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Chronic functional gallbladder disorder, characterized by biliary pain
in the absence of structural pathology, poses a diagnostic challenge
necessitating reliable cholecystagogues for accurate evaluation.
However, recurrent shortages of synthetic cholecystokinin analogs
have prompted the exploration of alternative agents. This paper
describes the efficacy of Ensure Plus as a viable fattymeal substitute
for hepatobiliary scintigraphy in assessing chronic functional gall-
bladder disorder. Through comparative studies, Ensure Plus demon-
strates comparable diagnostic accuracy to cholecystokinin in similar
patient populations. Furthermore, Ensure Plus demonstrates signifi-
cant symptom improvement after cholecystectomy in patients
with anomalous gallbladder ejection fractions. This paper offers a
detailed protocol for the seamless integration of Ensure Plus into
hepatobiliary scintigraphy, providing clinicians with a valuable tool to
navigate cholecystokinin shortages while maintaining diagnostic
precision in cases of chronic functional gallbladder disorder. The use
of Ensure Plus not only addresses practical supply challenges but
also underscores its potential as a cost-effective and clinically sound
alternative in biliary diagnostics.
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The gallbladder is a saccular organ attached to and extend-
ing along the underside of the liver (Fig. 1A). The primary
function of the gallbladder is to serve as a reservoir for bile
salts, lipids, and other macromolecules involved in the diges-
tion of fats (1). Bile enters and exits the gallbladder via the
cystic duct, which connects directly with the common hepatic

duct to form the downstream common bile duct, which emp-
ties into the duodenum after passing through the pancreas and
sphincter of Oddi (Fig. 1A). The sphincter of Oddi contracts
between episodes of feeding to create back pressure within the
biliary system, which results in retrograde passage of bile
through the cystic duct into the gallbladder for storage. On
feeding and neurohormonal stimulation, the smooth muscle
within the muscularis layers of the gallbladder walls contracts
and the sphincter of Oddi relaxes to allow for differential pres-
sure dynamics that push bile out of the gallbladder, through
the common bile duct, and out of the sphincter of Oddi to the
duodenum. Cholecystokinin is the most potent hormonal stim-
ulator of gallbladder smooth muscle contraction and sphincter
of Oddi relaxation, but acetylcholine released from the vagal
or enteric nerves can also produce a similar effect (2–10).
Gallbladder functioning and the biliary system require patent
ducts and effective management of pressure dynamics to
ensure that bile is appropriately delivered from the gallbladder
to the food bolus. Disruption of the duct patency or biliary
pressure dynamics will result in gallbladder pathology, includ-
ing acute and chronic disease (Fig. 1B).
Obstruction of the biliary duct system or disruption of the

smooth muscle dynamics involved in the passage of bile
through the duct system results in common biliary pathologies
(Table 1) (1,11). Acute blockage of biliary transit out of the
gallbladder, usually from a gallstone, results in increased pres-
sure within the gallbladder lumen and resultant inflammation
throughout the gallbladder walls (acute calculous cholecysti-
tis). This results in pain of the right upper quadrant along with
other gastrointestinal symptoms. Rarely, a more serious form
of acute cholecystitis can result without gallstone blockage
(acalculous cholecystitis); this form is commonly secondary to
gallbladder injury or systemic disease. Acute cholecystitis is
commonly evaluated with ultrasound, but it can be confirmed
or further assessed with hepatobiliary scintigraphy, CT, or
MRI. On hepatobiliary scintigraphy, acute cholecystitis is
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confirmed by blockage of radiopharmaceutical passing
through the cystic duct to the gallbladder (1,12).
In contrast to acute cholecystitis cases, chronic cases of

cholecystitis can develop in patients either through obstruc-
tion or through disruption of pressure dynamics in the biliary
system. Like acute cholecystitis, chronic cholecystitis can also
develop in the setting of gallstones (chronic calculous chole-
cystitis). Some cases of chronic gallbladder disease are also
found in patients without gallstones (acalculous). Physicians
and researchers have historically questioned whether chronic
acalculous gallbladder disease, termed chronic functional gall-
bladder disorder, was a true entity (13,14). Chronic functional
gallbladder disorder is defined as biliary pain without gall-
stones or other structural pathology (Fig. 1B) (14–17). Biliary
pain is described as epigastric or right upper quadrant pain
that builds up, occurs at different intervals, and is not signifi-
cantly associated with bowel movement, position changes, or

acid suppressants (11,18,19). It can
result in nausea and vomiting and radi-
ate to the back. Supportive evidence for
chronic functional gallbladder disorder
includes a low gallbladder ejection frac-
tion on hepatobiliary scintigraphy, nor-
mal liver or pancreatic enzymes, and
normal bilirubin (11,12,14,20). Mim-
icking physiologic biliary physiology,
stimulated hepatobiliary scintigraphy
can help to assess the gallbladder ejec-
tion fraction in cases of possible
chronic functional gallbladder disorder.
In this article, we will describe the his-
tory and use of a standardized fatty
meal, Ensure Plus (Abbott), to deter-
mine gallbladder ejection fractions in
possible cases of chronic functional
gallbladder disorder.

BACKGROUND

Before hepatobiliary scintigraphy came into use, chole-
graphy was performed with intravenous and oral contrast
agents and radiographic or fluoroscopic imaging (3,21).
During this time, researchers made discoveries regarding
biliary physiology and pathogenesis that are important for
hepatobiliary scintigraphy. Initial work on gallbladder contrac-
tion and biliary excretion resulted from cholegraphic studies in
which patients were administered an oral cholecystagogue
(22–25). Examples of the reported oral cholecystagogues
include milk, corn oil emulsion, Cholex (egg yolk, soya leci-
thin, glycerin, and peanut oil), D-sorbitol solution, safflower oil
emulsion, vegetable oil, fatty meal (Lipomul), and Ensure Plus
(5,8,12,22,23,25–33). In 1957, cholecystokinin was devel-
oped as an intravenous cholecystagogue demonstrating
prompt and strong contraction of the gallbladder and opening
of the sphincter of Oddi (2,3). Beginning with the development
of radiolabeled iminodiacetic acid analogs in 1976, followed

FIGURE 1. Normal and abnormal biliary transit. (A) Normal anatomy and physiology of
hepatobiliary system, with hepatic production of bile, excretion via hepatic ducts, locali-
zation to gallbladder, and excretion, on stimulation, through common bile duct and
ampulla of Vater to small bowel. Sphincter of Oddi acts as pressure valve for bile passing
into small bowel near junction of biliary system and duodenum. (B) Reduced bile flow
(which in case of chronic functional gallbladder disorder is due to gallbladder dysmotility),
which results in increased pressure and inflammation within gallbladder (cholecystitis).

TABLE 1
Gallbladder/Biliary Pathologies, Common Symptoms, and Hepatobiliary Scintigraphy Findings

Pathology Symptom Finding

Acute calculous cholecystitis Acute biliary colic with or without fever,
nausea, vomiting

Nonvisualization of gallbladder

Acute acalculous cholecystitis Critical illness, sepsis, jaundice, pain in
right upper quadrant

Nonvisualization of gallbladder (variable
false positive due to illness)

Chronic calculous cholecystitis Variable: biliary colic, nausea, reflux,
bloating

Delayed gallbladder ejection fraction;
stones on hepatobiliary scintigraphy or
ancillary imaging

Chronic functional gallbladder
disorder

Variable: biliary colic, nausea, reflux,
bloating

Delayed gallbladder ejection fraction (other
reported signs not diagnostic)

Sphincter-of-Oddi syndrome Biliary colic, nausea, vomiting Radiopharmaceutical concentration in
biliary tree; delayed bowel excretion

Enterogastric reflux Epigastric pain, vomiting, nausea,
heartburn

Reflux of radiopharmaceutical in bowel
proximal to ampulla of Vater

Hepatic dysfunction Pain in right upper quadrant; severe illness
pending cause

Delayed extraction by liver and delayed
excretion from liver
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by 99mTc-mebrofenin, which demonstrated better hepatic
extraction and decreased renal excretion, hepatobiliary scintig-
raphy gradually replaced oral cholegraphy for imaging func-
tional gallbladder pathologies (1,12,34–36).
As a predominantly functional gallbladder pathology,

chronic functional gallbladder disorder began to be charac-
terized using cholecystagogues to determine gallbladder
ejection fractions. Using different cholecystokinin adminis-
tration protocols with hepatobiliary scintigraphy, researchers
found the least variation in results with a 60-min continuous
cholecystokinin infusion (12,36,37). Using this protocol,
researchers found that the lower limit of normal gallbladder
ejection fractions was 38%, with gallbladder ejection frac-
tions less than 38% considered abnormal. Unfortunately,
sincalide (the commercial analog of cholecystokinin) has
been prone to shortages over the years; oral cholecysta-
gogues have therefore been used to continue assessments for
chronic functional gallbladder disorder (38). Among the oral
cholecystagogues, milk, corn oil emulsions, Lipomul, and
Ensure Plus have been investigated to assess for normal gall-
bladder ejection fractions (8,26,29,39). In adults, researchers
found normal gallbladder ejection fractions to be at least 40%
for milk after 60min, at least 20% for corn oil emulsions after
60min, and at least 33% for a fatty meal (i.e., Ensure Plus)
after 60min. In pediatric patients given Lipomul, researchers
found normal gallbladder ejection fractions to be at least 35%
after 30min. Among these options, Ensure Plus is well toler-
ated, with a variety of flavors, consistent preparation (11.4 g
of fat), and low lactose content (8). In contrast to sincalide
administration, which occurs over 60min, Ensure Plus is
administered orally within 5min and is better tolerated.
Ensure Plus is much more affordable than compounded or
commercial preparations of sincalide. Ensure Plus is also
more accessible to any nuclear medicine practice.
In a comparison of cholecystokinin to Ensure Plus in hepa-

tobiliary scintigraphy for suspicion of chronic functional
gallbladder disorder, we found that patients receiving chole-
cystokinin or Ensure Plus did not significantly differ in the
percentage of abnormal gallbladder ejection fractions identi-
fied in similar patient populations (28). The descriptive statis-
tics from that same study found that the sensitivity, specificity,
positive predictive value, and negative predictive value for
chronic cholecystitis on histopathology or for a subjective
reduction in postoperative biliary-type pain in patients under-
going cholecystectomy. Li et al. assessed the symptoms for
patients undergoing hepatobiliary scintigraphy with Ensure
Plus for suspected chronic functional gallbladder disorder,
comparing the symptom outcomes after cholecystectomy or
conservative management in patients with normal or abnormal
gallbladder ejection fractions (27). In patients with abnormal
gallbladder ejection fractions on Ensure Plus hepatobiliary
scintigraphy, 97% experienced symptom improvement after
cholecystectomy, compared with 65% who were treated con-
servatively. Although these are retrospective studies, these
findings suggest that Ensure Plus can be used instead of chole-
cystokinin for gallbladder ejection fraction evaluation in

suspected cases of chronic functional gallbladder disorder.
This is particularly helpful during sincalide shortages and as a
cost-saving measure. In this article, we will describe our insti-
tutional approach to using Ensure Plus as the cholecystagogue
in hepatobiliary scintigraphy for evaluation of chronic func-
tional gallbladder disorder.

Preparation
In preparation for Ensure Plus hepatobiliary scintigraphy

for gallbladder ejection fraction, patients should fast for at
least 2 h and preferably 4–6 h (1,12). Ingested food stimu-
lates endogenous release of cholecystokinin, which can
interfere with the hepatobiliary scintigraphy study. If the
patient has been fasting for more than 24 h, bile and sludge
can accumulate in the gallbladder and interfere with the
passage of radiopharmaceutical into the gallbladder. For
these patients, one can pretreat with sincalide. The Society
of Nuclear Medicine practice guideline recommends pretreat-
ing patients with 0.02 mg/kg sincalide IV over 3–60 min,
approximately 15–30 min before injecting the radiopharma-
ceutical (12). For pretreatment at our institution, we have
found that sincalide administration over 3–5min, 30min
before radiopharmaceutical administration, is sufficient. If
sincalide is not available, a fatty meal can be given at least
2 h before the hepatobiliary scan for gallbladder ejection frac-
tion. If patients have been fasting for more than 24h, there
may be other factors that may impact the accuracy of the gall-
bladder ejection fraction results, including systemic illness. In
such patients, it may be advisable to postpone gallbladder
ejection fraction imaging until the patient is more stable (1).
Additionally, it is important to withhold opiate medica-

tions for at least 6 h or 3–4 half-lives before Ensure Plus
hepatobiliary scintigraphy for gallbladder ejection fraction
(12). Opiates can result in inaccurate results due to their
effects on the sphincter of Oddi. In some cases, the reversal
agent, naloxone hydrochloride, can be administered.
Patients should be instructed to remain still and breathe

normally during the imaging phases of the hepatobiliary
scintigraphy study. They should avoid coughing, clearing
their throat, taking deep breaths, or falling asleep.

Radiopharmaceutical
Historically, 99mTc-labeled iminodiacetic acid molecules,

such as hepatobiliary iminodiacetic acid, were used for
hepatobiliary scintigraphy, but because of poor uptake
in cases of hyperbilirubinemia, they are no longer widely
used (1). Currently, 99mTc-disofenin (2,6-diisopropylacetanilido
iminodiacetic acid) and 99mTc-mebrofenin (bromo-2,4,6-
trimethylacetanilido iminodiacetic acid) are approved for
use in hepatobiliary scintigraphy. These radiopharmaceuti-
cals have improved hepatic extraction, including in cases of
elevated bilirubin levels up to 20–30mg/dL (1). These bili-
rubin analogs are extracted by the liver and excreted through
the biliary system on the basis of pressure dynamics with
the biliary system (Fig. 1A). 99mTc-disofenin and 99mTc-
mebrofenin are administered intravenously at activities of
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111–185 MBq (3–5mCi). In cases of hyperbilirubinemia,
the activities can be raised to 185–370 MBq (5–10mCi).
For children, activities are weight-based, at 1.8 MBq/kg
(0.05mCi/kg) (12).

Cholecystagogue Precautions
Precautions for sincalide administration include standard

allergic reactions and those related to the mechanism of
action (10). Severe hypersensitivity reactions have been
reported, including anaphylaxis. Sincalide has also been
reported to induce preterm labor or abortion in pregnant
patients because of effects on smooth muscles. Some
patients report severe biliary colic symptoms, particularly
patients with gallstones. If the pain is severe, it is recom-
mended to stop sincalide infusion, report the symptoms,
and continue imaging. For some surgeons, reproduction of
the initial patient-reported symptoms during the scan is
used as a positive factor for recommending cholecystec-
tomy. Additional symptoms include nausea, vomiting, diz-
ziness, and flushing.
Precautions for Ensure Plus predominantly involve allergic

reactions. Patients with lactose intolerance generally do not
have problems with Ensure Plus because of the low amounts
of lactose in the formula (40). Patients with galactosemia, parti-
cularly severe galactosemia, should avoid Ensure Plus. As an
oral agent, Ensure Plus may not be suitable for patients who
cannot tolerate oral intake. Patients with gastric feeding tubes
may undergo Ensure Plus hepatobiliary scintigraphy, but if the
enteric tube is in a significantly postpyloric position, Ensure
Plus may not have the intended effect
on gallbladder contraction; this has not
been studied.

Acquisition
After the patient is positioned supine

with a pillow beneath the knees and
arms on the sides and supported, the
radiopharmaceutical (99mTc-disofenin
or 99mTc-mebrofenin) is injected intra-
venously. Dynamic imaging with a
large-field-of-view g-camera and a
low-energy all-purpose or low-energy
high-resolution collimator ensures that
the liver, gallbladder, biliary tree, and
bowel can be simultaneously visualized
(12). The optimal image matrix with
such a collimator is 1283 128. Dynamic
imaging at a rate of 1 frame/min for
60min is then performed. Within this
time frame, the gallbladder should fill,
and some radiopharmaceutical may pass
into the bowel. If the gallbladder does
not fill in 60min, it is recommended to
evaluate the patient for signs of acute
cholecystitis. Repeat imaging could be
obtained after sincalide pretreatment.

After pre–Ensure Plus imaging is completed, 237mL (8oz)
of Ensure Plus is then administered by mouth to the patient.
Ideally, the patient should try to drink the Ensure Plus within
5min. The patient is then again positioned supine. At our insti-
tution, we then position the g-camera detector in the left ante-
rior oblique position and perform dynamic imaging at
30 s/frame for 120 frames. This approach allows for finer time
resolution, but 1min/frame for 60 frames would also suffice.

Processing
Pre– and post–Ensure Plus dynamic images are then

processed to determine the gallbladder ejection fraction.
A region of interest (ROI) is drawn around the gallbladder
(Fig. 2). The individual who is processing the images
should ensure that there is no significant gallbladder motion
during the pre– or post–Ensure Plus dynamic imaging. If
the gallbladder moves significantly outside the ROI during
the scan, then the technologist cannot batch process the
images and should instead process the images individually
to ensure that the gallbladder lies within the ROI at each
time point. The individual who is processing the images
should also ensure that there is no significant biliary tree
radiopharmaceutical overlap with the ROI over the course
of dynamic pre– or post–Ensure Plus imaging. The counts
from the ROI are then processed by the imaging software to
generate a time–activity curve (Fig. 2). The gallbladder
ejection fraction percentage is calculated from the maxi-
mum and minimum gallbladder ROI counts as [(maximum
count 2 minimum count)/maximum count] 3 100 (12).

FIGURE 2. Ensure Plus hepatobiliary scintigraphy results for patient with chronic func-
tional gallbladder disorder (gallbladder ejection fraction, 25%). Appropriate gallbladder
ROI placement is shown. Ejection fraction was calculated from demonstrated time–
activity curve. Low ejection fraction (,33%) is consistent with chronic functional gallblad-
der disorder. EF 5 ejection fraction; Fr:1 5 frame 1; T max 5 time of maximum counts/s;
T min5 time of minimal counts/s.
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Interpretation
Interpretation of the Ensure Plus hepatobiliary scintigra-

phy for gallbladder ejection fraction involves evaluating the
pre–Ensure Plus dynamic imaging for physiologic extrac-
tion of the radiopharmaceutical from the blood pool into the
liver parenchyma, excretion through the hepatic biliary sys-
tem, localization to the gallbladder, and then post–Ensure
Plus excretion from the gallbladder through the extrahepatic
biliary system to the bowel. If there is a significant delay
(.5–10min) in extraction from the blood pool to the liver,
it may be a sign of hepatic dysfunction, such as liver failure
or acute hepatitis (Fig. 3) (1). Extraction to the liver but a
lack of excretion to the biliary system may also suggest
poor hepatic function or a high-grade biliary obstruction. As
previously noted, if the gallbladder fails to fill, it may indicate
a sign of acute cholecystitis versus cold bile or sludge
obstructing entrance of the radiopharmaceutical. After assess-
ment of the patient, one can consider rescheduling the hepato-
biliary scintigraphy with sincalide pretreatment to ensure
radiopharmaceutical localization to the gallbladder.
In pre– or post–Ensure Plus imaging, a delay in passage to

the small bowel may suggest dysfunction of the sphincter of
Oddi, characterized by a functional or anatomic obstruction
(41,42). On hepatobiliary scintigraphy, the sphincter of Oddi
manifests as decreased clearance of the radiopharmaceutical

from the liver, dilation of the intra- and extrahepatic biliary
ducts, and increased radiopharmaceutical concentration in the
biliary system.
During excretion of the radiopharmaceutical from the bili-

ary system into the small bowel, it is important to also assess
for retrograde localization of the radiopharmaceutical to the
stomach or esophagus (Fig. 4). This enterogastric reflux
should be documented in the report, as it can result in an alka-
line gastritis and may be a source of pain for the patient.
The most important step in evaluation and interpretation of

Ensure Plus hepatobiliary scintigraphy for gallbladder ejection
fraction is to report the gallbladder ejection fraction, which is
normal if it is at least 33% (8). Rapid emptying of the gall-
bladder has also been reported and suggested as a possible
cause of symptoms. Rapid emptying is reported as greater
than 65%–80% (43). Case reports have reported that chole-
cystectomy in these cases of biliary colic can lead to symp-
tomatic relief. Although a gallbladder ejection fraction is not
the only determining factor for most surgeons, it can be a
helpful quantitative measure in defining chronic functional
gallbladder disorder in patients with biliary-type symptoms.

CONCLUSION

Determining the gallbladder ejection fraction is an impor-
tant quantitative tool that assists surgeons in deciding
whether a patient’s biliary-type pain is due to chronic func-
tional gallbladder disorder. Unfortunately, the primary cho-
lecystagogue used to stimulate gallbladder contraction and
sphincter of Oddi relaxation, sincalide, is often underpro-
duced and faces chronic shortages. Consequently, nuclear
medicine practitioners need to be aware of other effective
oral cholecystagogues that can be used to determine

FIGURE 3. In this patient with severe hepatic dysfunction,
image at 60min after 99mTc-mebrofenin injection demonstrates
significant persistent uptake in cardiac blood pool (blue arrow)
and liver (red arrow), with little passage into bowel and nonvisuali-
zation of gallbladder.

FIGURE 4. In this selected hepatobiliary scintigraphy image
40min after injection of 99mTc-mebrofenin, there is moderate
reflux (arrow) of radiopharmaceutical in retrograde fashion to sto-
mach. Enterogastric reflux can be cause of abdominal symptoms
in patients and should be reported if seen.
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gallbladder ejection fractions. The best studied of these cho-
lecystagogues is Ensure Plus, an affordable, palatable oral
fatty meal that similarly induces gallbladder contraction and
sphincter of Oddi relaxation for accurate gallbladder ejec-
tion fraction determination.
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