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Abstract Background Gluteus maximus, by virtue of its continued adjunct contraction with
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Introduction

the anal sphincter, has many characteristics and histomorphological features mimick-
ing type | musculature. Hence, anal sphincter replacement therapy with gluteus
maximus has all avenues for lasting successful results. This study aimed to evaluate
the efficiency of unstimulated gluteus maximus sphincteroplasty for anal incontinence
reconstruction and neosphincter reconstruction in perineal colostomy cases.
Methods From March 2015 to March 2020, the records of patients who underwent
gluteus maximus sphincteroplasty for fecal incontinence were analyzed in this
retrospective cohort study. The mean age was 31.55 years. Eleven patients (females
=4, males=7) underwent anal incontinence reconstruction. All these cases were
followed up for an average period of 28.46 months.

Results Good continence was observed in all patients with an average Cleveland
Clinic Florida Faecal Incontinence Score of 3.18 (p =0.0035). At the end of the follow-
up period, the average median resting pressure found via manometry was 44.64 mm
Hg, and the average median squeeze pressure was 103.55mm Hg. The mean of the
average continence contraction time at the end of the follow-up period was found to be
3.64 minutes. None of our patients had complete continence failure. None of our
patients used perineal pads or made any lifestyle alterations at the end of the follow-up
period. Most of the patients expressed satisfactory continence.

Conclusion Despite being untrained with implantable electrodes, the gluteus max-
imus muscle produced very good continence results with our way of construct. In
addition, with its good lumen occluding effect, it achieves good resting and squeeze
anal pressure around the anal canal/bowel with trivial reeducation. Hence, it has
become our institution’s procedure of choice for anal sphincter reconstruction.

defined as the recurrent uncontrolled involuntary passage of

Fecal incontinence is a devastating condition in which patients ~ fecal material for at least 1 month in an individual with a
have an inferior quality of life. They live with difficulty insocial ~ developmental age older than 4 years.1 Despite using medical
interaction, daily physical activity, and employment. It is therapies such as motility inhibitors, stool-bulking agents,
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biofeedback, and Kegel exercises, these interventions may only
provide limited relief from this disabling condition.? Injury to
the anal sphincter may be due to trauma, obstetrical injury, or
iatrogenic rectal surgery, and therefore, the sphincter may be
amenable to primary repair or secondary surgical reconstruc-
tion. If there is a combined loss of nerve supply and sphincter,
gracilis or gluteus maximus sphincteroplasty is the preferred
reconstruction method.> Gluteus maximus muscle acts syn-
chronously with the external anal sphincter in the process of
defecation. It has acquired nonfatigable characters during the
evolution of human beings on assuming the erect posture. It
has many characteristics resembling those of type I striated
musculature Gluteus maximus sphincteroplasty, given a
sufficient quantity of muscle cuff, provides good lumen occlu-
sion. This enables continence for formed and fluid stool.
Keeping these considerations in mind, this procedure has
excellent potential for satisfactory results. Our study aimed
to evaluate the efficiency of unstimulated gluteus maximus
sphincteroplasty for anal incontinence reconstruction and
neosphincter reconstruction.

Materials and Methods

Institutional ethical committee approval was obtained for this
clinical study. This retrospective cohort study was conducted
in cases undergoing gluteus maximus sphincteroplasty for neo
sphincter reconstruction in perineal colostomy cases (n =2) or
anal incontinence reconstruction (n=9) from March 2015 to
March 2020 in 11 patients. All patients had a history of
severe fecal incontinence. All of them had native sphincter
loss confirmed by preoperative magnetic resonance imaging
(MRI). This treatment group included four females and seven
males, who underwent gluteus maximus sphincteroplasty and
had various etiopathogenesis (~Table 1) for bowel inconti-
nence. Patients with amyotrophic lateral sclerosis, severe
scarring of bilateral gluteus maximus region, and pelvic frac-
ture with documentable injury to internal iliac vessels were
not taken up for this procedure. The age of the patients varied
from 15 to 48 years. The average follow-up period was 28.46
months. They were subjected to manometric studies post
surgery till the end of the follow-up period. Patients with
severe fecal incontinence refractory to medical therapy
underwent preoperative assessment by a multidisciplinary
team that included members from surgical and medical
gastroenterology, urogynecology, and plastic surgery. The
preoperative evaluation involved a combination of sigmoidos-
copy, pudendal nerve studies (in appropriate cases), clinical
assessment of gluteus maximus muscle nutrition and power,
and MRI abdomen and pelvis. The information obtained was
used to identify operative candidates who had a good capaci-
tance of the rectal vault, intact sensation of the rectum, and
favorable anatomy for transposition of the gluteus maximus
muscle. Patients were informed about the details of the
procedure and its possible complications in detail, and written
consent was taken. Temporary diversion colostomy was done
in appropriate cases planned for surgery. All patients were
taught to contract their gluteus maximus muscle on both sides,
simulating the continence control maneuvers.
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Under sterile aseptic precautions, under general anesthe-
sia, the patient was transferred to prone Jackknife position,
and all pressure points were adequately padded. A sigmoid
incision was marked over the inferior third of the gluteus
maximus muscle, close to the infra gluteal crease, starting
5cm lateral to the anal verge, extending toward the greater
trochanter of the Femur. The second incision was marked on
the contralateral side perirectal area to enable exposure of
the ischial tuberosity. Only the lower one-third of the muscle
flap, with intact medial attachment, was divided from
its insertion laterally to the iliotibial tract and gluteal tuber-
osity, with a carefully preserved neurovascular pedicle of the
inferior gluteal artery and nerve. Type Il Taylor’s pattern® of
inferior gluteal innervation facilitated intraneural dissection
toward its point of emergence from the greater sciatic
foramen, inferior to the piriformis muscle. The pedicle was
dissected from its loose attachment to the sciatic nerve to
avoid traction during the transposition of the muscle. Care
was taken to include the full thickness of the muscle as the
neurovascular bundle enters the muscle on its anterior
surface. Care was exercised to avoid damage to the posterior
cutaneous nerve of thigh and the sciatic nerve. The second
incision was made over the contralateral ischial tuberosity.
Subcutaneous tunnels were created around the anal canal
using blunt and sharp dissections, avoiding perforation. This
blind dissection above and below the anal canal, two fingers
wide, was performed as closely as possible to the anorectal
mucosa to ensure that the muscle would have a lumen-
occluding effect. The muscle end was divided into two
symmetrical strips along the direction of the muscle fibers
(division stopped before the neurovascular hilum). Both the
strips were guided into the tunnel, crisscrossed, and
stretched around the anal canal. This arrangement produced
an S-shaped curvature at the anorectal junction, establishing
areformation of the anorectal angle. The resting tension was
achieved intraoperatively with good gripping of the assis-
tant’s finger placed in the anal canal or the perineal colosto-
my opening. On the contralateral side, the muscle ends were
sutured over each other and then to the periosteum of the
ischial tuberosity with 2-0 polypropylene suture material,
just below the Alcock’s canal. Hemostasis was secured. A
closed suction drain was placed in situ, and closure of both
sides was done in layers. In one of the cases, the patient had
B/L isolated pudendal neuropathy with atrophy of the ischial
pad of fat on both sides. The same procedure was done with
transposition of bilateral gluteus muscle, with inset given
over contralateral ischial tuberosities.

Postoperatively, the prophylactic antibiotic cover was
given for 10 days. Patients were allowed to ambulate post-
operatively after 24 hours. Patients were advised to start
their gluteus maximus contraction exercises simulating
continent control maneuvers from the 10th postoperative
day. The training was given using a biofeedback mechanism
for those who had difficulty initiating or sustaining contrac-
tion. Four to eight weeks later, after objective confirmation of
squeeze pressure, the covering colostomy was taken down.
Patients were taken up for high-resolution anal manometric
assessment 6 months post surgery for the first visit, a year
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after surgery for the second visit, and then once every year
till the end of the follow-up period. At the end of follow-up
transanorectal ultrasound and MRI also assessed the mass of
transposed gluteal muscle sling. Patient satisfaction was
calculated at the end of the follow-up period by Cleveland
Clinic Florida Faecal Incontinence Score (CCFFIS)® (~Table 1).
A score between 0 and 7 was considered a measure of good
continence.

lllustration of Case 1

This is a case of a 15-year-old boy with atrophy of the anal
musculature secondary to correction surgeries for his anorectal
malformations. He had severe anal incontinence with a patu-
lous anal canal (~Fig. 1A-C). However, perianal sensations
were intact. He was taught gluteus maximus contraction
continence control maneuvers preoperatively. Unilateral unsti-
mulated gluteus maximus sphincteroplasty was performed
(=~Figs. 1 and 2). The follow-up period was for 35 months.
There were no complications postoperatively. At the end of the
follow-up, the transanorectal ultrasound revealed good trans-
posed gluteal muscle sling (~Fig. 3). At the end of the follow-up
period, his median resting anal pressure was 40 mm Hg, and
median anal squeeze pressure was 101 mm Hg as measured by
high-resolution anal manometry (=Supplementary Video 1,
online only). His CCFFIS at the end of the follow-up period was
2. He had one episode of incontinence for liquid stool in a
month. He maintained good, sustained contraction of the anal
canal for an average period of 3.5minutes at the end of the
study period (=Supplementary Video 2, online only).

Supplementary Video 1

High-resolution anal manometric reading with good
squeeze pressure in case 1. Online content including
video sequences viewable at: https://www.thieme-
connect.com/products/ejournals/html/10.1055/s-
0042-1759499.

Supplementary Video 2

Assessment of postoperative sustained muscle con-
traction around the anal canal in case 1. Online content
including video sequences viewable at: https://www.
thieme-connect.com/products/ejournals/html/
10.1055/s-0042-1759499.

lllustration of Case 2

A 20-year-old male presented with isolated pudendal neu-
ropathy and severe anal incontinence. He had sustained
injury over the sacral region in a road traffic accident 5 years
before this episode. On examination, he had multiple scars in
the sacral region with severe atrophy of the perianal pad of
fat (=Figs. 4 and 5) but with good perianal sensation. He
underwent bilateral unstimulated gluteus maximus sphinc-
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teroplasty as there was a less ischiorectal pad of fat, and the
muscle would provide some bulk to the area (~Figs. 6 and 7).
There were no postoperative complications observed in the
patient (=Fig. 7). The follow-up period was for 28 months. At
the end of the follow-up period, his median resting pressure
was 40 mm Hg, and median squeeze pressure was 112 mm
Hg (=Fig. 7D) as recorded by high-resolution anal manomet-
ric studies. The CCFFIS at the end of the follow-up period was
calculated to be 4. He had one episode of incontinence per
month for gas and liquid stool. Assessment done at the end
of the follow-up period revealed that he could maintain
sustained gluteus maximus contraction at the anal canal
for an average of 2.5 minutes.

Illustration of Case 3

A 27-year-old male sustained a fracture of the right femur,
with split perineum and bulbar urethral injury in a road
traffic accident. The orthopaedics team did skeletal stabili-
zation, pull through perineal colostomy was done for the
patient by the surgical gastroenterology team (with covering
right transverse diversion colostomy), and the urology team
did urethral repair. After 3 months (~Fig. 8), he was referred
to us for continence surgery, for which he underwent unsti-
mulated unilateral gluteus maximus sphincteroplasty
(=Fig. 9). Some donor site seroma was noted in the patient
on postoperative day 3, which was drained and resolved
subsequently (=Fig. 10). The diversion colostomy was closed
6 weeks after surgery. The follow-up period was for
20 months. At 18 months, MRI revealed good mass of the
transposed gluteal muscle sphincter (~Fig. 11). At the end of
the follow-up period, his median resting anal pressure was
48 mm Hg, and median squeeze pressure was 102 mm Hg as
measured by high-resolution anal manometry (=Fig. 12).
The CCFFIS was calculated to be 2 as he had a single episode of
gaseous incontinence in one month. The patient was able to
maintain sustained gluteus maximus muscle contraction for
4 minutes by the end of the follow-up period.

Results

Over the 5-year study period from 2015 to 2020, a total of 11
patients underwent unstimulated gluteus maximus sphinc-
teroplasty, out of which 10 were unilateral, and 1 was
bilateral (~Table 1). The mean age was calculated to be
31.55 years and the mean follow-up period was 28.46
months with a range of 16 to 36 months. There were four
females and seven males in the study. Etiology of inconti-
nence was obstetric trauma (n=3), previous anorectal
surgery (n=3), isolated pudendal neuropathy (n=1), and
post trauma (n = 4). Four patients (overall general complica-
tion rate was 36.36%) had complications such as wound site
infection (n= 1), seroma formation (n= 1), numbness in the
distribution of posterior cutaneous nerve of the thigh (n=1),
and minimal mucosal prolapse through perineal colostomy
site (n= 1) that were all resolved subsequently. Good conti-
nence was observed in all patients with an average CCFFIS of
3.18 (p=0.0035) (~Table 1). At the end of the follow-up
period, the average median resting pressure found via
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Fig. 1 lllustration of case 1. (A) Anal incontinence with patulous anus. (B) Preoperative markings. (C) Coronal magnetic resonance imaging with an absence
of definition of the native anal sphincter (red arrows). (D). Intraoperative marking for lower third gluteus maximus. (E) Skeletonization of neurovascular
pedicle.

Fig. 2 lllustration of case 1. (A) Complete dissection of the lower
third of gluteus maximus. (B) Splitting of the lower third of gluteus
maximus. (C) Transposition through the perianal tunnel and final
inset. (D) Final suture line.

Fig. 4 Preoperative picture of case 2 showing patulous anal canal.

manometry was 44.64mm Hg, and the average median
squeeze pressure was 103.55mm Hg. The mean of the
average continence contraction time at the end of the
follow-up period was found to be 3.64 minutes. None of

dT-4.4Rx R:10.0 BG:50 BD:68 24432444 . : .

our patients had complete continence failure (0%). None of
Fig. 3 High-resolution transanorectal ultrasound showing gluteus our patients used perineal pads or made any lifestyle alter-
maximus sphincter in case 1. ations at the end of the follow-up period. The possible
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Fig. 5 Axial magnetic resonance imaging of case 2 (at the level of
upper Ischial tuberosity) showing a patulous anal canal with no
definition of the native sphincter.

Fig. 6 lllustration of case 2. (A) Preoperative marking for bilateral
lower third gluteus maximus muscle harvest. (B) Harvest in progress.
(C) Lower third muscle being split.

Squeeze prassure - 112 mm Hg

Fig. 7 lllustration of case 2. (A) Bilateral muscle transposition and inset. (B)
Final suture line. (C) 35 months follow-up picture. (D) 35 months follow-up
manometric anal squeeze pressure reading of 112 mm Hg.

complications are related to the inferior gluteal nerve
dissection and adhesiolysis of the sciatic nerve. We did not
come across any of these complications in our study. Most of
the patients expressed satisfactory continence.

Gluteus Maximus Sphincteroplasty Balakrishnan et al.

Fig. 8 Illustration of case 3. (A) Scarred perineum, perineal colos-
tomy, and contracting gluteus maximus. (B) Right parasagittal mag-
netic resonance imaging is showing severely scarred pelvis.

B>~y

Fig. 9 Illustration of case 3. (A). Preoperative picture. (B). Preoper-
ative marking. (C) Splitting of lower one-third of muscle. (D) Final
suture line after transposition.

Fig. 10 lllustration of case 3. (A). 20 months later postoperative
picture—posterior view. (B) 20 months later postoperative picture—
anterior view.

Discussion

Since the beginning of the 20th century, anal sphincter
reconstruction has evolved constantly from fascial sling
implantation, muscle slip transposition,’ gracilis muscle
transposition,® free muscle graft of striated and smooth
muscle,® gluteus muscle transposition,'® and neurovascular
intact muscle transposition with implantation of a muscle
stimulator."’~"3 Chetwood first introduced gluteus maximus
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Bulb and corporacavernosa

Transposed gluteus
maximus sling around the
Anal canal

Ischium

Residuual gluteus maximus

Fig. 11 Magneticresonance imaging axial section at the ischium level
reveals good mass of gluteus sphincter in case 3.

muscle sphincteroplasty in 1902.7 In 1952, gracilis sphinc-
teroplasty was introduced by Pickrell et al,® and it became
popular because of the accessibility and expendability of the
muscle. This was further popularized by Corman,'* Ben-Hur
etal,’® and Leguit et al'® However, it was noted that the distal
end of the gracilis muscle sustained an ischemic injury,
the suspected reason being the segmental blood supply to
gracilis muscle. The distal part then became fibrotic, acting

Normal Example

more like a Thiersch sling than a contractile muscle.
Attempts were made to modify the procedure.!” Unfortu-
nately, despite all modifications, continence rates of
graciloplasty remained unpredictable and unsatisfactory.
Hence, gluteus maximus sphincteroplasty was rediscovered
by Bruining et al'® in 1981. They used a bilateral proximally
based flap, split at both distal muscle ends, creating two
muscle slings around the anal canal fixed on both sides to
the ischial tuberosities. Several modifications of gluteus
maximus sphincteroplasty were described by Hentz,'® Pro-
chiantz and Gross,'® Devesa et al,2% and Orgel and Kuncan.?'
The most widely accepted modification was published by
Guelinckx et al'! in 1996, where only lower one-third of the
unilateral muscle was harvested, split into two halves,
wrapped around the anal canal in a crisscross manner and
secured to the periosteum of contralateral Ischial tuberosity.
This technique was reinforced by Hultman et al?® with their
study conducted in 25 patients. They reported 56% perirectal
complication rates, 64% donor site complication rates, and
40% general complication rates. They reported a complete
procedure failure in 8% of the cases and partial failure of
procedure in 16% of the cases. Though our study is relatively
small, we had a 0% complete continence failure rate and a
lower complication rate of 36.36%. Our better results can be
attributed to complete neurolysis of inferior gluteal nerve

' Anal Manometry (mmHg) 400 110
100
Anal Canal Length 2 410 4
Basal Squeeze 420
Median 48 Median 102 430 as
Max 51 Max 102 70
. : 440
Min 43 Min 73 60
| Rectoanal Inhibitory Reflex el 50
Present 1460 40
| Rectal Sensory Function 1470 30
‘ 20
Present 1480
490 ¢TI, “ ;0
not tested
500 s
510 : ., =15
13:02:11 13:02:20 13:02:30 13:02:41
Normal, Squeeze#2 (13.02:22)
Comments

Resting anal sphincter pressures were normal.

Squeeze pressures were near normal.

RAIR and rectal sensation were preserved.

Patient was able to expel 40cc balloon with good
augmentation of ractal pressures and anal sphincter relaxation.

Diagnosis

Normal Anorectal Manometry

Fig. 12 Case 3; high-resolution anal manometric report at 20 months after surgery.
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and adhesiolysis of pedicle up to the point of emergence from
the greater sciatic notch, which has facilitated well-vascu-
larized and innervated lower third gluteus maximus muscle
transposition. The patient satisfaction was found to be
acceptable as measured by CCFFIS with regular readings of
resting and squeeze pressure as depicted by high-resolution
anal manometry at the end of the follow-up period,
reinforced by our muscle re-education and biofeedback
exercises.

Gluteus maximus muscle is a type IIl muscle based on its
blood supply.23 It is a type II muscle based on its nerve
supply.” The inferior gluteal nerve divides into three
branches before entering the muscle anteriorly, supplying
the upper, middle, and lower thirds. This arrangement
enables us to harvest the lower third of the muscle on a
lengthy and intact neurovascular bundle. This ascertained
that there was no traction at the neurovascular bundle. Our
meticulous dissection with attention to the details at this
step of surgery ensured retention of adequate muscle mass
even after 1 year. This has contributed to the high squeeze
pressure of 100 mm Hg and above in all the cases under
voluntary control. This muscle is a proactive and synergistic
muscle at the time of contraction of the external anal
sphincter. It also pushes the ischiorectal pad of fat toward
the anal canal, reducing the size of the canal and orifice.
These features helped make reeducation of the patient easy,
which ultimately contributed to the success of our proce-
dure. Implantable electrical generator for low-frequency
stimulation of gluteus maximus muscle was associated
with multiple unacceptable complications such as expo-
sure, extrusion, infection, and poor patient compliance.
Hence, we stopped using implants that convert type II
rapid, fatigue-prone muscle into type I slow, fatigue-resis-
tant muscle. Hitherto, the gluteus maximus muscle has
acquired a nonfatigable character during the evolution of
human beings on assuming the erect posture. It has many
characteristics resembling those of type I striated muscula-
ture.* Gracilis sphincteroplasty, both dynamic and adynam-
ic, has suffered attenuation of popularity and choice as the
avascular tendinous portion commonly ended up being
wrapped around the anal canal and invariably suffered
traction induced functional neuropathic deterioration. We
have also noted several other advantages of gluteus max-
imus sphincteroplasty over gracilis sphincteroplasty like 1.
In gluteus maximus sphincteroplasty, the portion enclosing
the anal region is the muscle. 2. Reeducation is easier as it
synchronously acts and is synergistic during normal sphinc-
ter contraction. 3. Gluteus maximus sphincteroplasty has
an added advantage of counteracting levator ani muscle and
producing an S-shaped deviation to increase the conti-
nence. 4. The squeeze pressure is higher as a lasting muscle
cuff is guaranteed around the anal canal. 5. There was no
traction of the neurovascular bundle during the transposi-
tion of the gluteus maximus muscle, owing to the careful
and meticulous dissection done by us in our procedure. 6.
Unlike the gracilis muscle, which has a segmental blood
supply, gluteus maximus lower third muscle has a homog-
enized blood supply when harvested with the inferior
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gluteal artery. 7. In case of any unfortunate minor iatrogenic
injury to the anal mucosa, the presence of sufficient muscle
mass helps cover the rents and heal it. 8. Even if needed, the
muscle mass is adequate to facilitate the insertion of any
electrodes. Chandra et al,>* in their study, used unstimu-
lated gluteoplasty in postexcisional and perineal injury
cases. They have done this as a secondary procedure after
vascularized antropyloric valve transfer for perineal colos-
tomy reconstruction. They had an 80% success rate and
noted excess mucous discharge (n=11) (necessitating con-
tinuous pad usage) and dumping syndrome (n=1). But in
our study, which has a comparable number of patients, we
had good-to-excellent continence in all patients (~Table 1)
attributable to the diligent peripedicle dissection around
the inferior gluteal neurovascular pedicle, allowing tension-
less transposition across the perianal region. Also, dumping
syndrome and troublesome excessive mucorrhea were not
noted in our patients because we did not use antropyloric
valve transposition, which in our opinion did not provide
any added advantage. The ideal reconstructed anal sphinc-
ter must be capable of voluntary contraction and tonic
contraction for a prolonged period. The gluteus maximus
sphincteroplasty is nearly approximating this goal.

Conclusion

Despite being untrained with implantable electrodes, the
gluteus maximus muscle produced very good continence
results with our way of construct. In addition, with its good
lumen occluding effect, it achieves good resting and squeeze
anal pressure around the anal canal/bowel with trivial
reeducation. Hence, it has become our institution’s proce-
dure of choice for anal sphincter reconstruction.
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