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Acute cholecystitis (AC) is se-
vere inflammation of the gall-
bladder (GB) with intense 

abdominal pain dominating the clinical 
presentation. AC is divided into acute 
calculous cholecystitis (ACC) and acute 
acalculous cholecystitis (AAC). ACC 
represents over 90% of all AC cases,1 
initiated by a sentinel event of an ob-
structing gallstone in the gallbladder 
neck or cystic duct. The pathophysiol-
ogy of AAC is multifactorial and not 
completely understood, except that an 
obstructing gallstone is absent. In both 
types, bile stasis in the GB is the cen-
terpiece, leading to release of bile salts 
with detergent action that injures the 
GB. This precipitates release of inflam-
matory mediators and secretion of an 
inflammatory transudate by the GB wall 
that, in turn, elevates the pressure and 
causes GB distention – the key reason 
for the abdominal colic pain.2 As edema 

and inflammation continue, ischemia 
and necrosis extend to include the en-
tire thickness of the GB wall, creating 
a fertile ground for bacterial infection, 
which is found in 20-75% of bile from 
cholecystectomy specimens.3-5 AC is 
often superimposed on chronic chole-
cystitis (CC), particularly in ACC cases. 

ACC usually begins as post-prandial 
intermittent biliary type abdominal pain 
(biliary colic) that worsens over time. 
Symptoms progress to a generalized 
right upper quadrant abdominal pain 
with a palpable and painful GB that is 
commonly made worse with inspiration 
or cough to the point that it may pro-
voke arrest of inspiratory effort (clinical 
Murphy’s sign). Laboratory values usu-
ally demonstrate leukocytosis, mild hy-
perbilirubinemia, and modest elevation 
of serum aminotransferases. However, 
it is widely recognized that none of the 
clinical manifestations, individually or 
in combination, provide sufficient cer-
tainty for making the diagnosis or for 
proceeding with timely management 
decisions.6,7 Diagnosis based on clini-
cal and laboratory findings alone results 
in 16-20% error rates.8,9 Given the evi-
dence that early laparoscopic cholecys-
tectomy offers outcome benefits,10-12 
diagnostic imaging should be employed 
as soon as clinicians suspect AC.7

Anatomical modalities in  
acute cholecystitis 
Abdominal ultrasound

Abdominal ultrasound (AUS) remains 
the initial imaging test of choice for pa-
tients suspected of AC, which can be 
quickly performed at bedside and does 
not expose patients to ionizing radia-
tion.13 Because AUS can also assesses 
other abdominal organs that could be 
responsible for the patient’s abdomi-
nal pain while contributing no radiation 
exposure, it holds the rightful place at 
the top of imaging work-up. AUS has 
high accuracy for the diagnosis of acute 
cholecystitis, and has not been shown 
to be significantly inferior to any other 
test.14,15 The positive predictive value of 
demonstrating stones and a positive so-
nographic Murphy’s sign (pain elicited 
by pressing on the GB with transducer) 
is 92%, and that of stones and thickening 
of the GB wall is 95%.16 The negative 
predictive value of the absence of stones 
combined with either a normal wall or 
negative Murphy’s sign is 95%.16 How-
ever, study quality depends on opera-
tor skill and there is great variability in 
diagnostic criteria among investigators 
and practitioners. As a result, AUS may 
either fail to make an accurate diagno-
sis when there is high clinical suspicion 
of acute cholecystitis or yield equivocal 
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results that could be more specifically 
characterized by hepatobiliary scintigra-
phy (HBS).

Abdominal CT and MRI
Alternative morphological imag-

ing tests which can be used to diagnosis 
acute cholecystitis include computed to-
mography (CT) and magnetic resonance 
imaging (MRI). Studies have demon-
strated that CT only visualizes 65-75% 
of gallstones (inferior to US), and even 
then it is a nonspecific finding for AC.17 

There are multiple associated CT find-
ings that suggest the diagnosis of acute 
cholecystitis including GB distention, 
increased wall thickening in a noncol-
lapsed GB, mucosal hyperenhancement, 
hyperemia in the GB fossa (CT “rim 
sign”), and pericholecystic fat stranding 
(increased density) and/or fluid.18 How-
ever, these findings lack sufficient sensi-
tivity and specificity. 

MR demonstrates gallstones nearly as 
well as ultrasound.19,20 Gallbladder wall 
enhancement, adjacent pericholecystic 

fluid, and tissue irregularities are well 
seen with MRI.21-26 While there is poten-
tial to directly demonstrate cystic duct 
patency with MRI either by administer-
ing cholecystokinin to identify GB con-
traction or by the administration of MR 
biliary contrast agents,27,28 these tech-
niques would add time and complexity 
to biliary examinations and would not be 
expected to outperform a more cost effi-
cient HBS. Thus MR has been reserved 
for cases in which choledocholithiasis 
is the main consideration or in pregnant 
patients where radiation exposure is of 
greatest concern.

Scintigraphic techniques 
Inflammation imaging

Inflammation imaging with 67Ga 
citrate can show GB wall inflamma-
tion on planar scintigraphy in AC.29, 
30 Based on anecdotal reports, it ap-
pears useful with modern application 
of SPECT/CT.31,32 111In labeled white 
blood cells can show similar findings 
as 67Ga citrate.33-35 The tracer typically 
accumulates in the GB wall on these 
studies, showing photopenic center sur-
rounded by an increased rim of tracer 
activity. Inflammation imaging can be 
useful in AAC when on occasion the 
cystic duct remains patent. The need for 
6-48 hrs delay imaging represents the 
main limitation of this technique. 

Hepatobiliary scintigraphy
HBS is aimed at testing the patency 

of the cystic duct, which is classically 
obstructed and considered to be the 
most specific diagnostic finding of AC. 
A recent meta-analysis concluded that 
HBS had the highest diagnostic ac-
curacy among all imaging modalities 
in the diagnosis of acute cholecystitis, 
while AUS and MR had substantial 
margin of error.36 HBS is commonly 
used to clarify equivocal findings on an-
atomically-based imaging modalities. 
HBS can also be used prior to percuta-
neous cholecystostomy tube placement 
to establish that the cystic duct is ob-
structed, even if AUS findings appear 
diagnostic of AC. Therefore, HBS re-
mains an excellent second tier test in the 

FIGURE 1. Evaluating request for hepatobiliary scintigraphy (HBS).
SEGMENT A: Evaluation of fasting time and opiate use. (I) If the patient is recently (< 4hrs) 
postprandial and not taking opiates, then the exam should be delayed until the patient has 
been fasting for at least 4 hrs, but less than 24 hrs. (II) If fasting for less than 4 hrs and taking 
opiates, then imaging should be delayed until postprandial for at least 4 hrs.  Opiate work-up 
should continue while waiting for appropriate fasting time to image.  (III) Postprandial for ≥ 4 
hrs and taking opiates, imaging can proceed to next step, which considers prolonged fasting 
of 24 hrs or longer. (IIIa) If fasting for less than 24 hrs, then continue through with the opiate 
work-up. (IIIb) If fasting for ≥ 24 hrs, the gallbladder (GB) must be pretreated (PREP) with sin-
calide (emptied out), but sincalide would not work until the opiate is out of the system. There-
fore, patient has to wait 4 half-lives of their particular opiate preparation and then undergo 
the PREP with sincalide. (IV) If patient is postprandial for ≥ 4 hrs and not taking opiates, then 
consider prolonged fasting (≥24 hrs). If patient has been fasting for over 24 hrs, PREP with 
sincalide first and then proceed with HBS. 
SEGMENT B: Evaluation of opiate use. (V) Any doses of opiates taken within 6 hrs of esti-
mated start of HBS (Va). If dose of the opiate at the time of projected study would be ≥0.04 
mg/kg of morphine sulfate (MSO4) equivalent, then proceed with 1 hr HBS, as the sphincter 
of Oddi would be constricted, augmenting GB filling (see Figure 3, Method A). (Vb) If <0.04 
mg/kg of morphine equivalent in the patient, then give additional dose to bring it up to 0.04 
mg/kg of MSO4 and proceed with the same protocol as in Va. (VI) If either multiple doses of 
opiates were taken or opiates were initiated for greater than 6-12 hrs before estimated study 
time, then the study should be delayed for 4 half-lives of the given opiate drug in order for the 
patient to regain responsiveness to the sincalide PREP.
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work-up of acute cholecystitis. This re-
view article will focus on the technique, 
interpretation, and the pitfalls of HBS.

Considering study request and 
optimal patient preparation

A key element to an accurate HBS 
study is a proper patient preparation that 
begins with consideration of request for 
HBS (Figure 1). Bile flow in the biliary 
system and particularly the GB is highly 
dependent on the time elapsed from the 
last meal. Hence, this is the first main 
preparation modifier to clarify. In the 

early post prandial state (< 4 hrs), the GB 
is contracted under the influence of in-
trinsic cholecystokinin stimulation and 
the bile flow from the liver has slim to no 
chance of entering it. If studied in such 
condition, radiolabeled bile will bypass 
the GB, typically yielding a false posi-
tive study in patients with a patent cystic 
duct.37,38 Alternatively, fasting for a 
long period of time (usually greater than 
24 hrs) results in a GB filled to its maxi-
mal capacity with viscous concentrated 
bile. If studied in this condition the newly 
secreted radiolabeled bile may not be 

able to enter either,39 which could also 
cause false GB non-visualization (non-
viz). The current standard of practice rec-
ommends fasting for a minimum of 4-6 
hrs before HBS.40-42 If the patient has 
been fasting for greater than 24 hrs, then 
pretreatment with 0.02 mcg/kg sincalide 
(a synthetic analog of cholecystokinin) 
infused over 15 to 60 minutes, followed 
by a 20-min wait before radiotracer in-
jection,42 would evacuate the bile from 
the GB and facilitate reentry of freshly 
radiolabeled bile into the refilling GB. 
Pretreatment with 0.02 mcg/kg sincalide 
over 60 minutes would result in the most 
optimal GB emptying.43 It is most ef-
ficient to administer sincalide pretreat-
ment at the site of patients’ care (medical 
wards, emergency room, etc.), right be-
fore transporting for the imaging. Estab-
lishing standard order set for sincalide 
pretreatment in the hospital electronic 
order entry system allows for a seamless 
pretreatment at the patients’ site of care 
by either a primary or imaging provider. 

 Patient history and medical record 
should be carefully scrutinized for recent 
opiate use, which is the second most im-
portant preparation modifier. Morphine 
and other opiates cause sphincter of Oddi 
constriction resulting in the backflow of 
bile and filling of the GB. If enough time 
has elapsed since the initiation of opiate-
containing therapy to cause maximal 
filling of the GB, then the radiolabeled 
bile may not be able to enter it – a situa-
tion similar to cases in which the patient 
has been fasting for more than 24 hrs. 
It is not known exactly how long after 
the start of morphine treatment the GB 
reaches the state of maximal distention 
and bile concentration, but it is unlikely 
to be reached within the first 6-12 hrs. 
If none of the two questions present an 
obstacle to starting HBS, the patient can 
be studied with unaided protocol, as de-
scribed in Figure 2.

In the event fasting requirements 
have been fulfilled and the patient re-
ceived therapeutic opiates for no longer 
than the past 6-12 hrs, then HBS should 
be performed as soon as possible using 
morphine-pretreated HBS protocol, as 
described in Figure 3, option 1. If the 

FIGURE 2. Non-pharmacologic (Unaided) HBS protocol. 
SEGMENT A: Baseline imaging is performed for 1 hr dynamically. (I) GB  visualization  (VIZ) 
within 1 hr is interpreted as normal, thus, negative (-) for acute cholecystitis (AC) or chronic 
cholecystitis (CC). 
SEGMENT B: (II) GB and small bowel (SB) nonvisualization (GB/SB NON-VIZ), accompanied 
with parenchymal tracer retention (stagnant liver activity), during the baseline imaging, raises 
concern for obstruction, which can be mechanical, such as on the basis of choledocholithia-
sis, or functional, such as on the basis of intrahepatic cholestasis. This should be evaluated by 
MR or other appropriate means. (III) GB NON-VIZ at 1 hr of baseline imaging is abnormal and 
should be followed by delayed imaging. (IV) 4 hr delayed images, while continuing fasting, are 
obtained. (IVa) GB VIZ is negative for acute cholecystitis, but positive (+) for CC. (IVb) GB NON-
VIZ should be viewed in the context of parenchymal tracer clearance and intercurrent disease. 
SEGMENT C: (V) GB NON-VIZ is a positive study in patients with normal-to-reasonable liver 
tracer clearance and no intercurrent illness. (VI) Delayed images are performed for up to 24 
hrs in patients with poor liver tracer clearance and/or intercurrent disease, if there is GB NON-
VIZ. (VIa) GB VIZ within 24 hrs is negative for AC, while CC is probable (±), but not as diag-
nostically certain as in IVa. (VIb) GB NON-VIZ at 24 hrs is positive for acute cholecystitis. (VIc) 
Persistent GB/SB NON-VIZ at 24 hrs is an indeterminate study and concerning for severe 
intrahepatic cholestasis or extra-hepatic biliary obstruction.
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patient received or remaining at the 
study time morphine equivalent dose is 
less than 0.04 mg/kg, then an additional 
dose of morphine should be given to 
bring it up to 0.04 mg/kg, which would 
ensure optimal sphincter contraction. 
For longer term and multi-dose opiate 

use, it is recommended delaying hepa-
tobiliary imaging for at least 4 half-lives 
prior to radiotracer administration.42 
However, this concern about opiate 
therapy and the approach described 
above for dealing with it has never been 
substantiated in clinical trials. 

Hydromorphone (brand name Dilau-
did) is commonly used by surgeons and 
emergency room physicians for abdom-
inal pain, as it is thought to have insig-
nificant effect on the sphincter of Oddi. 
However, this belief is unsubstantiated 
and the drug warrants similar consider-
ation as morphine. If possible, it would 
be prudent to set up a routine with phy-
sicians involved in management of pa-
tients who would be suspected of AC to 
use tramadol or ketorolac (both avail-
able in oral and parenteral forms) for 
pain control instead, which has been 
shown not to increase the sphincter of 
Oddi pressure.44 

Radiopharmaceuticals
Two radiopharmaceuticals are com-

monly used for hepatobiliary imaging: 
Tc-99m-disofenin and Tc-99m-mebro-
fenin (TMF). TMF is the more liver-
specific agent, with 98% being cleared 
by the liver and 2% by the urinary sys-
tem within 24 hrs.45 Tc-99m-disofenin 
is less liver specific (88% hepatic 
elimination), but this difference is not 
clinically significant for patients with 
normal hepatic function who are evalu-
ated for AC. The suggested doses are 3 
-5 mCi for adults with total bilirubin < 
2 mg/dL and 0.05 mCi/kg (minimum 
of 0.5 and maximum of 3 mCi) for chil-
dren. For adults with elevated bilirubin, 
consideration should be given to admin-
istering Tc-99m-mebrofenin in higher 
activity (7.5 mCi for a total bilirubin > 
2 mg/dL and 10 mCi for a total bilirubin 
> 10 mg/dL). Interestingly, Tc-99m-
labeled myocardial perfusion agents, 
such as sestamibi and tetrofosmin, have 
been used for HBS and GB testing, as 
they are predominantly eliminated via 
hepatobiliary excretion.

Unaided hepatobiliary 
scintigraphy protocol

Imaging is obtained with a large-
field-of-view gamma-camera using a 
128 x 128 matrix equipped with a low 
energy all-purpose or high-resolution 
collimator. Dynamic acquisition in the 
anterior view should be performed over 
60 minutes at a rate of 1 min per frame. 

FIGURE 3. Morphine-augmented HBS
SEGMENT A: The protocol in METHOD 1 is the most resource- and time-efficient. It starts 
with pretreatment (PT) using 0.02 mcg/kg of sincalide over 15-60 min (optional, unless patient 
had been fasting for >24 hrs when it is mandatory), followed 10 min later by injection of 0.04 
mg/kg morphine sulfate (MSO4), which can be given together with the radiotracer. However, 
the most efficient is to have the entire PT given at the patient’s place of primary service, and 
then transport the patient for imaging to Nuclear Medicine where the radiotracer would be 
injected and 1 hr imaging conducted under the MSO4 pretreated hepatobiliary scintigraphy 
(MPT-HBS). (I) GB  visualization (VIZ) within 1 hr after radiotracer injection is negative for 
acute cholecystitis (-AC). The study can be terminated as soon as the GB VIZ is certain. (II) 
GB non-visualization (NON-VIZ) by 1 hr after radiotracer injection is positive for acute chole-
cystitis (+AC). (III) GB and small bowel (SB) NON-VIZ (i.e., stagnant liver activity) suggests 
biliary obstruction (see segment B)
SEGMENT B: (IV) Baseline HBS is first performed for up to 1 hr. GB VIZ within 1 hr = -AC. (V) 
GB & SB NON-VIZ at 1 hr (i.e., stagnant liver activity) requires work-up for mechanical (extra-
hepatic) versus intrahepatic (cholestasis) obstruction, usually performed with MR. If mechani-
cal obstruction is identified, it should be treated accordingly. Non-mechanical obstruction 
requires delayed imaging for up to 24 hrs (see later discussion after branch X). Branch VI 
involves full 1 hr of baseline imaging, which constitutes METHOD 2. This approach employs 
0.04 mg/kg morphine sulfate administration following documentation of SB VIS at 1 hr and 
GB NON-VIZ. Branch VII leads to METHOD 3 that represents shortened modification of the 
prior method, where 0.04 mg/kg MS04 is administered as soon as SB VIZ is documented. 2. 
Following branch VIII that leads to GB VIZ within 30 min to 1 hr after morphine injection = -AC. 
Branch IX follows GB NON-VIZ in the presence of reasonable liver activity clearance and no 
intercurrent illness = +AC. Branch X  leads to delayed imaging, which could be performed for 
up to 24 hrs for patients with poor liver function who had stagnant liver activity, as well as the 
intercurrent illness, which leads to branch XIa where GB VIZ is documented = -AC. Branch 
XIb shows GB NON-VIZ in the presence of SB VIZ = +AC. Finally, branch XIc leads to the 
cases with GB NON-VIZ and SB poor VIZ or NON-VIZ that = indeterminate study (INDETER-
MINANT), which in most cases would be secondary to severe intrahepatic cholestasis or the 
extrahepatic biliary obstruction.
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FIGURE 4A. A 25-year-old woman pre-
sented with a 2-day history of epigastric pain 
and abnormal liver function tests. The patient 
received 4 mg IV morphine approximately 12 
hrs prior to HBS. Sagittal and transverse static 
images from a limited right upper quadrant 
ultrasound demonstrate a nondistended GB 
with mild wall thickening (4.1 mm) and intralu-
minal gallstones (arrowheads). Sonographic 
Murphy sign was negative, but its interpreta-
tion was hampered by analgesic use. The 
study was interpreted as equivocal and HBS 
was recommended.

FIGURE 4B. HBS acquired in anterior projec-
tion (ANT VIEW) over 1 hr dynamically. These 
images are displayed in 15 frames of 4 min per 
frame. The first frame demonstrates reduced 
tracer extraction indicated by significant resid-
ual activity in the cardiac blood pool (concave-
base arrowhead). The wedge-shaped area 
of photopenia at the inferior edge of the right 
liver lobe is typical for the GB fossa (flat-base 
arrowhead). There is progressive tracer con-
centration in the liver parenchyma (so-called 
“dense liver staining”) with minimal excretion 
into the small bowel that can be seen faintly 
on frames 14 and 15 (flat-base arrows), which 
can be better appreciated when the frames are 
viewed at higher intensity (displayed under 
corresponding images 12-15). The right lat-
eral (RT. LAT.) image obtained at the end of 
dynamic sequence showed typical position of 
the GB fossa.

The images may then be reformatted into 
4 min per frame for one screen display of 
resulting 15 frames. Additional planar 
views (right lateral, left anterior oblique 
and/or right anterior oblique) and 
SPECT/CT may be obtained as needed 
(up to 24 hr post injection) for clarifica-
tion of GB visualization (Figure 4A-D).

The images should be closely scruti-
nized for gallbladder visualization (GB 
viz). If there is GB viz, then the study 
can be terminated and interpreted as 
negative for acute cholecystitis. In the 
event of GB non-viz, there are 3 courses 
of action. In the first scenario with nor-
mal liver washout of radiotracer the de-
layed imaging would be performed at 
or after 4 hrs. In the second scenario the 
washout may be slow, such as in cases 
with compromised hepatocellular func-
tion or intercurrent disease, requiring 
longer delays of up to 24 hrs. Because 
biliary flow is severely reduced, the 

typical 4 hr delay may not be adequate 
for radiotracer to enter the GB, resulting 
in false-positive GB non-viz. The 24 hr 
delayed images improve specificity by 
reducing these false-positive results. In 
the third scenario, morphine is adminis-
tered to expedite GB filling (see Figure 
3) and imaging is continued for an ad-
ditional 30 to 60 minutes. For all three 
scenarios, if the GB is still not visual-
ized on delayed imaging, then the study 
is interpreted as positive for acute cho-
lecystitis. Alternatively, visualization 
of the GB after 1 hr of imaging suggests 
the diagnosis of chronic cholecystitis, if 
there is no other obvious reason (such 
as poor liver function) for the delay.

Morphine-augmented HBS 
Studies have shown that morphine-

augmented HBS (MA-HBS) shortens 
the study and improves its specificity.46 
Multiple investigations confirmed the 

diagnostic accuracy of MA-HBS, show-
ing average sensitivity of 96% and speci-
ficity of 89%.47-60 The optimal dose of 
morphine sulfate is 0.04 mg/kg, and 
lower morphine doses (such as standard 
2 mg, independent of weight) may not 
be sufficient to cause adequate contrac-
tion of the sphincter of Oddi.61,62 Some 
suggest that it is important to make sure 
that activity is seen in the bowel before 
morphine injection to exclude significant 
CBD obstruction.53,56 However, Louri-
das et al. gave morphine simultaneously 
with the HBS radiotracer (i.e. morphine 
pretreatment) to patients without clinical 
signs of biliary obstruction and reported 
no clinically insignificant side effects.49 
This approach is certainly the most time 
and effort efficient.

There are 3 variations of the MA-
HBS technique. In the first variation, 
the patient is first pretreated with sin-
calide followed 15 minutes later by  

A

B
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simultaneous injection of morphine 
and the radiotracer. The study is nega-
tive for AC as soon as the GB is clearly 
visualized (Figure 5), which by defini-
tion happens before 60 min. This is the 
most expeditious technique that takes 
the least resources and time in the im-
aging department. The study is posi-
tive for AC (Figure 6) if the GB is not 
visualized within 1 hr and the hepatic 
radiotracer washout is normal.49 The 
approach can be simplified by skipping 
on sincalide pretreatment if the patient 
has been fasting for > 4, but < 24 hrs. If 
sincalide administration is necessary, it 
can be ordered and administered at the 
point of primary care (emergency room 
or the hospital ward) right before the 
patient is sent to nuclear medicine. It is 
most practical and time-efficient with 
this approach to have morphine also ad-

ministered at the point of primary care 
right before the patient is sent to nuclear 
medicine and about 20 min following 
sincalide, which alleviates the often 
complicated handling of morphine ad-
ministration in the diagnostic areas. As 
with any variation of HBS, if the patient 
is very sick or has poor hepatic radio-
tracer washout, delaying imaging for up 
to 24 hrs would be advisable to increase 
specificity of HBS. 

In the second variation, the baseline 
HBS shows GB non-viz by the end of 1 
hr of imaging. Morphine sulfate is then 
administered intravenously in 10 mL of 
saline over 2 to 3 minutes with imaging 
continued for another 30 to 60 min. The 
study is positive for AC if GB non-viz 
continues. If there is GB viz, then the re-
ported diagnosis is CC. The third varia-
tion reduces study time by administering 

morphine as soon as tracer is visualized 
in the small bowel during the first hr of 
imaging, which could happen as early as 
30 minutes or as late as 1 hr or later. The 
study is positive for AC if there is GB 
non-viz by the end of 30 minute of im-
aging after morphine administration. The 
insignificant drawback of the first and 
the third variations are that the diagnosis 
of CC (defined as GB non-viz for at least 
1 hr) is not possible.

Interpretation 
While the primary reason for per-

forming HBS is to assess for cystic duct 
patency, careful attention must be paid 
to ancillary findings in the surround-
ing organs for pathology that could be  
either incidental or sometimes lead to 
an alternative etiology for the abdomi-
nal pain.

FIGURE 4C. Because of slow clearance of 
activity from the liver the delayed images were 
obtained at 4 hrs (top 3 images) and repeated 
at 24 hrs (the bottom row) in anterior (ANT), 
left anterior oblique (L.A.O.) and right lat-
eral (RT. LAT.) projections. The 4 hr images 
demonstrate persistent parenchymal tracer 
retention, but greater activity throughout the 
bowel. The right colon’s hepatic flexure activ-
ity (arrows) obscures the GB  fossa on ANT 
and L.A.O. views, but the RT. LAT. projec-
tion reveal lack of activity in the visualized GB 
fossa.  There is greater tracer concentration in 
the colon (concave-base arrowheads) by 24 
hrs that completely obscures the GB fossa and 
precludes confident interpretation. This can be 
helped by SPECT/CT imaging.

FIGURE 4D. Images were obtained at 24 hrs on dedicated SPECT/CT equipment.  Shown here are the axial low-dose CT (left), SPECT (center) 
and SPECT/CT fusion (right) images from the same level of the GB. CT localized the unremarkable appearing GB (flat-base arrowhead) and 
normal appearing right colon (concave-base arrowhead). The left colon is also seen (arrow). SPECT/CT fusion shows lack of tracer in the GB 
lumen, but an intense tracer activity in the colon. Notice that looking at the SPECT slice in isolation would not clarify anatomical location of activ-
ity or lack thereof, as clearly depicted on the SPECT/CT fusion image that permits precise GB localization.

D

C
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Liver
Hepatocyte function can be assessed 

by observing the rate of Tc-99m-
mebrofenin clearance by the liver 
parenchyma. This can be evaluated 
qualitatively by noticing the time of 
its clearance from the cardiac blood 
pool. The rate should be defined as 
normal (the tracer is concentrated 
in parenchyma and none seen in the 
blood pool 5 minutes after administra-
tion), moderately decreased (activity 
is clearly seen in the blood pool of the 
heart for up to 20 minutes), or severely 
decreased (blood pool activity persists 
for 60 minutes). In the case of poor he-
patocellular function, activity may not 
be visualized in the GB lumen whether 
acute cholecystitis is present or not, 

and longer imaging times (up to 24 
hrs) should be allowed for evaluation. 
If liver function is severely compro-
mised, then the study may be deemed 
indeterminate. 

In addition to hepatocellular func-
tion, diagnostic information can be ob-
tained from assessment of liver size, 
contour, and homogeneity of tracer up-
take. Both benign and malignant liver 
lesions may manifest as areas of photo-
penia, such as liver abscesses that could 
be responsible for patient’s abdominal 
pain and fever or hepatocellular car-
cinoma. A cirrhotic liver may appear 
shrunken with surrounding photopenia 
reflecting ascites. . However, most of 
these finding will be expected in this era 
of liberal CT utilization.

Biliary tree
The transit of radiotracer through 

the biliary tree can help in the assess-
ment of biliary duct patency. Follow-
ing radiotracer administration, activity 
is typically seen in the biliary radicals 
and common bile duct in approximately 
15 – 30 minutes and in the small bowel 
within 1 hr. Failure of radiotracer to 
leave the liver (“dense liver staining”) 
or delayed small bowel visualization 
may result from either obstructive (cho-
ledocholithiasis, obstructing pancreatic 
mass, cholangitis, cholangiocarcinoma) 
or nonobstructive (hepatocyte dysfunc-
tion, hepatitis, or drug-induced hepato-
toxicity) cholestasis. Patients pretreated 
with sincalide may have delayed visual-
ization of small bowel as the pre-emp-
tied GB is readily receiving incoming 
bile during its relaxation from recent 
contraction, diverting bile flow towards 
the GB and away from sphincter of 
Oddi, which is expected to be physi-
ologically closed.63 After administra-
tion of morphine it is expected that the 
activity in the biliary tree will be inten-
sified as it accumulates proximal to the 
sphincter of Oddi. It has been suggested 
that if after the morphine administration 
this pattern is not observed one should 
suspect either inadequate morphine 
dose or possible prior sphincterotomy.

Stomach and small bowel
Careful evaluation of the pattern of 

radiotracer activity in the small bowel 
could point to important causes of ab-
dominal pain which mimic the symp-
toms of acute cholecystitis. Intense 
activity in the stomach is suggestive of 
duodenogastric reflux and may signal 
biliary gastritis. Failure of small bowel 
activity to progress over time may be in-
dicative of ileus or downstream obstruc-
tion. Confinement of duodenal small 
bowel loop activity in the right side of 
the abdomen with failure to cross the 
midline suggests malrotation, and has 
been reported as an incidental finding 
in patients presenting with abdominal 
pain who have been evaluated for acute 
cholecystitis.64 Finally, a bile leak may 
be inferred if there is activity outside the 

FIGURE 5. A 33-year-old woman awakened at 3 AM with intense abdominal pain and presented 
to the emergency room by 4 AM. The ultrasound demonstrated gallstones but no signs of GB 
inflammation or biliary tree dilation. She was referred for hepatobiliary scintigraphy because 
of high clinical suspicion of acute cholecystitis. Evaluation of request at 8 AM revealed that 
patient was fasting for 9 hrs, and she was treated with 4 mg of morphine sulfate at 4 AM, which 
improved the pain. The primary care team was asked to administer the patient 0.04 mg/kg of 
morphine for the testing and transport the patient to Nuclear Medicine for the study. After injec-
tion of 5 mCi of mebrofenin images were obtained dynamically at a rate of one frame per min-
ute in anterior (Ant) view. There is slight cardiac blood pool activity (C) and good extraction of 
the radiotracer by the liver. The blood pool clears by the next image, which is normal. There is 
a rim of increased activity (arrowheads) that can be often seen due to the breast attenuation. 
The GB  activity is clearly seen on the 20 min image could be vaguely discerned even on the 
earlier frames. On the 22 min image there is activity in the cystic duct (CD) and throughout the 
course of the common bile duct (CBD). On the left anterior oblique (LAO) static image the GB 
(wiggly arrow) extends out laterally while on the right lateral (Rt. Lat.) static it projects ventrally 
– both are typical for the normally positioned GB. Notice the intense activity in the CBD, which is 
expected with morphine impeding the exit of bile, causing progressive accumulation. The study 
was terminated at that point (30 min) with diagnosis of AC excluded.
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usual appearing bowel loop pattern. This 
has been reported following cholecys-
tectomy65-69 or spontaneous and post-
inflammatory GB rupture.70,71

Gallbladder
The most relevant imaging finding 

as to whether HBS is positive or not 
for AC is GB non-viz following either 
morphine augmented or non-morphine 
augmented delayed imaging. This is a 
consequence of GB inlet/outlet obstruc-
tion or very high intra-cystic pressure/
viscosity, resulting in the failure of ra-
diotracer to enter the GB. While this is 
the most important pattern observed 
during HBS – providing the imaging 
diagnosis of acute cholecystitis, knowl-
edge of the other common imaging pat-
terns is useful for providing a thorough 
analysis and report.72 

The most frequent pattern consists of 
radiotracer visualized in the GB lumen 
within one hr with normal liver uptake 
and prompt radiotracer excretion into 

small bowel – a “normal study.” An-
other pattern, known as “delayed gall-
bladder visualization,” demonstrates 
radiotracer activity in the GB lumen 
after one hr. While most of these cases 
are diagnosed with CC, a few have been 
shown to represent acute cholecystitis 
at surgery – false negatives.72 An ad-
ditional imaging pattern demonstrates 
faint activity in the GB lumen in 1-1.5 
hrs with delayed transit into the small 
bowel. It is unclear whether the faint ac-
tivity in the GB lumen occurs in the first 
hr or is delayed. The majority of these 
cases were eventually shown to have 
choledocholithiasis with concurrent 
chronic cholecystitis. 

A final imaging pattern, known as the 
“rim sign,” consists of increased peri-
cholecystic hepatic uptake and has been 
shown to highly correlate with gangre-
nous cholecystitis.73 In this circumstance, 
open cholecystectomy is preferred over 
laparoscopic cholecystectomy because 
there is a higher incidence of adhesions 

between the GB and liver which compli-
cates laparoscopic surgery.73 It has been 
proposed that if the rim sign is visual-
ized, then the study can be terminated 
early. However, there is no prospectively  
collected evidence for the accuracy for 
this approach and a false positive rim 
sign is common. Therefore, document-
ing GB non-viz is recommended as  
the primary criteria for AC diagnosis, 
using the rim sign to suggest gangrenous 
transformation. 

False positives, false negatives
While HBS is a highly sensitive and 

highly specific test, like any test, it is 
susceptible to false positive and false 
negative results. Careful evaluation of 
patients’ medical record and compari-
son with prior imaging usually helps to 
avoid most pitfalls. 

The majority of false-positive re-
sults occur in cases of chronic chole-
cystitis41,74-77 Arguments are made that 
given their intractable pain, these pa-
tients should have probably undergone 
cholecystectomy anyway, regardless 
of whether they have AC or CC.74 Ad-
ditional causes of false positive studies 
include prior surgical removal or congen-
ital absence of the GB,78,79 choledochal 
cysts,80 cystic fibrosis,81 inflammation 
within immediate proximity of the GB 
fossa,82,83 ruptured hydatid cyst into the 
biliary tree,84 unusually elongated GB 
that is mistaken for bowel,85 primary or 
secondary GB neoplasms,86-88 severe 
illness,51,89 ceftriaxone therapy,90 and 
sphincterotomy.91-94 As discussed earlier, 
prolonged fasting (>24 hrs) and use of 
opioids prior to the study are also com-
mon causes of false positive results. 

Most false negative studies result 
from mistakenly identifying other ana-
tomical structures as the gallbladder. 
Examples include activity in the duo-
denum or a duodenal diverticulum,95-97 
enterogastric activity,98 an intense rim 
sign,99 and a dilated cystic duct distal to 
the obstruction point (called the cystic 
duct sign).100,101 When there is question 
whether the visualized activity is in the 
GB or an alternative anatomic structure, 
additional views or SPECT/CT may be 

FIGURE 6. A 41-year-old woman with 48 hrs of right upper quadrant abdominal pain. Ultra-
sound showed normal-size common bile duct (CBD), gallbladder (GB) stones, small amount 
of pericholecystic fluid and borderline wall thickening. There was no Murphy’s sign. The 
patient was not eating for over 24 hrs. HBS was ordered. Sincalide, 0.02 microgram per kg 
infused over 30 min, followed by 0.04 mg/kg of morphine 20 min later, which was all admin-
istered in the emergency room, right before the patinet was trasported to Nuclear Medicine. 
Anterior views of HBS are displayed in 4 min frames that span 1 hr. There is normal extraction, 
background clearance and hepatic washout of Tc-99m-mebrofenin. The GB fossa is easily 
identified on the early images (arrowhead). There is progressively intensifying activity in the 
CBD to the level of the sphincter of Oddi, which is typical appearance for an effective morphine 
augmentation. The sphincter level is represented by the photopenic space (arrow) between 
the end of the CBD and duodenal activity. However, there is no GB activity visualized, which is 
consistent with acute cholecystitis. Surgical pathology showed acute erosive cholecystitis and 
cholelithiasis.
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utilized as “problem solving” tools for 
more optimal localization of activity.102

Reestablishment of bile flow to a 
diseased GB can also result in false 
negative studies including cases of cho-
lecystocolic fistula103 and post chole-
cystostomy.104 Finally, acute acalculous 
cholecystitis has a high false negative 
rate. Two prospective studies with MA-
HBS reported sensitivity as low as 67% 
and 70% and a specificity of 100% in pa-
tients with acalculous cholecystitis.105,106 
However, the low sensitivity of MA-
HBS should be viewed in comparison to 
other options, such as AUS which has a 
sensitivity of 36-50% and specificity of 
89-94%.105,106

Conclusion      
Acute cholecystitis is a common cause 

of acute abdominal pain. While AUS re-
mains the first-line test because of good 
diagnostic characteristics, the lack of pa-
tient exposure to ionizing radiation and 
the ability to perform the study at the bed-
side, HBS is a defining second-line test 
in equivocal AUS studies. Therefore, de-
tailed understanding of study technique, 
imaging interpretation, and study pitfalls 
is essential to any practicing radiologist.
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