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Background/Aims

Studies evaluating the human pylorus as a sphincter are scanty and contradictory. Recently, we have shown technical feasibility
of transposing the human pylorus for end-stage fecal incontinence. This unique cohort of patients provided us an opportunity
to study the sphincter properties of the pylorus in its ectopic position.

Methods

Antro-pylorus transposition on end sigmoid colostomies (n = 3) and in the perineum (n = 15) was performed for various
indications. Antro-pylorus was assessed functionally (digital examination, high resolution spatiotemporal manometry, barium re-
tention studies and colonoscopy) and by imaging (doppler ultrasound, MRI and CT angiography) in its ectopic position.

Results

The median resting pressure of pylorus on colostomy was 30 mmHg (range 28-38). In benign group, median resting pressure
in perineum was 12.5 mmHg (range 6-44) that increased to 21.5 mmHg (range 12-29) (P = 0.481) and 31 mmHg (range
16-77) (P = 0.034) on first and second follow-up, respectively. In malignant group, median post-operative pressures were 20
mmHg (range 14-36) and 21 mmHg (range 18-44) on first and second follow-up, respectively. A definite tone and gripping
sensation were felt in all the patients on digital examination. On distal loopogram, performed through the diverting colos-
tomies, barium was retained proximal to the neo-pyloric valve. Both perineal ultrasound and MRI showed viable transposed
graft. CT angiography and color doppler studies confirmed vascular flow in the transposed position.

Conclusions
The human pyloric valve can function as a tonic sphincter when removed from the gastroduodenal continuity.
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Introduction

The pylorus is situated at the junction of two functionally dis-
tinct parts of the gastrointestinal tract. Anatomically, it can be
identified as an area of thickened circular muscle. Its gross ap-
pearance suggests that it may indeed be a true sphincter. Physio-
logically, the pylorus is an important component of the mecha-
nism that regulates gastric emptying and prevents duodenogas-
tric reflux. However, conflicting claims have been made regard-
ing the physiological characteristics of the pyloric sphincter.
Unlike the upper esophageal sphincter and the anal sphincter,
which are manometrically demonstrable high pressure zones, re-
ports regarding the existence of tonic pressure in the pylorus re-
main contradictory.”” For this reason, the pylorus has also been
referred to as ‘fickle pylorus’.’

Fecal incontinence is seen in 6.4% of the Korean populaltion,4
and various treatment options are available with varying results.
Prevalence of fecal incontinence in India is not known though it
is expected to be high at least among female due to obstetric
injury. We have previously demonstrated the technical feasibility
of human pylorus transposition in the perineum for end- stage
anal incontinence.” This unique cohort provided us the rare op-
portunity to study the sphincter properties of the pylorus in its ec-
topically transposed position. In the present study, we evaluated
the pylorus in its ectopic position by manometry and imaging to

determine its tonic characteristics.

Materials and Methods

The study was approved by the Institutional Review Board
(IRB, also the Ethics committee) of CSM Medical University,
Lucknow, India. We considered very carefully the risk benefit

equation in devising a safe surgical strategy. Subjects were fully
informed about the potential advantages or complications of the
procedure after a detailed discussion. Only those who expressed
willingness to participate were recruited as mentioned below.
This surgery was reserved for patients with end stage fecal incon-
tinence where other options have failed resulting in an in-
capacitating disability, and patients being left with no choice oth-
er than having a permanent colostomy. Each patient signed a
written informed consent in accordance with IRB guidelines.
There were 2 children (Table) whose parents were fully informed
and their collective consent was obtained.

Patient selection was based on strict inclusion and exclusion

criteria. Patients included were those with a surgically excised
anal sphincter (post-abdomino-perineal resection), congenitally
absent anal sphincter, and traumatized anal sphincter (where con-
ventional local repair procedures were not possible or had failed)
with end stage fecal incontinence resulting in permanent colos-
tomy. Fxclusion criteria included patients where previous gas-
tro-duodenal surgery, other abdominal surgeries with extensive
adhesions, obese patient with extensive visceral fat, and patients

otherwise eligible for local repair of the damaged anal sphincter.

Surgical Technique

The technique of the antro-pyloric valve (APV) transposition
in humans has been described in detail in our previous paper.’ In
short, APV containing the cuff of first part of the duodenum and
antrum was mobilized along with the vascular arcade of the right
and left gastroepiploic vessels by dividing their branches to the
stomach along its greater curvature. Vascularity of this mobilized
sphincter primarily depends on the left gastroepiploic artery.
Gastrointestinal continuity was restored by either gastroduode-
nostomy or gastrojejunostomy.

Initially, to establish feasibility of this procedure, the APV
was transposed on to the preexisting end-sigmoid colostomy in
three patients. Subsequently, the APV was transposed in the peri-
neum in 15 patients for various indications (Table). In all these
patients, a proximal diverting colostomy was retained or re-con-
structed to allow the neo-sphincter to heal in anal position. The

colostomy was subsequently closed after 6 weeks.

Functional Evaluation
Digital examination

The pylorus was assessed in its new position by digital exami-
nation by two independent observers (Fig.1 and 2).
High-resolution spatio-temporal manometry

Manometric studies were performed pre-operatively in pa-
tients with anal sphincter damage and after APV transposition on
a high resolution, water perfusion spatiotemporal manometry sys-
tem (G Hebberd, The Royal Melbourne Hospital, Melbourne,
Australia) using standard technique and 16 port catheter.®’
Manometry was performed without any sedation in supine posi-
tion (when APV was transposed at colostomy end) or in left later-
al position in other patients. Manometry catheter was gradually
inserted deep in the rectum or colon through the colostomy or
through the anal verge, and was pulled till the high pressure zone
of sphincter was reached. The basal pressure was obtained over

1-2 minutes. The signal was analyzed using Trace 1.2 V software
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Evaluation of the Human Pylorus in Ectopic Position

Table. Demographic Parameters and Results of Pyloric Valve Transposition

) ) Doppler Pedicle of
Incontinence ~ Anal r(CSUHI&iI pr) essure velocity ~ Gripping  Retention of - gastroepiploic
score mm . . :
No. Age/Sex  Diagnosis History of surgery . (cm/sec) Seﬂsa;; on pr‘;:muzm ;;esrgotild
Ist  2nd . examination APV lorus on CT
Preop Postop  Preop U F/U Max Min paniography
1 25/M High ARM Failed previous 24 S 6 28 26 38.1 3.9 + + +
anal pull through
operation 1 year
back
2 50/M Stricture & coloanal Resection of 24 12 ND 20 25 262 9.2 + + +
anastomosis’ gangrenous
rectal prolapse 1
year back
3 19/M Post RTA anal &  Failed local repair 24 4 ND 25 20 15.0 3.1 + + +
urethral injury
4 38/F Analinjury Failed local repair 24 5 13 23 16 126 5.5 + + +
5 40/F APR’ 24 12 17 18 22.4 105 + + +
17/F  Post RTA anal &  Failed local repair 24 6 8 12 38 26.6 16.3 + + +
urethral injury with
pelvic fracture
7 7/M  Post RTA anal - 24 5 15 12 ND 46.5 10.4 + + +
injury with
extensive fibrosis
8 51/M Post RTA anal Failed local repair 24 8 129 77 232 35 + + +
injury
9 18/M Post RTA anal, Failed local repair 24 6 12 17 39 33.8 16.8 + + +
urinary bladder
and urethral injury
with perianal
fibrosis
10 11/M Post RTA anal - 24 5 34 13 31 232 3.5 + + +
injury
11 30/M Bullhorn anal injury - 24 6 44 27 14 33.8 16.8 + + +
12 41/F APR" - 24 7 ND 30 44 340 9.6 + + +
13 52/M APR" - 24 13 ND 20 23 39.1 163 + + +
14 50/M APR® - 24 14 ND 14 19 21.2 10.8 + + +
15 35/M APR’ - 24 15 ND 36 ND 348 125  + + +
16 19/M Unresectable rectal - ND 30 ND  50.1 216 + + +

cancer with
sigmoid colostomy

17 48/M Unresectable rectal - ND 28 ND 31.5 13.4 + + +
cancer with
sigmoid colostomy

18 19/M Post RTA anal & ND 38 ND 428 219 + + +
urethral injury

“Following resection of gangrenous rectal prolapsed, "APR performed for rectal cancer.

Preop, preoperatively; Postop, postoperatively; Max, maximum; Min, minimum; F/U, follow-up; APV, antro-pyloric valve; ARM, anorectal malformation; RTA, roac
traffic accident; ND, not done.

Doppler velocities were classified as excellent (> 30 cm/sec), good (20-30 cm/sec) and fair (< 20 cm/sec).
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Figure 1. Operative photographs show-

ing pyloric valve transposed on to the end
sigmoid colostomy: graft has been taken
up at ectopic position showing good
vascularity (A) and finger inserted into
the transposed pylorus: intermittent grip-
ping sensation can be felt during pro-
longed insertion of the finger (B). (C)
High-resolution manometry of the pylo-
ric valve transposed on to the end colos-
tomy. The yellow area is indicative of

high pressure zone of the sphincter.

50~

Figure 2. Pyloric valve transposed in the perineum showing distal (duodenal) end being anastomosed with the perianal skin (A), finger inserted in the
transposed valve could feel a gripping sensation on prolonged insertion due to intermittent contraction of the valve (B). (C) Barium distal loopogram
showing a distinct hold up at the site of pyloric valve (red arrow). Preoperative (D) and postoperative (E) high-resolution manometry tracing of the
pyloric valve transposed in the perineum in a patient with anal injury. Yellow zone in pre-operative manometry indicate sphincter zone and
post-operatively, sphincter pressure is increased (pink color). Reproduced from Goldsmith and Chandra’ with permission from Elsvier.

(Australia) (Fig. 1 and 2). erative manometry was performed after 2 weeks following APV
Preoperative manometry was performed in 8 patients transposition, and 4 weeks after colostomy closure (Table).

(anorectal malformation: 1 and anal injury: 7) (Table). Post-op-
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Fecal incontinence scoring

Degree of fecal incontinence was clinically assessed by St
Mark’s fecal incontinence scoring sys‘tem.8
Distal loop barium retention studies

To visualize the APV graft, barium studies were done
through the distal loop of the diverting colostomy. Films were re-
peated after 15 minutes to observe retention of the barium prox-
imal to the newly constructed sphincter (Fig. 2).
Distal colonoscopic examination

The pylorus was examined through the distal loop of divert-
ing colostomy and also per-anally during colonoscopy to assess its

activity (Fig. 3).

Imaging
Perineal doppler studies

This was performed pre-operatively in all patients to docu-
ment the extent of anal sphincter damage and fibrosis. An ultra-
sound machine (GE voluson E8, GE, New York, USA) was

used with high-resolution and short focus. Endo-cavity 3-dimen-

Figure 3. Transposed pyloric valve as seen during colonoscopic exami-
nation. Pyloric valve appeared closed with intermittent relaxation during
prolonged examination.

Evaluation of the Human Pylorus in Ectopic Position

sional (3D) and 4D ultrasound transducers were used for evalu-
ating the anal sphincter. Direct contact scanning technique was
used with 10 and 12 MHz transducers via both trans-perineal
and endo-rectal routes. Multi-planer 3D real time construction
of anal sphincter was carried out using real time 3D ultrasound
probe. Color doppler imaging was done to evaluate the vasculari-
zation of the neo-graft. Arterial flow pattern was observed in the
graft and flow velocities measured. The blood flow velocity was
measured on spectral doppler tracing (Fig. 4).
Magnetic resonance imaging

Perianal MRI was performed pre-operatively in all patients
with sphincter damage except where it was excised following an
abdomino-perineal resection (APR) and was repeated post-oper-
atively in each patient. Pelvic MRI was performed ona 1.5 T
MR scanner (GE signa excite, Milwaukee, WI, USA) with a
phase array coil (TORSO PA). Spin echo T1 and fast spin echo
T2 sequences were performed in axial, coronal and sagittal

planes. Scanning was performed from iliac crest to the ischial tu-

Sigmoid Levator ani
colon muscle
Foley's Puborectalis
catheter
External
Antropyloric anal
valve graft sphincter

Figure 5. Parasagittal view of magnetic resonance imaging of the pelvis
after antro-pyloric valve transposition showing well positioned pyloric
valve (Foley’s catheter has been inserted in the colon across the pylorus
and slightly pulled out for better delineation and localization). Foley’s
catheter is also seen in urinary bladder as this patient also had urethral

injury.

Figure 4. Transperineal ultrasonogra-
phy with doppler study of the pyloric
valve transposed in the perineum show-
ing excellent vascular flow.
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berosity level with field of view of 16 X 16 cm and slice thickness
of 4 mm with 0.1 mm inter-slice gap (Fig. 5).
Computed tomography angiography

Celiac axis CT angiography was performed in all patients to
assess the vascular flow to the neograft in perineum. A 64 slice
scanner (Philips Brilliance 64, Best, Netherlands) was used;
scanning was done from above the level of diaphragm to the is-
chial tuberosity. Bolus tracking was used with tracker placed on
descending thoracic aorta. Slice thickness was 0.9 mm with incre-
ment of 0.5 mm and pitch of 1.015 with scan time of 4.56 se-
conds. Non-ionic contrast (Omnipaque, GE Healthcare, Shang-
hai, China) was intra-venously injected at a rate of 4.5-5 mL/sec
through an 18 G ante-cubital venous access and pressure injector
followed by 20 mL saline flush. Maximum intensity projection,
volume intensity projections and volume rendering were done on

Philips Brilliance Extended workstation for analysis (Fig. 6).

Statistical Methods

Continuous variables were expressed as median and range.
Wilcoxon signed rank test was performed to compare the resting
pressure during pre-operative, first and second post-operative
follow-up in benign and malignant group. P-values of < 0.05
were considered significant. All the analyses were performed us-
ing SPSS program, version 14.0 (SPSS Inc., Chicago, IL,
USA).

Gatroepiploic artery to
transposed antro-pyloric
valve graft

Terminal branches to
antro-pyloric valve graft

Figure 6. Computed tomography angiography with 3-dimensional
reconstruction showing left gastroepiploic pedicle as a supplying vessel
to the transposed pyloric valve. Good vascularity is seen till pyloric valve.

Results

Patients Demographics

A total of 18 patients were included in the study (Table).
There were 14 males and 4 females with a median age of 35 years
(range 7-52). The most common indication of the APV trans-
position was post-traumatic end-stage anal incontinence.

APV was transposed on the sigmoid diverting colostomy in 2
patients with advanced cancer rectum. In another patient with
traumatic injury to perineum, the APV was transposed on a
pre-existing colostomy and later brought down to perineum in a
staged manner.

APV was transposed in the perineum in patients with
post-traumatic injury resulting in end-stage anal incontinence (n
= 8), congenital absence of sphincter (n = 1), strictured coloanal
anastomosis following resection of gangrenous rectal prolapse (n

= 1) and malignant lesions (ie, rectal cancer [n = 5]).

Functional Evaluation
Antro-pyloric valve on colostomy

The pylorus, transposed on the end-sigmoid colostomies, was
found to be tonically contracted (Fig. 1). On inserting the index
finger through the APV opening, a definite resistance and grip-
ping sensation was felt (Fig. 1). With prolonged insertion, there
was evidence of existence of a basal tone with intermittent con-
traction of the pyloric ring around the finger. The median resting

manometric pressure in these patients was 30 mmHg (range

90
80
70 A
60
50
40
30

*
20 /i*
* %

10 +

Resting pressures (mmHg)

:

Preoperative Second postoperative

Figure 7. Wilcoxon signed rank test showing significant increase in
resting pressures at second follow-up (as compared to preoperative
pressures) in group 1 patients. *Preoperative pressure measurement was
not done, **Second postoperative pressure measurement was not done.

274 Journal of Neurogastroenterology and Motility



28-38) (Fig. 1). The APV was well-visualized on abdominal wall
and a CT angiogram showed the feeding gastroepiploic arcade
adequately supplying the graft on top of the diverting colostomy.
Antro-pyloric valve in perineum

Digital examinations. Similar to APV on colostomy, in-
serted index finger felt a definite resistance and gripping sensa-
tion (Fig. 2). With prolonged insertion, there was evidence of ex-
istence of a basal tone with intermittent contraction of the pyloric
ring around the finger.

High-resolution manometry. Overall, the median resting
pressure was 20 mmHg (range 12-36) and 26 mmHg (range
16-77) on first and second postoperative studies, respectively
(Table). In group 1 with benign indications, median resting pres-
sure in perineum was 12.5 mmHg (range 6-44) that increased to
21.5 mmHg (range 12-29) (P = 0.481) and 31 mmHg (range
16-77) (P = 0.034) on first and second follow-up, respectively
(Fig. 7). In group 2 with APR, post-operative median pressures
were 20 mmHg (range 14-36) and 21 mmHg (range 18-44) on
first and second follow-up, respectively. Patients undergoing
APR with APV transposition had assessment of anal sphincter
pressure only post-operatively.

Distal loop barium retention studies. On barium distal
loopogram, ectopically transposed APV appeared as a ‘beaking’
smooth impression with retention of barium proximal to the
neo-sphincter (Fig. 2). Barium was retained in late films repeated
after 15 minutes.

Distal colonoscopic examination. The APV was con-
sistently found to be closed in its ectopic position. The pelvic py-
lorus remained closed and had to be thrust open by pushing the
colonoscope under constant air insufflation through the diverted
distal colostomy limb (Fig. 3).

Evaluation by Imaging
Perineal doppler studies

Color Doppler imaging showed good arterial inflow in the
perineal APV graft. The median flow velocities were maximum
32.65 cm/sec (range 12.6-50.12) and minimum 10.65 cm/sec
(range 3.1- 21.9) (Table and Fig. 4). Most patients (16/18) had
good (20-30 cm/sec) to excellent (> 30 cm/sec) blood flow. Two
patients had fair (< 20 cm/sec) blood flow.
Magnetic resonance imaging

The transposed APV was well-visualized in all patients on
post-operative MRI study, which was performed in all the pa-
tients (Fig. 5).

Evaluation of the Human Pylorus in Ectopic Position

Celiac-computed tomography angiography

This was carried out in all patients to observe the vascular
flow to the APV in the perineum. The pedicle of the right and left
gastroepiploic arteries supplying the APV in the perineum was
well visualized on the CT angiography (Fig. 6).

Discussion

In the current study, we have shown that the human pylorus
can be surgically transposed successfully over the colostomy or in
the perineum and that it exerts a tonic pressure in the new
location. In previous functional studies, APV has not been
shown to possess definite sphincteric characteristics. While py-
loric high pressure zone could not be demonstrated in these early
studies using balloons as pressure sensors,' later studies using
perfusion catheter systems did demonstrate the presence of such
high pressure zone in the pylorus both in animals and in
humans.” In these later reports, Fischer and Cohen’ suggested
that the pyloric high pressure zone was due to greater sensitivity
of perfused catheters. Subsequently, Mcshane et al'’ found no
definite evidence of pressure barrier at the pylorus under basal
conditions, after stimulation with HCl and with postural changes
in different groups of patients. Gaffney et al’ have also reported
the absence of a tonic sphincter at the human pylorus.

In vivo manometric assessment of the pylorus is difficult, pri-
marily due to its constant movement during peristalsis. Since the
musculature of the distal pyloric muscle loop is asymmetrical, ra-
dial asymmetry of the pyloric pressure profile may also contribute
to discordant results in various studies.'"" These conflicting
findings on the pyloric motor function may also be attributed to
the use of techniques that are poorly suited to pyloric manometry.
More recently Desipio and Friedenberg," using high resolution
solid state manometry, concluded that the pylorus did function as
a classic sphincter with an intrinsic basal tone.

Factors controlling the function of the APV remain un-
known. In fact, even the mechanisms of APV functions in its nor-
mal position between the stomach and the duodenum are unclear.
It has been reported that certain hormones, such as chol-
ecystokinin, or acid infusion in the duodenum can increase py-
loric valve tone."* Although physiological investigations in stud-
ies on human pylorus showed conflicting results, several ob-
servations suggest a definite sphincteric action.”" It has been ob-
served that the circular pyloric muscle has a characteristic dose
response. In vitro studies on the human pylorus have shown a

definite dose-dependent contraction to gastrointestinal hormones
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as compared to the adjacent gastric antral musculature.” In pa-
tients with gastric ulcers, increased duodenogastric reflux due to
abnormal pyloric sphincteric action has been implicated as one of
the mechanisms of pathogenesis.'® Pyloric pressure also increases
in patients with diabetic gastroparesis and decreases after botu-
linum toxin injection."’

It has been shown that the basal pyloric tonic and phasic con-
tractions persist even after application of tetrodotoxin. Tetrodoto-
xin also increases the spontaneous activity, suggesting a tonically
active inhibitory neural innervation at the gastroduodenal junc-
tion. Thus, this inhibitory pathway in association with vagal in-
hibitory fibers may contribute to the tonic inhibitory innervation
at the pylorus.”"

The work on transposition of gastroduodenal pylorus as a
sphincter to the end of an ileostomy was first reported in dogs by
Ger etal."” The results indicated that the gastroduodenal pylorus
acted as a functioning sphincter, which delayed the passage of
ileal contents with higher mean pressures.” Subsequently, in an-
other experimental study in cats, Goldsmith and Steward™
showed the feasibility and effectiveness of pyloric transposition
after APR. Over the years, several other investigators have devel-
oped this technique for fecal control and auto-transplantation of
the APV has been successfully accomplished in animals with
sphincter like mechanism. In a major study, Erdogan etal’ using
contrast defecography showed hold up of contrast at the trans-
planted pylorus in the perineum with reflux into proximal sig-
moid colon in pigs. Manometry also showed pyloric contraction
in the perineum with rise in its pressure. APV has also been used
for preventing ileostomy complications in another canine study
by Toubanakis et al.”* Auto-transplantation of the pyloric sphinc-
ter at terminal colostomies has also been performed in dogs.”’
Although the transposed pyloric sphincter alone was not suffi-
cient to control continence in this study, yet the resting mano-
metric pressures were higher in the transposed group.

We have shown earlier the feasibility of perineal transposition
of the pylorus in humans.” The transposed antro-pylorus in peri-
neum is physically viable as evidenced by digital examination and
imaging studies including CT and MRI scans (Fig. § and 6).
CT angiography and Doppler flow studies showed good vascular
flow in the perineally transposed APV graft (Fig. 4 and 6). The
APV in the perineum behaved as a functional tonic sphincter
with anal manometry demonstrating a definite high pressure zone
and significant retention of barium proximal to the transposed
valve (Fig. 2).

All the previous studies in human have examined the APV in

its natural in vivo position with intact gastroduodenal continuity.
The pylorus in this position is difficult to access. However, ec-
topically placed pylorus (as in our series of patients) is relatively
fixed and readily approachable. The transposition of the pylorus
to an ectopic position could abolish the usual inhibitory control at
the gastro-duodenal junction, which leads to a tonically con-
tracted pylorus, an observation noted in most of our patients. The
ectopically placed pylorus at the colostomy site was found to be
well contracted with resistance to the invaginating index finger.

Of interest is the fact that in several of our patients, a pro-
longed insertion of finger in the newly positioned APV in the anal
region resulted in a firm phasic contraction of APV with a basal
tone around the inserted finger (Fig. 2). This suggests that the
tactile stimulation of the APV might be responsible for its con-
traction in this position. The APV was consistently found to be
closed in its ectopic position unlike its normal position in stomach
where it is often open on upper gastrointestinal endoscopy. Ba-
rium retention studies have also shown adequate hold up of con-
trast in late films proximal to the transposed neo-pylorus in the
perineum (Fig. 2).

Non-significant improvement in anal pressure was noted at
first follow-up while pressures increased significantly at second
follow-up. In-fact, 2 patients (No.10 and 11) had pressures lower
than pre-operative values at first follow-up but had high pres-
sures on second follow-up. This observation is also reflected in
overall analysis as significant improvement in pressure was ob-
served only at second follow-up, not at first follow-up. It is diffi-
cult to explain this observation. It might be related to better post-
operative recovery and healing of transposed valve. Incontinence
scoring was performed at second follow-up after colostomy
closure. The scores correlated better with second pressure meas-
urements than first.

Our results may have limitation due to small sample size.
Nevertheless, our data, using multiple methodologies, points to a
distinct sphincter action of the pylorus. These results may need to
be validated in a larger study. Our unique set of patients in whom
the pylorus was removed from the gastro-duodenal continuity
provided us with the rare opportunity of examining the sphinc-
ter-like properties of the pylous, which had not been examined
hitherto in this position.

We conclude that when removed from the gastroduodenal
continuity, the pylorus functions as a tonic sphincter. This ob-
servation forms the basis of using an isolated pylorus in anal
sphincteric reconstruction for the augmentation or replacement

of the damaged sphincter.’
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