
ffpatobiiary imagingwith @Tc
IDA derivatives(such as diiso

propyliminodiacetic acid or DISIDA)
is used to evaluate the integrity of the
hepatobiiaiy system in a variety of
disease states. In this issue of the
Journal, Dogan et al. describe a spec
trum of abnormalitiesencountered in
children with cystic fibrosis (1). Be
sides observing the excretion of the
radionuclideinto the bowel, indicating
patency of the draining ducts, an as
sessment of hepatocyte function is
made. A qualitative estimate of liver
uptake and clearance is determined
from the time-activity curve derived
from a regionof interestover the right
lobeof theliver.Withcomputeracqui
sition of the data, it is clearlydesirable
to have an objective measure of liver
function. This would hopefully be more
sensitive for detecting abnormalities
and also allow for comparisonof func
tonal changes in sequential imaging.

Several techniques for evaluating
hepatocyte clearance have been re
ported. Gerhold et al. used a visual
method (2). They compared liver ac
tivity to cardiac blood-pool activity in
the 5-min image. Clearance was
graded on a scale of 1 to 4, where 1
indicated normal clearance (no car
diac blood-pool visible), 2 mild hepa
tocyte dysfunction (some cardiac
blood-pool visible), 3 moderate hepa
tocyte dysfunction (moderate blood
pool visible) and 4 indicated severe
hepatocyte dysfunction (cardiac
blood-pool equal to or greater than the
liver). This method is obviously sub
jective and attempts have been made
to quantitate this data. El Tumi et al.
described a hepatic index as the ratio
of the net hepatic-to-cardiac distribu
tion of the @@Fc-IDAagent between
2.5 and 10 mm after injection (3).
They concluded that an index of 5 or
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more excludes biiary atresiain infants
with hyperbiirubinemia, whereas if it
is less than 4.3 atresia is a strong pos
sibiity. They could not satisfactorily
explain why there was slower uptake
of the radiopharmaceuticalwith bili
ary atresia. This is in contrast to re
sults from Ohi et al. (4) and others
who found that patients with neonatal
hepatitis, even in the first month or
two of life, have severely decreased
clearance of the hepatobiiary agent
from the blood compared with those
having biiary atresia. We have looked
at liver uptake 2 and 3 min afterinjec
tion, expressed as the accumulated
liver counts during this period as a per
centage of the injected activity, similar
to a technique used to quantify renal
uptake. These data confirmthe better
extraction by patients with biliaiy atre
sin early in the disease process.

Another method of assessing liver
function is based on the generation of
time-activity curves. Leonard et al.
(5) evaluated time-activity curves gen
crated from equal regions over the
liver and the heart. The curves were
analyzed by nonlinear least-squares
curve-fitting procedures. They were
visually evaluated and a subjective as
sessment of liver uptake was made.
Again there was good uptake in biliary
atresia, but no appreciablehepatic up
take in patients with hepatitis. More
sophisticated tracer kinetic studies
havebeendescribed.Programshave
been developed for compartment
modeling in nuclear medicine (6). He
patic functionwith @Tc-IDAscintig
raphy has been investigated by using
these techniques (7,8).

Parameters such as rate constants
for liver uptake and excretion and
mean residence time may be esti
mated using a three-compartment
model. Although there are several as
sumptions in using the tracer kinetic
model, such as using the heart curve
as the input function to the liver,
which has a dual blood supply, and
neglecting the contribution of over

lying tissues with planar imaging,
these estimates of liver function can
be useful in quantitating liver func
tion. Care needs to be taken when bil
irubin levels are significantly elevated,
since liver uptake is decreased. How
ever, the mean residence time does
not seem to be correlated with biiru
bin levels, and is perhaps a more use
ful measure of overall liver function

(7).
The mean transit time (MTT) of a

hepatobiiary agent, such as @Tc
DISIDA,has also beenmeasuredus
ing a mathematical technique known
as deconvolutional analysis. Time-ac
tivity curves are obtained from re
gions over the heart and the right lobe
of the liver, excluding ductal activity.
The method provides for the simula
tion of a bolus injection of tracer into
the afferent blood supply of the liver
from raw data obtained following an
intravenous injection.

The MU has been compared with
the results of simultaneously per
formed BSP determinations and his
tology under a variety of experimental
conditions. Both quantitative imaging
and BSP testing could identify milder
degrees of hepatic ischemic injurynot
identifiedby histology (8). Using this
same mathematical technique, an cx
traction fraction has been described.
This is the ratio of the y-intercept of
the exponential fit to the liver re
sponse curve dividedby the maximum
datavalue of the response curve. Us
ing this quantitative parameter, as
well as the half-time for tracer excre
tion, it was possible to detect biliaiy
disease and to separate severe hepa
tocyte dysfunction from biliaiy tract
disease (9). Deconvolutional analysis
and the determinationof the extraction
fraction has also been used in pediat
rica. As a measure of function, it ap
pears that hepatocellular dysfunction
for whatever reason can be separated
from biliaiy atresia in the first 1 to 2 mo
of life inpatientswho fail to excrete the
tracer into the bowel (10). This is cur
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rently being evaluated in a prospective
manner. Hepatic extraction fraction,
andto a lesser extent hepaticclearance
time, were also shown to be applicable
as a quantitative assessment of liver
function in children with a variety of
hepatobiliary diseases (11).

Still another method for quantitat
ing liver function is to assess receptor
biochemistry via kinetic modeling.
Technetium-99m-galactosyl-neogly
coalbumin has been validated as a
quantitative probe for the hepatic
binding protein receptor (12â€”14).

Simple quantitative methods, such
as deconvolutional analysis and the
extraction fraction, are available with
standardsoftware packages. It is sug
gested that subjective criteria of liver
function be supplemented with objec
tivedata.
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