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Chronic gallbladder-related 
conditions often manifest in 
abdominal biliary-type pains 

– also called biliary colic. As with any
symptom, biliary colic is subjective
and challenging to distinguish from
abdominal pain originating from other
organs. Hence, multiple imaging tests
are used in what often ends up as a pro-
tracted diagnostic pursuit. This article
will address the role of hepatobiliary
scintigraphy (HBS) in the diagnosis and
management of this often challenging
clinical conundrum.

The terminology and disease no-
menclature applicable in this context 
could be confusing. The starting point 
is differentiation of chronic gallblad-
der (GB) diseases based on their main  
pathophysiologcal sine qua non, which 
can be either structural (anatomical) or 
functional. In the former group one can  
directly visualize the culprit abnormality 
or its sequelae on anatomical imaging, 
such as ultrasound (US), computed to-
mography (CT), and magnetic resonance 
imaging (MRI). The classic example of 
a structural condition would be chronic 
calculous cholecystitis (CCC) where 
US plays a central role by demonstrat-
ing stones in the gallbladder and other 
associated findings. However, gallstones 
seen on US could also be totally asymp-
tomatic and demonstration of poor GB 
contractility could differentiate inciden-
tal gallstones from those associated with 
symptomatic CCC. 1,2 In the functional 

group, there is typically no anatomical 
abnormality on imaging or even on the 
pathological specimen, such as in the 
case of functional gallbladder disorder 
(FGBD). This is where the diagnosis is 
based on characteristic symptoms and 
abnormal GB function, typically re-
vealed by cholecystokinin HBS (CCK-
HBS). 3 Other chronic conditions could 
be responsible for abdominal pain that 
is often clinically indistinguishable from 
the biliary colic. Some of them can be 
discerned from careful examination of 
CCK-HBS for non-GB clues.

Radiopharmaceuticals, 
pharmaceuticals and physiology

Development of Tc-99m labeled 
iminodiacetic acid (IDA) derivatives4 
provided us with an elegant way to 
study major elements of hepatobiliary  
physiology, pathophysiology and re-
sponse to various stimuli. We can de-
pict liver blood flow, hepatocellular 
function, bile formation and excretion 
into the bowel, as well as biliary tract 
dynamics of its bowel transit.

Hepatobiliary radiopharmaceuti-
cals underwent remarkable evolution 
that is detailed elsewhere.5,6 Perfec-
tion of IDA derivatives led to develop-
ment of the modern analogues that are 
probably the closest we have come in 
nuclear medicine to the concept of an 
ideal radiopharmaceutical.7 They are 
actively taken up and transported intra-
cellularly by hepatocytes’ organic an-
ion-transporting polypeptide (similar 
to non-conjugated bilirubin). They are 
later excreted into canaliculi unchanged 
via apical ATP-dependent export pump. 
Tc-99m Disofenin or 2,6-diisopropylac-
etanilido iminodiacetic acid (DISIDA) 

and Tc-99m Mebrofenin or bro-
mo-2,4,6-trimethylacetanilido iminodi-
acetic acid (BromIDA) are the two most 
commonly used today. Considering a 
patient’s total bilirubin level, a clinical 
question addressed by the test, avail-
ability and the cost, one can make the 
specific choice. If the latter two are of 
no concern, Tc-99m Mebrofenin is the 
ideal choice, for it has the best hepatic 
uptake and washout, while displaying 
the least activity outside the hepatobili-
ary system (vicarious excretion). 5

A typical adult dose is 200 MBq (5 
mCi) of either compound injected as an 
intravenous bolus. BromIDA should be 
used in jaundiced patients, escalating the 
dose to 7.5 mCi and 10 mCi if the total 
bilirubin level reaches 4 mg/dl and 8 mg/
dl, respectively. Pediatric patients should 
receive 7 MBq/kg (0.2 mCi/kg), but no 
less than 37 MBq (1 mCi). The gallblad-
der wall is the target radiation exposure 
organ, receiving 0.11 mGy/MBq dose.8

The existence of cholecystokinin 
(CCK), a gastrointestinal hormone, 
was first suggested by physiologist Joy 
Simcha Cohen in 1905. Since then it be-
came clear that CCK represents a fam-
ily of peptides that vary in number of 
amino acids. It is the C-terminus with 
sulfate-group attached to the tyrosine in 
position 7 that is common to all of the 
family members and responsible for 
their hepatobiliary actions upon binding 
to CCK-A receptor. CCK is synthesized 
and released by the mucosal lining cells 
of the duodenum and jejunum. The stim-
ulus for its release is the entry of partially 
digested fats and proteins into the duode-
num. CCK then hematogenously reaches 
the receptors of the liver (increasing 
blood flow and production of bile), pan-
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creas (increasing production of pancre-
atic juice), the gallbladder (contracting 
its smooth muscle), and the sphincter of 
Odd (relaxing it to allow bile and pan-
creatic juice to flow into the duodenum). 
When bile and pancreatic juice digest 
fats and proteins in the small intestine, 
the stimulation for release of CCK ends. 
Sincalide is a synthetic C-terminal octa-
peptide analogue of CCK that is readily 
available commercially for parenteral 
use, which is used almost exclusively for 
diagnostic use in CCK-HBS.

Technique of hepatobiliary 
scintigraphy 
Patient preparation

Ensuring an optimal scintigraphic re-
sult starts with patient preparation. The 
biliary flow and GB motility is a com-
plex process that can be dramatically 
altered by ingested food and medica-
tions. The patient must fast for at least 

four hours prior to the test. As explained 
above, most meals would contract 
the GB that could last a long time and 
radioactive bile would not be able to 
enter against the outgoing flow and high 
pressure generated by the contracted 
GB, possibly resulting in non-visual-
ization (non-viz) of GB. The last meal 
before a routinely scheduled morning 
test should occur 9-10 PM and should 
contain a significant fatty and/or protein 
component that the patient should be 
able to tolerate. This should empty the 
GB overnight, rendering it in the state 
of refilling at the start of scintigraphy in 
the morning. This ensures a prompt and 
optimal filling of GB with radioactive 
bile during the test. Fasting for 12 hours 
or longer, on the other hand, the patient 
will have a partially filled GB and tracer 
appearance may be delayed and/or sub-
optimal. By 24 hours of fasting, the GB 
would be filled to capacity and may not 

accept anymore secreted bile, causing 
GB non-viz during the test. This can 
be avoided by pretreating such patients 
with sincalide, infusing the total dose 
of 0.02 μg per kilogram over 15 to 60 
minutes intravenously. The longer the 
infusion duration, the greater the emp-
tying.9 Greater emptying is expected to 
prompt greater refilling with radioactive 
bile during the test. Because sincalide 
has a short duration of action, the HBS 
can start 15-20 min after sincalide in-
fusion is completed. This preparation 
maneuver does not change subsequent 
sincalide stimulated GBEF. 10

Patients’ medications must be 
screened for interaction and/or inter-
ference with CCK-HBS. The most im-
pactful are opiates and opioid drugs, 
which must be discontinued for at least 
4 half-lives of a given medication. They 
interfere with GB contractility by con-
stricting the sphincter of Oddi (SO), 
which in turn increases resistance to 
GB emptying, preventing its effective 
contraction. They may also interfere 
directly with GB smooth muscle con-
tractility. Other medications that inter-
fere with GB contraction and should 
be withheld, if possible, include an-
ticholinergic drugs, calcium channel 
blockers, oral contraceptive agents, his-
tamine-2 receptor antagonists, and ben-
zodiazepines.11

Imaging specifications
HBS includes an optional rapid blood 

flow (scintiangiography) phase and a 
slower dynamic (hepatobiliary) baseline 
phase. Optimal resolution and counting 
statistics can be obtained by acquiring 
images in a 128 x 128 matrix matrix. 
The framing rate for the scintiangiogra-
phy is one frame per second for 60 sec-
onds, while the subsequent images for 
the parenchymal phase are acquired at 
one frame per 15 seconds for one hour. 
The flow is best viewed by re-framing 
the rapid phase into 3-5 seconds per dis-
played frame, while the slower dynamic 
parenchymal and biliary phases are re-
framed into 2-4 minutes per displayed 
frame. If further dynamic imaging is 
required following intervention, such 

FIGURE 1. The left upper image was taken in anterior projection at the end of the 60 min of 
the first hour dynamic phase. There is a superimposition of the gallbladder (GB) activity (long 
dashes outline) and duodenal activity (dotted outline). The schematic of gamma camera tak-
ing the anterior image off of the same patient is depicted below. Notice that the duodenal activ-
ity crosses the middle of the abdomen and the proximal small bowel curlers on the left side of 
the abdomen. The axial CT taken from the same patient shows how the gamma rays emitted 
from the GB (red) and duodenum (green) project onto the camera with significant overlap. The 
images on the right side depict how projected activity from the GB is separated from the duo-
denal activity (no overlap) in the 40-degree left anterior oblique (LAO) view.
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as for imaging during sincalide stimula-
tion of the GB (stimulation phase), it is 
typically acquired and displayed similar 
to the hepatobiliary baseline phase. To 
minimize duodenal activity interfer-
ence with GB activity measurements 
for ejection fraction (GBEF) calcula-
tion, the images are usually acquired in 
35 - 40° left anterior oblique projection, 
which renders the best separation of 
GB from duodenal activity (see Figure 
1). Individualization on the basis of 
initial imaging may be needed in those 
who may have unusual GB position 
(intrahepatic, vertical-posterior, etc.). 
SPECT, and particularly SPECT/CT, 
could sometimes be useful in resolving 
equivocal findings on delayed phases 
of HBS; especially in rare cases of as-
certaining that visualized activity ac-
cumulation is located within atypically 
positioned GB.12 

Qualitative assessment of 
hepatobiliary scintigraphy

The scintiangiography phase may 
reveal gross abnormalities of the heart 
and the aorta, such as cardiomegaly or 
aneurisms.13 Liver blood flow via the 
hepatic artery is typically faint, as it 
represents only 25% of overall blood 
circulation through the organ. Activity 
in the liver begins to accumulate more 
rapidly upon recirculation, as blood re-
turns via the portal vein 3 to 5 seconds 
later. It is just before the portal phase 
that a focal blush signals a lesion with 
arterial hypervascularization, such as 
hepatocellular carcinoma, adenoma, or 
focal nodular hyperplasia. Conversely, 
decreased flow can be seen in hypovas-
cular lesions exemplified by a cyst. 14

Next is the hepatocellular or paren-
chymal imaging phase. The first 8-10 
minutes of imaging offers a window 

into the functional hepatocellular in-
tegrity. Normally, the blood pool ac-
tivity in the heart clears completely by 
the 8th minute (it may be faintly seen 
on the first 4-minute image), with the 
tracer concentrated densely in the liver 
and complete disappearance of cardiac 
activity. In cases of severe hepatocellu-
lar disease (hepatitis, cirrhosis, etc.) the 
cardiac blood pool activity can persist 
for hours following the injection. Avid 
tracer uptake allows one to examine 
the liver for a hepatocyte-replacing, 
space-occupying lesion (such as met-
astatic disease, hemangioma, liver ab-
scess, liver cyst, etc.). An appearance 
of the tracer in the ductal system signals 
the beginning of the biliary dynamic 
phase. While the left and right hepatic 
ducts are typically seen, visualization 
of the segmental hepatic ducts is rare in 
the normal individual and may indicate  

A B

FIGURE 2. A 45-year-old female patient with history of chronic abdominal pain and normal ultrasound was referred for gallbladder (GB) function 
testing. (A) The first hour of hepatobiliary scintigraphy is shown. There is excellent tracer extraction, signifying excellent hepatocellular function. 
The biliary tree is beginning to fill with activity on the third frame, which is obtained at minute 8. It shows subtle activity in the GB (arrow) and the 
common bile duct (CBD) (arrowhead). This early appearance is secondary to the excellent patient preparation with a fatty meal ingested 8 hours 
prior that has emptied the GB overnight, rendering the GB in the re-filling phase at the time of testing. The sphincter of Oddi is physiologically 
closed in this phase, which in turn raises backpressure that drives the bile into the relaxing GB. The activity in the GB progressively increases 
while the activity in the liver parenchyma gradually decreases, and the activity of the common bile duct mildly fluctuates. Notice that no activity 
is entering the duodenum or proximal small bowel. This is a physiological variant that should raise no concern for CBD obstruction nor require 
any waiting before proceeding with sincalide stimulation. (B) Selected static images obtained at the indicated times on corresponding labels in 
a different patient who had documented CBD obstruction. The liver takes up the radiotracer avidly, similar to the prior case, but it does not clear 
the activity into the biliary tree. There is no visualization of any part of the biliary tree nor is there activity in the GB or the bowel. At 24 hours there 
is vicarious excretion of some tracer into the urine, as seen in the bladder at the inferior edge of the field of view (dashed stem arrow).
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FIGURE 3. A 32-year-old woman with abdominal pain after meals 
that she remembers suffering from for most of her life. The symp-
toms recently became more pronounced and she was referred for 
hepatobiliary scintigraphy with gallbladder (GB) ejection fraction. (A) 
The first-hour images show early GB visualization (arrow) with pro-
gressive accumulation of activity. The activity in the bowel is faintly 
seen towards the end of the imaging set because of intensity is set 
for optimal visualization of the GB that is much more intense than the 
bowel. (B) The same image as shown in (A), but with increased inten-
sity setting to scale the activity for optimal bowel visualization (instead 
of the optimal liver and GB visualization). There is a subtle visualiza-
tion of blood pool activity in the abdominal aorta (arrow), which identi-
fies the center of the abdomen. Using it as a guide to mark the center 
of the body on later images (green vertical lines), it shows that the 
duodenum and the proximal small intestine (arrowheads) are stay-
ing on the right side of the abdomen without expected transition of 
the duodenum activity to the left side of the abdomen. (C) The patient 
underwent sincalide stimulation over 60 minutes with standard dose 
of 0.02 microgram per kilogram of body weight. The images obtained 
dynamically in 40 degree left anterior oblique view show moderate 
GB emptying with calculated ejection fraction of 45% (the result page 
is not shown). Notice that it is considerably more difficult to appreciate 
the lack of bowel activity in the left abdomen in this projection (the 
first image in the left upper corner). The bowel findings are always 
more conspicuous in the anterior projection. (D) This drawing shows 
normal 270 degrees rotation and fixation of midgut that results in the 
normal positioning of the bowel. The mesenteric attachment is nor-
mally broad (dotted line) and provides for normal small bowel mobil-
ity. (E) This drawing shows position of the bowel in malrotation that 
also results in a much narrower mesenteric fixation (dotted line), 
which makes the midgut prone to volvulus. Abnormal fibrous perito-
neal bands of Ladd (the 4 thin lines) that attach to right colon predis-
pose to internal hernia in older patients. Notice similarity in the pattern 
of duodenal and small bowel layout on this schematic and the image 
(B) where the bowel activity is annotated with arrowheads.

A
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pathology. Biliary tree dilation can range 
anywhere from a slight residual promi-
nence in a previously obstructed system 
to a more pronounced appearance in a 
partial obstruction, such as sphincter of 
Oddi stricture or dysfunction.

When the bile enters the duodenum 
it signals the beginning of the intestinal 
phase. The time from the radiotracer 
injection to this phase is commonly 
called a “biliary-to-bowel transit time.” 
Depending on the bile production rate 
and driving pressure gradients in the 
hepatobiliary system, this time may be 
as short as 10-15 minutes or as long as 
1-2 hours. A recent meal, stimulating a
lasting GB contraction with increasing
bile flow, represents an example of the
former.15 In counter distinction, CCK
administration 20 min before the study
or stimulating meal given 4-10 hours
before the study usually causes pref-
erential bile flow into the relaxing GB
with some activity in CBD to the point
of physiologically still constricted SO,
which does not allow bile into the du-
odenum.16 In some such cases activity
in the duodenum may not be seen for
up to 2 hours. A common response this
observation in practice is to wait for
activity in the intestine before giving
sincalide for CCK-HBS, supposedly to
avoid stimulating GB in cases of patho-
logical CBD obstruction. The imaging
characteristics of physiological and
pathological delay of duodenal activity
are distinctly different, as shown in Fig-
ure 2. There is no reason to delay CCK
administration by waiting for activity
appearance in the duodenum or small
bowel if the imaging demonstrates pat-
tern of physiological delay. It is safe to
proceed to CCK stimulation, particu-
larly if the patient has no acute symp-
toms. Finally, the bile production rate
plays an important role, explaining se-
vere transit time delays in cases of non-
obstructive intrahepatic cholestasis or
severe hepatocellular disease.

As the tracer fills the biliary system 
and the bowel, a concomitant paren-
chymal washout occurs that can be 
expressed numerically by T1/2. The 
washout is normally homogeneous 

throughout the liver. However, abnor-
mally slow washout can be seen dif-
fusely or focally. The former is best 
exemplified by hepatocellular dys-
function with intrahepatic cholestasis. 
The latter is typically seen in nodular 
hyperplasia (FNH), but also in hepatic 
adenoma and, rarely, in hepatocellular 
carcinoma. These three entities cannot 
be definitively differentiated by scin-
tigraphy, but some general rules do 
apply. A typical triad for FNH consists 
of increased flow on scintiangiogra-
phy phase (76% of all FNH cases), in-
creased or normal uptake of Tc-99m 
Sulfur Colloid and IDA compound, 
with frequent (92%) delayed focal 
washout on HBS. 17,18Adenoma typ-
ically has unremarkable flow and re-
duced Tc-99m Sulfur Colloid uptake. 
Hepatocellular carcinoma usually has 
increased arterial flow, reduced Tc-99m 
Sulfur Colloid and IDA uptake, with 
rare instances of very slow washout 
that shows up as a “hot spot” on delayed 
HBS when normal parenchymal activ-
ity clears. However, the clinical value 
of these observations is limited, as there 
are no reliable data on sensitivity and 
specificity for these patterns.

Appearance of activity in the duode-
num heralds the beginning of the intes-
tinal phase on HBS. It is important to 
assess the pattern of bowel activity on 
all images. The most clinically conse-
quential abnormal pattern of small bowel 
activity is visualizing activity in the 
second part of the duodenum on the pa-
tient’s right side with failure to cross the 
midline, which strongly suggests the di-
agnosis of malrotation, as demonstrated 
in Figure 3. Such patients may present 
with abdominal pain that is clinically 
indistinguishable from the biliary colic. 
Symptomatic intestinal malrotation is 
a surgically curable cause of abdominal 
pain and can be identified on HBS, if a 
reader makes checking for duodenal ac-
tivity going across the midline a habit. 

Enterogastric reflux is a common in-
cidental finding on HBS, depicting bile 
activity in the stomach. One study sug-
gested that it is associated with chronic 
gastritis, which would be important to 

mention as it may explain abdominal 
symptoms in some patients.19 Much less 
common is a finding of photopenic de-
fects in the GB, which is most likely due 
to larger gallstones20 and rarely could be 
mimicked by a bowel loop compressing 
a GB.21 Another rare finding is a large 
abdominal mass that appear as a per-
sistent focus of photopenia in the midst 
of activity-filled bowel loops.22 An un-
usually dilated small bowel loop that fills 
only to a point may signal the intestinal 
obstruction,23 and a markedly dilated 
stomach filled with refluxed radioactive 
bile could be a secondary finding of a 
small bowel obstruction.24

Quantitative Analysis in 
Hepatobiliary Scintigraphy

By far the most common analytical 
application to HBS is quantitation of 
GBEF. It is the difference in GB counts, 
corrected by the background activity, 
between its maximal and minimal in-
tensity, as a percent of the former. While 
it is a simple calculation, care must be 
taken to confirm that the GB region of 
interest (ROI) contains the GB through-
out this imaging segment. First, the im-
ages should be obtained in projection 
that has least likelihood of GB overlap 
with other structures containing activity 
of which duodenum is the most import-
ant. Whenever available, examination of 
axial tomographic images, such as CT or 
MRI, should provide sufficient guidance 
in selecting projection. In the typical an-
atomic arrangement of the abdominal 
organs the best projection for such imag-
ing is around 35 to 40 degree left anterior 
oblique view (Figure 1).

It is common for the GB to change 
orientation with CCK infusion without 
any movement on the part of the patient, 
usually with the GB fundus moving up 
in the cranial direction and the GB as-
suming a more horizontal position. Such 
motion may cause a partial escape of GB 
outside the ROI, which is commonly 
drawn on the early image and applied 
to the entire image set, leading to an er-
roneously higher GBEF. Patient motion 
can have a similar effect by moving the 
GB outside a stationary ROI, as shown 
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FIGURE 4. (A) Images obtained 60 min after radio-
pharmaceutical injection in anterior and the right lat-
eral (Rt. Lat.) projections for 2 min each, can safely 
substitute for dynamic imaging that is traditionally 
obtained for 60 minutes, as shown in Figures 2 and 3. 
The images showed excellent accumulation of activity 
in the gallbladder (GB) (arrow), small amount of activ-
ity in the biliary ducts, subtle activity in the liver paren-
chyma, and activity in the duodenum (arrowheads) 
that leads to activity in the proximal small bowel. (B) 
The result page after the processing of post-sincalide 
stimulation study was done in the standard manner. 
The individual image frames are shown at the top as 2 minutes per frame formatting. The composite image is created for drawing of the regions 
of interest (ROIs). The first 16 frames were added for composite image. Shown are the ROI for the GB in green and for the background in blue. 
These ROIs produced the background corrected time-activity curve for the GB (in green) and the background curve (in blue). The GB curve is 
somewhat noisy that should suggest some interference from outside transiting activity or motion. The GB ejection fraction (GBEF) is 65%, which 
would be considered normal. The deficit of the display is in that it does not show the ROIs displayed on each representative frame throughout 
the study. (C) This is another processing of the same data as in image (B), but using the program that displays the ROIs on each frame. In this 
processing the GB ROI is drawn on the very first image (not a composite) and then applied to the entire study. The quality control display is use-
ful as it showed clearly how the GB moves outside of the ROI. This happens when the patient slides towards the feet on the table. In this attempt 
to process the GBEF was even higher at 98%. The correct approach to such case is to either apply variable ROIs on each frame to outline GB 
as it moves or to create the composite from the first to the last image and include the entire trajectory of the moving GB into a larger all-encom-
passing GB ROI. (D) This is an example of creating a composite image including all of the frames and drawing all inclusive GB ROI that takes 
into account all of the GB positions throughout its motion. In this case the fact that there was no interference from the bowel activity made it pos-
sible. If the bowel activity interfered with widening the GB ROI, the only other choice would be to draw adjusted ROI on each frame of the study 
separately. The final alternative is to draw GB ROIs on the first and the last frames to calculate the EF.

in Figure 4. It is important for quality 
assurance to apply individual GB and 
background ROIs to each representa-
tive frame of post CCK phase of HBS to 
avoid making such a mistake. Inappro-
priately positioned background ROI that 
includes bowel activity could also occa-

sionally lead to an erroneous result. An-
other common problem with stationary 
GB ROI is an unintentional inclusion of 
nearby bowel activity that moves into the 
ROI towards the end of the study. All of 
these problematic and misleading results 
can be avoided by visually inspecting 

post-CCK images with ROIs displayed. 
This must be available on all contempo-
rary gamma camera systems along with 
quantitative GBEF application. Interest-
ingly, some colleagues advocate only 
visual (qualitative) assessment of im-
ages for characterization of gallbladder  
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emptying.25 Visual inspection is an im-
portant component of evaluation, but in 
contemporary nuclear medicine practice 
it is difficult to find justification for omit-
ting computer processing for GBEF in 
favor of visual inspection alone.

It is critical to standardize adminis-
tration of sincalide to accurately assess 
GBEF. The SNMMI and inter-specialty 
groups have endorsed administration 
of 0.02 micrograms of sincalide over 60 
minutes.11,26 The normal GBEF with 
the above recommended infusion rate is 
38% or greater. This provides the least 
variability and the highest specificity as 
compared to shorter infusion times.9 Tak-
ing a historical GBEF cutoff of 35% as 
normal, there are 27% and 10% false pos-
itive rates when the total dose of sincalide 
is infused over 15 and 30 min in normal 
volunteers, respectively.9 The other find-
ing of the study on infusion methodology 
conducted in 60 normal subjects is that all 
of those subjects showed GB activity by 
60 min after radiotracer administration, 
and they all did so on three different oc-
casions.9 By inference, this should tell us 
that if GB is not visualized by 60 min in 
a well-prepared patient, it is evidence for 
abnormally functioning GB. Therefore, 
it is recommended to not pursue those 
cases with delayed imaging or especially 
the administration of morphine sulfate 
in order to visualize activity in the GB. 
It serves no purpose, except maybe in a 
rare instance of incidentally occurring 
acute cholecystitis in a patient referred for 
chronic symptoms for the GBEF study. 
Such patient should be easily identifiable 
by a basic bedside evaluation.

It is common to image dynamically 
for the first hour after injection of the 
radiotracer. However, the first-hour 
imaging is of limited additive informa-
tion when the goal is to determine GB 
function, and some have substituted 
one or few static views to confirm activ-
ity in the GB prior to injecting CCK.27 
We recently presented retrospective 
blinded reviews of our clinical experi-
ence, demonstrating that substituting 
the first-hour dynamic anterior view 
imaging with 2 static views (anterior 
and right lateral, Figure 4) obtained one 

hour after radiotracer injection that re-
sulted in no significant diagnostic loss 
or misses.28

Clinical applications 
In principle, the GBEF is used to 

identify abnormally functioning GB 
(decreased GBEF; ie, GB hypokinesia) 
irrespective of the pathology causing 
the chronic symptoms. This group of 
conditions is rather heterogeneous and 
the key symptom is a chronic, periodic 
abdominal pain, often biliary-like in 
character (“colicky”). First described 
with the help of cholecystokinin cho-
lecystography,29-32 it remains a highly  
debated and evolving entity.33

It is attractive to consider GBEF as 
the objective differentiator between 
those who may respond to cholecystec-
tomy from those who are not likely to 
be helped by this surgery. Most studies 
done to investigate this clinical applica-
tion do not sub-select the subjects on the 
basis of pathology or lack thereof, but 
instead take all comers with abdominal 
symptoms that could have been biliary 
in origin. The other limitation is that all 
investigations on this topic, except for 
one study of patients with acalculous 
biliary pain,34 are retrospective. There 
are multiple factors, described below, 
that can influence GB contractile func-
tion and need to be considered as pos-
sible causes of false positive or false 
negative results, which would be diffi-
cult to identify in retrospective studies.

Application of GBEF in hospitalized 
patients who are typically acute, un-
dergoing active medical treatment, and 
often suffering from nausea, abdominal 
pain and other gastrointestinal symp-
toms warrants a word of caution. It is 
likely that in such cases GBEF may be 
abnormal as a result of pharmacolog-
ical, hormonal, or neural influences, 
causing significant reduction in speci-
ficity of the test.35,36 Therefore, experts 
recommend using this test in clinically 
stable outpatients only37 For example, 
increased GB contractility is observed 
with cholinergic agonists,38,39 hyper-
calcemia40 erythromycin41 nonsteroidal 
anti-inflammatory drugs42 and those 

with vagotomy.43 These circumstances 
may promote false-negative results. 
But false-positive studies are probably 
even more common and can result from 
reduced GB contractility secondary to 
opioids44 endotoxins associated with 
severe intercurrent illness45 hyperglyce-
mia,6 somatostatin47-51 diabetic neurop-
athy,52 spinal cord injury,53 achalasia54 
inflammatory bowel syndrome,55 liver 
cirrhosis56 and progesterone therapy57

It is because of this often inconspic-
uous complexity that one finds such a 
diversity of results in the overwhelm-
ingly retrospective literature. However, 
the majority of studies report high value 
of abnormal GBEF in predicting suc-
cess of cholecystectomy for the pain 
relief,34,58-66 while a minority offer op-
posing views.1,67,68

Functional gallbladder disorder 
(FGBD)

The current principal criteria for the 
diagnosis of FGBD includes biliary 
pain and absence of GB stones or other 
structural pathology.3 The low GBEF 
was included as the supportive crite-
ria for the diagnosis of FGBD in 2016.3 
The other supportive criteria includes 
normal liver enzymes, normal conju-
gated bilirubin, and normal amylase/
lipase.3 This disorder is of yet unknown 
etiology. It is important to recognize that 
designation of FGBD a disorder empha-
sizes abnormality or disturbance of func-
tion. There is a great deal of confusion 
in the literature that contains numerous 
names for it that were developed over 
the years and by different specialties. 
These include “biliary dyskinesia,” “GB 
dyskinesia,” “chronic acalculous chole-
cystitis,” “acalculous cholecystopathy,” 
“chronic acalculous biliary disease,” 
“acalculous biliary disease,” and prob-
ably some others. It is therefore not un-
usual to find one of the above names in 
reports of CCK-HBS. The multispecialty 
consensus statement of 2011 offered the 
following recommendation for the CCK-
HBS impression statement in cases with 
abnormal GBEF and normal anatomical 
imaging findings: “Abnormal GBEF  
of X% is consistent with functional  
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gallbladder disorder in the proper clini-
cal setting.”11 It is important to adhere to 
this recommendation in order to improve 
consistency of our reporting.

Chronic calculous cholecystitis
Presence of gallstones (cholelithiasis) 

in the general population is as high as 1 
in every 5 people.69 They are classified 
into asymptomatic and symptomatic. 
Establishing asymptomatic cholelithi-
asis is obvious when there are no ab-
dominal complaints. But the seemingly 
simple division is complicated in many 
patients with abdominal pain because 
of inherent challenges in eliciting and 
interpreting subjective symptoms. The 
combination of typical chronic biliary 
symptoms and anatomical demonstra-
tion of cholelithiasis is a reliable evi-
dence of chronic cholecystitis, requiring 
no further diagnostic evaluation prior to 
cholecystectomy. However, additional 
diagnostic testing may be useful in pa-
tients with atypical abdominal symptoms 
and cholelithiasis in order to affirm causal 
relationship by demonstrating abnor-
mal GBEF. Administration of sincalide 
in patients with cholelithiasis could be 
viewed by some professionals as unsafe 
for the concern of dislodging a stone and 
precipitating biliary tract obstruction 
and/or pain. The fact remains that there 
are studies that used sincalide in patients 
with known gallstones and none reported 
obstructive complications. Abdominal 
pain was reported in 1/67 patients with 
gallstones during sincalide infusion.1 The 
consensus of specialists also found no 
evidence for this concern and considered 
sincalide testing safe.11 The literature ex-
perience shows that majority of patients 
(>75%) with gallstones and abdominal 
symptoms have normal GBEF.2 This 
means that their abdominal pain is of 
non-GB etiology. On the other hand, ab-
normal GBEF was a strong predictor of 
biliary pain recurrences.

Non-gallbladder findings leading 
to cause of abdominal pain

It is important to carefully examine 
the images for other potential causal 
findings. The finding of the malrotation, 

as shown in Figure 3, is one such causal 
finding that while very rare is definitely 
most consequential. Another finding 
to watch out for is increased peristalsis 
that may indicate irritable bowel syn-
drome when activity transits rapidly 
into the colon after sincalide adminis-
tration.70 This finding needs to be clini-
cally correlated by the referring service. 
In many cases one can observe some 
duodenogastric reflux of bile, which 
when prominent should be suggested as 
a potential cause of bilious gastritis.71 

Practical interpretation algorithm
In patients with chronic abdominal 

pain and abnormal GBEF on CCK-HBS, 
the pertinent information should be que-
ried for the absence or presence of gall-
stones and/or sludge. If an anatomical 
study is normal, the most appropriate 
interpretation would be to suggest the di-
agnosis of FGBD. If, on the other hand, 
there is presence of stones and/or sludge, 
the interpretation should implicate 
chronic calculous cholecystitis. While 
this represents a simple algorithm, it is 
probably too simple to fully capture the 
clinical reality. It is well understood that 
with time the poor motility of the GB 
observed in FGBD may lead to forma-
tion of sludge and later probably results 
in GB stones. Yet the above interpreta-
tional algorithm offers a reasonable and 
a logical approach. In those with normal 
CCK-HIDA, it is important to scrutinize 
the study for causal non-GB findings.

Conclusion
HBS continues to enjoy frequent ap-

plication in clinical gastroenterology, 
particularly in the workup of chronic bil-
iary pain. The most appropriate indica-
tion remains suspected FGBD in patients 
with biliary-type or atypical chronic ab-
dominal pains and negative findings on 
anatomical imaging. The preponderance 
of evidence is in favor of using abnormal 
GBEF as a pathophysiological rationale 
for identifying abnormal GB function in 
these patients and using this finding for 
selecting patients for cholecystectomy. 
Adherence to the standard GB stimula-
tion methodology is critical for preventing 

false-positive results and calls for admin-
istration of 0.02 micrograms of sincalide 
per kilogram of body weight that should 
be infused over 60 minutes. However, 
more evidence is needed to establish util-
ity of this test in patients with cholelithi-
asis in the era of optimized sincalide 
infusion standardization.
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