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The possibility of using 3!I-macroaggregated al-
bumin (3 I-MAA) intra-arterially in identifying
hepatic neoplasms was raised by King, Wood, Morlen
and Colapinto in a report of a case of clinical-
pathologic correlation (/). Blank and Tyson in
1969 injected 3'I-MAA through percutaneously
placed intra-arterial hepatic catheters in 12 patients,
and scans showed positive images of abnormal areas
of increased uptake which correlated with negative
images of 1°8Au scans (2). Improved visual detec-
tion of hepatic neoplasm could be obtained com-
pared with colloidal 3!I-labeled albumin injected
intravenously (3) and colloidal gold (1°8Au) (4);
the latter technique produced liver scans with areas
of reduced uptake indicating abnormality.

This study using clinical data and an animal ex-
periment was carried out to compare selective hepatic
arteriograms and 3'I-MAA and '°8Au scans.

METHOD

Clinical data. Twenty-one patients with percu-
taneous transbrachially placed catheters receiving
continuous hepatic artery chemotherapeutic infusions
were studied with 1?8Au liver scans, selective hepatic
arteriograms and !31I-MAA liver scans, usually in
this sequence. A dose of 6 pCi/kg body weight of
131I-MAA was diluted to a volume of 20 cc with
normal saline and injected through the infusion
catheter, followed by 20 cc of normal saline. The
liver was scanned immediately after the injection
with a dual-headed scanner with two 2 X 5-in.
NaI(Tl) crystals with information density of 300
counts/in. Scans required about 15 min for simul-
taneous AP-PA view. The 1%8Au scans were done
with a baseline of 391 keV and the 31 [-MAA scans
with a baseline of 344 keV, both with windows of
40 keV. In addition, seven of the 21 patients had
1811.MAA scans carried out using a scintillation
camera. Selective hepatic arteriography was per-
formed with the injection of 40 cc of 60% meglumine
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diatrizoate delivered at a rate of 5 cc/sec, and serial
films were obtained at 2-sec intervals for 20 sec,
followed by films at S-sec intervals for 10 sec.

One patient had a second arteriogram 30 min
after injection with 13'1I-MAA.

Animal data. An “irritant granuloma” in the liver
was produced in a 15-kg dog injecting Sephadex
G-25* suspension into a single anterior lobe at
laparotomy. Six days later a 3'I-rose bengal liver
scan was obtained using a scintillation camera (pho-
toscintogram). Following the scan, transfemoral
catheterization of the common hepatic artery and
serial arteriography were performed using a tech-
nique analogous to that used in patients. Six micro-
curies per kilogram of body weight of 13! I-MAA
diluted to a volume of 10 cc with normal saline was
injected through the intra-arterial catheter, followed
by 10 cc of normal saline. A photoscintogram and
arteriogram were obtained. Repeat catheterization
and intra-arterial injection of 131 I-MAA were carried
out and scans were obtained hourly up to 5 hr and at
22 hr after injection. Repeat arteriography was per-
formed following the 5-hr scan. On the subsequent
day open biopsy of the hepatic granuloma was ob-
tained.

RESULTS

Clinical data. Metastatic replacement of liver tis-
sue was indicated by decreased uptake on the %8Au
scans while 131[-MAA scans showed increased up-
take in these same areas. These areas of increased
uptake on the 131I-MAA scans corresponded in 19
of 21 patients to the arteriographically neovascular
areas which were more hypervascular than the nor-
mal areas of the liver (Figs. 1 and 2). The 31I-MAA
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FIG. 1. Anterior (A) and posterior (B) *®Au scans show multi-

tek, d, : +1

ple areas of decreased up pr y involving lateral
superior and inferior aspects of right lobe and medial superior
and inferior aspects of left lobe. There is increased uptake in bone
marrow and spleen indicative of portal hypertension (B). Selective
common hepatic arteriogram (C) reveals right and left lobe almost

was selectively injected into the splenic artery in
the other two patients, and therefore the 3'1I-MAA
was delivered selectively to the spleen.

In a patient with adenocarcinoma of the gall-
bladder the arteriogram demonstrated neovascularity
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completely replaced by multiple areas of neovascularity. There are
two large nodules in left lobe with inferior nodule demonstrating
poorly vascularized center. Photoscintogram with intra-arterial
#1I.MAA (D) shows increased uptake corresponding to areas of
hypervascularity on arteriogram and abnormal areas of decreased
uptake on ™Au scans.

originating from both the superior posterior and su-
perior anterior pancreatico-duodenal arteries. There
were also diffuse, poorly defined hypervascular nod-
ules distributed throughout the liver parenchyma
(Fig. 3A). :
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FIG. 2. ™Au scan (A) shows significant areas of decreased up-
take predominantly in superior aspect of right upper lobe. Selective
common hepatic arteriogram (B) conglomerate hypervascular nodu-
larity nearly replacing right lobe and small distinct neovascular

A second arteriogram following the injection of
181].MAA showed decreased vascularity in the re-
gion of the gallbladder bed, as shown in Fig. 3B
and the intrahepatic nodules were less well demon-
strated.

There was increased uptake of 131I-MAA in the
left lobe of the liver in three patients although definite
neovascularity in this area could not be demonstrated
arteriographically.

Four patients had normal 1°8Au liver scans but
the 31 [-MAA scans and arteriograms as shown in
Fig. 4 were abnormal, with the predominant area of
abnormality in the region of the liver hilus.

Six patients had increased activity of 3! [-MAA
in the lungs as shown in Fig. 1D. Five of these had

FIG. 3. selective common hepatic arteriogram (A) reveals tu-

mor neovascularity in gallbladder bed pplied by posterior
superior and anterior superior pancreatico-duodenal arteries. Dif-
fuse hypervascular nodules are present throughout liver paren-
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nodules scattered throughout parenchyma of left lobe. Intra-
arterially injected **I-MAA (C) reveals areas of increased uptake
on scan corresponding to hypervascular nodules on arteriogram of
same area.

extensive venous collateralization on selective splenic
artery splenoportography, compatible with portal
hypertension, and one had a small AV malformation
in the left lobe of the liver (Fig. 5).

Animal experiment. The %!I-rose bengal liver scan
in the dog showed an area of decreased uptake in
the central inferior aspect of the liver (Fig. 6A).
Arteriography showed a 5-cm area of neovascularity
and hypervascularity (Fig. 6B), and 131I-MAA in-
jected intra-arterially produced an area of increased
uptake corresponding to this area (Fig. 6C). Repeat
arteriography 30 min after the injection of 131I-MAA
demonstrated distention of the common hepatic
artery and its major branches with reflux of contrast
proximally. There was delayed appearance of the

chyma. Following intra-arterial '|-MAA injection arteriogram (B)
demonstrates decreased vascularity in region of liver hilus,
less tumor neovascularity and poor delineation of intra-hepatic
tumor.
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hypervascular area and better delineation of the
proximal intrahepatic vessels (Fig. 6D). The mul-
tiple photoscintograms carried out 6 days later
showed that the region of increased activity persisted
throughout the 5-hr postinjection period but be-
came less definite during the interval; by 22 hr no
lesion could be identified (Fig. 7). Repeat arteri-
ography 5 hr after the injection of 131 I-MAA showed
that the hypervascular hepatic lesion was comparable
to the pre-'3I-MAA arteriogram done 6 days earlier
and did not demonstrate vessel distention and con-
trast reflux (Fig. 8).

Open liver biopsy of the lesion revealed thicken-
ing and mottling on gross examination of the liver
capsule. Microscopically (Fig. 9) the liver capsule
was thickened and edematous with inflammatory
cells, a few giant cells and considerable amounts of
fibrin. There were irregular globular foci of foreign
material surrounded by foreign body giant cells.
There was a suggestion of necrosis of parenchymal
cells in the periphery. There was a fine neovascularity
throughout with some fibrosis as indicated by in-
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FIG. 4. **Au liver scan interpreted as within normal limits (A).
Selective hepatic arteriogram (B) reveals areas of neovascularity in
region of liver hilus during arterial phase. Small diffuse hyper-

I dules throughout both lobes (C) were demonstrated dur-
ing venous phase. *I-MAA intra-arterial liver scan (D) shows mot-
tled increased activity throughout liver most marked in region of
liver hilus corresponding to hypervascularity on arteriogram.

creased numbers of fibroblasts. A moderate degree
of inflammatory cell infiltration was present with
some lymphocytes and histiocytes but neutrophil was
the predominant cell type. Portal triads seemed
enlarged in general due to vascular dilatation, and
in some instances there was extravasation of red
cells into loose connective tissue. In the more severely
congested foci, red cells were found between cell
cords.

DISCUSSION

In our material, tumor replacement of hepatic
tissue is angiographically demonstrated by neovas-
cularity which is hypervascular when compared with
areas of normal liver tissue. Areas of increased up-
take on 13'I-MAA intra-arterial liver scans corre-
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FIG. 5. Selective splenic artery injection of 50 cc of 60%
Meglumine diatrizoate demonstrates extensive venous collateraliza-
tion.

lated with the hypervascular tumor areas on the
arteriograms in 19 of 21 patients. Capillary blockade
is produced by !31I-MAA particles as shown by
Taplin, Johnson, Dore and Kaplan (5), and there
is destruction of the particles by normal reticulo-
endothelial cells as demonstrated by Taplin et al
(6). Therefore a positive liver scan could be pro-
duced by a combination of both the relatively greater
concentration of isotope in areas of neovascularity
due to tumor and the absence of reticuloendothelial
cells resulting in reduced disposal rate in tumor com-
pared to disposal rates in normal liver tissue. The
ability to detect tumor is enhanced when compared
with the negative images of the colloidal gold scans,
especially in the region of the liver hilus. The dis-
advantage of this procedure is the necessity for
arterial catheterization. The 3'I-MAA scan showed
areas of tumor replacement in the left lobe of the
liver not readily seen on routine arteriography. This
difference may be due to less contrast reaching the
left lobe through a smaller hepatic artery, and the
relatively small amount of radioactivity may be more
readily detected in a large vascular organ which
requires larger amounts of contrast to be visualized
arteriographically. This demonstration of tumor in
the left lobe has significance in evaluating patients
for partial hepatectomy.
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FIG. 6. ™i-rose bengal liver scan (A) in dog shows area of decreased uptake in
central inferior aspect of liver. Selective hepatic arteriogram (B) demonstrates area
of neovascularity and hypervascularity in central inferior aspect of liver, Intra-arterially
injected *'I-MAA liver scan (C) reveals increased uptake corresponding to areas of de-
creased uptake on rose bengal scan and to hypervascularity on arteriogram. Repeat
arteriogram 30 min after intra-arterial **I-MAA injection (D) demonstrates distention of
common hepatic artery and its major branches with reflux of contrast to proximal he-
patic artery and better delineation of proximal hepatic vessels. There is less delinea-
tion of hypervascular region.
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The single animal experiment producing an “irri-
tant granuloma” correlates with clinical findings.

This study also suggests that positive liver scans
could be used as an objective measure of tumor
response in patients undergoing intrahepatic artery
chemotherapeutic infusion in conjunction with angi-
ographic studies.

SUMMARY

Twenty-one patients receiving infusion of chemo-
therapeutic agents by intra-arterial hepatic catheters
were studied with °8Au liver scans, selective hepatic
arteriograms and intra-arterial '3'I-macroaggregated
albumin (13I-MAA) liver scans. The 31 I-MAA
scans correlated with the hypervascular tumor areas
on the arteriograms in 19 of 21 cases. The suggested
mechanism is secondary to neovascular capillary
blockage with delay in reticuloendothelial disposal of
the aggregated particles producing positive images
of abnormalities on the scans. The following patients
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FIG. 7. Intra-arterially injected >'I-MAA liver photoscintograms
performed 6 days later than initial *I-MAA scan (Fig. 6C) over a
5-hr period reveals the area of increased uptake to become pro-
gressively less delineated and at 22 hr postinjection no definite
lesion can be identified. A was taken 3-5 min postinjection; B
taken 3 hr postinjection; C was taken 5 hr postinjection; and D
was taken 22 hr postinjection.

are discussed: Three patients with increased uptake
on the 131]-MAA scans in the left lobe of the liver
difficult to identify on arteriograms; four patients
with normal °8Au liver scans and abnormal 3!I-
MAA scans; and six patients with shunting of !31]-
MAA to the lungs. A single dog experiment pro-
ducing an “irritant granuloma” showed decreased
uptake on the '°8Au liver scan, increased uptake on
the 131[-MAA liver scan and hypervascularity on
selective hepatic arteriogram. The pathologic speci-
men revealed foreign body reaction with neovas-
cularity.
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FIG. 8. Repeat hepatic arteriogram 5 hr post-*I-MAA demon-
strates hypervascular lesion somewhat less distinctly than pre-
#I.MAA liver scan done 6 days earlier (Fig. 6C), but there is no
vascular distention or reflux of contrast material.
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