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unctional Hepatobiliary Disease:
hronic Acalculous Gallbladder
nd Chronic Acalculous Biliary Disease
arvey A. Ziessman, MD

Chronic acalculous gallbladder and chronic acalculous biliary disease are considered
functional hepatobiliary diseases. Cholescintigraphy provides physiologic imaging of bili-
ary drainage, making it ideally suited for their noninvasive diagnosis. For chronic acalcu-
lous gallbladder disease, calculation of a gallbladder ejection fraction during sincalide
cholescintigraphy can confirm the clinical diagnosis and has become a common routine
procedure in many nuclear medicine clinics. Published data generally confirm a high overall
accuracy for predicting relief of symptoms with cholecystectomy. However, data also exist
suggesting it is not useful. The discrepant results probably are caused by the various
different methodologies that have been used for sincalide infusion. Proper methodology of
sincalide infusion is critical for providing accurate reproducible results, minimizing false
positive studies, and preventing adverse side effects. The most common causes for the
postcholecystectomy pain syndrome are partial biliary obstruction secondary to stones or
tumor and sphincter of Oddi dysfunction. The latter is a partial biliary obstruction at the
level of the sphincter. This has long been considered a functional hepatobiliary disease
because of the lack of anatomical abnormalities. Sphincterotomy is the present treatment;
however, diagnosis requires invasive procedures, such as endoscopic retrograde cholan-
giopancreatography and sphincter of Oddi manometry, which has a high complication rate
and is not widely available. The unique ability of cholescintigraphy to image biliary drainage
allows noninvasive diagnosis. Different methodologies have been reported, many with
good overall accuracy. Various pharmacologic interventions and quantitative methodolo-
gies have been used in conjunction with cholescintigraphy to enhance its diagnostic
capability. Further investigations are needed determine the optimal methodology; however,
cholescintigraphic methods have already a clinical role in the diagnosis of sphincter of
Oddi dysfunction and will be used increasingly in the future.
Semin Nucl Med 36:119-132 © 2006 Elsevier Inc. All rights reserved.
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he 99mTc-iminodiacetic acid (99mTc-IDA) radiopharma-
ceuticals were first introduced 30 years ago, in 1976.

heir potential applicability to clinical practice was quickly
ppreciated, and many publications in the 1980s confirmed
he diagnostic value of cholescintigraphy. Unlike some radio-
harmaceuticals that have fallen into disuse with time or
heir indications severely reduced, 99mTc-IDA imaging has
hown remarkable staying power and, in fact, clinical indica-
ions have increased over the years.

Two 99mTc-IDA radiopharmaceuticals are commercially
vailable in the United States: (1) 99mTc-diosopropyl-IDA
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DISIDA), or disofenin (Hepatolite; Cis Inc, Bedford, MA),
nd (2) 99mTc-bromotriethyl-IDA, or mebrofenin (Choletec;
quibb, New Brunswick, NJ). Of the 2, mebrofenin has
igher hepatic extraction (98% versus 88%) and more rapid
ashout from the liver (T1/2 of 17 minutes versus 19 min-
tes). Other 99mTc-IDA radiotracers used in various parts of
he world, include 99mTc-EIDA (diethyl-IDA), 99mTc-DIDA
diisopropyl-IDA), and 99mTc-IODIDA (diethyl-iodo-IDA).
lthough similar in mechanism, they have different pharma-
okinetics. This takes on importance when trying to compare
he results of quantitative cholescintigraphy from various in-
estigators around the world.

The most common clinical indications for cholescintigra-
hy have been for the diagnosis of various acute biliary dis-
ases, eg, acute cholecystitis, biliary obstruction, and biliary

eaks.1 Specific clinical situations include differentiating bil-
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120 H.A. Ziessman
ary atresia from neonatal hepatitis, the postoperative com-
lications of cholecystectomy, liver transplantation, biliary
nd gastric diversion procedures, and biliary stent patency.

Cholescintigraphy is playing an increasingly important
ole in the diagnosis of chronic hepatobiliary diseases, for
xample, partial biliary obstruction, the postcholecystectomy
yndrome, and chronic gallbladder disease. Many of these
iseases will be the subject of this review. The use of quanti-
ative cholescintigraphy will be emphasized.

hronic Acalculous Gallbladder
nd Acalculous Biliary Disease

he chronic acalculous diseases of the gallbladder and biliary
ystem often are referred to as functional hepatobiliary dis-
ases. To some extent, the term functional refers to the fact
hat patients have symptoms of recurrent biliary colic-like
ain; however, repeated medical workups reveal no morpho-

ogic or anatomic cause, such as gallstones, cholelithiasis,
ommon duct stricture, or tumor. The term functional may
ay more about our limited understanding of the pathophys-
ologic processes involved rather than clarifying their etiol-
gy. In fact, some of these diseases do have anatomical or
istopathological abnormalities by invasive methodologies;
owever, the diagnosis can be made by noninvasive func-
ional imaging. The names for various the chronic acalculous
allbladder and biliary diseases have been a source of confu-
ion. Different names have been for the same entity and the
ame name has been used for distinct entities (Table 1).

hronic Acalculous
allbladder Disease

o understand acalculous gallbladder disease, it is useful to
rst discuss chronic calculous gallbladder disease. Gallstones
re common; however, most patients with cholelithiasis are
symptomatic. Fewer than 15% of patients with gallstones
ho are followed for 20 years develop biliary colic.
Patients with symptomatic chronic calculous cholecystitis

ot only have gallstones but also histopathological evidence
f chronic inflammation of the gallbladder wall. In addition,
hey have a functional abnormality, ie, poor contractility.2,3

n contrast, patients with asymptomatic cholelithiasis have

able 1 Terminologies Used for Chronic Acalculous Gallblad-
er and Biliary Disease

Chronic acalculous
biliary disease

Chronic acalculous
gallbladder disease

phincter of Oddi dysfunction
apillary spasm
iliary dyskinesia
apillitis
achyoddia
mpullary stenosis
apillary stenosis

Gallbladder dyskinesia
Gallbladder spasm
Cystic duct syndrome
Chronic acalculous

cholecystitis
ormal gallbladder contractility.4 Current practice dictates t
hat the presence of gallstones detected by anatomical meth-
ds in patients with typical symptoms of recurrent biliary
olic is sufficient evidence to recommend cholecystectomy.
owever, on occasion, when a patient’s symptoms are not

haracteristic of cholecystitis, cholecystokinin (CCK)
holescintigraphy can help determine if the pain and stones
re related.

Approximately 5% to 10% of patients of patients with
ymptomatic chronic cholecysitits do not have stones
chronic acalculous cholecystitis).5 They have the same
hronic inflammatory changes within the gallbladder wall,
ut no cholelithiasis. Recent reports from the laparoscopic

iterature suggest that the incidence may be even higher than
reviously reported, perhaps as high as 25%.6 The diagnostic
ilemma is that the workup is negative because the patients
o not have imaging evidence of stones. There are many
iseases that can cause recurrent abdominal pain and some of
hem do not have diagnostic imaging or endoscopic findings,
g, the irritable bowel syndrome. Thus, in the past, medical
orkups were often repeatedly performed without resulting
iagnosis and sometimes even misdiagnosis. Chronic acalcu-

ous cholecystitis (CAC) was a diagnosis of exclusion. Even
hen strongly suspected, surgeons were hesitant to operate
ithout objective confirmation.
Approximately 90% of patients with chronic acalculous

allbladder disease have histopathologic evidence of chronic
holecysititis.7,8 However, other diseases may present identi-
ally, eg, the cystic duct syndrome, defined by cystic duct
arrowing caused by chronic inflammation and fibrosis, or
ccasionally due to ductal kinking.9 Many of these patients
ave concomitant histopathologic evidence of chronic cho-

ecystitis.
There are some patients with similar symptoms, poor gall-

ladder contractility, and relief of their symptoms postcho-
ecystectomy that do not have postoperative histopathologi-
al evidence of inflammation. Thus, terms such as
allbladder spasm, cystic duct spasm, or gallbladder dyski-
esia have been used. The pathophysiology is uncertain. Var-

ous hypotheses have been proposed, including abnormali-
ies of CCK release, reduced gallbladder CCK receptor
ensitivity/density, increased cystic duct receptor CCK sensi-
ivity, and impaired smooth muscle contractility.10 Because
ll of these patients have similar presentation, poor gallblad-
er contractility, and good response to cholecystectomy, they
re discussed together.

Finally, there are a number of chronic diseases that have
een associated with impaired gallbladder emptying. These

nclude diabetes mellitus, cirrhosis, myotonic dystrophy, ir-
itable bowel syndrome, celiac disease (deficiency of CCK),
nd obesity.

Attempts to preoperatively diagnose chronic acalculous
allbladder disease by noninvasive methods date back to the
ate 1970s and early 1980s. Investigators used fatty meal or
CK stimulated oral cholecystography to evaluate gallblad-
er contractility. Some reported that poor gallbladder con-
raction predicted relief of biliary colic symptoms by chole-
ystectomy.11 However, other investigators did not find the

echnique useful.12,13 In retrospect, the discrepant results
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Functional hepatobiliary disease 121
ay likely have been due to the subjective nonquantitative
ature of the procedure and the different methodologies of
incalide infusion.

When 99mTc-IDA radiopharmaceuticals and cholescintig-
aphy became available in the early 1980s, investigators soon
aw their potential use for investigation of gallbladder con-
ractility and the diagnosis of chronic acalculous gallbladder
isease. The radionuclide methodology had the advantages
f being objective, reproducible, and quantitative.14 Initial
nvestigations suggested that CCK cholescintigraphy could
ave an important role in the noninvasive diagnosis of
hronic acalculous gallbladder disease.15-17

Numerous investigations subsequently were published
onfirming the utility of CCK cholescintigraphy for mak-
ng the diagnosis of chronic acalculous gallbladder
isease.6-8,18-33 Two studies published in 1991 were pivotal

n convincing gastroenterologists, surgeons, and nuclear
edicine physicians that CCK cholescintigraphy was an ac-

urate diagnostic test that could noninvasively confirm the
linical diagnosis. One was a large retrospective study by
ink-Bennett and coworkers published in the Journal of Nu-
lear Medicine.8 The other was a prospective and randomized
tudy published by Yap and coworkers in Gastroenterology
hat same month and year.7 Both investigations reported that

low gallbladder ejection fraction (GBEF) had a positive
redictive value of greater than 90% that the patient had the
isease, cholecystectomy would relieve their symptoms, and
he gallbladder would show histopathologic evidence of
hronic cholecystitis.

The study of Yap and coworkers was particularly convinc-
ng because it was prospective and randomized. Patients in
his study who had a low GBEF were assigned randomly to
ither surgical or nonsurgical therapy.7 More than 91% of
atients who had cholecystectomy had resolution of their
ymptoms and 92% had histopathological evidence of
hronic cholecystitis. Patients who did not go to surgery con-
inued to be symptomatic and many ultimately demanded
urgery, which cured their symptoms. In this study, sincalide
Kinevac; Bracco Diagnostics, Inc, New Brunswick, NJ) was
nfused at a dose rate of 0.02 �g/kg/min for 45 minutes and
he GBEF calculated at 60 minutes. The investigators estab-
ished their own normal values for GBEF by studying 40
ormal subjects. The GBEF lower limits of normal were 40%
mean � 3 SD). This high-quality study convinced many of
he clinical utility of CCK cholescintigraphy.

Most other published studies have been retrospective (Ta-
le 2). The publication of Fink-Bennett and coworkers is one
f the largest.8 Of 374 patients studied, 113 had a low GBEF
ollowed by cholecystectomy. Of these, 110 of 113 (97%)
ecame asymptomatic and 94% had histopathologic evi-
ence of chronic cholecystitis. In addition to its high positive
redictive value, the negative predictive value was 91%. For
arious reasons, 221 patients were followed medically. Of
hose with a low GBEF, 84% continued to be symptomatic.
f those with a normal GBEF, most clinically improved with

herapy for nongallbladder disease.
Although the results of the 2 described studies were simi-
ar, the methodologies for CCK infusion differed. Fink-Ben- d
ett and coworkers infused 0.02 �g/kg sincalide over the
ourse of 3 minutes. Abnormal was defined in the study as a
BEF of less than 35%. They also studied 27 normal subjects.
f interest and puzzling was that 59% (16/27) had a GBEF of

ess than 35%. Thus, these subjects did not serve as the basis
f the normal values used in this study. A subsequent review
f the literature showed that no data existed at that time
egarding normal values based on a 3-minute infusion34

At most recent count, at least 22 investigations have now
een published data that confirm the utility of CCK
holescintigraphy for the diagnosis chronic acalculous gall-
ladder disease (Table 2). The sum of the evidence is that
CK cholescintigraphy is a clinically important noninvasive
iagnostic methodology for confirming the diagnosis of CAC.
n the other hand, there are approximately 6 publications

hat have not found CCK cholescintigraphy helpful for pre-
icting response to cholecystectomy (Table 2).13,35-39 There
re various possible explanations for this discrepancy be-
ween studies, including the limited number of subjects in
any studies, referral biases, and the retrospective nature of
ost investigations. Few of the published studies would rate
igh on an evidence-based medicine analysis. However, the
tudy of Yap and coworkers is one that would.40 Another
ossible explanation for the different results relates to the
any different methods of infusing CCK. The total dose of

incalide administered (0.01, 0.015, 0.02, 0.03, 0.04, 0.05
g/kg), the length time over which sincalide was infused

bolus, 1, 2, 3, 5, 15, 20, 30, 45, and 60 minutes), the time
rom infusion of sincalide to calculation of the GBEF (15, 20,
0, and 60 minutes), and the GBEF lower limits of normal
�30%, �35%, �40%, �50%, and �65%) all vary remark-
bly from study to study (Table 2).6-8,13,15-17,19-32,35-39

The fact that both Yap and coworkers and Fink-Bennett
nd coworkers had similar results might suggest that the
ethod of sincalide infusion is not critical. However, there is

ubstantial evidence to the contrary, that is, the method of
nfusion does matter. Published data reveal considerable
ariability in the GBEF between normal subjects adminis-
ered 1- to 3- minute infusions of sincalide. Drane and John-
on,41 studying 31 normal subjects, found GBEFs to vary
etween 7% and 85% when using a 1 to 2-minute infusion of
.5 �g of sincalide. Sarva and coworkers,42 studying patients
ithout gallbladder or hepatobiliary disease, found that the
BEFs varied between 12% and 92% when using a 1-minute

nfusion method but had a much narrower range of 65% to
6% with a 45-minute infusion of the same total dose. Lim-

tations of this study were that the 2 different infusion meth-
ds were given to 2 different subject groups, the subjects
ere not truly normals but patients with symptoms but with-
ut gallbladder disease, and that GBEF normal values were
ot determined.
In 1992 and 2001, Ziessman and coworkers published43,44

nvestigations that directly compared different sincalide in-
usion methods in the same normal subjects and established
ormal values based on the method of infusion. In the first
tudy, a 3-minute infusion of 0.02 �g/kg was compared with
30-minute infusion of the same total dose performed on

ifferent days. The second study compared a 3-minute infu-



Table 2 Accuracy of CCK Cholescintigraphy for Chronic Acalculous Gallbladder Disease

First
author

Ref
no. Date

No.
pts

Preop Dx
of CAC*

Sincalide
dose (�g/kg)

Infusion
time (min)

Time of GBEF
calculation (min)

Abnormal
GBEF

Symptoms
resolved (%)‡

CAC*
histopathology (%)†

Confirmatory
1 Topper 15 1980 38 7 0.2 NA 10 <50 100 100
2 Pickelman 16 1985 36 14 0.02-0.04 2 15 <50 93 53
3 Fink-Bennett 17 1985 14 14 0.02 3 20 <35 97 86
4 Brugge 18 1986 36 15 0.01 �g/kg/min 20 20 <40 91 73
5 Fink-Bennett 8 1991 374 124 0.02 3 20 <35 97 96
6 Yap 7 1991 103 21 0.02 �g/kg/min 45 60 <40 91 92
7 Misra 19 1991 187 69 0.02 3 20 <35 84 48
8 Zech 20 1991 83 60 0.04 2 to 3 60 <50 95 92
9 Halverson 21 1992 12 12 0.02-0.04 3 30 <35 100 92
10 Middleton 22 1992 89 34 CCK-33 2 NA <35 100 88
11 Sorenson 23 1993 18 11 0.01 3 30 <35 100 100
12 Reed 24 1993 30 30 0.02 4 20 <35 97 90
13 Watson 25 1994 56 9 0.015 45 65 <50 100 100
14 Barron 26 1995 38 38 0.02 3 30 <35 100 95
15 Jones 33 1996 36 29 0.02 3 30 <35 93 83
16 Khosla 27 1997 35 30 0.02 2 to 3 30 <35 94 83
17 Klieger 28 1998 52 28 0.02 3 to 5 30 <35 96 93
18 Yost 29 1999 72 27 0.03 NA 30 <35 89 57
19 Middleton 30 2001 244 141 CCK-33 3 20 <35 100 82
20 Chen 6 2001 152 32 NA NA NA <35 87 NA
21 Poynter 31 2002 26 26 0.02 15 15 <35 92 100
22 Majeski 32 2003 56 56 0.02 30 30 <35 100 96

Non confirmatory
1 Davis 13 1982 10 9 0.02 3 30 <35 70 78
2 Raptopoulos 38 1986 26 17 0.01 to 0.03 2 15 <40 38 NA
3 Westlake 39 1990 26 23 0.02 �g/kg/min 30 30 <65 69 NA
4 Miskind 37 1997 58 27 0.04 2 to 3 20 <35 56 67
5 Adams 35 1998 50 50 0.02 3 to 5 30 <35 78 NA
6 Goncalves 36 1998 111 44 0.01 3 30 <35 75 95

NA, not available from publication.
Note: Same investigators in articles 2, 5, and 7; same investigators in articles 10 and 19.
*Preoperative diagnosis of CAC based at least on biliary colic, lack of stones, and low GBEF.
†Pathologic criteria varied.
‡Clinical criteria of response varied to some degree.
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Functional hepatobiliary disease 123
ion of 0.01 �g/kg with a 60-minute infusion of the same
otal dose. Both investigations showed similar results in that
he 3-minute infusions of either 0.02 �g/kg or 0.01 �g/kg
ere not reliable for quantifying gallbladder contractibility

nd calculating a GBEF. The response to a 3-minute infusion
as extremely variable in these normal subjects (GBEF of 0 to
00%) and, as a result, normal GBEF values could not be
stablished. However, when the same subjects received
onger infusions of 30 or 60 minutes, the variability was

uch less and normal values could be determined (�30%
or the 30-minute infusion and � 40% for the 60-minute
nfusion). The 60-minute infusion normal values were nearly
dentical to those of Yap and coworkers,7 who had used a
5-minute infusion of sincalide and calculated the GBEF at
0 minutes. The GBEFs were higher (70 � 20 versus 52 �
6) with the longer infusions compared with the 3-minute

nfusion. With the 3 minute infusions, 30% to 35% of normal
ubjects had a GBEF less than 35%; however, when sincalide
as infused for 30 or 60 minutes, few subjects had a GBEF of

ess than 35%. Thus, methodology does make a difference.
To understand why the slower infusion gives superior re-

ults, it is helpful to review the physiology of gallbladder
ontraction. With oral ingestion of a fatty meal, endogenous
roduction of CCK is stimulated, producing a slow rise in the
erum CCK, gradually reaching equilibrium and a plateau.
he serum CCK level begins to decrease after the meal has
mptied from the stomach and proximal bowel.45 The gall-
ladder begins to contract as the serum CCK increases and
tays contracted until CCK decreases below the contraction
hreshold. A very similar pattern of response is seen with a
low sincalide infusion method, ie, a slow rise, plateau, and
low fall-off after discontinuation of infusion. However, a
hort infusion of sincalide results in rapid supraphysiological
eaking of serum CCK, followed by a rapid fall off.46

An explanation for the superiority of slower infusion
ethod is that the high peak serum CCK levels produced by
ore rapid infusions stimulates low-density CCK receptors

n the neck of the gallbladder and cystic duct, which do not
ormally contract at physiological serum levels of CCK. The

ncreased back-pressure prevents normal gallbladder con-
raction. This phenomenon was observed in the 1970s dur-
ng CCK-stimulated oral cholecystography. Bolus infusions
f CCK up to 30 seconds in length caused spasm of the neck
f the gallbladder and ineffective contraction in some pa-
ients. For this reason, the sincalide package insert subse-
uently recommended infusions of at least 30 to 60 seconds.
vidence presented suggests that a similar effect is seen with
- to 3-minute infusions.
So what is the reason that many investigations have not

eported a high number of false-positive studies in clinical
nvestigations? It could be attributable to the limited num-
ers of subjects studied, to the retrospective nature of
ost studies, and or to a referral bias. A false positive rate

f 30% to 35% in normal subjects does not necessarily
ndicate that it would be that high in clinical patients
eferred for suspected chronic cholecystitis. Normal sub-
ects have a low pretest probability for disease. In pub-

ished investigations, patients had a moderately high pre- m
est probability. They had been worked up extensively to
xclude other causes for their symptoms and had been
ollowed for months or years, allowing sufficient time for
ther diseases to present. Thus, they had a moderately
igh pretest probability of disease. Acccording to Bayes’
heorum, a positive test would likely be a true positive.
owever, in a group of normal subjects with a low pretest
robability, a positive test is more likely to be a false
ositive. In any case, any false positive is unacceptable and
methodology should be used that minimizes them.
Because CCK cholescintigraphy has become more widely

sed to confirm the diagnosis of symptomatic chronic acal-
ulous gallbladder disease, many patients are being referred
ith less-extensive workups than those in published investi-
ations and often referred a single or limited number of epi-
odes of pain. One group of investigators has even proposed
new algorithm that shortens the workup so that patients
ith negative gallbladder ultrasonography and a low GBEF
o directly to cholecystectomy.29 The new referral population
s not the same as the one that was originally investigated, but
ather one with a lower likelihood of disease. Thus, minimiz-
ng the false positive rate by using proper methodology be-
omes increasingly important.

Another important factor to consider is that the incidence
f abdominal cramping and nausea with a 1- to 3-minute
incalide infusion approaches 50%.43,47 In contrast, those re-
eiving an infusion of 30 or 60 minutes almost never experi-
nce adverse symptoms. CCK increases intestinal motility, a
ikely cause of abdominal cramping. CCK is reported to ex-
cerbate the symptoms of patients with the irritable colon
yndrome.48 Provoking biliary colic with short infusions of
CK has been used over the years as a diagnostic test. How-
ver, repeated studies have shown that the results are not
redictive of symptomatic benefit from cholecystectomy.49

ain production with CCK is the result of the method of
nfusion and not the underlying disease.

Fatty meals can be used as an alternative to CCK to
valuate gallbladder contraction. A fatty meal is consid-
red by some to be more physiological and the lower cost
s preferred. Furthermore, CCK formulations are not avail-
ble for clinical use in some countries. In the recent past,
incalide was commercially unavailable in the United
tates for more than a year because of production prob-
ems. The disadvantage of fatty meal cholescintigraphy is
hat gallbladder emptying is dependent on good gastric
mptying that ensures prompt and sufficient endogenous
timulation of CCK. Before performing CCK cholescintig-
aphy, one does not usually know whether the patient’s
astric emptying is normal. Furthermore, all fatty meals
re not the same. At least 10 g of fat is necessary to contract
he gallbladder. And similar to CCK, the resulting normal
BEF range depends on the composition of the meal and

he methodology. Because of the time required for gastric
mptying, a study of at least 60 minutes is required. A
ariety of fatty meals have been used. Milk has been most
tudied and normal values determined.50,51 However,
any persons have lactose-intolerance and cannot tolerate

ilk products. EnsurePlus, a commercial product, has
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124 H.A. Ziessman
een investigated, found satisfactory, and normal values
stablished.52 Lipomul, a soybean oil, has also been used
uccessfully over the years.53,54

It is important to consider the patient’s clinical situation
hen interpreting CCK cholescintigraphy. The investiga-

ions that have confirmed the use of CCK cholescintigra-
hy generally were performed on outpatients who were
ot acutely ill or having pain at the time of the test. There
re no data on the predictive value of this test in sick and
ospitalized patients. Acute viral illness has been reported
o cause a gastroparesis in some patients that resolves with

Figure 1 Sincalide cholescintigraphy. The patient was sus
workup including sonography was negative. (A) Sincali
contraction is seen on the sequential 3-minute summed
60 minutes (abnormal �40%).
he illness.55 It would not be surprising if other visceral m
rgans like the gallbladder could become dysfunctional
uring acute illnesses unrelated to gallbladder disease.
A large number of commonly used therapeutic drugs cause

educed gallbladder contraction. These include opiates, atro-
ine, nifedipine, indomethacin, progesterone, octreotide,
heophylline, and benzodiazepine.34 Hospitalized patients
re invariably on multiple medications.

Thus, interpretation of CCK cholescintigraphy should take
nto consideration the clinical context. The study should be
onfirmatory in outpatients with recurrent biliary-colic like
ain of several months duration, with otherwise negative

of having chronic acalculous gallbladder disease. Other
2 �g/kg, was infused for 60 minutes. Poor gallbladder
. (B) Quantification determined the GBEF to be 19% at
pected
de, 0.0
images
edical workups that have excluded other diseases, and are
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Functional hepatobiliary disease 125
ot taking drugs known to inhibit gallbladder contraction
Fig. 1).

hronic Acalculous Biliary
isease (Sphincter of
ddi Dysfunction)

he sphincter of oddi is a smooth muscle structure surround-
ng the distal common bile duct, pancreatic duct, and their
ommon channel, the ampulla of Vater. During fasting, the
phincter prevents bile to flow through the common duct
nto the small bowel, facilitates gallbladder filling, and pre-
ents duodenal bile reflux. After meal ingestion, endogenous
CK relaxes the sphincter of Oddi, permitting bile to transit

nto the small bowel. Secretin has a similar function for the
ancreatic sphincter.
After cholecystectomy, approximately 10% to 20% of pa-

ients have recurrent biliary colic-like pain (postcholecystec-
omy syndrome).56 Although in many patients, the pain is of
onbiliary origin, the most common biliary cause is attributable
o residual or recurrent biliary duct stones. Less common causes
nclude ductal inflammatory stenosis or, rarely, inflammation or
bstruction of a cystic duct remnant. Sphincter of Oddi dysfunc-
ion (SOD) occurs in approximately 10% of patients with the
ostcholecystectomy syndrome, although there are reports of
reater than a 50% incidence from some specialized referral
enters.57 The recurrent biliary colic pain of SOD often cannot
e distinguished from the pain of stone disease or a diseased
ancreatic sphincter. This review will emphasize biliary sphinc-
er disease.

SOD is a partial biliary obstruction at the level of the
phincter of Oddi, in which no morphologic or anatomical
ause (stones or tumor) can be found. At sphincterotomy,
pproximately 60% of patients have histopathologic evi-
ence of inflammation, muscular hypertrophy, fibrosis, or
denomyosis within the papillary zone. These findings may
e caused by inflammation and scarring from repeated pas-
age of microlithiasis, intraoperative trauma, or infection.
he other 40% of patients have normal histology.
The explanation for why sphincter pain occurs after cholecys-

ectomy is that the gallbladder normally acts as a reservoir and
ressure release valve, decompressing the biliary ducts when the
ressure increases, thus preventing pain. After cholecystectomy
his effect is lost and pain ensues in patients predisposed to
bstruction. It is not clear what precipitates the intermittent
bstruction and pain. However, it is known that acute symp-
oms of sphincter obstruction can be provoked by various
rugs, such as prostigmin (neostigmine) and morphine, and can
e reversed by other drugs and hormones, eg, cholecystokinin,
lucagons, amyl nitrite, and nitroglycerine. Although it is pos-
ulated that some patients with SOD have symptoms before
holecystectomy, no objective test can reliably make this diag-
osis before cholecystectomy.
In the past patients with suspected SOD were classified

ither as having a fixed stenosis (papillary stenosis) or a func-
ional obstruction caused by sphincter hypertonicity (dyski-

esia). To standardize the workup, diagnosis, and therapy, p
he Hogan or Milwaukee classification is now used, which
ategorizes patients into 3 types.58 All 3 have episodic pain.
n addition to pain, type I patients have liver enzyme eleva-
ions with the episodic pain and dilated biliary ducts. Type II
atients have either enzyme elevations or dilated biliary
ucts. Type III patients have only pain. It is uncertain
hether these groups represent varying stages or degrees of a

ingle entity or similar presentations of a heterogenous group
f disorders.59

Type I patients are the most straight-forward from a diag-
ostic standpoint. After excluding anatomical causes, eg,
tones and tumor, with imaging and endoscopy, sphincter-
tomy is performed. Sphincter of Oddi manometry (SOM),
enerally considered the diagnostic gold standard (described
elow), is abnormal in as many as 90% of type I patients and
hus not thought necessary before definitive therapy.60 Most
atients respond to sphincterotomy with relief of symptoms.
In type II patients, the diagnosis is less certain and docu-
entation of abnormal sphincter pressure with manometry is

ecommended before proceeding to sphincterotomy. SOM is
bnormal in approximately 50% of patients. Those patients
ith elevated pressure, from 65% to 90%, are more likely to

espond to sphincterotomy.61

Type III patients are more problematic. Only 7% to 30%
ave abnormal SOM. Documentation of abnormal sphincter
ressure is strongly recommended before sphincterotomy. It
lso is suggested that these patients be evaluated extensively
or other causes of pain. In some, the pain may be a compo-
ent of a more generalized functional intestinal motor disor-
er, eg, irritable bowel syndrome or duodenal hyperalgesia.
The diagnosis of SOD is challenging. In the past, endo-

copic retrograde cholangiopancreatography (ERCP) was re-
uired to exclude stones, common duct strictures, and tumor
nd used to confirm ductal dilation and delayed clearance of
ontrast media. However, the findings were not specific and
he incidence of serious complications high, eg, pancreatitis.

agnetic resonance cholangiopancreatography (MRCP) has
ow replaced ERCP for exclusion of tumor and confirmation
f ductal dilation.
SOM is considered by gastroenterologists to be the gold

tandard for diagnosis of SOD. In the absence of stones,
ommon duct stricture, or tumor, an elevated basal sphincter
ressure (�40 mm Hg above duodenal pressure) is diagnos-
ic. Other manometric findings have been described in SOD,
ncluding an increased frequency and amplitude of phasic
ontractions, rapid phasic contractions (tachyoddia), in-
reased retrograde contractions, and the so-called “paradox-
cal response to CCK,” ie, an increase rather than decrease in
phincter.62,63 However, these findings are poorly reproduc-
ble64 and none, except for basal sphincter pressure, is pre-
ictive of therapeutic response.
SOM is a complex procedure available only at specialized

iliary centers. During duodenoscopy, a triple-lumen pres-
ure manometry gauge is positioned within the sphincter of
ddi and pressure readings obtained. The procedure is tech-
ically demanding with a failure rate of 20% to 25%, has
oor reproducibility, and an incidence of pancreatitis re-

orted to be 5% to 30%.63,65
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126 H.A. Ziessman
Noninvasive methods of making the diagnosis would be
referable and a number of different methods have been

nvestigated and clinically used. One of the earliest, a non-
maging method, was the Nardi test, a provocative phar-

acologic test using morphine and prostigmin (neostig-
ine). Morphine produces contraction of the sphincter of
ddi and neostigmine stimulates bile secretion. A positive

est for SOD included reproduction of the patient’s pain
nd an increase in serum liver enzymes or amylase. Al-
hough specific, the test has low sensitivity for predicting
he presence of SOD and poor correlation with outcome
fter sphincterotomy.66

Ultrasonography is routinely used to detect common bile
uct dilation. However, dilation is nonspecific and not diag-
ostic of SOD. Fatty meal or CCK simulated sonography has
een investigated. CCK normally increases bile flow and re-

axes of the sphincter. However, in the setting of obstruction
nd SOD, the increased flow and pressure may produce duc-
al dilation. However, the finding has a low sensitivity (70%)
or biliary obstruction and SOD.67 MRCP has a high accuracy
or detection of ductal dilation and tumor. However, MRCP
ften doses not detect small stones and it demonstrates anat-
my and not bile flow physiology.
Because cholescintigraphy provides visualization of biliary

rainage, it has long been expected to be valuable in the
oninvasive diagnostic workup of biliary obstruction and
OD. Investigations in the mid-1980s suggested that
holescintigraphic image analysis could be used to make this
iagnosis.68,69 Accuracy was reported to be high; however,
he number of patient studied was not large, patient popula-
ions were highly selected, and the studies retrospective. The
ost reliable diagnostic criteria were found to be that of (1)
elayed biliary duct clearance and (2) abnormal ductal dy-
amics, ie, prominent retained common duct activity at 60
inutes and no decrease in ductal activity, or even an in-

rease, on delayed imaging at 2 hours. Delayed biliary-to-
owel transit was a considerably less sensitive diagnostic cri-
eria. This is a postcholecystectomy pattern of partial biliary
bstruction and cannot be expected to differentiate SOD
rom other causes, eg, cholelithiasis.

Quantitative cholescintigraphic methods subsequently
ere investigated with the expectation that they might be
ore sensitive than qualitative image analysis.70 Pace and

able 3 Accuracy of Quantitative Cholescintigraphy for Diagn

Publication Date Reference No. patients Con

arweesh 1988 67 28 2
loiber 1988 76 50 2

eng 1944 77 34 2

orazziari 1994 78 19 1
adacsy 2000 74 20 2
ostre 1992 82 26
homas 2000 89 34

peak, time to peak; CBD, common bile duct; HDTT, hilar-to-duoden
oworkers70 were the first to investigate this methodology. 9
wenty-six patients suspected of having “papillary stenosis”
ere studied. Normal values for hepatobiliary clearance were

stablished with 10 asymptomatic postcholecystectomy sub-
ects. Regions of interest (ROI) were drawn around the liver
nd biliary ducts, time-activity curves (TACs) generated, and
time to maximal activity (Tmax) and half-time of emptying

T1/2) were calculated. With this quantitative method, 25 of
6 subjects, with either normal or impaired biliary drainage
ere confirmed by ERCP.
Investigations from various other institutions also reported

n the utility of quantitative analysis for cholescintigra-
hy.71-75 Many of these studies demonstrated significant dif-
erences in quantitative scintigraphic parameters between pa-
ient groups with proven SOD and asymptomatic
ostcholecystectomy controls. In subsets of patients, fol-

ow-up quantitative hepatobiliary scintigraphy (QHBS) after
uccessful sphincterotomy showed improvement in TACs
nd quantitative parameters.

Different methodologies were used by the various investi-
ators, ie, in the choice of ROIs and the parameters quanti-
ed. ROIs included the liver, common bile duct, liver hilum,

iver with biliary ducts, and duodenum. Quantitative param-
ters included Tpeak, T1/2, percent emptying at 45 and 60
inutes, duodenal appearance time, and hilar to duodenal

ransit time.
In 1988, 2 publications addressed the predictive accuracy

f QHBS to diagnose biliary obstruction and SOD. Darweesh
nd coworkers67 compared quantitative cholescintigraphy
ith fatty meal sonography in 34 patients and 22 asymptom-

tic controls. ERCP was the primary gold standard, although
ome patients had SOM. The most sensitive quantitative pa-
ameter was the 45-minute percent clearance derived from a
ilar TAC. The diagnostic sensitivity was low, 67%, and the
pecificity, 85% (Table 3). Fatty meal sonography had similar
ensitivity but a higher specificity of 100%. Combining both
ests, sensitivity increased to 80%.

Also in 1988, Kloiber and coworkers published their in-
estigation of 50 consecutive patients suspected of having
iliary obstruction or SOD, using QHBS.76 ERCP was the
old standard. Six patients had cholelithiasis, 10 had stric-
ure, and 12 SOD. Tpeak was the best quantitative discrimina-
or, although the common bile duct T1/2 and percent reten-
ion at 60 minutes were not very different. Sensitivity was

f Chronic acalculous Biliary Disease

Quantitative parameters Sens. (%) Spec. (%)

67 85
Tpeak 93 64
CBD T1/2 88 68
CBD dynamics 69 90
CBD 45% clearance 88 80
HDTT 100 83
HDTT 79 71
CBD 100 100
Tmax, 45, 60 min % clearance 83 81

it time; Tmax, time to maximum activity.
osis o

trols

8
2

6

1
0

5%, specificity 68% (Table 3).
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In 1994, Peng and coworkers reported on 34 patients sus-
ected of having SOD and 26 asymptomatic controls.77

holescintigraphic results were correlated ERCP and SOM.
his was an unusual population consisting exclusively of
en at a veteran’s hospital (most patients with SOD are
omen). First, image analysis was analyzed, using the criteria
f Zeman and coworkers described previously.68 Sensitivity
nd specificity were 69% and 90%, respectively (Table 3).
sing common duct TACs to determine the Tmax, T1/2, per-
ent clearance at 45 and 60 minutes, sensitivity and specific-
ty were similar. Combining the 2 methods, sensitivity was
8% and specificity was 80%.
In 1994, Corazziari and coworkers investigated 19 symp-

omatic subjects with suspected SOD and 11 asymptomatic
ontrols.78 All had ERCP and SOM. A hilar-to-duodenal tran-
it time (HDTT) was calculated. Normal values for HDTT
ere determined to be between 2 to 9 minutes. A prior study

rom these investigators found HDTT to be a more reproduc-
ble quantitative parameter than numerous others studied.79

he HHDT and sphincter basal pressure had a strong corre-
ation. Sensitivity for SOD was 100% and specificity, 83%.
mprovement in the HHDT was seen after sphincterotomy.

In 2002, Cicala and coworkers, a study by the same inves-
igative group, investigated 30 patients with clinical type I
nd type II SOD.80 All had QHBS, and the following day,
OM. HDDT was delayed in all patients with increased basal
ressure, in 100% of biliary Type I patients and 64% of Type
I patients. Sphincterotomy was offered to patients with ab-
ormal HHDT exceeding 9 minutes. All patients who had
phincterotomy became symptom free and HDTT either nor-
alized or improved. A favorable postsphincterotomy out-

ome was predicted in 93% of cases by QHBS, but in only
7% of cases based on SOM.
However, Sand and coworkers, using the methodology of

orazziari and coworkers, found considerably more variabil-
ty in the HDTT.81 Thirty-seven postcholecystectomy asymp-
omatic volunteers were studied. The mean HHDT was 12 �
1 minute (range, 1 to 48 minutes), a considerably wider
ormal range than had previously been reported by Corazzi-
ri (5 � 2 minute, range 2-8 minutes). Sand and coworkers
sed 99mTc-IODIDA and Corazziari, 99mTc-EIDA, both of
hich normally have slower liver clearance than 99mTc-me-
rofenin but also are different from each other. Whether this
xplains the discrepancy is uncertain. However, it empha-
izes the point that normal quantitative values must be estab-
ished for the both the radiopharmaceutical and the specific

ethodology used.
In 2000, Madacsy and coworkers studied 20 symptomatic

atients and 20 asymptomatic postcholecystectomy controls,
sing SOM as the gold standard.74 A good correlation was

ound between SOM pressure and quantitative parameters,
ncluding HDTT, Tmax, and common duct T1/2. Sensitivity
as reported to be 79%, specificity 71% (Table 3), positive

nd negative predictive value, 88%, and 55%, respectively.
A different approach was taken by Sostre and Kaloo and

oworkers, in 1992 at Johns Hopkins.82 First, sincalide was
dministered to increase bile flow. They sought to maximize

he sensitivity of the test by increasing intrabiliary duct pres- a
ure, similar to what had been done with ultrasonography.
incalide 0.02 �g/kg was infused over 3 minutes beginning
5 minutes before radiopharmaceutical injection. Second,
hey combined qualitative image analysis with quantitative
nalysis. Third, they used a scoring system consisting of 6
ifferent parameters, scored 1 to 3 in severity, derived from

mage analysis and common bile duct time-activity curves.
he six scored parameters included Tpeak liver activity, time of
rst biliary visualization, degree of the biliary tree visualiza-
ion, first bowel visualization, degree of common bile duct
mptying, and a CBD-to-liver ratio. The 6 category scores
ere summed. Truth was determined in most cases by ERCP

nd SOM. SOD was diagnosed in 12 of 26 patients, all of
hom had scores of 6 and greater. Of those that did not have
OD, all had scores equal of 4 or less, giving a sensitivity and
pecificity of 100% (Table 3; Fig 2). Although 100% should
lways be taken with a grain of salt, the results were impres-
ive.

However, Pineau and coworkers, using the Sostre meth-
dology in 20 asymptomatic postcholecystectomy patients,
ound a poor correlation between two scans performed on
eparate days in the same patient.83 They found an overall
pecificity of 78%, which was reduced to 60% when a true
egative was defined as two negative studies. 99mTc-mebro-
enin was used by Pineau and coworkers and 99mTc-disofenin
y Sostre and coworkers, but that probably does not by itself
xplain the discrepant findings.

The results of Corazziari and Sostre had stimulated con-
iderable enthusiasm that quantitative cholescintigraphy
ould play an important role in the workup of patients sus-
ected of having SOD. However, these good results were
btained at single institutions and included relatively small
umbers of subjects. Furthermore, as noted, concerns have
een raised about the specificity of both methodologies.
In 2003, Craig and coworkers reported on a prospective

rial of 32 patients, 15 type II and 17 type III.84 Type II and III
re the more relevant clinical groups, since Type I is easily
iagnosed. They directly compared the methods of Corazi-
rri and Sostre. SOM was performed within one month of
HBS. Sincalide 0.02 �g/kg was infused for 45 minutes,

tarting 15 minutes before 99mTc-diethyl IDA (DIDA) injec-
ion. Quantitative analysis was performed using a common
uct ROI and the derived HDTT of Coriazziari and the scor-

ng system of Sostre.
Using the Sostre scoring system and a score of �6 for

ositive a positive test the sensitivity was only 38% and the
pecificity, 81%. Altering the positive criteria to �5 or �4
mproved the sensitivity modestly to 38% and 46%, respec-
ively, but reduced specificity to 63% and 50%, respectively.
he results for HDTT were equally poor, with a sensitivity of
% (HDTT �9) and specificity of 94%. Liberalizing the
DTT from �8 to �5 improved the sensitivity from 15% to
4% but at the cost of specificity, which decreased from 88%
o 56% respectively. The HDTT and Sostre score correlated
oorly with SO basal sphincter pressure.
The results of Craig and coworkers were disappointing to

hose that hoped that one or both of these methods would be

noninvasive alternative to SOM. The paper was strongly
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riticized, in regard to the specific methodologies used, be-
ause in fact, they differed from those of Corazziari and
ostre. First, the method of sincalide infusion differed. The
ationale of Craig and coworkers, for the long 45-minute
incalide infusion was that a three-minute infusion was not
hysiological, had a higher incidence of side effects, and that

Figure 2 Quantitative cholescintigraphy in a patient with
0.02 �g/kg was infused over the course of 10 minutes s
summed images for 60 minutes show prominent retentio
were drawn for the common duct and liver, time-activi
Image analysis in conjunction with the quantitative par
score was 9, consistent with a partial biliary obstruction
ts pharmacologic effect would dissipate before the start of s
he study, due to its short half-life in serum (2.5 minutes).
hat rationale made sense in terms of gallbladder contraction
s discussed in the prior section of this review, however, as
as pointed out by Madacsy and coworkers the longer sinc-

lide infusion may have masked delayed bile flow by coun-
eracting hypertonicity of the sphincter, thus lowering the

oms of the postcholecystectomy syndrome. Sincalide at
15 minutes before the study. The sequential 2-minute
e common duct and little biliary-to-bowel transit. ROIs
es generated, and quantitative parameters determined.
rs was used along with the Sostre scoring system. The
hincter of Oddi dysfunction.
sympt
tarting
n in th

ty curv
amete
ensitivity for detection of SOD.85
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Madacsy and coworkers85 had found that many patients
ith elevated sphincter pressure and abnormal bile drainage
y QHBS will have a decrease in sphincter pressure and in-
rease in transpapillary bile flow when sincalide is adminis-
ered between 60 and 90 minutes after radiopharmaceutical
njection. Thus, the 3-min infusion given by Sostre82 and
oworkers may have been essentially homeopathic because
ts physiological effect was dissipated by the time of radio-
racer injection and thus had no adverse effect on the results,
ut by chance avoided the error of a longer infusion which
elaxes a hypertonic sphincter.

Other methodological problems were criticized. Craig and
oworkers84 did not use the somewhat complicated back-
round subtraction method of Corazziari and coworkers for
enerating common duct TACs. The original method “sub-
racted the liver TAC from the hilar TAC after normalizing
he two curves taking into consideration the ratio of the two
OIs and their geometrical differences. The entire blood
urve was multiplied by an appropriate factor to obtain a zero
alue in the subtraction of the activity of the heart from the
iver at the first flexus”.78-80,86 The rationale for this method
as that it corrected for variability of hepatic uptake and

learance between subjects. The method used by Craig and
oworkers did not correct for background. Although Coraz-
iari and coworkers had previously shown that the HHDT
as the only reproducible quantitative variable of several

hey investigated, the subtraction technique was used with all
heir variables and no data were presented showing that the
ubtraction technique per se was necessary.

Finally, the Craig and coworkers study had no control
ubjects to validate their methodology, while Corazziari and
icala had shown their method to be reproducible in asymp-

omatic controls and in patients with SO dysfunction and
emonstrated that it discriminated asymptomatic controls
rom SOD patients.79,80

A potential source of error for QHBS is drawing an appro-
riate ROI. This can occasionally be quite problematic due to
verlying bowel and common bile duct. Image analysis in
onjunction with ROI and quantitative analysis is thus quite
mportant. In some patients an appropriate ROI is impossible
o draw that will exclude bowel activity. In those patients,
ngestion of fluids and delayed images may be helpful.

In addition to CCK, other provocative diagnostic tests have
een used in conjunction with QHBS. In 1994, Madacsy and
oworkers combined the Nardi test (morphine and neostig-
ine) with QHBS.87 They compared Nardi positive patients

increased liver enzymes and pain) (#12) with the Nardi neg-
tive patients (#10) and found the QHBS results (hilar and
ommon bile duct Tmax, T1/2, hilar, duodenal arrival time) to
e significantly delayed (P � 0.05) only in the Nardi positive
atients. Pain alone had four false positives. In another study,
ertalan and coworkers reported that they could differentiate
atients with fixed stenosis from those with dyskinesia by the
dministration of nitrous oxide.88 Continuous inhalation be-
ween 60 and 90 minutes reversed the obstructive bile flow
attern in patients with dyskinesia, but not in patients with
tenosis. Similar results were shown by this investigative

roup using nitroglycerin and sincalide.74,88 s
In 2000, Thomas and coworkers published an investiga-
ion of morphine provocation in conjunction with QHBS to
iagnose SOD, on the same premise, that the drug might
rovoke functional abnormalities in patients with SOD.89

hirty-four patients had a clinical diagnosis of type II21 or III
OD,13 again the most diagnostically pertinent group of pa-
ients. SOM was the gold standard. The study was performed
wice, with and without morphine provocation. Morphine
.04 mg/kg was infused over 5 minutes immediately after

9mTc-IDA injection. The 2 studies were performed at least 48
ours apart. Without morphine, there was no difference in

max or percent excretion at 45 or 60 minutes between those
ith normal pressure and those with abnormal sphincter
ressure. With morphine, there was a significant difference
P � 0.002). The median percent excretion at 60 minutes
as 4.9% in those with abnormal SOM and 28% in those
ith normal SOM. The sensitivity and specificity for detect-

ng elevated sphincter of Oddi basal pressure by morphine
ugmented QHBS were 83% and 81%, respectively (Table 3).
urther investigation of this method is indicated.
The so-called “paradoxical response to CCK” is repeatedly
entioned in the medical literature as being characteristic of

OD. It was reported by Toouli and coworkers and others
hat at SOM, CCK normally abolishes SO phasic contractions
nd decreases basal SO pressure.62,63 They further showed
hat in some patients with SOD, CCK had a “paradoxical
ffect,” ie, sphincter pressure increased, or did not decrease.

There is reason to question the whole concept of a para-
oxical response. The total number of SOD patients studied
ith SOM reported to have a paradoxical response to CCK is
ot large. Of patients with proven SOD, overall only about
0% have been reported to have this finding. No normal
ubjects have been studied with SOM to establish the speci-
city of this finding, only small numbers of symptomatic
atients without other evidence of the hepatobiliary disease.
nlike elevated sphincter pressure, a paradoxical response to
CK is not predictive of a response to sphincterotomy.63

CK is no longer used in conjunction with SOM. It is not
lear if these short-term observations (2-10 minute record-
ngs per pull-through) reflect the 24-hour pathophysiology
f the sphincter.90

During SOM, CCK was administered as a bolus infusion of
0 to 30 seconds. As discussed, this is not a physiological
ethod of infusing CCK.46 Unlike the gallbladder, little is

nown about the effect of different infusion methods on the
phincter of Oddi. As discussed in the prior section, some
ormal subjects (one-third) may have ineffective contraction
f the gallbladder due to spasm of the cystic duct and neck of
he gallbladder when administered a rapid infusion of sinc-
lide, a different “paradoxical response”.44 Whether the
phincter is similarly supersensitive to CCK is not certain, but
hat would not be surprising. When this paradoxical re-
ponse has been looked for during cholescintigraphy in SOD
atients receiving a slow infusion of CCK cholescintigraphy,
o paradoxical response has been noted.72,74

Although SOD generally is considered a functional disease,
or the most part, therapy is anatomic, that is, endoscopic

phincterotomy. Multiple studies indicate that patients un-
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130 H.A. Ziessman
ergoing sphincterotomy for SOD have complication rates 2
o 5 times higher than patients undergoing sphincterotomy
or ductal stones. Pancreatitis occurs in as many as 20% of
atients.65 The current Hogan categorization of patients, type
-III, categorizes patients in a way that determines further
orkup and therapy, specifically, whether SOM and sphinc-

erotomy are indicated. However, this approach has limita-
ions, particularly in patients with type II and III disease,
ince many patients do not have abnormal sphincter pres-
ure. In reality, many of these patients ultimately receive
phincterotomy. Now that MRCP has replaced ERCP in the
orkup, more attention should be paid to the functional

spects of this disease or diseases. The use of QHBS in con-
unction with pharmacologic intervention allows noninva-
ive investigation of pathophysiology and may give better
nsight into the mechanism, diagnosis, and proper treatment
f sphincter of Oddi disease.
One could also question whether SOM should truly be the

old standard for diagnosis. Relief of symptoms is the most
mportant indicator of outcome, however, most published
nvestigations have either not looked at this or evaluated
herapeutic response over a relatively short time course. Pre-
nd post-therapy QHBS is an objective method for evaluating
esponse to therapy that has uncommonly been used and
ould be easily correlated with clinical outcome. Pharmaco-
ogic interventions might predict response to various differ-
nt nonsurgical therapies.

Because the Sphincter of Oddi is a smooth muscle struc-
ure, one would assume that muscle relaxants could have a
herapeutic role. Sublingual nitrates and nifedipine have
een shown to reduce basal Sphincter of Oddi pressure. Clin-

cal benefit with nifedipine has been shown in 75% of pa-
ients with a reduction in pain during short-term follow-up.
owever, therapeutic drugs to date have had side-effects in
p to one-third of patients and have been only partially ef-
ective. Antidepressants have been found useful in many type
II patients. Transcutanous electrical nerve stimulation and
lectro-acupuncture have all been shown to relax the Sphinc-
er of Oddi.91,92 Further study on nonsurgical methodologies
s indicated. QHBS can play an important role in evaluating
hese methodologies.

In an era of rapidly improving anatomical imaging meth-
ds, cholescintigraphy can perform a unique and need role in
he evaluation of functional hepatobiliary disease. There is
ikely to be increasing need for QHBS for diagnosis and eval-
ation of therapeutic effectiveness in acalculous biliary dis-
ase. Although further investigation of the different method-
logies is indicated, QHBS is already a clinically useful
ethod for noninvasively making the diagnosis of chronic

calculous biliary disease.
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