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he functional disorder of the gallbladder (GB) is a motility
isorder caused initially either by metabolic abnormalities
r by a primary motility alteration. The functional disorders
f the sphincter of Oddi (SO) encompass motor abnormal-

ties of either the biliary or the pancreatic SO. Dysfunction
f the GB and/or biliary SO produce similar patterns of
ain. The pain caused by a dysfunction of the pancreatic
O can be similar to that of acute pancreatitis. The symp-
om-based diagnostic criteria of motility dysfunction of the
B and biliary SO are episodes of moderate to severe
teady pain located in the epigastrium and right upper
bdominal quadrant that last at least 30 minutes. GB
otility disorder is suspected after gallstones and other

tructural abnormalities have been excluded. This diagno-
is should then be confirmed by a decreased GB ejection
raction induced by cholecystokinin at cholescintigraphy
nd after disappearance of the recurrent biliary pain after
holecystectomy. Symptoms of biliary SO dysfunction may
e accompanied by features of transient biliary obstruc-
ion, and those of pancreatic SO dysfunction are associ-
ted with elevation of pancreatic enzymes and even pan-
reatitis. Biliary-type SO dysfunction is more frequently
ecognized in postcholecystectomy patients. SO manome-
ry is valuable to select patients with sphincter dysfunction;
owever, because of the high incidence of complications,
hese patients should be referred to an expert unit for such
ssessment. Thus invasive tests should be performed only

n the presence of compelling clinical evidence and after
oninvasive testing has yielded negative findings. The com-
ittee recommends that division of the biliary or pancre-

tic sphincters only be considered when the patient has
evere symptoms, meets the required criteria, and other
iagnoses are excluded.

he biliary tract transports, stores, and regulates
the continuous secretion of hepatic bile. Bile is

ransported by the intra- and extrahepatic bile ducts
nd delivered into the duodenum to contribute to the
igestion and absorption of fats. During the interdi-
estive phase, the resistance of the sphincter of Oddi
SO), mainly because of its phasic contractions, in-

reases intraductal pressures triggering a choledocho-
ystic duct reflex that relaxes the gallbladder (GB).1,2

hese pressure changes create a gradient between the
ommon bile duct and the GB diverting the bile flow
oward the GB through the cystic duct. However,
bout 25% of the hepatic bile manages to enter into
he duodenum probably in between phasic contrac-
ions of the SO.3 It also appears that during the
nterdigestive and digestive phases bile is continu-
usly mobilized by propulsive and nonpropulsive con-
ractions within the GB and through the cystic duct.
he bile flow through the cystic duct is complex, and

everal studies have shown that the flow through the
ystic duct is bidirectional. The bidirectional flow
hrough the cystic duct can be best explained by the
B functioning as a bellows contracting and relaxing

ntermittently.4,5 The net effect during the interdiges-
ive phase is storage, whereas in the digestive phase it
s net emptying of bile from the GB. Some of the
ontractions are associated with emptying, whereas
thers are nonpropulsive and simply appear to stir its
ile contents.6 The physiological significance of the
onpropulsive contractions is unclear, although they
ay stir the GB contents to avoid precipitation of

elatively insoluble constituents such as cholesterol
nd bilirubin. These propulsive contractions become
tronger and propulsive during the phase III of the
igrating motor complex of the antrum, resulting in

artial GB emptying. In the digestive phase, there is
et bile emptying into the duodenum because of the
B contraction and SO relaxation initiated by the

equential activation of cephalic, antral, and intestinal
eurohormonal mechanisms. The SO also plays a rel-

Abbreviations used in this paper: ERCP, endoscopic retrograde
holangiopancreatography; ES, endoscopic sphincterotomy; GB, gall-
ladder; GERD, gastroesophageal reflux disease; IBS, irritable bowel
yndrome; MRCP, magnetic resonance cholangiography; SO, sphincter
f Oddi; SOM, sphincter of Oddi manometry; US, ultrasonography.
© 2006 by the American Gastroenterological Association Institute
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vant role in regulating the flow of pancreatic secre-
ions into the duodenum. Derangements of any of
hese components may lead to intermittent upper
bdominal pain, transient elevations of liver or pan-
reatic enzymes, common bile duct dilatation, or ep-
sodes of pancreatitis.

E. Functional GB and SO Disorders

GB and SO dysfunctions are relatively rare condi-
ions, but their main clinical presentation, pain in the upper
ight abdominal quadrant and in the epigastrum, is not
asily distinguished from that occurring in high prevalence
onditions such as gastroesophageal reflux disease (GERD),
rritable bowel syndrome (IBS), functional dyspepsia, and
holelithiasis and in high risk complications caused by
holecystitis and pancreatitis. In addition, SO dysfunction
tself can be the cause of liver and pancreatic abnormalities.
herefore, these disorders need to be excluded before pa-

ients suspected of having functional disorders of the GB
nd SO are submitted to extensive investigations with
nvasive procedures and to inappropriate endoscopic and
urgical treatments.

The present diagnostic criteria and guidelines for clin-
cal evaluation and treatment have been developed taking
nto consideration the peculiar aspects of functional dis-
rders of GB and SO that differ substantially from other
unctional gastrointestinal disorders. As noted in Table
, the functional GB and SO disorders (category E) are
ubcategorized into functional GB disorder (E1), func-
ional biliary SO disorder (E2), and functional pancreatic
O disorder (E3). In comparison to the previous Rome II
riteria, the major change in the proposed criteria is to
ake them more stringent to reduce the number of

nnecessary invasive procedures and surgical operations
n patients presenting with upper abdominal pain. Bil-
ary and pancreatic pain should be defined by site, sever-
ty, modality of onset, duration and by the absence of
ypical symptoms of GERD, functional dyspepsia, and
BS. The characteristics of biliary and pancreatic pain in
hese functional disorders of the GB and SO are not
ubstantiated by any published evidence. They are based
n similarities with the characteristics of the pain expe-
ienced by patients with biliary lithiasis and in those
ith pancreatitis. It is also based on the consensus

eached by the authors of this article. Consequently,
hese consensus-based symptomatic criteria should be
onsidered only as a generalization that does not neces-
arily hold true in every patient. However, by excluding
ERD, IBS, functional dyspepsia, and chronic abdomi-
al pain, it will be possible to reduce unnecessary inva-

ive procedures and surgical interventions. Psychosocial
spects appear to be variably interrelated with functional
astrointestinal disorders. These relationships also may
ccur in patients with functional disorders of the GB and
O. Our knowledge of their influence in these disorders
s limited because appropriate epidemiological studies
ave not been performed because of the lack of uniform
iagnostic criteria of these conditions.
It is also possible that the syndrome of chronic functional

bdominal pain (see “Functional Abdominal Pain Syn-
rome” on page 1492 in this issue) may manifest itself with
linical characteristics similar to biliary pain. This condition
hould be suspected in those patients in whom repeated
pisodes of biliary-like pain are not associated with any
aboratory, endoscopic, ultrasonographic, radiologic, scinti-
raphic, or manometric findings that support the presence
f biliopancreatic alterations.

Patients with upper abdominal pain who do not meet
he Rome III symptom-based criteria for functional GB
nd SO pain should not be submitted to endoscopic
etrograde cholangiopancreatography (ERCP) or other
nvasive procedures. Those qualifying with the Rome III
riteria should be assessed initially with noninvasive
rocedures and eventually with therapeutic trials that
ill more likely identify the majority of patients whose
ain is not of biliopancreatic origin and therefore will not
equire any further investigation. This approach will also
elect a small minority of those patients who may require
urther invasive procedures and who should be referred to
edicated centers to the study and treatment of biliopan-
reatic disorders with proper equipment and trained staff
see clinical evaluation). Furthermore, the Geenen–
ogan biliary subtypes classification of SO dysfunction

as been revised to avoid early ERCP investigation by
sing noninvasive imaging tests.
The caution to avoid performing unnecessary ERCPs is

ecause of the potential complications of this procedure,
ainly pancreatitis, which vary widely with the experience

f the endoscopist and whether it is performed for diagnos-
ic or therapeutic purposes. In the literature, the incidence
f postprocedure pancreatitis can approach 24%, and major
omplications and death have been reported to vary from
.4% to 1.8% and 0% to 0.3%, respectively, for diagnostic
rocedure, and 5.0% to 9.0% and 0.5% to 0.9%, respec-
ively, for therapeutic procedure.

able 1. Functional Gastrointestinal Disorders

E. Functional gallbladder and sphincter of Oddi disorders
E1. Functional gallbladder disorder
E2. Functional biliary sphincter of Oddi disorder

E3. Functional pancreatic sphincter of Oddi disorder
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E. Diagnostic Criteria for Functional GB
and SO Disorders

Must include episodes of pain located in the
epigastrium and/or right upper quadrant and all
of the following:

1. Episodes lasting 30 minutes or longer
2. Recurrent symptoms occurring at different in-

tervals (not daily)
3. The pain builds up to a steady level
4. The pain is moderate to severe enough to in-

terrupt the patient’s daily activities or lead to
an emergency department visit

5. The pain is not relieved by bowel movements
6. The pain is not relieved by postural change
7. The pain is not relieved by antacids
8. Exclusion of other structural disease that

would explain the symptoms

Supportive criteria
The pain may present with 1 or more of the following:
1. Pain is associated with nausea and vomiting
2. Pain radiates to the back and/or right infrasub-
scapular region
3. Pain awakens from sleep in the middle of the night

E1. Functional GB Disorder

Definition

GB dysfunction is a motility disorder of the GB
hat manifests symptomatically with biliary pain as a
onsequence of either an initial metabolic disorder (ie,
upersaturated bile with cholesterol7) or a primary
otility alteration of the GB in the absence, at least

nitially, of any abnormalities of bile composition.8 It
s likely that the latter condition, by causing bile
tasis, may alter over a period of time, bile recycling
nd bile composition within the GB. Both conditions
ay eventually lead, over a period of time, to the

evelopment of organic abnormalities (eg, gallstones
nd acute cholecystitis). The symptoms of these or-
anic and functional conditions appear to be in-
istinguishable from one another, and therefore their
ifferential diagnoses require a careful diagnostic
orkup.

Epidemiology

The prevalence of GB dysfunction is not known.
arge population-based studies have reported that prev-

lence of biliary pain in ultrasonography (US)-negative s
ubjects with GB in situ varies from 7.6% in men to
0.7% in women.9,10

E1. Diagnostic Criteria for Functional GB
Disorder

Must include all of the following:

1. Criteria for functional GB and SO disorders
2. GB is present
3. Normal liver enzymes, conjugated bilirubin,

and amylase/lipase

Clinical Presentation

The most specific symptom attributed to func-
ional disorders of the GB appears to be biliary pain, and
herefore the crucial steps in the diagnosis are a thorough
istory supported by objective evidence of GB dysfunc-
ion and exclusion of structural abnormalities. However,
urther research will be necessary to assess whether these
igidly defined criteria will be able to select patients with
unctional GB disorders. These patients will need to be
valuated with longer follow-ups for at least 1 year after
holecystectomy. In the meantime, we are proposing the
ollowing criteria for this diagnosis:

. Absence of gallstones, biliary sludge, or microlithiasis

. An abnormal GB ejection fraction of less than 40% by
using a continuous intravenous cholecystokinin octapep-
tide infusion over a 30-minute period

. A positive therapeutic response with absence of the
recurrent pain for longer than 12 months after
cholecystectomy

Laboratory and Instrumental Investigations

The symptoms of GB dysfunction must be differ-
ntiated from organic disease and other more common
unctional disorders including functional dyspepsia and
BS in which symptoms do occur daily for at least short
ntervals (few days or weeks).

Tests of liver biochemistries and pancreatic enzymes
hould be obtained in those patients with the previously
entioned symptomatic criteria. These tests are normal

n the presence of GB motility dysfunction. The findings
f abnormal liver or pancreatic enzyme levels or both
ndicate that other diagnoses should be considered. To
ule out calculus biliary disease, which can produce sim-
lar symptoms, the following investigations need to be
erformed; however, some of them may not be available
nd some are obsolete.

Ultrasound. Transabdominal ultrasonographic

tudy of the entire upper abdomen is mandatory in
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atients with the previously mentioned symptoms. In
he presence of GB dysfunction, the biliary tract and
ancreas appear normal on US. In particular, gallstones
r sludge cannot be shown. US usually detects stones
ithin the GB equal to or greater than 3 to 5 mm in
iameter, but it has a low sensitivity to detect smaller
tones.11 US detection of stones or sludge within the
ommon bile duct is even more difficult. Endoscopic US
s more sensitive than traditional transabdominal US in
etecting microlithiasis (tiny stones �3 mm) and sludge
ithin the biliary tract.12

Endoscopy. In the presence of normal laboratory
nd ultrasonographic findings, an upper gastrointestinal
ndoscopy is usually indicated. The diagnosis of GB dys-
unction is suspected in the absence of significant abnor-
alities in the esophagus, stomach, and duodenum.

Microscopic bile examination. To exclude micro-
ithiasis as a cause for these symptoms, a careful micro-
copic examination of GB bile could be performed. The
etection of microlithiasis and cholesterol microcrystals
s best accomplished by a careful examination of GB bile
btained directly at the time of ERCP or by aspiration
rom the duodenum during endoscopy after cholecysto-
inin (CCK) stimulation. The resultant bile should ap-
ear deep golden yellow to dark green-brown. Pale yel-
ow bile from the common duct is not appropriate. Even
n those patients with cholesterol gallstones or sludge,
his hepatic bile is often free of cholesterol microcrystals
eing insufficiently concentrated to nucleate. The col-
ected bile should be immediately centrifuged and ex-
mined. Two types of deposits may be evident: choles-
erol crystals and/or calcium bilirubinate granules.
holesterol microcrystals are birifringent and rhomboid

haped and best visualized by polarizing microscopy. The
resence of cholesterol crystals provides a reasonably high
iagnostic accuracy for microlithiasis13–15 if properly per-
ormed. Bilirubinate granules are red-brown and can be
etected by simple light microscopy. These crystals are
ignificant only in freshly analyzed bile.

Tests of GB motor dysfunction are shown in Figure 1.
Assessment of GB emptying by cholescintig-

aphy. Cholescintigraphy is performed after the admin-
stration of technetium 99m–labelled iminodiacetic acid
nalogs. These compounds have a high affinity for he-
atic uptake, are readily excreted into the biliary tract,
nd concentrated in the GB. The net activity-time curve
or the GB is then derived from subsequent serial obser-
ations, after either CCK administration or the ingestion
f a meal containing fat. GB emptying is usually ex-
ressed as GB ejection fraction, which is the percentage
hange of net GB counts after the cholecystokinetic

timulus. A low GB ejection fraction has been considered O
vidence of impaired GB motor function that, in the
bsence of lithiasis, could identify patients with primary
B dysfunction.
The most widely used and validated stimulus to con-

ract the GB has been the slow intravenous infusion of
CK analogs, especially CCK-8 over a 30-minute pe-

iod.16,17 In some countries, CCK preparations have not
een approved for human use. Fatty meals and variable
olus injections of CCK do not yield consistent results.
Reduced emptying can arise from either impaired GB

ontraction or increased resistance of the SO because of
n elevated basal tone. Furthermore, several other con-
itions that do not necessarily present with biliary pain
an be associated with reduced GB emptying such as
besity, diabetes, and several drugs (eg, calcium channel
ntagonists and oral contraceptives). An accurate medical
istory should exclude secondary causes of impaired GB
otility. Two systematic reviews that did not discrimi-

ate between slow and rapid intravenous infusion of
CK have concluded that there is no sufficient evidence

o recommend the use of CCK cholescintigraphy to select
atients for cholecystectomy.18,19

Assessment of volume changes by transabdominal
eal-time US. Unlike cholescintigraphy, this method mea-
ures GB volume and obtains serial measurements during
asting or after a meal or the intravenous infusion of CCK
nalogs. In addition, US allows for assessment of residual
olume after emptying and the rate of refilling after GB
ontraction.

US may be helpful when radiation should be avoided.

igure 1. Algorithm of the diagnostic workup and management of
unctional GB disorders.
ne deficiency in the technique is the fact that it is
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perator dependent, and the results may not be repro-
ucible between different centers; therefore, the diagnos-
ic role, if any, of ultrasonographic assessment of GB
mptying has not become the standard in GB dys-
unction. Further prospective randomized studies are
eeded to better understand the predictive value of
CK cholescintigraphy or CCK US to recommend cho-

ecystectomy in patients with suspected GB motility
ysfunction.

Pain provocation test. A stimulation test with
CK attempting to duplicate biliary pain has been his-

orically used as a diagnostic investigation. This test has
ow sensitivity and specificity in selecting patients with
B dysfunction who respond to therapy. This may relate

o problems in the subjective assessment of pain and the
se of bolus injections of CCK. The latter can induce
ain by stimulating intestinal contractions.

Diagnostic Workup for Patients With
Suspected Functional GB Disorder

Based on the consensus reached by the authors of
his article, the diagnostic workup reported in Figure 1
s recommended. The following comments summarize
he proposed diagnostic workup.

. Symptoms consistent with a biliary tract etiology
should be evaluated by US examination of the biliary
tract, liver biochemistry, and pancreatic enzyme mea-
surements. If the results are normal, upper gastroin-
testinal endoscopy is recommended.

. If any of these investigations detect abnormalities,
appropriate investigation and treatment should fol-
low.

. If no abnormal findings are detected, a dynamic
cholescintigraphic GB study with the administration
of a CCK analog should be performed.

. If GB emptying is abnormal (�40%) and there are no
other conditions associated with reduced GB empty-
ing, the diagnosis of GB dysfunction is likely;
cholecystectomy is therefore the most appropriate
treatment.

E2. Functional Biliary SO Disorder

Definition

SO dysfunction is the term used to define motility
bnormalities of the SO associated with pain, elevations
f liver or pancreatic enzymes, common bile duct dila-
ation, or episodes of pancreatitis. The SO is situated
trategically at the duodenal junction of the biliary and
ancreatic ducts. SO dysfunction may result in either

iliary or pancreatic disorders. Although SO dysfunction b
ay be present in patients with an intact GB, most of
he clinical data concerning SO dysfunction has been
btained from postcholecystectomy patients.

E2. Diagnostic Criteria for Functional
Biliary SO Disorder

Must include both of the following:

1. Criteria for functional GB and SO disorder
2. Normal amylase/lipase

Supportive criterion
Elevated serum transaminases, alkaline phosphatase,
or conjugated bilirubin temporally related to at least
two pain episodes

Epidemiology

The prevalence of symptoms suggesting SO dys-
unction was noted in 1.5% of cholecystectomized pa-
ients in a survey on functional gastrointestinal disor-
ers.20 This survey confirmed that SO dysfunction affects
emales more frequently than males and indicated a high
ncidence of work absenteeism, disability, and health care
se.20 SO dysfunction has been detected in less than 1%
f a large consecutive series of cholecystectomized pa-
ients and in 14% of a selected group of patients com-
laining of postcholecystectomy symptoms.21

Patients with biliary SO dysfunction after cholecys-
ectomy have been arbitrarily classified according to their
linical presentation, laboratory results, imaging tests,
nd ERCP findings.22 The authors of this article have
evised this classification system to make it more appli-
able to clinical practice and, whenever possible, to avoid
he invasive ERCP procedure. In this revised classifica-
ion system, noninvasive methods, instead of ERCP, are
sed to measure the common bile duct diameter and
uggest that contrast drainage times are not required.
his revision is in accordance with the use of noninvasive

maging technique, namely US, in the early phases of the
iagnostic workup of biliopancreatic disease and does not
equire contrast drainage times. The authors of this
rticle acknowledge that such revised classification sys-
em is based on opinion and should be validated in future
linical studies. Type I patients present with biliary-type
ain; abnormal aspartate aminotransferase, alanine ami-
otransferase, bilirubin, or alkaline phosphatase �2
imes normal values documented on 2 or more occasions;
nd dilated bile duct greater than 8 mm diameter at US.
n biliary type I, 65% to 95% of the patients have
anometric evidence of biliary SO dysfunction, mainly
ecause of what is thought to be structural alteration of
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he SO (stenosis).22,23 Type II patients present with
iliary-type pain and one of the previously mentioned
aboratory or imaging abnormalities. In biliary type II,
0% to 63% of the patients have manometric evidence of
iliary SO dysfunction.22,23 Type III patients only com-
lain of recurrent biliary-type pain and none of the
reviously mentioned laboratory or imaging criteria. In
iliary type III, 12% to 59% of the patients have man-
metric evidence of biliary SO dysfunction.22,23

SO dysfunction can involve abnormalities in the bili-
ry sphincter, pancreatic sphincter, or both. The true
requency would then depend on whether 1 or both
phincters were studied. One sphincter could be abnor-
al and the other normal. In a study that investigated

60 patients by using biliary and pancreatic manome-
ry,24 basal sphincter pressures higher than 40 mm Hg
ere present in 11.4% in the biliary SO alone, in 18.9%

n the pancreatic SO, and in 31.4%, both sphincters were
nvolved. Furthermore, the frequency of SO dysfunction
id not differ whether they were typed by biliary or
ancreatic criteria. These findings were supported by a
econd study25 with 214 patients, who were labelled type
II; 31% had both sphincter pressures elevated, 11% had
he biliary one alone, and 17% had the pancreas one
lone. Overall, 59% of patients were found to have
bnormal basal sphincter pressures. In the same study,
mong the 123 patients categorized as biliary type II,
oth sphincters were elevated in 32%, the biliary sphinc-
er alone in 11%, and the pancreas alone in 22%. Over-
ll, 65% of type II patients had an abnormal SO ma-
ometry.

Clinical Presentation

Patients present with intermittent episodes of
iliary pain sometimes accompanied by biochemical fea-
ures of transient biliary tract obstruction: elevated se-
um transaminases, alkaline phosphatase, or conjugated
ilirubin (Table 1). SO dysfunction may exist in the
resence of an intact biliary tract with the GB in
itu.26,27 Because the symptoms of SO or GB dysfunction
annot be readily separated, the diagnosis of SO dysfunc-
ion is usually made after cholecystectomy or, less fre-
uently, after proper investigations have excluded GB
bnormalities (normal ejection fraction).

Laboratory and Instrumental Investigations

The symptoms of SO dysfunction must be differ-
ntiated from organic disease and other more common
unctional disorders including functional dyspepsia and
BS in which the pain does occur daily for at least short
ntervals (few days or weeks). The only method that can

irectly assess the motor function of the SO is manom- o
try. This technique is not widely available and is inva-
ive with potential and frequent complications. Pro-
onged studies in expert hands not only result in
uboptimal investigations but also may be associated
ith increased risk of complications, often pancreatitis.

n such circumstances, less invasive procedures should be
onsidered first, and if a conclusion cannot be made with
his approach, the patient should be referred to an expert
iliopancreatic unit for further assessment.

Noninvasive Indirect Methods

Serum biochemistry. SO dysfunction should be
uspected in patients with recurrent and transient eleva-
ion of liver tests in close temporal relationship to at least
episodes of biliary pain. However, the diagnostic sen-

itivity and specificity of these abnormal liver tests are
elatively low.28

Magnetic resonance cholangiopancreatography.
hen SO dysfunction is suspected, it is essential to rule out

tones, tumors, or other obstructing lesions of the biliary
ree that may mimic SO dysfunction. Magnetic resonance
holangiopancreatography is the best noninvasive method
o obtain a cholangiogram or a pancreatogram.29

Pain provocative test using morphine (� prostigmine) to
etect SO dysfunction was greatly limited by a low sensi-
ivity and specificity. They are no longer recommended.

Ultrasonographic assessment of duct diameter. In
he fasting state, the maximal diameter of common he-
atic bile duct is normally 6 mm or less.30 A dilated
ommon bile duct of 8 mm or greater usually indicates
he presence of increased resistance to bile flow at the
evel of the SO; however, the diagnostic usefulness of this
nding may be limited because 3% to 4% of asymptom-
tic cholecystectomized subjects have a dilated common
ile duct.21

In the fatty meal (cholecystokinin) stimulation test,
he fatty meals increase the bile flow caused by the
ndogenous release of CCK without increasing the bile
uct diameter. However, in the presence of a dysfunc-
ional SO, the duct dilates because of obstruction to the
ow.31 Typically, the bile duct diameter is monitored by
ransabdominal US. The diagnostic yield of this test has
ot been satisfactory when compared with the results of
O manometry. It is likely that sensitivity and specificity
f the test decrease markedly from group I to group III.31

owever, an advantage of the US with a fatty meal is
hat it can be used in patients with a functioning GB. Its
iagnostic usefulness is limited, but it can be used to
creen high-risk patients with suspected partial bile duct

bstruction.
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Choledochoscintigraphy ([99mTc]/HIDA [hepatic
minodiacetic acid] scan). Dysfunction of the biliary
phincter in postcholecystectomy patients may become
pparent when the radionuclide flow into the duodenum
s delayed. Several variables have been used to define a
ositive (abnormal) study. A prolonged duodenal arrival
ime (choledochoscintigraphy) and a high Johns–Hop-
ins scintigraphic score have been used.32,33 There is a
ood direct correlation between choledochoscintigraphy
nd SO manometry.

Irrespective of the variable and method used, the
pecificity of hepatobiliary scintigraphy was at least
0%.34 The level of sensitivity has been reported to vary
ubstantially according to the investigated variable and
he method used. Moreover, case studies have shown that
holedochoscintigraphy may predict the outcome of
phincterotomy in SO dysfunction,32 but randomized
tudies are needed to support this conclusion. Its role in
he selection of patients for the treatment of biliary SO
ysfunction awaits future studies.

lnvasive Indirect Methods

ERCP. Certain radiologic features during ERCP
uch as a common bile duct diameter exceeding 12 mm
ay suggest SO dysfunction.22 However, the radio-

raphic findings obtained at ERCP are not diagnostic of
O dysfunction. ERCP alone is generally not recom-
ended in the assessment of patients with suspected SO

ysfunction because of the frequency of complications. If
O dysfunction is suspected, ERCP must be coupled
ith a diagnostic SO manometry (SOM), possibly dual

ndoscopic sphincterotomy (ES), and possibly placement
f a pancreatic stent. ERCP with SOM and ES should
deally be performed at referral centers dedicated to the

able 2. Pressure Profile of Sphincter of Oddi Measured at C

CBD

uct pressure (mm Hg) 7.4 � 1.7
asal pressure (mm Hg) (8–26) 16.2 � 5.8
hasic contractions 136.5 � 25.9
Amplitude (mm Hg) (82–18
Duration (sec) 4.7 � 0.9

(3–6)
Frequency (/min) (3–10) (3–10) 5.7 � 1.4

ropagation sequence (%)
Simultaneous 55 (10–10
Antegrade 34 (0–70)
Retrograde 11 (0–40)

BD, common bile duct; PD, pancreatic duct.
Values are means � standard deviations; ranges are given in paren
Abnormal values for the CBD36 and the PD.37
tudy of biliopancreatic disorders that may include these c
atients in randomized controlled trials to examine the
mpact and timing of these therapeutic maneuvers on
linical outcome.35

Invasive Direct Methods

Manometry. SO manometry is performed at the
ime of ERCP. The variables customarily assessed at SO
anometry are basal pressure and amplitude, duration,

requency, and propagation pattern of the phasic waves.
ormal and abnormal reference values for the SO mea-

ured at the common bile duct and Wirsung duct are
eported in Table 2.36,37

Basal sphincter pressures higher than 40 mm Hg
re the only manometric criterion used to diagnose SO
ysfunction. Other manometric abnormalities of the
O include increased amplitude of phasic waves, para-
oxic response to CCK analogs, increased frequency of
hasic waves, and increased number of retrograde
aves. More than one of these manometric findings
ay be found in postcholecystectomy patients with no

pparent organic alterations. However, most authori-
ies accept only the basal sphincter pressure as an
ndicator of SO dysfunction.

Diagnostic Workup for Patients With
Suspected Functional Biliary SO Disorder
in Cholecystectomized Patients

The diagnostic workup of patients without a GB
or suspected SO dysfunction as a cause of biliary-type
ain begins with liver biochemistries and pancreatic
nzymes, plus a careful elimination of potential struc-
ural abnormalities of the biliary and gastrointestinal
ract. This would include transabdominal US, computed
omography scan, endoscopic US, magnetic resonance

on Bile Duct and Pancreatic Duct

Normala Abnormalb

PD CBD and PD

8.0 � 1.6
17.3 � 5.8 �40 mm Hg

127.5 � 21.5 �350 mm Hg
(90–160)

4.8 � 0.7
(4–6)

5.8 � 1.5 �7/min

53 (10–90)
35 (10–70)
12 (0–40) �50%

s.
omm

0)

0)

these
holangiography (MRCP), and ERCP, depending on the
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esources available. The most practical diagnostic se-
uence suggested by the authors of this article is as
ollows: liver and pancreatic enzymes followed by an US,

RCP, and then ERCP with SO manometry as needed
Figure 2).

Choledochoscintigraphy may be a valuable noninva-
ive test before a decision to undertake SO manometry is
ade. SO manometry is recommended in biliary type II

atients. In patients with biliary type III, invasive pro-
edures should be avoided unless a proper clinical assess-
ent has concluded that potential benefits exceed the

isk of complications. Noninvasive investigations and
herapeutic trials with proton pump inhibitors, spasmo-
ytic drugs, calcium blockers (nifedipine), and psycho-
ropic agents should be attempted before performing
RCP and SO manometry.
ERCP with SO manometry is indicated if the pain is

isabling, noninvasive investigations have not detected
tructural abnormalities, and there is no favorable re-
ponse to conservative therapy. As stated in the National
nstitutes of Health State of the Sciences Conferences in
RCP, perendoscopic SO manometry should ideally be
erformed at specific referral centers.35 Endoscopic
phincterotomy is the treatment of choice if SOD is
etected at manometry.

Treatment

Patients presenting with the characteristics of
iliary type I SO dysfunction may undergo endoscopic
phincterotomy without SO manometry. Nifedipine has

igure 2. Algorithm of the history, diagnostic workup, and treatment
f patients suspected with types I, II, and III functional biliary SO
isorder.
een reported to benefit biliary type II patients and a n
herapeutic trial with this drug may be warranted before
ubmitting the patients to invasive procedures.36 Two
rossover clinical trials of relatively short duration (�12
r 16 weeks) showed symptomatic improvement over
lacebo.38,39 However, these therapies need to be evalu-
ted with long-term double-blind clinical trials. If SO
ysfunction is detected at manometry in biliary type II
nd III patients not responding to conservative treat-
ent, endoscopic sphincterotomy is indicated.

Patients with GB in situ. The diagnostic workup
f patients with GB in situ is part of the same diagnostic
lgorithm that has initially excluded the presence of a
B dysfunction. Two main indications are biliary pain in

ubjects with normal GB ejection fraction and idiopathic
ecurrent pancreatitis.

E3. Functional Pancreatic SO
Disorder

The association between the dysfunction of the
O motility and recurrent episodes of pancreatitis has
een reported in case series.40,41 It has also been re-
orted41,42 that total division of the SO in manometri-
ally identified patients with SO dysfunction results in
bolition of the recurrent episodes of pancreatitis. How-
ver, randomized controlled studies are needed.

Patients report recurrent episodes of epigastric pain
hat are usually not distinguishable from biliary pain,
lthough it can radiate through to the back. The pain
pisode is accompanied by elevated serum amylase and/or
ipase. In the absence of the traditional causes of pancre-
titis (no stones, alcohol abuse, pancreas divisum, or any
ther uncommon causes of pancreatitis), the diagnosis of
diopathic recurrent pancreatitis should be considered. In
he last decade, there have been a number of studies that
ave looked at the genetic makeup of patients with
diopathic recurrent pancreatitis. These have resulted in
utations and polymorphisms that have been described.
utations in 3 genes, PRSS1, CFTR, and SPINK1, have

een associated with pancreatitis.43,44 These genetic mu-
ations have been associated with early onset of pancre-
titis. In addition, R122H or N29I mutations in cationic
rypsinogen gene (PRSS1) responsible for classic autoso-
al dominant form of hereditary pancreatitis have been

oted in patients with nonhereditary idiopathic recurrent
ancreatitis. Although these mutations have been iden-
ified, their penetrance is low and indeed may only be
poradic in relationship to idiopathic recurrent pancre-
titis. Their role in the pathogenesis of this disease has

ot been defined.
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Epidemiology

The majority of patients who present with SO
ysfunction causing recurrent episodes of acute pancre-
titis are female.45 This is similar to the incidence for
iliary SO dysfunction. In populations of patients with
diopathic recurrent pancreatitis, patients have a median
ge in the 40s. The manometric evidence of pancreatic
O dysfunction has been reported in these patients to
ary from 15% to 72%.23,24,46,47

E3. Diagnostic Criteria for Functional
Pancreatic SO Disorder

Must include both of the following:

1. Criteria for functional GB and SO disorder
2. Elevated amylase/lipase

Clinical Presentation

Patients present with intermittent episodes of pain
hat occur at intervals of months rather than days and are
sually associated with a significant rise in serum amylase
nd lipase. Liver enzymes or bilirubin may also be elevated,
epending on the severity of the pancreatitis. According to
he anecdotal experience of the authors of this article, in
ost instances, pancreatitis is not severe when standard

everity scores are used to evaluate these patients.

Instrumental Investigations

Noninvasive procedures should be considered first.
Noninvasive procedures. US of the upper abdo-

en excludes the presence of gallstones, but it does not
sually reveal any abnormalities during an episode of
cute pancreatitis. However, in the investigation of these
atients, US has been used to monitor the diameter of
he pancreatic duct during secretin infusion. After the
nfusion of secretin (1 U/kg per minute) in normal
ubjects, the pancreatic duct dilates as secretin causes
ncreased secretion of pancreatic juice. On cessation of
he secretin infusion, the duct diameter returns to nor-
al within 15 minutes. In patients with pancreatic SO

ysfunction, the pancreatic duct may remain dilated for
longer period.48 This method has been suggested to

iagnose SO dysfunction, but it is not widely used
ecause of its low sensitivity.49

MRCP. MRCP has been used more recently to
valuate the pancreatic duct in patients presenting with
ecurrent episodes of pancreatitis. Secretin infusion has
lso been used to enhance the MRCP images of the
ancreatic duct, and these studies have defined abnor-

alities in the duct that were hitherto unidentified.50,51 r
owever, the sensitivity and specificity of this investi-
ation have not as yet been determined.

Endoscopic US. Endoscopic US has also been
sed in patients who present with recurrent pancreatitis,
nd this investigation has been important in identifying
atients with microlithiasis as the cause of the recurrent
pisodes of pancreatitis. The value of endoscopic US is in
ts ability to select patients in whom a motility disorder
f the sphincter may not be the primary cause of the
pisodes of pancreatitis.52

Invasive Methods

Manometry. Manometry of the SO during ERCP,
hich was first described over 30 years ago, remains the
ost direct and objective investigation that selects pa-

ients with pancreatic SO dysfunction associated with
ecurrent episodes of pancreatitis. The manometric tech-
ique has been well described previously.47 It is impor-
ant to note that recording from the pancreatic SO in
atients with recurrent pancreatitis is important because
normal biliary SO may exist in the presence of an

bnormal pancreatic SO.53,54 The major complication
fter SO manometry is pancreatitis that may require
ospital treatment for 48 to 72 hours. It seems that
ertain types of patients, rather than SO manometry per
e, play a major role in postmanometry pancreatitis.55 To
inimize this complication, some units routinely use

ancreatic duct stenting after the procedure.56 Others use
n aspiration manometry catheter57 or electronic micro-
ransducers58 in the belief that water perfusion is the
ause of the pancreatitis. Although all of these tech-
iques have been suggested to reduce the incidence of
omplications, none have been universally adopted be-
ause there are no major studies that have shown their
fficacy. Most recently, a back-perfused sleeve manomet-
ic device has been developed.59 Such a device accurately
ecords SO pressures without perfusing water into the
ancreatic duct. Its efficacy and safety have not been
etermined as yet.

Botulinum toxin. More recently, injection of Bo-
ox into the SO has been used to select patients who
ill respond to division of the pancreatic sphincter.60

otulinum toxin produces a chemical sphincterotomy
hat lasts for approximately 3 months. In a limited
tudy, it has been shown to select patients who will
espond well to division of the sphincter. Further
tudies are required before this test can be recom-
ended for this indication.

Stent drainage. Drainage of the pancreatic duct
y inserting a stent has also been used to select patients
ho may subsequently respond to sphincterotomy.61 The
esults of this approach have varied in different units, and
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here are questions regarding possible damage on the
ancreatic duct by the stent.

Diagnostic Workup for Patients With
Suspected Functional Pancreatic SO
Disorder

The diagnostic workup of patients presenting
ith pain episodes associated with elevated amylase/

ipase requires a careful exclusion of potential structural
bnormalities such as microlithiasis or pancreas divisum
s the cause of pancreatitis. This includes transabdominal
S, computed tomography scan, endoscopic US, MRCP,

nd ERCP, depending on the patient’s clinical picture
nd resources available. The most practical diagnostic
equence in these patients suggested by the authors of
his article in these patients is as follows: after all the
raditional aetiologies of pancreatitis have been excluded,
atients should undergo liver biochemistry and pancre-
tic enzymes followed by an US, endoscopic US and/or
RCP, and then ERCP with bile analysis and SO ma-

ometry as needed.
The investigation that has stood the test of time in

electing patients who will respond best to division of
he sphincter is SO manometry.51 In a patient with the
ppropriate clinical presentation, a manometric finding
f SO basal pressures in excess of 40 mm Hg does result
n a successful clinical outcome to treatment.45 In pa-
ients with idiopathic recurrent pancreatitis, it is impor-
ant to record from both the biliary and the pancreatic
uct sphincter because on occasion abnormalities in the
ancreatic SO may be noted in the presence of a normal
anometry in the biliary SO.

Treatment

The best available treatment for SO dysfunction
hat produces recurrent episodes of pancreatitis is total
ivision of the SO.40–42 The division ensures that both
he biliary and the pancreatic sphincters are divided to
llow free drainage of pancreatic juice and bile into the
uodenum.62 This treatment is recommended only in
atients who have been shown by endoscopic manometry
o have abnormal SO dysfunction as demonstrated by an
levated SO basal pressure in excess of 40 mm Hg.

Traditionally, total division of the SO has been per-
ormed by an open transduodenal approach to the SO.40

owadays, the treatment of choice for pancreatic SO
ysfunction is the endoscopic division of the pancreatic
phincter.42 Similar to the surgical approach, these pa-
ients undergo division of the biliary sphincter and sub-
equently division of the septum between the biliary and
ancreatic ducts using diathermy techniques. The stent

s often left in the duct after the procedure using a small f
iameter stent for a short period of time.41 The use of
tents has reduced the incidence of post-ERCP pancre-
titis.63 The initial results of endoscopic treatments show
n efficacy that is similar to that of the surgical approach.
owever, long-term results of this endoscopic treatment

re not available at this time.
Botulinum toxin has been used to treat patients with

O dysfunction. However, botulinum is not effective
ecause its effects are temporary. Similarly, it has not
een shown that stenting of the pancreatic ducts has a
ong-term positive outcome.

Conclusion and Future Directions

Functional disorders of the GB and biliopancre-
tic SO cause significant clinical symptoms that are
learly associated with motility abnormalities of the GB
nd SO. However, several aspects of their pathophysiol-
gy and clinical symptomatology remain to be clarified.

Future investigations should include clinical studies to
tudy the following:

. The natural history of functional GB disorders clearly
distinguished from those associated with lithogenic
bile with excess cholesterol; therefore, it should in-
clude analysis of the GB bile constituents and histo-
logical and biochemical parameters of inflammation
in cholecystectomized specimens

. The potential role of psychosocial conditions and
genetic factors on the pathogenesis of functional bil-
iary and pancreatic SO disorders

. The relation of these biliopancreatic disorders with
other GI functional disorders particularly with IBS
and nonulcer dyspepsia

. The relation to functional GB disorders with or with-
out lithogenic bile with functional SO motility ab-
normalities

. The origin and pathogenesis of biliary pain in these
functional conditions and whether they are associated
with visceral hyperalgesia, particularly in the contro-
versial biliary SO dysfunction type III

A number of noninvasive investigations have been
eveloped that help to confirm the diagnosis of these
onditions; however, further evaluations are needed to
ssess the specific roles of cholescintigraphy in the diag-
osis and therapeutic outcome prediction of symptom-
tic functional disorders of the GB and SO and MRCP in
he visualization and dynamic assessment of the papillary
egion.

Multicenter randomized clinical trials should be di-
ected to the therapy of these conditions to assess the

ollowing:14,15
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. The medical treatment of functional disorders of the
GB and SO (from bile acids [ursodeoxycholic acid],
prokinetics, and relaxants to targeted analgesics). Ur-
sodeoxycholic acid may have a therapeutic potential
because it has been recently shown that this hydro-
philic acid not only decreases the excess of cholesterol
from muscle cells in GBs with lithogenic bile but also
normalizes the effects of oxidative stress, which may
be applicable to the treatment of functional GB dis-
orders.

. Improved modes of evaluation of outcome studies.
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