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Hepatobiliary Imaging Update 
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This is the first article in a four-part series on interventional 
nuclear medicine. Upon completion, the nuclear medicine 
technologist should be able to (1) list the advantages of using 
interventional hepatic imaging, (2) identify the benefit in 
calculating HEF, and (3) utilize the HEF calculation 
method when appropriate. 

Scintigraphic assessment of hepatobiliary function began in 
the 1950s with the introduction of iodine-131 C31 1) Rose 
bengal (1). Due to the poor imaging characteristics of 1311, 
numerous attempts were made to find a technetium-99m 
(

99mTc) labeled hepatobiliary agent (2). The most useful of 
the several 99mTc-labeled agents that were investigated were 
the iminodiacetic acid (IDA) analogs, which were introduced 
in the mid 1970s (3). 

The IDA analogs are derivatives of lidocaine. By placing 
different substituents on the phenyl ring, various IDA analogs 
are produced which have different biological characteristics 
(Fig. 1 ). In general, the more lipophilic substitutions produce 
IDA agents that have faster hepatic uptakes and can be used 
with greater degrees of hepatic dysfunction. At present, there 
are two IDA agents approved by the Food and Drug Admin­
istration (FDA): diisopropyl IDA (DISIDA, disofenin) (He­
patolite®, Du Pont Radiopharmaceuticals, N. Billerica, MA) 
and m-bromotrimethyl IDA (TMBIDA, mebrofenin) (Cho­
Ietec"', Squibb Diagnostics, New Brunswick, NJ). Mebrofenin 
has a slightly faster hepatic uptake and excretion than diso­
fenin and is becoming more widely used since it received 
FDA approval in 1987. 

The most widespread use of hepatobiliary imaging is for 
the evaluation of acute cholecystitis. Sensitivities and specific­
ities of greater than 94% have been documented in several 
large imaging series ( 4). More recently, quantitative measures 
of liver and gallbladder function have been introduced. In a 
previous continuing education article in this journal (5), 
methods of quantifying hepatobiliary function were described, 
which included calculating the half-time of liver excretion 
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and the gallbladder ejection fraction (EF) after the injection 
of cholecystokinin (CCK) (Kinevac®, Squibb Diagnostics, 
New Brunswick, NJ). A brief description of the hepatic ex­
traction fraction (HEF) was given; the technique used quan­
tifies hepatocyte function more accurately than does excretion 
half-time. Since publication of the previous article (5), the 
HEF has become more widely used as a measure of hepatocyte 
function, and nearly all the major nuclear medicine software 
vendors include programs for calculating the HEF. 

In this article, we will describe new observations and meth­
ods used in hepatobiliary imaging. The following topics will 
be discussed: ( 1) the use of morphine as an aid in the diagnosis 
of acute cholecystitis, (2) the rim sign in the diagnosis of acute 
cholecystitis, and (3) methods for calculating the HEF. 

MORPHINE-AUGMENTED CHOLESCINTIGRAPHY 

In acute cholecystitis, the cystic duct becomes obstructed 
either by a gallbladder stone or by edema from the inflamed 
gallbladder (see Fig. 2). Acute cholecystitis is diagnosed when 
the gallbladder fails to visualize, and tracer is seen in the 
common bile duct or intestine. If tracer cannot reach the 
cystic duct, due to total obstruction of the common hepatic 
duct, then a HIDA study cannot be used to diagnose acute 
cholecystitis. Visualization of the gallbladder is an extremely 
reliable method for excluding acute cholecystitis. Results from 
several large imaging series indicate that gallbladder visuali­
zation rules out acute cholecystitis with a reliability (a negative 
predictive value) of 98% to 100% (6). Unfortunately, there 
are several circumstances in which nonvisualization of the 
gallbladder occurs when acute cholecystitis is not present, 
thus, the specificity of the test decreases (a lower positive 
predictive value). 

Prolonged fasting ( 7), total parenteral nutrition ( 8 ), severe 
intercurrent illness (9), or chronic cholecystitis (1 0) can cause 
delayed visualization or non visualization of the gallbladder. 
This occurs because bile completely fills the gallbladder when 
the gallbladder is not stimulated to contract for long periods, 
as in fasting, or when gallbladder contraction by endogenous 
CCK is reduced as in chronic cholecystitis. Thus, the com­
pletely filled gallbladder cannot accept the radiolabeled bile. 
Specificity can be improved by delayed imaging (11) or 
pretreatment with CCK. These methods have their draw-
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FIG. 1. Lidocaine (top figure) is the parent compound from which all 
IDA agents are derived. The two FDA approved IDA analogs are 
disofenin and mebrofenin. 

backs, however. Both methods increase the length of the 
study. If tracer is cleared rapidly from the liver, delayed 
imaging may be useless if there is little or no tracer in the 
liver after l hr of imaging. 

In the last several years, intravenous (IV) morphine has 
been used to hasten gallbladder visualization in hepatobiliary 
studies. Bile flows from the common bile duct through the 
sphincter of Oddi into the duodenum (Fig. 2). Morphine 
causes constriction of the sphincter ofOddi diverting bile flow 
from the duodenum into the gallbladder if the cystic duct is 
patent. Several studies have shown that this technique can 
speed gallbladder visualization, improving specificity (fewer 
false positives), without losing sensitivity (12-14). If the gall­
bladder does not visualize by 60 min, most authors recom­
mend giving 0.04 mg/kg IV morphine over 3 min and imaging 
for an additional 30 min (2,15). If the gallbladder does not 
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FIG. 2. Anatomy of hepatobiliary system. Common hepatic duct 
joins cystic duct to form common bile duct. Sphincter of Oddi is 
muscular band at termination of common bile duct that controls bile 
flow into duodenum. 

visualize within 30 min after morphine injection, the study is 
terminated and interpreted as showing acute cholecystitis. 

Figure 3 demonstrates non visualization of a patient's gall­
bladder at l hr. The patient was then injected with morphine, 
and the gallbladder was clearly visualized 30 min after the 
injection. 

Several pitfalls should be kept in mind when using mor­
phine. Morphine should not be given until activity is seen in 
the common bile duct or intestines, since radioactive bile 
must be present at the cystic duct for visualization of the 
gallbladder to occur. Similarly, since tracer can be excreted 
rapidly from a normal liver, there must be tracer left in the 
liver at the time of morphine injection so that radioactive bile 
can flow into the gallbladder. If there is too little tracer left in 
the liver at 60 min for an adequate study, a second dose of 
tracer may be given and morphine injected when the common 
bile duct is visualized. Alternatively, morphine can be given 
before 60 min if the common bile duct is. well visualized. If 
morphine is given and the gallbladder visualizes, and then 
CCK is injected, the gallbladder EF cannot be measured. 
CCK may not be able to relax the sphincter of Oddi after 
morphine injection, resulting in falsely low values for the EF. 

THE RIM SIGN 

Patients with acute cholecystitis can usually be treated 
conservatively with bed rest, restriction of oral intake, and 
analgesics as needed for pain. Inflammation and cystic ouct 
obstruction will subside over several days. In some instances, 
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however, inflammation may be so severe that the blood supply 
to the gallbladder is interrupted, resulting in gallbladder ne­
crosis and gangrene. Patients with these conditions must be 
taken to surgery as soon as possible to prevent abscess for­
mation, peritonitis, or sepsis. 

Several reports have shown that patients with a gangrenous 
gallbladder have increased tracer uptake and slow tracer clear­
ance from the liver parenchyma adjacent to the gallbladder 
(16-18) (Fig. 4). The mechanism that is most likely respon­
sible for this pattern is the inflammatory response spreading 
to the adjacent liver. Increased blood flow causes greater tracer 
delivery. The inflammation, however, either impedes bile 
excretion by the hepatocyte and/or blocks biliary radicles by 
edema, causing persistence of tracer activity at later times. 
Since this activity forms an outline of the gallbladder fossa in 
the liver, the term "rim sign" has been used for this pattern. 
When the rim sign is seen with non visualization of the gall­
bladder, the referring physicians should be informed that a 
gangrenous gallbladder may be present. 

One report (18) further documents the usefulness of flow 

FIG. 3. Gallbladder has not visualized 60 min after injection of tracer. 
IV morphine was given and imaging continued for 30 min. (A) At 4 
min after morphine injection no tracer is seen in gallbladder fossa. (B) 
By 30 min, gallbladder is clearly seen. 

studies in conjunction with a HIDA study to diagnose gan­
grenous cholecystitis. In this report, 88% of patients with 
gangrenous cholecystitis had a positive flow study, while only 
46% had a rim sign. 

THE HEPATIC EXTRACTION FRACTION 

The EF of a tracer by an organ is defined as the percent or 
fraction of the tracer removed by the organ after a single pass 
of the tracer through the organ. For example, the cardiac EF 
for thallium is 88% (19). The most direct way to measure the 
HEF would be to inject a known quantity of tracer directly 
into the blood supply of the liver (the hepatic artery and portal 
vein) and measure the amount of tracer taken up in the first 
pass through the liver. The HEF for IDA agents has been 
measured directly and found to be greater than 95% in an 
intact liver (20). Furthermore, liver injury by ischemia causes 
a fall in the HEF (2 1) suggesting that the HEF is a direct 
measure of hepatocyte integrity. 

Unfortunately, it is not possible to directly measure the 
HEF after peripheral IV tracer injection since only a fraction 
of the bolus goes directly to the liver and as time passes, tracer 
is simultaneously removed from the blood and excreted into 
the bile. Thus, time-activity curves (T ACs) of the liver and 
parameters derived from it such as the excretion half-time, 
represent both hepatocyte uptake and biliary excretion. T ACs 
are relatively nonspecific and may have a similar appearance 
with different disease processes. For example, in acute, total 
obstruction of the common duct, the excretion half-time will 
be prolonged because of stasis of bile flow even though 
hepatocyte function is intact. In cirrhosis, tracer uptake is 
prolonged because of hepatocyte injury, and this in turn 
prolongs the excretion half-time. 

In order to measure hepatocyte function independently 
from the measurement of biliary abnormalities, an indirect 

FIG. 4. (A) 8 min after tracer injection, no tracer is seen in gallbladder fossa (open arrow), but there is a clear difference in hepatic uptake in 
right lower lobe (solid arrow). (B) At 38 min, no tracer is seen in gallbladder fossa, but is well seen in common bile duct. Activity in right lower 
lobe appears unchanged while diminishing in adjacent liver. (C) At 66 min, activity in liver surrounding gallbladder fossa (solid arrow) is much 
greater than activity in rest of liver (the rim sign). Open arrow shows intestinal activity, but no activity is seen in gallbladder fossa. Patient had 
gangrenous gallbladder at surgery. 
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method has been developed to measure the HEF by using 
deconvolutional analysis (20-22). In this technique a region 
of interest (ROI) is placed over the heart. A T AC (the input 
function) is generated which represents the concentration of 
tracer in the blood that is being presented to the liver. The 
heart ROI is not used for background subtraction. A second 
ROI is placed over the hepatic parenchyma to obtain a second 
T AC (the response function). At any given time, the activity 
within a region of the liver is the net result of the total amount 
of tracer taken up by the hepatocytes minus the total excreted. 

Deconvolutional analysis corrects the hepatic T AC for the 
prolonged period of tracer uptake from the blood and for the 
continuously decreasing concentration of tracer in the blood. 
The result of the analysis is a curve (the deconvoluted hepatic 
T A C) which defines the hepatic retention function. This 
function is the hepatic T AC that would result from a bolus 
injection of all the tracer into the hepatic artery and portal 
vein and measurement of the tracer that exits the liver and is 
removed from the circulation and biliary tree (22). 

Figure 5 shows two hypothetical hepatic retention func­
tions, one for a normal liver (Fig. SA) and one for a patient 
with severe hepatocellular disease (Fig. 58). Initially, all the 
tracer from the bolus injection is within the liver and the 
curve attains its maximum value, which is then set as equal 
to 100%. Tracer which is not taken up by the hepatocytes 
rapidly exits the liver in the venous blood. This initial phase 
has been termed the vascular phase (22). 

The later portion of the curve is termed the hepatocyte 
retention phase and represents hepatic excretion of the initial 
tracer uptake. A monoexponential curve is fitted through the 
data points after the vascular phase and extrapolated to the 
peak of the vascular curve. Dividing the extrapolated value 
by the peak value during the vascular phase gives the fraction 
of the bolus that was taken up by the hepatocytes, the HEF. 

To measure an HEF, a standard hepatobiliary study is 
performed. The heart is included in the field of view. Acqui­
sition is started at least 1 min before tracer injection, and data 
is acquired in 1-min frames. A 64 x 64 x 16 matrix is used 
with a large field of view (LFOV) gamma camera. Although 
imaging is continued for 1 hr, only the first 30 to 32 min of 
data (depending on the program) are used. 

A frame from the beginning of the study is selected in which 
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FIG. 5. Hypothetical deconvoluted liver time-activity curves in (A) 
normal liver and (B) cirrhotic liver. In both cases, initial vascular peak 
is seen and set equal to 1 00%. Peak is equivalent to bolus tracer 
injection into the hepatic blood supply. Fall after peak represents 
tracer not taken up in first pass. Extrapolating curve for hepatic 
retention phase back to vascular peak gives HEF. Adapted from (22). 
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the liver and heart are well seen for placement of the heart 
and liver ROis (Fig. 6). It is important that no biliary activity 
(gallbladder or major bile ducts) or vascular activity (right 
kidney, aorta, inferior vena cava) is included in the hepatic 
ROI. Including these structures in the hepatic ROI may 
artifactually lower the HEF. More than one liver ROI can be 
drawn to measure the HEF in different parts ofliver. All ROis 
must stay below the superior margin of the liver, especially in 
the left lobe since activity from the heart may scatter into a 
left lobe ROI. After drawing the ROis, it is a good idea to 
view the first 30 min of the study in cine mode with the ROis 
to ensure that no biliary or vascular structures are in the 
hepatic ROis and to check for patient motion. The heart ROI 
should correspond to the left ventricle. 

After placement of the ROis, our system (ADAC Labora­
tories, Milpitas, CA) will automatically calculate and display 
the deconvolved data points and draw a fitted exponential 
curve utilizing the data points after the vascular phase. The 
Y-axis is scaled to 100% using the peak activity of the decon­
volved liver T A C. The time at which this occurs is set equal 
to zero. The point where the fitted curve intersects the Y -axis 
is the HEF (Fig. 7). 

The HEF is a useful method for evaluating patients with 
jaundice or abnormal liver function tests. The most important 
question when diagnosing such a patient is whether the ab­
normalities are due to intrinsic hepatic disease (e.g., cirrhosis 
or hepatitis) or are secondary to obstruction of the biliary tree 
(e.g., a stone in the common duct). In the former case, the 
HEF would be expected to be low and in the latter, normal, 
if obstruction has not been present for too long (prolonged 
obstruction will cause damage to the hepatocytes and a low 
HEF). 

In one study (22), 32 patients with normal livers who had 
HIDA scans for acute cholecystitis had an average HEF of 
99% with a lower limit of normal of91% (mean-2 s.d.). Ten 

FIG. 6. Placement of ROis in liver for measurement of regional 
HEFs. Heart ROI is used to measure the input function. Spleen ROI 
is required by software program to calculate hepatic excretion half­
time but is not used in the calculation of HEF. 
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patients with jaundice from acute biliary obstruction had an 
average HEF of 89% with a range of 64%-100%. The HEF 
was normal for the first two days in this group, but fell 
progressively to 65% by one week after the onset of obstruc­
tion. In 11 patients with hepatocyte dysfunction, the mean 
HEF was 41% with a range of 14%-77%. 

The results suggest that the HEF can distinguish acute 
obstruction (less than one week) from hepatocellular disease. 
After one week, obstruction causes secondary hepatocyte 
dysfunction, and the HEF cannot reliably distinguish obstruc­
tion from hepatocyte injury. Nevertheless, the HEF can be 
used as a general method for following patients serially with 
liver disease and has been used to evaluate rejection in liver 
transplants. 

CONCLUSION 

In summary, several new developments have occurred in 
hepatobiliary imaging that increase the diagnostic usefulness 
of the study. The use of morphine to hasten gallbladder 
visualization can reduce the time needed to diagnose acute 
cholecystitis. A positive radionuclide flow study and/or a rim 
sign in conjunction with non visualization of the gallbladder 
alerts the clinician to possible severe gallbladder inflammation 
and gangrene. The HEF is more specific than other quanti­
tative measures of hepatic function and may allow the differ­
entiation of extrahepatic biliary obstruction from hepatocyte 
injury. The HEF shows promise as a method for following 
patients with changing liver function and may be able to serve 
as a guide to therapy. 
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