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Dynamic hepatic scintiangiography increases
the specificity of diagnosis of space-occupying
lesions of the liver seen on hepatic scintigraphy.
The purpose of this study was to evaluate and
compare critically this procedure with histologic
and radiopaque diagnosis in the evaluation of
suspected hepatic neoplasms. Ninety-two patients
had hepatic scintiangiography, scintigraphy, and
histologic verification. In ten of these patients,
the findings of radiopaque arteriography were
compared with those of hepatic scintiangiogra-
phy. In all ten patients with hepatoma, the scin-
tiangiographic and histologic observations cor-
related; nine of these ten patients had a “tumor
stain.” Fifty-one of 59 patients with metastases
to the liver had scintiangiograms that showed
“tumor stain.” In 2 of these 59 patients, scinti-
angiography revealed tumor vascularity whereas
the results of scintigraphy were normal. In two
of four patients with metastases and two of six
patients with hepatomas, scintiangiograms re-
vealed “tumor stain” that was not evident on
radiopaque arteriography. Conclusions from
this study are: (A) neoplastic arterialization or
“tumor stain” is more readily detected by scin-
tiangiography than by radiopaque arteriogra-
phy; (B) a normal scintigram and a “‘tumor
stain” on the scintiangiogram in a patient with
a known primary neoplasm outside the liver is
suggestive of hepatic metastases; and (c) a nor-
mal scintigram and scintiangiogram make neo-
plastic involvement of the liver improbable.
Dynamic hepatic scintiangiography is a simple,
clinically useful method for increasing the spec-
ificity of diagnosis of space-occupying lesions of
the liver and should be part of the evaluation
for possible neoplastic involvement.
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Dynamic hepatic scintiangiography is one method
for increasing the specificity of diagnosing space-occu-
pying lesions of the liver seen on hepatic scintigrams
(1,2). This method is effective because of the unique
dual blood supply to the liver. The normal liver de-
rives approximately 25% of its blood supply from
the hepatic artery with the remainder from the portal
vein. Most primary and metastatic neoplasms of the
liver cause an aberration in the normal pattern such
that the blood supply is predominantly or exclusively
from the hepatic artery (3—8). Our experience with
more than 1,000 hepatic scintiangiograms performed
during routine scintigraphy had convinced us of the
value of this procedure but a critical evaluation
seemed desirable. The purpose of this publication
is to compare this procedure, histology, and ra-
diopaque arteriography in the evaluation of hepatic
neoplasms.

MATERIALS AND METHODS

Between January 1971 and December 1973, 1,025
patients were referred for hepatic scintigraphy. He-
patic scintiangiography was performed routinely as
part of the evaluation of the liver. One-hundred-
eighty-nine of these patients were classified by dis-
charge diagnosis as having hepatic metastases or
normal livers based on clinical or laboratory data,
tissue diagnosis, or hepatic scintigraphy. The ethnic
breakdown consisted of 158 whites, 14 blacks, and
17 orientals. In 92 of these 189 patients, histologic
examination of the liver was performed within 2 days
to 2 months of hepatic scintigraphy and scintiangi-
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TABLE 1. COMPARISON OF HISTOLOGY WITH
SCINTIGRAM AND SCINTIANGIOGRAM

Histology Normal M Hepat
Number of patients 23 59 10
Needle 18 16 4
Operative 0 22 3
Autopsy 5 21 3
Scintigram normal 21 5 0
Scintigram abnormal 2 54 10
Scintiangiogram normal 20 8 1
Scintiangiogram abnormal 3* 51 9

* One patient had focal arterialization due to renal car-
cinoma.

ography. The liver tissue specimen was obtained by
percutaneous needle biopsy (nonoperative), at op-
eration (operative), and by autopsy (Table 1).
Normal histologic findings were observed in 23 pa-
tients; in 18, the specimens were obtained by non-
operative biopsy and in five, by autopsy. A histologic
diagnosis of hepatoma was obtained in ten patients;
four diagnoses were verified by autopsy, one by non-
operative biopsy, two by tissue obtained both non-
operatively and at autopsy, two by tissue obtained
by operative means, and one by tissue obtained both
operatively and nonoperatively. Histologically, 59
patients were classified as having hepatic metastases;
in 21 patients, tissue was obtained at autopsy; in
16, by nonoperative means; in 21, by operative pro-
cedures; and 1 patient, by tissue obtained both oper-
atively and at autopsy. '

Ten patients underwent radiopaque arteriography,
hepatic scintigraphy, and scintiangiography; six of
these patients had hepatomas and four had metastases
which were histologically verified.

The scintiangiographic studies were performed
by the technique described by DeNardo, et al (I).
After the intravenous injection of 10 mCi of **™Tc-
sulfur colloid, scintiphotographs were obtained at
2-sec intervals for 40 sec. At 1 min after adminis-
tration of the radiopharmaceutical, a “positioning”
scintiphotograph was exposed for 500,000 counts.
The positioning film was used to determine the area
of the hepatic bed for the scintiangiographic inter-
pretation. Routine static hepatic scintiphotographs
were obtained 30 min after injection (Fig. 1).

The scintigraphic studies were evaluated in the
following manner. The distribution of radioactivity
within the liver was categorized as normal, “focal,”
“multifocal,” or “patchy.” A focal defect was one
that was well-defined and tended to be spherical.
Multifocal defects referred to two or more focal de-
fects. A patchy defect was definite but less well
defined and in many instances represented a general-
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ized irregularity of radioactivity distribution which
was difficult to define precisely.

Scintiangiograms were evaluated with reference
to aortic filling; the first 8 sec after the initial appear-
ance of the radioactive bolus in the abdominal aorta
were classified as the arterial phase. Normally, there
was only a small amount of radioactivity in the
hepatic bed at this time and this was called “normal
arterialization.” Abnormally increased radioactivity
in the hepatic bed during this phase was classified as
patchy, focal, multifocal, or generalized arterializa-
tion and was compared with patchy, focal, and multi-
focal defects seen on the scintigram. “Generalized
arterialization” was the term used when the entire
hepatic bed showed an increase in radioactivity.
Radiopaque arteriography was performed using the
percutaneous femoral approach of Seldinger (9).

Appropriate sections of the liver were fixed in
10% formalin, stained with hematoxylin-eosin, cut
into multiple 5-micron sections, and examined under
the microscope.

RESULTS

Patients with normal hepatic tissue (Table 1). In
one of the 23 patients in this classification, the scin-
tigram was normal but the scintiangiogram was ab-
normal and demonstrated a large arterialized lesion
with a necrotic center; this “tumor stain” was judged
to be extrahepatic and was correctly interpreted as
renal in origin (/0). In two patients, both the scin-
tigram and the corresponding scintiangiogram were
definitely abnormal (Fig. 2; Table 2). In both of
these patients with a known primary malignant le-
sion elsewhere in the body, the normal histologic
specimen was obtained by percutaneous needle bi-
opsy. In 20 patients, both the hepatic scintigram and
corresponding scintiangiogram were normal.

Patients with hepatoma. There are ten patients
with this finding, and in one, multiple focal lesions,
as seen on scintigraphy, were avascular throughout all
phases of scintiangiography (Table 2). Radiopaque
hepatic arteriography also showed the lesions to be
avascular (Table 3). Microscopic examination of
the tumor tissue showed relative avascularity of the
tumor as well as tumor in many of the portal veins.
In the other nine patients, hepatic scintiangiography
revealed a vascular lesion corresponding to the
defect seen on routine scintigraphy (Fig. 3). The
vascularity was evident in the early arterial phase,
within 4 sec, and persisted into the early venous
phase. In one of these nine patients, a portion of
the focal lesion was not arterialized due to necrosis
of tumor in this area.

Patients with hepatic metastases. There were 59
patients with a histologic diagnosis of hepatic metas-
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FIG. 1. Normal liver. (A) Static he-
patic images reveal normal liver as seen
on (from left to right) right posterior, left
posterior, right anterior, and right lateral
views. (B) Hepatic scintiangiogram. During
arterial phase (2-4, 4-6, 6-8 sec), radio-
activity is visvalized in aorta (A) and kid-
ney (k); persistent radioactivity is also seen
in heart (H) and right lung (L). Liver (hb), as
outlined by positioning film (POS), con-
tains paucity of radioactivity. During ve-
nous phase (8-10, 14-16 sec), liver con-
tains increased radioactivity.
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FIG. 2. Histologically diagnosed normal tissue
closed needle biopsy. (A) Static hepatic images reveal multiple
space-occupying lesions throughout liver on right anterior (top left),
right lateral (top right), and right posterior (bottom) views. (B) Posi-
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ing film outlines liver with definite space-occupying lesion identi-
fied in left lobe of liver. At 2—4 sec after initial appearance of radio-
activity in abdominal aorta, patchy arterialization was present
within hepatic bed which persisted throughout entire arterial phase.
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tases; 21 were defined by autopsy material, 21 by
operative biopsy, 16 by nonoperative biopsy, and 1
by both operative biopsy and autopsy. The sources
of the metastases were: lung, 14; colon, 11; breast,
8; pancreas, 6; stomach, 5; rectum, 4; gallbladder, 2;
prostate, 2; and 1 each from kidney, larynx, esopha-
gus, neuroblastoma, ovary, bladder, and sarcoma of
the groin. There was no difference in the frequency

TABLE 2. TWELVE PATIENTS IN WHOM
HISTOLOGY DID NOT CONFIRM
SCINTIANGIOGRAPHIC DIAGNOSIS

Histology Scintiangiogram Scintigram
Normal (3) Multifocal arterializa-
tion (1) Multifocal (1)
Generalized arterializa-
tion (1) Multifocal (1)
Focal arterialization due
to renal carcinoma (1) Normal (1)
Hepatoma (1) Avascular (1) Multifocal (1)
Metastases (8) Normal (8) Normal (3)
Patchy (2)
Multifocal (1)
Focal (2)

TABLE 3. COMPARISON OF THE RADIOPAQUE
ARTERIOGRAM WITH THE SCINTIANGIOGRAM
(TEN PATIENTS)

Arteriogram Scintiangiogram Diagnosis
Scintiangiogram correlated with arteriogram and histologic
diagnosis
Arterialized Arterialized Metastases (colon)
Arterialized Arterialized Metastases (breast)
Arterialized Arterialized Hepatoma
Arterialized Arterialized Hepatoma
Arterialized Arterialized Hepat

Scintiangiogram and arteriogram failed to correlate with
histologic diagnosis

Nonarterialized Nonarterialized Hepatoma
Scintiangiogram correlated with histologic diagnosis, but not
with arteriogram

Nonarterialized Arterialized Metastases (pancreas)
Nonarterialized Arterialized Metast (prostate)
Nonarterialized Arterialized Hepatoma
Nonarterialized Arterialized Hepat

P

FIG. 3. (opposite) Histologically verified hepatoma. (A) Static
hepatic images reveal large, solitary space-occupying lesion in right
lobe of liver on right anterior (top left), right lateral (top right), and
right posterior (bottom) views. (B) Positioning film defines heart,
lower part of right lung, lesion, and liver. At 2—4 sec after initial
appearance of radioactivity in abdominal aorta, focal arterialization
(arrow) was present and persisted throughout arterial phase (4-6,
6-8 sec); upper part of lesion was not arterialized and was necrotic.
(C) Radio-opaque arteriogram demonstrates vascular nature of lesion.
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FIG. 4. Histologically verified metastases to liver. (A) Static
hepatic images reveal normal-appearing liver except for mild en-
largement on right anterior (top left), right lateral (top right), and
right posterior (bottom) views. (B) Positioning film outlines liver. Dif-
fuse arterialization of hepatic bed is present (upper arrow); it
began 0-2 sec after initial appearance of radioactivity in abdominal
aorta and persisted throughout arterial ph (24, 4-6 sec). Ar-
terialization of liver is similar to arterialization of right kidney
(lower arrow).

of occurrence of a “tumor stain” in these various
histologic types of metastatic neoplasm.

In three patients, the scintigram and scintiangio-
gram were normal in the presence of histologic evi-
dence of metastases to the liver; two were found at
postmortem examination and one by operative biopsy
(Table 2). In one patient, there was a 10-day inter-
val between the study and postmortem examination,
and in the second patient, there was a 2-month in-
terval between the study and open biopsy of the
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liver. In the third patient, only 1-2-mm subcapsular
metastases were seen at postmortem examination
performed 2 days after the scintigraphic studies.

In two patients the scintigram was normal, but
the scintiangiogram revealed generalized arterializa-
tion of the hepatic bed (Fig. 4). Multiple small
metastases were seen on microscopic sections ob-
tained at autopsy in one patient and by operative
biopsy in the other patient.

In 54 patients, focal, multifocal, or patchy defects
were noted on scintigrams. In 34 of these 54 pa-
tients there was focal or multifocal arterialization
corresponding to focal defects seen on scintigrams.
In 15 of these 54 patients there was generalized ar-
terialization of the hepatic bed. Of these 15 patients,
12 had multifocal defects, 1 had a focal defect, and
2 had patchy defects seen on scintigraphy. In 5 of
these 54 patients, multifocal or patchy defects on
scintigraphy were associated with a normal scinti-
angiographic pattern (Table 2).

Correlation of hepatic scintigram, scintiangiogram,
and radiopaque arteriogram Hepatoma verified his-
tologically. In four of six patients, the hepatogram
phases of the scintiangiogram and radiopaque arteri-
ogram correlated well (Fig. 3, Table 3). In two, they
did not correlate and the scintiangiogram correctly
defined the vascular nature (“tumor stain”) of the
lesion and correlated with the histologic findings. The
radiopaque arteriogram failed to reveal the tumor
stain but did reveal slight irregularity of the vessels
in the involved area.

Metastases verified histologically. In two of four
patients, the radiopaque arteriogram showed avas-
cular space-occupying lesions of the liver whereas
in all four patients the scintiangiogram demonstrated
vascularity during the arterial phase, representing
“tumor stain” (Fig. 5).

DISCUSSION

Hepatic scintiangiography is one method for eval-
uating space-occupying lesions of the liver seen on
routine scintigraphy. The attraction of this method
has been its ready availability and simplicity.

Percutaneous needle biopsy can miss up to 30%
of liver metastases, and selective radiopaque arteri-
ography can miss at least 10% (I71). It is well
established that a tumor stain is one of the most com-
mon and definitive radiopaque arteriographic cri-
terion for the diagnosis of neoplastic diseases of the
liver (12,13). Anatomic studies in animals and hu-
mans have shown that malignant neoplasms growing
in the liver acquire an exclusive blood supply from
the hepatic artery (3,6,7). These last two facts are
the basis of the role hepatic scintiangiography plays
in the detection of neoplasms of the liver. During
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’

hepatic scintiangiography the ‘“arterialization” of a
lesion within the first seconds after the appearance
of the radioactive bolus in the abdominal aorta is
comparable to the “tumor stain” noted on radiopaque
angiography (7).

If the arterialization seen on the scintiangiogram
corresponds with a defect seen on the scintigram,
neoplastic involvement of the liver is a strong prob-
ability. Likewise, if multifocal lesions on scintigraphy
are accompanied by generalized arterialization of the
hepatic bed, neoplasm is also a high probability.
Scintiangiography is, therefore, a method for increas-
ing the specificity of diagnosis. In the presence of
lesions smaller than the resolution of present detector
systems as well as lesions which are avascular, a
“tumor stain” may be absent.

600

FIG. 5. Histologically verified metastases to liver. (A) Static
hepatic images reveal multiple space-occupying lesions throughout
liver on right anterior (top left), right lateral (top right), and right
posterior (bottom) views. (B) Positioning film outlines liver. Patchy ar-
terialization of hepatic bed (upper arrow) is present; it began 0-2
sec after initial appearance of radioactivity in abdominal aorta
and persisted throughout arterial ph Arterialization of liver is
similar to arterialization of kidney (lower arrow). (C) Radiopaque
arteriogram reveals multiple avascular areas stretching and dis-
placing vessels (arrows).

From our series, a normal scintigram and scinti-
angiogram appear to make neoplastic involvement
of the liver improbable. However, scintiangiography
by itself is less sensitive than scintigraphy for the
detection of space-occupying lesions of the liver
(Table 1). There were nine false-negative scinti-
angiograms in patients with histologic evidence of
neoplasm in the liver. In addition, three patients had
abnormal scintiangiograms without histologic evi-
dence of neoplasm in the liver. Superficially these
would appear to represent false-positive studies but
in reality they do not. In two patients, the scintigrams
were virtually diagnostic of metastases and the other
study revealed an extrahepatic neoplasm (10).

Two other patients with known primary neoplasms
outside the liver demonstrated normal scintigrams
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with an abnormal scintiangiogram and proved to
have hepatic metastases; these represented instances
in which scintiangiography was particularly useful.
Although this pattern is suggestive of neoplastic in-
volvement of the liver, it may be caused by extra-
hepatic neoplasms.

In the comparison of hepatic scintiangiography
with radiopaque arteriography (Table 3), scintian-
giography was found to be a more sensitive method
for detecting arterialization or “tumor stain,” reflect-
ing increased blood flow through the capillary and
sinusoidal vessels more readily. There was .no dif-
ference by scintiangiography in the frequency of
occurrence of a “tumor stain” in the various histo-
logic types of metastatic neoplasms. With radiopaque
arteriography, if the primary tumor is vascular such
as hypernephroma, carcinoid tumor, or leiomyoma
of the gastrointestinal tract, the metastases will be
vascular; poorly vascularized primary tumors such
as adenocarcinoma of the gastrointestinal tract or
pancreas will have avascular metastases by radi-
opaque arteriography (I1-I14). The extent and in-
tensity of arterialization appear to correspond to
the relative amounts of vascularity and necrosis noted
histologically (7).

Since the degree of vascularity of hepatic lesions
is well defined by scintiangiography, has good cor-
relation with the histologic findings, and has greater
sensitivity than radiopaque angiography, it should
be part of the evaluation of the liver for neoplastic
involvement.
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