
A year's experience with liver scintiphoto
graphic interpretation was reviewed and corre
lated with available liver histologic and anatomic
Iindings.Furthercorrelationwasmadewith
available liver function tests and clinical esti
mation of liver size. Liver histology or informa.
tion from lapizrotomy without biopsy was avail.
able for comparison in 173 patients. In .143
patients (83%) there was complete agreement
in the comparison while in 30 patients (17%)
there was some area of disagreement. In 137
agreement cases with proven liver abnormality
the scintiphotography was more sensitive in
demonstrating the abnormality than combined
liver function tests and clinical estimation of
liver size in 20% of patients with malignant
liver disease, 35% of patients with benign space
occupying lesions of the liver, and 14% of pa.
tients with parenchymal liver disease. Liver
scintiphotography appears to be highly sensitive
in detecting all types of liver abnornwlity and
is recommended as a primary method of investi
gating suspected liver abnormality.

Liver imaging by rectilinear scanning or scinti
photography shows the size, shape, position, and
structure of the liver by the phagocytic action of
hepatic reticuloendothelial cells on intravenously in
jected particles of radioactive colloid. This diag
nostic information is not easily obtained by any
other study technique. Normally, reticuloendothelial
cells are uniformly distributed throughout the liver.
Absence, displacement, or decreased function of
these cells causes a decrease of radiocolloid in the
affected area.

Some controversy exists as to the sensitivity of this

study technique, particularly when compared to rou
tine liver function tests as a means of detecting liver
abnormality. Gollin ( 1 ) suggested in 1964 that
scanning was slightly more sensitive than serum al
kaline phosphatase tests in detecting focal liver dis
ease. Smith and Williams (2) reported in 1968 little
evidence that scanning was more accurate than the
more simple BSP and alkaline phosphatase tests in

detecting focal liver disease and resulted in a high
percentage of false-positive and false-negative re
ports. Ferrante and Maxfield (3) reported in 1968

that scans were helpful in diagnosing large hepatic
lesions but were less accurate than needle biopsy
and tests of function in diffuse hepatic disease. Jhin
gren, et al (4) reported in 1971 that radioisotope
imaginggave fewer false positives than liver function
tests and was as accurate as a combination of BSP
and alkaline phosphatase tests in detecting metastatic
hepatic disease. In the first three reports, imaging had
been performed using 198Au-colloid and the recti
linear scanner, and the fourth report included studies
using this method and ftomTcsulfur colloid and the
scintillation camera. Since 1967, the University of
California, San Francisco, has used the scintillation

camera and Â°Â°@â€˜Tc@sulfurcolloid exclusively for all
liver imaging (5â€”8). It is the purpose of this report
to evaluate the sensitivity of liver scintiphotography
in detection of proven liver abnormality and cor
relate it with liver function tests and clinical estima
tion of liver size as an index of abnormality.

METHODS

All liver scintiphotographic examinations per
formed at this hospital from May 1967 to May 1968

were reviewed and compared with available anatomic
liver findings from necropsy, open surgical biopsy,
laparotomy without biopsy, and needle biopsy. All
scintiphotographic studies had been made using
RCmTc..sulfur colloid ( 3.5 mCi i.v. with adjustment
by body weight for children) . An anterior view of
the liver with a lead costal margin marker was made
recording 500,000 counts. The marker was then re
moved and anterior, lateral, and posterior views of
the liver and spleen using the same time exposure
were performed (Fig. I ) . The liver scintiphotographs
were evaluated in the following respects: (A) the
size, shape, position, and general outline of the liver
and spleen; (B) the relative amounts of colloid uptake
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III Model 6404, manufactured by Nuclear-Chicago
Corporation, Des Plaines, Ill.), space-occupying
lesions 2 cm or smaller were expected to appear as
an irregularity of labeling rather than as focal defects.
Less well-localized liver diseases such as fatty
change, fibrosis, congestion, and hepatitis should
have appeared as a more generalized abnormality
with irregular decrease of labeling unless accom
panied by areas of necrosis or nodular fibrosis large
enough to cause focal abnormalities. Anatomic cor
relations were quite clearcut in the necropsy series
where the entire liver was available for examination.
The correlations were also well-defined in the sur
gical biopsy cases and, for the most part, in patients
who had laparotomy without biopsy and in whom
abscesses, cysts, or metastatic nodules were seen. In
the needle biopsy cases with limited tissue available,
a more general correlation was necessary. Thus, if
focal or localized abnormalities were reported on
the liver scintiphotographic study and metastatic
disease was reported by needle biopsy, the findings
were considered in agreement. Over 90% of the liver
scintiphotographic studies had been interpreted by
one observer (MRP) and reported immediately after
they were performed. All cases in disagreement due
to original misinterpretation of the study were re
corded as such.

These cases were then compared with available
liver function tests performed at the approximate
time of the liver study. The three liver function tests
most frequently available were the BSP retention at
45 mm, the serum alkaline phosphatase,and the
serum bilirubin. Usually, when other tests were ab
normal, there were equivalent abnormality in one or
more of the evaluated tests. The tests were recorded
as normal or minimally, moderately, or markedly
abnormal as determined from Table 1. A single rat
ing was used to express the results of all testsâ€”the
rating reflecting the most abnormal test not known
to be related to extrahepatic disease. For example, if
the alkaline phosphatase were markedly abnormal
but the BSP and serum bilirubin were normal, the
tests were recorded as markedly abnormal.

In those cases where the degree of abnormality as
seen in the liver scintiphotographic study was more
marked than that expressed by the liver function
tests, a further comparison was made with the clini
cal examination of the liver size at the time of the
study.

RESULTS

The study included 61 3 examinations on 512 con
secutive patients. Of these, 173 ( 34% ) had avail
able liver findings from necropsy, surgical biopsy,
laparotomy without biopsy, and percutaneous needle

(with coatal
r.arqin â€˜iarker)

F1G.1. Resultsof normalliverexaminaflonthatwerecon
firmed by extensive histologic evaluation one week after sdnti
photographk study. Conventional views of liver and spleen are
shown n addition to anterior view of liver. Radiopaque markers
are superimposed over liver image at costal margin on right and
xyphoid process in one view to show liver position with patient
supine. Liver labeling is uniform and normal in amount with
reference to spleen labeling.

by the liver, spleen, and bone marrow in comparison
to the relative volumes of each organ; and (C) the
internal distribution of colloid within each organ.
Localized areas of decreased colloid uptake having
well-defined margins and definite shapes were called
â€œfocalâ€•abnormalities and were described according
to size, shape, and location (Fig. 2) . Large focal
abnormalities were usually visible in more than one
standard view. Decreased colloid uptake with no
well-defined margins were described as â€œirregular
labelingâ€• (Fig. 3).

The original written interpretations were classi
fled as normal or minimally, moderately, or markedly
abnormal. Mixed abnormalities with focal lesions
clearly more prominent than irregularity of labeling
were classified as focal. Analysis was restricted to the
liver although the size of the spleen and uptake of
colloid by the spleen and bone marrow are always
important considerations in interpreting the study.

In comparing the study interpretations with avail
able anatomic information, the data were considered
in â€œagreementâ€•if both the scintiphotographic study
and the anatomic findings were both normal or simi
larly abnormal in character (well-defined focal le
sions or generalized or localized abnormality) , de
gree (minimal, moderate, or marked) , and location.
For the purpose of this review, any variance of
character, degree or location of abnormality between
the scintiphotographic study and liver examination
constituted â€œdisagreement.â€•

Space-occupying or other localized liver lesions
such as metastatic nodules, abscesses, or cysts were
expected to appear as focal abnormalities if the size
of the individual lesions exceeded the minimal spacial
resolution of the scintillation camera (9) . Because
of the resolution limits of the camera (Pho/Gamma
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the liver, 17 had benign space-occupying lesions or
extrinsic pressure defects, and 64 had parenchymal
liver diseases.

Fifty.six cases of malignant liver diseases with
scintiphotographicand histologicor laparotomy find.
ings in agreement. The 56 patients with malignant
diseases of the liver included one case of primary
hepatoma and 55 cases of metastatic tumor. The
liver scintiphotographic evaluation of these 56 pa
tients showed focal abnormalities in 44 (79% ) and
irregularity of labeling in 12 (2 1% ) . The 12 cases of
metastatic malignancy with irregularity of labeling
consisted of 3 patients with leukemia or lymphoma
causing diffuse malignant infiltration rather than
malignant nodules and 9 patients with small meta
static nodules measuring 2 cm or less in size. In 5
of these 9 cases, the observed irregularity of labeling
was localized in one or more areas of the liver by
liver scintiphotographic study rather than being more
generally distributed as might be expected with
parenchymal diseases.

In the malignant disease cases, the abnormality
shown by liver scintiphotographic study was corn
pared with the degree of abnormality shown by the
liver function tests: 27 (48 % ) showed the same
degree of abnormality; 24 (43 % ) showed greater
abnormality by the liver scintiphotographic study
than by liver function tests; and 5 (9% ) showed
liver scintiphotographic abnormalities less abnormal
in degree than liver function tests. Of the 24 cases
with more marked scintiphotographic abnormality,
18 showed moderate to marked abnormalities at a
time when the liver function tests were normal (12
cases) or minimally abnormal (6 cases) ; 6 of
the 18 cases had both normal liver function tests
and normal sized livers by clinical examination;
one had a minimal liver function test abnormality
and normal sized liver by clinical examination; four
had normal liver function tests and minimal liver en
largement by clinical examination; five had minimal
liver function test abnormalities and minimal liver en
largement by clinical examination; and two had nor
mal liver function tests and livers that were moder
ately to markedly enlarged by clinical examination.
The liver scintiphotographic abnormalities were focal
in 16 and irregular in 2 of these 18 cases. Thus, in
11% of the cases with malignant liver disease, the
liver scintiphotography showed highly significant
abnormalities at a time when the liver function tests
and liver size by clinical examination were both nor
mal, and another 18 % showed major liver scinti
photographic abnormalities at a time when the liver
function tests and liver size by palpation considered
together suggested no more than minimal liver ab
normality.
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F1G.2. Moderatelyseverecirrhosishascauseddecreasedliver
labeling relative to spleen labeling, irregularity of liver labeling,
and increased prominence of interlobar and intersegmental fis.
sures of liver (best shown by right lateral scintiphotograph). In.
creased prominence of fissures suggests increase of liver con.
sistency, as would be expected in cirrhosis. Estimated volume
of liver appears to be in upper normal ranges. Decreased liver
labeling by colloid implies reduced hepatic portal blood flow.
Reduction of portal return provides increased opportunity for
spleen and marrow labeling, which is seen in this set of photo.
graphs. Spleen is brightly labeled and is also somewhat enlarged,
consistent with portal hypertension. Central marrow labeling is
somewhat increased, which is best seen as visible labeling within
vertebral bodies in right posterior view. No evidence is seen of
any well-defined focal defect within liver or spleen such as would
be caused by massesthat displace liver or spleen parenchyma.

biopsy. Mean time intervals were 7.8 weeks for the
necropsy cases, 28 days for the open surgical biopsy
cases, 29 days for the laparotomy without biopsy
cases, and 10 days for the punch-needle biopsy cases.
The time interval between the camera study and
liver examination was considered insufficient to in
validate the comparison in each case. Of these 173
cases, 143 (83 % ) met the criteria for liver scinti
photographic study agreement with histologic or
laparotomy findings and 30 ( 17% ) showed some
area of disagreement. The percentage of agreement
was higher in the necropsy (93% ) and open sur
gical biopsy (96% ) cases than in the laparotomy
(84% ) and percutaneous-needle biopsy (67%)
cases where the anatomic liver examination was
more limited. These data are summarized in Table 2.

One hundred and forty-three cases with scinfiplv.
tographic and histologic or laparotomy findings in
agreement. The 143 patients with agreement of scm
tiphotographic and histologic or laparotomy findings
were classified by anatomic liver diagnosis into those
with normal livers, those with malignant disease of
the liver, those with benign space-occupying lesions
or extrinsic pressure defects of the liver, and those
with parenchymal diseases of the liver. Of the 143
cases, 6 had anatomically normal livers and 137 had
liver abnormalities. All 6 cases with normal livers
had both normal liver scintiphotographic studies and
normal liver function tests. Of the 137 patients with
liver abnormalities, 56 had malignant diseases of



TABLE1 CLASSIFICATION OFFINDINGS.
BY LIVERFUNCTIONTESTSAlkalineBSP(%

phos.retention
phataseTotalat

45 (SJ.R.bilirublnmm)
units)(mg%)Normal

Lessthan 6Less than 1
Minimally abnormal 7â€”10 6.9-81â€”3Moderately

abnormal 10â€”20 8â€”123â€”6Markedly
abnormal Over 20 Over 12 Over6TABLE

2. LIVERSCINTIPHOTOGRAPHYâ€”.LIVER
ANATOMYCORRELATIONAgree

agree
No. of ment % of ment %ofcases

group group groupgroupNecropsy

54 50 93 47Open
surgicalbiopsy(wedge

or needle) 24 23 96 14Laparotosiy
withoutbiopsy

37 31 84 616Percutaneous
needlebiopsy

58 39 67 1933TOTALS

173 14330Percent
of total 83 17

LIVER SCINTIPHOTOGRAPHY

abscess, hematoma of the liver, and a cavernous
transformationof the hepatic vein (with extrinsic
pressure defect)â€”all showing marked focal abnor
malities by liver scintiphotography. Thus, in 6
(35 % ) of these 17 patients the liver scintipho
tographic study showed highly significant abnor
malities at a time when the liver function tests and
clinical estimation of liver size were both normal or
when considered together suggested only minimal
abnormality.

@ 5jxf@y.f@jrcasesof parenchymal liver diseasewith
scintiphotographic and histologic or laparotomy find.
ings in agreement. Of the 137 patients with agree
ment between the liver scintiphotographic and his
tologic or laparotomy findings, 64 had various forms
of parenchymal liver diseases. The liver scintipho
tographic study showed a generalized irregularity of
labeling in 61 (95 % ) of these patients and both
focal abnormalities and irregularity of labeling in
three (5 % ), one case of biliary cirrhosis, and two
cases of postnecrotic cirrhosis. Comparison of the
liver scintiphotographic study with liver function
tests showed that 20 (3 1% ) had the same degree
of abnormality; 12 (19% ) showed greater liver
scintiphotographic abnormality than liver function
test abnormality; and 32 (50% ) showed liver scm
tiphotographic findings less abnormal in degree than

FIG.3. Enlargedliverwithsharplydefinedfocaldefectsof
labeling in all segments of major lobes. Uptake of colloid by
liver, compared with that of spleen, is decreased. Spleen is slightly
enlarged. Finding of well-defined focal defects scattered through.
out liver image in associationwith mild liver enlargement is con
sistent with space-occupyinglesions in liver. Generalized decrease
of liver uptake of colloid shown here is often seen with extensive
involvement by malignant disease. It suggestsgeneralized abnor.
mality of reticuloendothelial function in liver parenchyma or of
distribution of hepatic blood flow. This abnormality appears not to
be severe portal hypertension, since spleen is only slightly in
creased in size and bright labeling that would be expected with
moderate to marked portal hypertension is absent. Characteristics
of defects of liver labeling that identify them as focal defects
are their well-defined margins around complete circumference of
each intrahepatic defect. They are readily distinguished from
surrounding liver tissue. Individual defects may be identified in
more than one view, indicating exact position of lesionswithin liver
and confirming intrahepatic location.

Seventeen cases of benign space-occupyinglesions
or extrinsic pressure defects with scintiphotographic
and histologic or laparotomy findings In agreement.
Of the 137 patients with agreement between liver
scintiphotographic findings and histologic or laparot
omy findings, 15 had benign space-occupying lesions
within the liver and two had extrinsic pressure defects
in the liver. All of these 17 patients showed focal
abnormalities in the liver scintiphotographs. Corn
parison of degree of abnormality found in the liver
function tests in these 17 patients showed that seven
(41 % ) had the same degree of abnormality, ten
(59 % ) showed greater abnormality by liver scm
tiphotography than by liver function tests, and none
showed less abnormality by liver scintiphotography
than by liver function tests. In seven of the ten pa
tients with more marked scintiphotographic abnor
mality, the liver study showed a moderate to marked
abnormality whereas the liver function tests were nor
mal in six and minimally abnormal in one. The livers
in these seven patients were clinically normal sized in
three, minimally enlarged in three, and moderately
enlarged in one. These seven cases included four
hepatic abscesses and one each of polycystic liver
disease, benign adenoma of the liver, and pancreatic
pseudocyst exerting extrinsic pressure. The remain
ing three of these ten cases had moderate liver func
tion test abnormalities and included an hepatic
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of a normal anatomic variant (an unusual costal
margin impression) that was erroneously interpreted
as an intrahepatic focal abnormality.

Of the 24 cases considered unresolved, one had
open surgical biopsy of the liver, six had description
of the liver visually and by palpation at the time of
laparotomy without biopsy and 17 had liver tissue
descriptions from percutaneous-needle biopsies. Pn
mary carcinoma was known to be present at sites
other than the liver in 8 of these 24 cases. The liver
scintiphotographic studies showed focal abnormali
ties in six of these and irregular labeling in two.
The liver as described at surgery (three cases) or by
percutaneous-needle biopsy (three cases) was normal
except for a single case that showed minimal lympho
cytic infiltration. The liver function tests in the eight
carcinoma cases were normal in one, minimally ab
normal in three and moderately to markedly abnor
mal in four. Another 10 of the 24 unresolved cases
had primary diseases frequently associated with liver
abnormalities. Of these ten, five had irregularity of
labeling and five had focal abnormalities by liver
scintiphotographic study. The liver was described at
surgery (one case) or by percutaneous-needle biopsy
(nine cases) or normal (eight cases) or minimally
abnormal (two cases) but less abnormal in degree
than indicated by the scintiphotographs. Liver func
tion tests in these ten cases were normal in two, and
moderately to markedly abnormal in eight.

The remaining 6 of the 24 unresolved cases had
diseases infrequently associated with liver abnor
mality (two with G.I. bleeding, two with fever of Un
known origin, one with pneumonia, and one with pul
monary tuberculosis) . The liver tissue as described
by percutaneous-needle biopsy was normal in five of
these cases; the other case showed minimal fatty
change that was less in degree than the reported scm
tiphotograph abnormality. The liver function tests
were minimally abnormal in two, and moderately to
markedly abnormal in four of these six cases.

Thus, of the 24 unresolved disagreement cases,
all had liver scintiphotograph study abnormalities
and liver function tests were abnormal in 19 but 21
had normal liver description reported by punch
needle biopsy or liver observation and palpation at
surgery. The remaining three unresolved cases showed
minor liver abnormalities inconsistent with the more
marked abnormality seen by liver scintiphotographs
at a time when liver function tests were moderately
to markedly abnormal. The abnormal liver function
tests in the great majority of the unresolved cases
strongly indicate that significant hepatic abnormality
existed and would have been apparent with more
extensive histologic examination of the liver.

liver function studies. Of the 12 cases showing more
marked scintiphotographic abnormality, ten showed
moderate to marked scintiphotographic abnormali
ties at a time when liver function tests were normal
(two cases) or minimally abnormal (eight cases).
These ten cases included six with fatty change, two
with diffuse fibrosis, and one each of cholangitis and
hemochromatosis. The clinical estimation of liver
size was normal in six, minimally enlarged in two,
and moderately to markedly enlarged in two of these
patients. Thus, in eight ( 14% ) of the cases with
parenchymal liver diseases, the liver scintiphoto
graphic studies showed highly significant abnormali
ties at a time when the liver function tests and clinical
estimation of liver size were both normal or, when
considered together, suggested minimal liver abnor
mality.

Patients with scintiphotographic abnormality less
than liver function test abnormality. The patients
with malignant liver disease and hepatocellular dis
ease included 37 with scintiphotographic abnormality
less marked in degree than liver function test abnor
mality. These 37 patients included 21 with either
obstructive jaundice (7 cases) or far advanced
hepatocellular disease ( 14 cases) to account for
the markedly abnormal liver tests. The scintiphoto
graphic study showed minimal abnormality in 13 of
these cases, moderate abnormality in 24, and in none
was it interpreted as normal.

Disagreement of scintiphotographic and histologic
or laparotomy findings.Of the 173 cases, 30 ( 17%)
failed to meet the criteria for agreement between liver
scintiphotographic study and histologic or laparot
omy findings. In one of these cases the disagreement
was actual, in five the disagreement was due to mis
interpretation of the liver scintiphotographic study,
and in 24 the disagreement was considered unre
solved. The one case of actual disagreement occurred
in a patient who died of acute heart failure following
surgery 11 days after the scintiphotography, which
was interpreted as normal. In all probability the
markedly enlarged liver with congestive changes
found at necropsy developed after the liver scintipho
tographic study was performed. The five cases of dis
agreement due to liver scintiphotographic study mis
interpretation included three cases of minimal to
moderate liver parenchymal diseases with the liver
scintiphotographs interpreted as normal when there
was actually minimal to moderate irregularity of
labeling; a fourth case had extensive liver involve
ment with 2 cm or smaller metastatic nodules with
the liver scintiphotograph interpretation reported as
showing minimal irregularity of labeling when mod
erate irregularity was present; the fifth case was that
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liver scintiphotographic abnormality when simul
taneous liver function tests and clinical estimation of
liver size were either normal or no more than mini
mally abnormal in 29 % of patients with malignant
diseases, 35% of cases with benign space-occupying
lesions, and 14% of cases with parenchymal liver
diseases.

CONCLUSIONS

Liver scintiphotography with the Anger scintilla
tion camera and Â°9â€•Tc-sulfurcolloid is a highly sen
sitive method for detecting liver abnormality. The
method appeared to be accurate for identifying the
normal liver in a small number of cases. Liver scm
tiphotography is frequently more sensitive in detec
tion of hepatic abnormality than the usual liver
function tests and clinical estimation of liver size.
In addition, the liver scintiphotographic examina
tion provides unique anatomic information about the
extent and distribution of liver lesions. This informa
tion can be used to select a site for percutaneous
needle biopsy, for serial evaluation of abnormalities,
or for detecting new lesions in a liver that is already
known to be abnormal by prior examinations. The
liver scintiphotographs provide useful information
about the anatomy of liver abnormalities, but a bi
opsy is required for exact diagnosis. Thus, liver scm
tiphotography is a highly useful adjunct to the more
conventional tests for all types of liver abnormality
and appears to have an accuracy and sensitivity, if
not specificity, that recommend it as a primary test
for liver evaluation in any patient who might have
significant hepatic disease.
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DISCUSSiON

Of the 512 patients reviewed, 173 (34% ) had
information available from histologic examination of
the liver or from examination during laparotomy
without biopsy. In 84% of the cases, there was
anatomic agreement between the interpretation of
the scintiphotographic study and the available his
tologicor laparotomy information. Disagreementwas
found in 30 cases. The agreement cases included six
normal livers, 56 abnormal livers due to malignant
liver disease, 17 abnormal livers due to benign space
occupying lesions, and 64 cases with parenchymal
liver disease.

Of the 30 disagreement cases, one showed actual
disagreement and five disagreed because of misinter
pretation of the scintiphotographs. The single case
of actual disagreement is probably due to liver
change occurring after the scintiphotographic study
was performed. The five cases of disagreement due to
scintiphotographic misinterpretation were largely a
matter of underinterpretation in that minimally ir
regular uptake of colloid in three patients was inter
preted as a normal, small structure of the liver, and in
a fourth patient a moderately abnormal scintiphoto
graphic study was interpreted as minimally abnormal.
The fifth study was misinterpreted because of failure
to recognize an unusual costal margin impression
upon the liver and interpretation of the area as a
focal abnormality in the liver.

The 24 unresolved cases are instances of definite
scintiphotographic abnormalities in patients who gen
erally also had abnormal liver function tests but
where the available tissue was reported as normal
or showed less abnormality than shown by the liver
scintiphotographs. (A late followup study 9 months
after the original study and I 8 months after the liver
scintiphotograph examinations showed that 3 of the
24 unresolved cases had either surgical or postmor
tern examination of the liver with findings in agree
ment with the scintiphotographic examination.)

The types of intrahepatic abnormalities seen in
the images correlated well with the types of disease
present in the liver. Focal abnormalities were iden
tified in 79% of patients with malignant diseases of
the liver and in 100% of patients with benign space
occupying lesions. Irregular uptake of colloid, usu
ally generalized, was seen in 95 % of patients with
hepatic parenchymal diseases. Small metastatic nod
ules of a size below the spatial resolution of the
scintillation camera and infiltrative malignant dis
eases of the liver appeared as irregularity of liver
labeling.

A comparison of the degree of abnormality in the
liver scintiphotographs and the liver function studies
for the agreement cases showed moderate or marked
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