
Dynamic hepatic scintigraphy has been described as
a method for enhancing diagnostic specificity of hepatic
images (1â€”6).These methods are based on the fact that
the normal liver receives approximately 25â€”30%of its
blood supply through the hepatic artery and the re
mainder through the portal vein. When primary or
metastatic neoplasms are present in the liver, the normal
pattern of blood flow is disrupted and the hepatic artery
supplies a larger fraction of the total flow (2,7â€”14).
Quantitative assessment of arterial and portal flow
fractions has been attempted with digital computers
(13â€”17).Assessmentofrelativearterialandportalblood
flow to the liver in patients with neoplastic disease has
been reported previously, but the total number of pa
tients evaluated has been limited (13,14,16).

This paper describes the increase in sensitivity of liver
imaging resulting from inclusion of quantitative as
sessment of relative arterial to portal blood flow in 228
patients with known neoplastic disease, referred for he
patic scintigraphy as part of their evaluation or follow
up.
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MATERIALS AND METHODS

We have studied 228 patients with known primary
neoplasms. They were positioned supine under a large
field scintillation camera equipped with the highest
sensitivity parallel-hole collimator* available to us, for
anterior views of the liver, kidneys, and aorta. The usual
3-mCi dose of Tc-99m sulfur colloid was injected as a
bolus through an antecubital vein. Digital and film ac
quisition were started simultaneously with injection, and
30 images were acquired at 2 sec per image.

Following the radionuclide angiogram, static images
were obtained (800,000 counts each), consisting of an
tenor, posterior, right lateral, left lateral, right anterior
oblique, left anterior oblique, and upright anterior views.
These static images were interpreted using strict criteria
(focal defects only) (17).

The computer data were processed as follows. With
regions of interest selected by light pen, time-activity
curves were generated for the right lobe of the liver, the
descending aorta, and the right kidney (Fig. 1). The
largest possible area avoiding the kidney, lung, or portal
vein was selected as hepatic region of interest. If the right
kidney was not visualized, the left kidney was used. The
quality of the bolus was assessed from the aortic time
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Thepurposeofthisstudywastodevelopa methodbywhichthesensftivityofra
dionuclideliver imagingfor thedetectionof hepaticmetastasiscouldbeenhanced.
Routineflowstudieswereperformedbeforeimagingby Injectingtheusual2-3 mCI
doseofTc-99msulfurcolloidasabolusandstoring302-secImagesInacomputer.
WIth regions selected by light pen, curves were generated from the right lobe of
the liver, the right kidney, and the descending aorta. The peak of the kIdney curve
was chosen as a marker to separate the arterial and venous phases on the liver
curve. The average slopes of four points on the liver curve before this marker, and
four after, were calculated and the ratio of the first slope to that of the second was
definedasthearterializationIndex.Inthisstudywith228patients,theinclusionof
this indexraisedthe sensltivftyfrom 85 to 100%.
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Fm. 1. (A)regions selected over ri@t lobe
of liver,rightkidney,anddescendingaorta.
(B)tlme-activity curves for liver, aorta, and
right kidney. Time interval between each
data point Is 2 sec. Note that descending
aorta curve peaks 2 sec before ri@it-kidney
curve. @--â€˜@=----
activity curve. If the time to reach peak from the half
maximum point on the ascent of the curve was greater
than 8 sec, the study was discarded. This was encoun
tered in less than 4% of the cases investigated. If an early
rise in liver activity corresponding to pulmonary activity
was seen, the region of interest was redefined to minimize
thisinterference.Oncesatisfactorycurveswereobtained,
a five-point smooth was performed. The peak time of the
renal curve was taken as the demarcation between ar
terial and portal flow to the liver. The average slopes of
four points before and four points after this time were
calculated from the hepatic curve. The ratio of the ar
terial slope to the venous slope was defined as the arte
rialization index, A! (Fig. 2).

The reproducibility of Al calculation was tested by
generating these curves twice on each of 100 patients.

RESULTS

The distribution of Al values is shown in Fig. 3.
The range of Al for 150 patients with definitely ab

normal static liver images was from 0.50 to 3.70. The
range for 50 patients with normal static liver images, and
no other evidence for metastatic liver disease over a pe
nod of 6 mo, was 0.14 to 0.60. Twenty-eight patients had
normal static images but elevated Al values ranging

from 0.61 to 2.30. These groups are summarized in Table
I . Seven of the 28 patients with discordant Al and static
images (Table 2) were further studied by biopsy; two of
these had TCT scans, one of which was normal. In an
other patient (with breast cancer) the Al suggested
metastatic disease but liver chemistry and liver images
were normal. Nevertheless, within 3 mo her alkaline
phosphatase increased, and it appears clinically that she
has hepatic involvement, although the liver scan remains
normal. Eighteen remaining patients were suspected of
havinghepaticmetastaseson a clinicalbasis.Two of
these have been lost to follow-up. Of the remaining six
teen, seven have since developed definite evidence of
metastatic disease within 6 mo: four by emission liver
scan, two by TCT, and one by liver biopsy. One patient
died after 13 mo, and autopsy revealed liver metas
tases.

The reproducibility of Als was remarkable in 100
cases that were randomly chosen (correlation coefficient,
r 0.98).

DISCUSSION

Technetium-99m sulfur colloid imaging is a well
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FIG.3. DistributIonofAlvaluesin228patientswithknownneo
plastic disease.
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150 + + 0.50â€”3.70
50 â€” â€” 0.14â€”0.60
28 â€” + 0.61â€”2.30

established screening procedure, but the false-negative
rate is still too high. The sensitivity of this procedure has
been stated to be between 0.7 and 0.9 (18). Phantom
studies performed on our equipment show that a lesion
under I cm would rarely be detected.

The hepatic emission angiogram, with calculation of
an arterialization index, was found to be a significant
indicator of disease and a reliable index in patient
management. An index of greater than 0.50 had a pre
dictive value of 98% for hepatic metastases. The corre
lation of a high Al and possiblemetastaticliver in
volvement can be understood from animal and human
studies (7,10,! 1), which show that neoplasms growing
in the liver increase the hepatic arterial component of
blood flow. This observation has been quantitated by
Boyd et al. in six patients (13).

Our analysis technique differs from that of Boyd et
al. in two ways. First, we chose to use the peak of the
renal curve rather than the aortic peak to mark the end
of arterial influx into the abdominal organs. This point
correlated with prominent inflection points in the liver
curves of 32 patients, whereas the aortic peak occurred
2 sec earlier. Second, calculation of the arterial slope
from points just before the hepatic inflection point
avoided poor statistics at the beginning of the curve and
minimized the effects of Compton scatter from the
lung.

As depicted in Fig. 3 and Table 1, all definitely ab
normal static images had an arterialization index of

@0.50.All I 50 patients with one or more focal defects
on static images had abnormal A! values. Ofthe 50 pa
tients with negative static images and no evidence of
metastases after 6 mo, four had Als in the abnormal
range (0.52â€”0.58);thus there is a specificity of 0.92. The
28 patients with positive Al values and negative static

FIG.4. Left:liverimageinpatientwithknownbreastcarcinoma,
who showed no evidence of liver metastases and gave normal Al.
Right:2 yr laterpatient'sliverimageshowsobviousdiseaseandAl
is definitely elevated.

FIG.5. Left:liverimageinpatientwithknownbreastcarcinoma
is Inhomogeneous, with slightlyelevated Al. Right: 5 me later there
is inhomogeneity again and Al has risen. Biopsy showed metastatic
disease.

images are summarized in Table 2. Abnormal A! values
(0.50) predicted liver disease in 27 of the 28 patients
clinically suspected of having liver metastasis, and in 16
of these cases this prediction was confirmed by other
means. In this clinical study of 228 patients, the sensi
tivity ofstatic imaging was 84%. The inclusion ofthe Al
raised the sensitivity to I00%.

Elevation of At from a previously normal level, and
coinciding with the development of metastic liver disease
in a patient with breast cancer, is shown in Fig. 4. Figure
5 shows an abnormal liver scan, with elevated A!, in a
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FiG. 6. Left: liver Image in patientswith malIgnantmelanoma shows
definite lesion In right lobe; Al is obviously elevated. Right: after
treatment, image reverts to normal and Al has decreased consid
erably.

breast cancer patient with biopsy-proved metastic dis
ease. Figure 6 shows the decrease in A! as liver metas
tases from melanoma improve with chemotherapy.

The inclusion of these routine quantitative liver-flow
studies is a simple way of enhancing sensitivity of liver
imaging in the detection of metastatic disease in patients
with known malignancy. Each individual laboratory
must establish its own criterion for abnormality if this
test is to be used effectively. Further work is obviously
necessary to ascertain whether patients with primary
liver disease, extrahepatic disease other than neoplasia,
or no disease, can be separated from those with meta
static disease.
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ERRATUM

In â€œEarlyRecollections ofthe Manhattan Projectâ€”DayofCriticality. Excerptsfroman Addresstothe Societyof Nuclear
Medicine, 20 June 1977,Chicago, Illinois,â€•by Harold M. Agnew (J Nuci Med 22:82-87, 1981) Dr. Agnew's name ap
peared incorrectly. His name should be Harold M. Agnew.




