for the Treatment of Fecal Inconti-

186.

187.

188.
189.

190.
191.

192.
193.
194.
195.

196.

197.

198.

199.
200.

201.

202.

203.

204.
205.

206.

nence (the Secca Procedure). Dis Colon Rectum 2003; 46
(6):711-715.
Efron JE, Corman ML, Fleshman J, Barnett J, Nagle D, Birnbaum E, Weiss EG, Nogueras JJ, Sligh S, Rabine J, Wexner SD.
Safety and effectiveness of temperature-controlled radio-frequency energy delivery to the anal canal (Secca procedure) for
the treatment of fecal incontinence. Dis Colon Rectum
2003;46(12):1606-16; discussion 1616-8.
Catena F, Wilkinson K, Phillips RK. Untreatable faecal incontinence: colostomy or colostomy and proctectomy? Colorectal
Dis 2002;4(1):48-50.
Norton C. Patients’ views of a colostomy for faecal incontinence. Neurourol Urodyn 2003;22:403-4.
Rintala RJ. Fecal incontinence in anorectal malformations, neuropathy, and miscellaneous conditions. Semin Pediatr Surg
2002;11(2):75-82.
Keighley MR, Williams NS. Surgery of the Anus, Rectum &
Colon: W. B. Saunders, 1999:2599-2611.
Moore TC, Lawrence EA. Congenital malformations of the rectum and anus; I. Clinical features and surgical management in
120 cases. Surgery 1952;32(2):352-66.
Rhoads JE, Koop CE. The surgical management of imperforate
anus. Surg Clin North Am 1955:1251-7.
Trusler GA, Wilkinson RH. Imperforate anus: a review of 147
cases. Can J Surg 1962;5:269-77.
Otte JB. [Imperforate anus. Various Belgian epidemiologic
data]. Acta Chir Belg 1983;82(3):158-62.
Santulli TV, Schullinger JN, Kiesewetter WB, Bill AH, Jr.
Imperforate anus: a survey from the members of the Surgical
Secton of the American Academy of Pediatrics. J Pediatr Surg
1971;6(4):484-7.
Holschneider AM, Pfrommer W, Gerresheim B. Results in the
treatment of anorectal malformations with special regard to the
histology of the rectal pouch. Eur J Pediatr Surg 1994;4(5):3039.
Rintala RJ. Anorectal malformations: an overview. In: Stringer
MD, Oldham KT, Mouriquand PD, Howard ER, eds. Pediatric
surgery and urology: Long term outcomes Philadelphia: W. B.
Saunders, 1998:357-375.
Pena A, Devries PA. Posterior sagittal anorectoplasty: important
technical considerations and new applications. J Pediatr Surg
1982;17(6):796-811.
Pena A. Anorectal malformations. Semin Pediatr Surg
1995;4(1):35-47.
Rintala RJ, Lindahl H. Is normal bowel function possible after
repair of intermediate and high anorectal malformations? J
Pediatr Surg 1995;30(3):491-4.
Templeton JM, Jr., Ditesheim JA. High imperforate anus—
quantitative results of long-term fecal continence. J Pediatr Surg
1985;20(6):645-52.
Nixon HH, Puri P. The results of treatment of anorectal anomalies: a thirteen to twenty year follow-up. J Pediatr Surg
1977;12(1):27-37.
Iwai N, Hashimoto K, Goto Y, Majima S. Long-term results
after surgical correction of anorectal malformations. Z Kinderchir 1984;39(1):35-9.
Malone PS, Ransley PG, Kiely EM. Preliminary report: The
antegrade colonic enama. Lancet 1990;336:1217-8.
Malone PS, Curry JI, Osborne A. The antegrade continence
enema procedure why, when and how? World J Urol
1998;16(4):274-8.
Tackett LD, Minevich E, Benedict JF, Wacksman J, Sheldon
CA. Appendiceal versus ileal segment for antegrade continence
enema. J Urol 2002;167(2 Pt 1):683-6.

207. Lynch AC, Beasley SW, Robertson RW, Morreau PN. Comparison of results of laparoscopic and open antegrade continence
enema procedures. Pediatr Surg Int 1999;15(5-6):343-6.
208. Curry JI, Osborne A, Malone PS. How to achieve a successful
Malone antegrade continence enema. J Pediatr Surg
1998;33(1):138-41.
209. Wilcox DT, Kiely EM. The Malone (antegrade colonic enema)
procedure: early experience. J Pediatr Surg 1998;33(2):204-6.
210. Levitt MA, Soffer SZ, Pena A. Continent appendicostomy in the
bowel management of fecally incontinent children. J Pediatr
Surg 1997;32(11):1630-3.
211. Yerkes EB, Cain MP, King S, Brei T, Kaefer M, Casale AJ, Rink
RC. The Malone antegrade continence enema procedure: quality of life and family perspective. J Urol 2003;169(1):320-3.
212. Tam PK. Y-appendicoplasty: a technique to minimize stomal
complications in antegrade continence enema. J Pediatr Surg
1999;34(11):1733-5.
213. Pena A, el Behery M. Megasigmoid: a source of pseudoincontinence in children with repaired anorectal malformations. J
Pediatr Surg 1993;28(2):199-203.
214. Powell RW, Sherman JO, Raffensperger JG. Megarectum: a rare
complication of imperforate anus repair and its surgical correction by endorectal pullthrough. J Pediatr Surg 1982;17(6):78695.
215. Cloutier R, Archambault H, D’Amours C, Levasseur L, Ouellet
D. Focal ectasia of the terminal bowel accompanying low anal
deformities. J Pediatr Surg 1987;22(8):758-60.
216. Sonnino RE, Reinberg O, Bensoussan AL, Laberge JM, Blanchard H. Gracilis muscle transposition for anal incontinence in
children: long-term follow-up. J Pediatr Surg 1991; 26
(10):1219-23.
217. Han SJ, Park HJ, Kim CB, Hwang EH. Long-term follow-up of
gracilis muscle transposition in children. Yonsei Med J
1995;36(4):372-7.
218. Baeten CG, Uludag OO, Rongen MJ. Dynamic graciloplasty for
fecal incontinence. Microsurgery 2001;21(6):230-4.

1588

