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Abstract

Introduction. The sphincter of Oddi (SO) is responsible for the portioned release of bile and
pancreatic juice into the duodenum and prevents reflux of duodenal chyme into the bile ducts.
The etiology and pathogenesis of sphincter of Oddi dysfunction (SOD) is considered unknown.
The normal anatomy of SO is described based on the results of examination of patients with
SOD. The SOD is diagnosed, if SO pressure exceeds 40 mmHg, while the norm is defined as
10 mmHg. Both conservative and surgical treatment are aimed at reducing pressure, including
with the intersection of SO, which inevitably damages its anti-reflux function. After
examination and treatment, severe complications arise, which raises doubts among some
authors about the advisability of their use. Objective: to isolate reliable scientific information
from published materials and evaluate them from the point of view of the physiology of the
digestive system. Material and methods. An analysis of the literature was carried out to
determine the reliability of the results on which the diagnosis and treatment of SOD is based.
Based on our own studies of normal and pathological physiology of the duodenum, a
hypothesis of the occurrence of acquired diseases of the biliary system has been proposed.
Results. It has been shown that hypersecretion of hydrochloric acid, which causes other acid-
dependent diseases (ulcers, gastritis, duodenitis, gastroesophageal reflux), leads to dyskinesia
and hypertrophy of the Ochsner and Kapandji sphincters, because of which in the duodenal
segment, between these sphincters, where the SO opens, the pressure increases. This causes
dysfunction of SO, increased pressure in the biliary and pancreatic tracts, duodeno-biliary
reflux, stone formation, and inflammation in the gallbladder. Conclusion. A hypothesis has
been proposed to understand the etiology and pathogenesis of sphincter of Oddi dysfunction as
one of the clinical manifestations of hydrochloric acid hypersecretion. This hypothesis explains
many scientific facts that were hitherto considered to be of unknown origin. Based on this
hypothesis, diagnostic and treatment methods have been proposed that cannot cause the
complications that are observed when using manometric study of the SO, ERCP,
sphincterotomy and sphincteroplasty of the SO. However, studies are needed to confirm the

effectiveness of this theoretically based treatment method.
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1. Imtroduction. All sphincters of the digestive tract play an important role in maintaining
the normal function of this system, and the sphincter of Oddi (SO) is one of them. This
sphincter is located on the border between the bile and pancreatic ducts on one side and the
duodenum on the other. This explains the duality of its function. Firstly, it regulates the
portioned flow of bile and pancreatic juice into the duodenum. Secondly, it prevents the reflux
of duodenal contents into the ducts [1]. The sphincter of the common bile duct was first
described in 1888 by Ruggero Oddi, who at that time was a medical student in Perugia (Italy).
He not only discovered the sphincter, but also described the dilatation of the bile duct after

cholecystectomy and was the first to perform manometry of the biliary tract [2].
2. Normal anatomy and physiology of the SO

In most cases, the common bile duct connects close to the duodenum with the large pancreatic
duct, forming a common canal that flows into the duodenum. The terminal part of this canal,
called the greater duodenal nipple or papilla Vateri, is in the lumen of the duodenum. Circular
smooth muscle fibers of the SO surround the lower portion of the common bile duct, of the
large pancreatic duct, and the common duct (Figure 1. a) [3]. Kune was the first to show that
the zone of narrowing of the distal segment of the common duct, when studied with X-ray
contrast agents, represents a zone of active contraction of the SO, which can be measured [4]

(Figure 1, b, c).

Figure 1. Towards the anatomy of SO. (a) Diagram from the article by Geenen et al [3]. (b,
¢). Stages of cholecysto-cholangiography in an elderly patient with SO dysfunction. (b). Since
it is known that the height of the 1st lumbar vertebra in adults is approximately 2.2 cm, the
distance between the two red dots, which is caused by the contraction of SO, is 1.1 cm. The

width of the CBD in the proximal part is 1 cm, and above the SO - 0.5 cm. The straightened



contours of the 2nd part of the duodenum indicate duodenitis. (¢). The contrast agent passes

into the duodenum through the SO.

Since contrast studies are performed only on patients, the results of measuring SO length by
this method should be treated with caution. In a manometric study, SO length was, in the control
group, 9.5 + 0.5 mm. No significant differences were found between controls and patients with
common bile duct (CBD) stones [7]. Teilum measured the length of the SO in 148 autopsy
specimens with adjacent structures obtained from adults. The median diameter of the common
bile duct was 7 mm (range 4-13 mm). No associations were found between the length of the
sphincter, and the diameter of the common bile duct, presence of stones in the gallbladder or
the postcholecystectomy state [8]. Funch-Jensen et al during endoscopic manometry in healthy
volunteers identified SO as a zone with elevated base-line pressure with an average length of

8 cm [9].

These studies of the SO anatomy were carried out in the 20th century. In all articles, SO is
described as a narrow channel with a length of about 9.5 + 0.5 mm [7]. This size is probably
closer to the truth, since this was the only study performed among control subjects. SO
generates a basal pressure that is higher than the pressure in the common bile duct and
duodenum. In healthy volunteers, median values for amplitude were 102.9 mm Hg; base-line
pressure, 10 mm Hg; wave duration, 4.8 sec; and frequency, 2.6/min. Most waves propagated
antegrade or simultaneously, and in no individual were more than one third of the waves

retrograde [9].

2. 1. What is a SO ampulla? In recent decades, a completely different picture has been
described as normal SO anatomy. During cholangiography, in the area between the CBD and
the papilla, two areas of contraction are identified, between which there is a wide cavity called
the ampulla. When the peristaltic wave reaches SO, "first the upper part, the sphincter
choledochus, opens from above downwards, the contrast enters the ampulla. Then the sphincter
choledochus contacts, again from above downwards, isolating a small portion of contrast in the
ampulla. The distal sphincter opens, and the systolic volume falls into the duodenum" [10].
The ampullae appear In all peristaltic systems, if sphincters function impaired. Normally, the
last peristaltic creates the threshold pressure for sphincter opening. The ampulla represents the
last peristaltic wave with a wide lumen, which reduces its ability to create a threshold pressure

for SO opening. To create a threshold pressure, a functional sphincter arises, the contraction of



which allows the ampulla to create a higher pressure and inject a bolus into the lumen with a

higher pressure than in the CBD (Figure 2. a, b) [11].

Figure 2. (a). Cholangiography for severe SO damage, and (b) a diagram for it. (d — duodenum;
CBD — common bile duct; a — ampulla located between the shortened SO - blue arrow, and the
functional sphincter - red arrow). (c). Vesicoureteral reflux. The ampulla is located between the
vesicoureteral sphincter - blue arrow, and the functional sphincter - red arrow. (d).
Gastroesophageal reflux. The phrenic ampulla is located between the LES and the functional
(proximal) sphincter (PS). (e). A patient with enteritis. The ampulla is located between the

ileocecal valve - blue arrow, and the functional sphincter - red arrow.

The cholangiography is performed on patients with severe symptoms of the disease.
Therefore, the results obtained in patients with pathology of the pancreato-biliary system
cannot be considered an anatomical norm. Secondly, it contradicts anatomical and radioligical
studies conducted in control groups. It follows that the presence of an ampoule is evidence of
severe SO damage.

Since the antireflux function of SO depends on the condition of the duodenum, below we will
dwell on the normal anatomy and physiology of the duodenum.

3. Duodenal motility

In the duodenum, four sphincters function, which protects the small intestine from the
aggressive effects of hydrochloric acid. If the bolus would pass through the duodenum as
quickly as through the esophagus, then an extremely low pH bolus would cause damage of the
jejunum. The post bulbar sphincter (PBS), together with the pyloric sphincter (PS), provides
evacuation of the chyme from the stomach as portions of a certain volume (Figure 3 A). When
the acid bolus reaches the Ochsner’s sphincter, which is in the 3rd part of the duodenum, it
causes of its contraction, which prevents entering aggressive chyme to the jejunum (Figure 3

B). As a result of the Ochsner’s sphincter contraction, the bolus is thrown cranially, but



Kapanji’s sphincter contraction, bolus is again thrown B towards the Ochsner’s sphincter. This
pendulum movement of the bolus between the Ochsner and Kapanji sphincters occurs several
times. During this time, the chyme mixes with bile and pancreatic juice, which raise the pH of
the chyme. When the pH reaches a level that is safe for the jejunum, Ochsner’s sphincter opens,
and bolus passes into the jejunum [12,13,14,15]. During gallbladder and stomach operations
Ochsner found the duodenum is distended with gas to a point just below the entrance of the
common duct, while below this it is contracted. In all histological specimens, there is also a
marked thickening of the intestinal wall for 2 to 4 centimeters below the entrance of the
common duct, with a marked increase in the circular muscle fibers. In his work, Ochsner not
only described the sphincter in the third part of the duodenum, but also associated its function
with the reaction to hydrochloric acid and its hypertrophy with such acid-related diseases as
gastric ulcers, duodenal ulcers, and biliary tract pathology [12]. On a standard x-ray study,
barium passes through the duodenum without delay because it has a high pH. When vitamin

“C” was added to barium, we found a contraction of the Ochsner and Kapand;ji sphincters and

were able to determine their sizes (Figure 3 C) [13].

Figure 3. X-ray demonstration of the duodenal sphincters. (A). During antral contraction, the
duodenal bulb fills to the limit, after which the pyloric sphincter (PS) contracts, stopping the
flow of barium from the stomach into the bulb. Then, during the peristaltic contraction of the
bulb between the PS and PBS, the pressure rises, which causes the PBS to relax, and the bolus
penetrates the 2" part of the duodenum. (B) In elderly patient with duodenal dyskinesia the
white arrow shows PBS location. An expansion of the duodenum is determined between the
Kapanji’s sphincter (pink arrow) and the Ochsner’s sphincter (blue arrow). (C) The duodenum
was emptied, but the barium remained in deep folds because the barium-filled bowel was very
wide. Two zones of contraction with longitudinal folds are visible: (a) the Kapanji’s sphincter,

and (b) the Ochsner’s sphincter. The juxtapapillary diverticulum (d) is located between them.



These diverticula result from the extrusion of the mucosa between the muscular fibers. Thus,
this diverticulum is evidence of high pressure that occurs between contracted sphincters
Kapanji and Ochsner.

The above studies indicate that hypersecretion of hydrochloric acid, which causes acid-
related diseases, leads to duodenal dyskinesia. This is accompanied by hypertrophy of the
Ochsner and Kapandji sphincters and expansion of the duodenum between them, which is
caused by an increase in pressure in this segment where the SO opens. This is confirmed by
manometric studies by Zhang et al, which found that patients with SO pathology often (36%)
have duodeno-biliary reflux. In some of them (80%), the pressure in the duodenum was higher
than in the common bile duct [16].

4. Criticism of the current state of the issue of etiology and pathogenesis of Oddi sphincter
dysfunction

4.1. All authors agree that the etiology of SOD is unknown. Some articles make assumptions
that have no scientific basis.

4. 2. At present the SOD are mostly diagnosed by Rome IV criteria, which defined the biliary-
type of pain, if it is localized in epigastric or right upper quadrant. These symptoms, however,
are also common for other acid-related disorders (duodenitis, ulcers, GERD, etc.), that are more
frequent than SO [17]. Thus, the clinical definition of SOD is erroneous and should not be used
at all. This is an example of how decisions made by voting are not scientific and should not be
used either in science or practice.

4. 3. Until now, all researchers refer to the Milwaukee classification of SOD, proposed by
Hogan and Geenen in 1988 [18]. They subdivided sphincter of Oddi (SO) motor dysfunction
into two broad categories: 1. SO stenosis: defined as a structural narrowing of part or all the
SO segment, and 2) SO dyskinesia (SOD): defined as a primary disorder of SO tonic/phasic
motor activity. They divided patients with SOD into three groups. SOD-I with biliary-type
pain, abnormal liver function tests (SGOT; al PO4 greater than 2 x normal) documented on 2
or more occasions, delayed drainage of ERCP contrast greater than 45 min, and dilated CBD
greater than 12 mm diameter; SOD-II with biliary-type pain but only 1 or 2 of the above
criteria; SOD-III-patients with only biliary-type pain and no other abnormalities [18].

Firstly, as shown above, the so-called biliary-type pain is often a symptom of other acid-
dependent diseases. Secondly, a review by Wilcox showed that type III SOD likely does not
exist as a true pancreaticobiliary disease. In patients in whom SOD was diagnosed,
approximately 50% in the sham group as compared to 36% in the sphincterotomy group had

symptomatic improvement. This indicates about the placebo phenomenon [19]. Third, in the
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article Ponchonin et al sixty-nine consecutive patients with SOD were treated with endoscopic
sphincterotomy. No gallstones were found in the gallbladder or bile duct. Three patients (4.3%)
were found to have adenocarcinoma in the ampulla of Vater. Thirty-six had normal results of
biopsy analysis and 30 had inflammatory or fibrotic changes on biopsy specimens [20]. These
studies suggest that type III SOD is not related to SOD, which is confirmed by other authors
[17]. Therefore, this type should be excluded from the classification. It also turned out that the
Milwaukee classification does not allow differentiating functional and organic lesions of SO,
most likely because these are stages of the pathogenesis of the same disease.

4.4. According to Villavicencio Kim and Wu manometry is the gold standard for the diagnosis
of SOD, although results vary with patient and operator experience. SOD is defined by
manometry as a basal biliary or pancreatic sphincter pressure of >40 mmHg, which is greater
than three standard deviations above average pressure. Other criteria are increased phasic wave
frequency, or tachyoddia >8/min, an increase of >50% in the number of retrograde propagations
of SO phasic contractions, and a paradoxical response to CCK [21]. However, this test is
nonconfirmatory in 13—40% of patients with SOD type 1 [21]. Secondly, in almost 30% of
patients it provokes pancreatitis, which served as a reason for Kegnes et al not to recommend
its use [17].

Geenen et al were probably the first to establish a pressure limit of 40 mmHg [22]. However,
if SO normally creates a pressure of 10 mmHg [9], then 40 mmHg cannot be a diagnostic
criterion for pathology, because patients with a pressure from 10 to 40 mmHg cannot be
considered healthy if their pressure is higher than normal. And as a result, they fall out of the
sight of doctors. This limit is used by surgeons to assess the effectiveness of sphincterotomy
post-operatively. For example, it was shown that only patients with pressure >40 mmHg had
more frequent and long-lasting pain relief [22,23].

4.5. The article by Walia et al no differences in outcome sphincteroplasty were found between
type I, I1, or III SOD patients [24]. If we consider that patients with SOD type III did not have
SO lesions, this directly indicates, that the poor results (postoperative complications 27%; 33%
of patients had subsequent biliary-pancreatic procedures, 22 patients undergoing subsequent
ERCP and 4 patients progressing to pancreaticoduodenectomy) are due to the operation itself,
and not to the pathology of SO.

4.6. The purpose of sphincterotomy and sphincteroplasty is to facilitate the outflow of bile and
pancreatic juice. But the indicator of effectiveness is pain relief. What's really going on? All
patients undergoing major ampullary sphincteroplasty had manometric pressures reduced to 0

mm Hg [24]. It follows from this that, in all patients led to a complete loss of the anti-relux
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function of the SO. Dissection of the circular muscles of the SO leads to improved outflow of
bile and pancreatic juice and pain relief. However, these procedures permanently destroy the
antireflux function of SO and lead to the reflux of aggressive gastric juice into the bile ducts.
Duodeno-biliary reflux causes an inflammatory process in the bile ducts, as well as pancreatitis
(up to 30%). Healing of incised tissue often leads to restenosis. Over time, sclerotic changes
and epithelial metaplasia occur in the ducts, with long-term carcinogenic effects in more than
4.3% of patients [17, 20]. We see an almost complete analogy of duodeno-biliary reflux with
gastroesophageal reflux, where hydrochloric acid reflux causes esophagitis, dilatation of the
esophagus and the formation of phrenic ampulla with metaplasia of the esophageal mucosa up
to the appearance of a carcinoma [25]. Understanding the importance of sphincter preservation,
Habib et al proposed partial sphincterotomy, which was tailored to the manometric findings
and reduced sphincter length by only 46.7 £10.3% [7].

4.7. Endoscopic sphincterotomy was reported to be effective in patients with abnormal SO
manometry in many publications. However, the effect of sphincterotomy has subsequently been
questioned even in those with positive SO manometry. Toouli et al. concluded that
sphincterotomy was useful only in patients with SO stenosis [23]. Tanaka considers that biliary-
type pain in SO dysfunction originates from increased biliary intraluminal pressure. They
showed that the rise in the duodenal pressure during MMC phase I1I causes a transient elevation
in biliary pressure, which is accompanied by biliary pain [26, 27]. Small bowel manometry
found that disturbances of duodeno-jejunal motor activity were more pronounced in SOD /I
compared with SOD type III patients [28,29]. Zhang et al found that patients with SO pathology
often (36%) have duodeno-biliary reflux. In some of them (80%), the pressure in the duodenum
was higher than in the common bile duct [16]. Thus, they proved what Ochsner's work, and our
x-ray studies suggested. Duodenal dyskinesia, caused by hypersecretion of hydrochloric acid,
leads to an increase in pressure in the part where the SO opens. This may be the root cause of
SOD and may also aggravate the disease after sphincterotomy. From this point of view, it is
possible to understand a phenomenon that was considered inexplicable. Patients who have
undergone Roux-en-Y gastric bypass surgery demonstrate better results with transduodenal
sphincteroplasty than those with an unaltered alimentary stream [30,31]. This effect could be
explained by the fact that in the Roux-en-Y duodenojejunal anastomosis significant part of the
chyme passes past the duodenum, which reduces the pressure in it and the likelihood of
penetration of chyme through SO.

5. Etiology and pathogenesis of Oddi sphincter dysfunction



Based on the analysis of the literature and our own research, the following conclusions can be
drawn. (a). Hypersecretion of hydrochloric acid, which causes acid-related diseases
(esophagus, stomach, and duodenum), leads to dyskinesia of the duodenum, including the
Kapanji and Ochsner sphincters with hypertrophy of their walls; (b). In the duodenum between
the Kapanji and Ochsner sphincters, where the SO opens, pressure increases. (¢). An increase
in pressure in the chamber into which the SO opens lead to a disruption of its function
(dyskinesia), which causes to a delay in the outflow of bile and pancreatic juice, an increase in
pressure in the ducts and contributes to the periodic reflux of an acidic bolus into the ducts. (d).
With a significant expansion of the CBD, a shortening of the SO occurs with the formation of
ampulla and a functional sphincter above it. (f). Duodeno-biliary reflux increases pressure in
the biliary system, which leads to disruption of liver function tests, chronic pancreatitis, the
formation of gallstones and acute cholecystitis, after contamination of microorganisms. (f).
Pathology of the biliary system, including SOD, is an acid-dependent disease and therefore is
always combined with other acid-dependent diseases. Their differential diagnosis can be
difficult since many symptoms of different diseases are the same. The ontogenesis of the
disease begins from the dyskinesia with the subsequent development of inflammatory,
sclerotic, and anatomical changes, including the formation of ampulla, SO stenosis, metaplasia,
which can lead to the tumor. Thus, SOD is one of the possible stages in the development of
pathology caused by hypersecretion of hydrochloric acid. Wehrmann et al found that the lower
esophageal sphincter pressure and anal sphincter resting pressure were significantly higher in
patients with type I-SOD than in healthy subjects. These results provide evidence for a systemic
involvement of the lower esophageal and the anal sphincter in patients with type I-SOD, which
does not occur in patients with type III-SOD [32]. Knowledge of the etiology, pathogenesis
and pathophysiology of the disease is necessary for prescribing pathogenetic treatment.

6. Rationale for pathogenetic treatment of SOD

Treatment of SOD assumed that pain was caused by SO spasm. Even though the results of the
use of drug treatment in some patients suggested that nifedipine was effective, they were based
on perception and tolerance toward pain intensity and were highly subjective [21]. The use of
antispasmodics could not be successful in case of stenosis, and in case of dyskinesia, these
drugs further disrupt the antirelux function of the SO. Since SOD is an acid-related disease, it
is always combined with other similar problems, such as ulcers, inflammatory diseases of the
esophagus, stomach, and GERD. From the point of view of the etiology and pathogenesis of

SOD described above, pathogenetic treatment include:



6.1. Refusal to take provocateurs of hydrochloric acid hypersecretion (products containing
lactose, honey, chocolate, citrus fruits). Without this, any treatment cannot be successful.

6.2. Taking drugs that suppress the secretion of hydrochloric acid (PPI) is of great importance
but cannot be the only method of treatment.

6.3. The effectiveness of treatment by Carlsbad alkaline water (pH-8-9), including for diseases
of the biliary tract [33], has been proven by its use over several centuries. It is known that
hydrochloric acid hypersecretion, the tissues of the digestive tract are damaged not only by the
acid, but also by pepsin, which requires acid for its activation. Unlike conventional drinking
water, pH 8.8 alkaline water instantly denatures pepsin, rendering it permanently inactive. In
addition, it has good acid-buffering capacity. Thus, the consumption of alkaline water may
have therapeutic benefits for patients with gastrointestinal disease [34]. As shown by a study
by Lazebnik et al, the use of natural mineral water "Borjomi" alleviates not only the symptoms
of functional dyspepsia, but also constipation [35].

6.4. To prevent duodeno-biliary reflux, it is necessary to reduce pressure in the duodenum,
which can be facilitated by mechanical stretching of the sphincters. Ingested dense tablets with
a diameter of about 2 cm is pushed by a peristaltic wave through the hypertrophied Ochsner
sphincter, which leads to a decrease in its tone. The procedure can be repeated several times
(Figure 4). If there is no effect, it is advisable to expand the SO. Sphincterotomy and
sphincteroplasty lead to the cessation of the antireflux function of SO - forever, and to severe
complications. According to Hyun and Kozarek, the simplistic view that SOD, however it has
been diagnosed, requires biliary or dual sphincterotomy is just that, simplistic and potentially

misguided [36].
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Figure 4. Radiographs from different studies demonstrating the movement of a contrast tablet
through the digestive tract. (a). In the esophagus. (b). Above the lower esophageal sphincter
(red arrow). (c). In the antrum of the stomach above the pyloric sphincter (yellow arrow). (d).
In the duodenal bulb after passage through the pyloric sphincter (yellow arrow). (e). In the

small intestine. (f). In the descending colon.

Tablets with a diameter of 1.9 to 2.5 cm, prepared from a mixture of barium and flour, passe
through the entire digestive tract. In the small and large intestines, the tablets begin to decrease
in size as they gradually dissolve under the influence of chyme. This way they can't get stuck
for long periods of time and cause any damage. Using the example of the lower esophageal and
pyloric sphincters, the diameter of which when opened normally does not exceed 4 mm, tablets
with a diameter of up to 2.5 cm pass under the influence of a peristaltic wave. Patients do not
feel the advancement of the tablet, except in very rare cases, if the tablet passed through the
sphincter affected by the ulcerative process. Stretching the sphincters in patients with
hypersecretion of hydrochloric acid improves their throughput and alleviates or completely
relieves symptoms [37].

The complex of therapeutic measures described above is intended for the treatment of diseases
of duodeno-biliary reflux, including SOD. However, with hypersecretion of hydrochloric acid,
all organs of the digestive tract are affected, especially the esophagus, stomach, and duodenum.
In this series, only the esophagus does not have any protection and requires additional treatment
methods to those described above. This is very important because gastroesophageal reflux
disease (GERD) progresses despite the absence of typical symptoms, often under the label of
irritable bowel syndrome, functional dyspepsia, or other non-esophageal symptoms. Once a
diagnosis of GERD has been made, the following should be added to the treatment described
above:

6.5. Additional recommendations when diagnosing GERD confirmed.

6.5.1. Changing behavior (habits) on a permanent basis.

A). Need to go to bed with an empty stomach.

B). Cannot use a tight belt, bend over, or play sports after eating.

C). Need to reduce the volume of one feeding and reduce the weight if body mass index =
or > 25.

6.5.2. During an exacerbation, along with taking PPI, antacids are recommended, as well as

protectors of the esophageal mucosa 30 minutes after eating.
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Conclusion. A hypothesis has been proposed to understand the etiology and pathogenesis of

sphincter of Oddi dysfunction as one of the clinical manifestations of hydrochloric acid

hypersecretion. This hypothesis explains many scientific facts that were hitherto considered to

be of unknown origin. Based on this hypothesis, diagnostic and treatment methods have been

proposed that cannot cause the complications that are observed when using manometric study

of the SO, ERCP, sphincterotomy and sphincteroplasty of the SO. However, studies are needed

to confirm the effectiveness of this theoretically based treatment method.
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