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Cavernous hemangioma is the most common benign tu
mor of the liver (1). Thus, there is an increasing need to
distinguish hemangioma from malignant tumors or metas
tases. Computed tomography (CT) has been reported in
several articles to be a relatively poor imaging technique
for diagnosing cavernous hemangioma of the liver (2â€”4).
Angiography and biopsy can usually establish the diag
nosis with certainty but are not without risk. Technetium
99m red blood cell (RBC) imaging is a highly specific test
for hemangioma (2,5, 6, 7); however, its sensitivity for he
mangioma less than 2â€”3cm in diameter is rather limited
compared to magnetic resonance imaging (MRI) (2,5, 8, 9).
Therefore, this study evaluates an alternative reading of

@â€œTc-RBCsingle-photon emission computed tomogra
phy (SPECT). For this purpose, assessment of planar
imaging and conventional, static 99mTc@RBCSPECT pre
sentation were compared to dynamic display of SPEC!'
slices.

MATERIALANDMETHODS
From 1985 to 1990 @rTc@RBCscanning was performed in 39

patients with focal lesions of the liver. There were 24 females
and 15 males aged 31â€”74(average 55.3 yr). Of these patients, 21
had hemangiomas (Fig. 1). All patients had initial US. Confir
mation of diagnosis was made by CT and MRI in addition to
clinical and imaging follow-up over 1.5â€”6yr. Supplementary
cytology and histology were available in five patients with a
known primary diagnosis of malignancy and in one patient with
myxoma. Of the control group (18/39 patients), 3 patients had
hepatocellular carcinoma and 15 had metastases (26 lesions)
(Table 1). Metastases were confirmed by biopsy in all patients.

ScintigraphicImaging
All patients had a @â€˜Tc-RBCstudy utilizing in vivo/in vitro

labeling technique of red blood cells (10). Scintigrams were
acquired 2 hr after intravenous injection of 700â€”800MBq @â€˜@â€˜Tc
labeled RBC. No initial flow studies were obtained. Planar im
aging was performed for a total of 750,000 counts in anterior,
posterior and right lateral projection using a large field of view
gamma camera with a low-energy, all-purpose collimator.
SPEC!' was obtained using a dual-head, large field of view
gamma camera (Dyna Digital Camera, Picker International,
Northford, CF) with low-energy, all-purpose collimators (180Â°

This paperreportsthe resultsof a prospectivestudycarried
out to evaluate a new reading method of tomographic @Tc
red bloodcell (ABC)imagingin liverhemangiomas.Forthis
purpose,assessmentof planar imagingand conventional,
static @Tc-ABCSPECT presentation (x-ray type film)
(Method1)wascomparedto a dynamicthree-viewdisplayof
SPECTslices (Method2) in 21 patientswith 56 hemangio
mas and 18 patientswith malignantliver lesions.Of the 56
hemangiomas,47werediagnosedby US,6 by CTand56 by
MRI. Twenty-nine(52%) hemangiomaswere detected by
planar scintigraphyand 38 (68%) by SPECT Method 1,
whereas 53 (95%) were visualizedby SPECT Method 2.
Comparing Methods 1 and 2 in hemangiomas 1.0 cm,
1.1â€”2.0cm and 2.1â€”3.0cm in diameter, Method 2 improved
sensitivity from 18% to 82%, 50% to 93% and 82% to 100%,
respectively. The smallest hemangioma detected with
Method 2 was 0.5 cm in diameter; with Method 1, 0.9 cm; and
with planar imaging,1.0 cm. As assessedby evaluationof
the metastasesandcarcinomas,the specificityfor hemangi
oma was 100%, independent of the method applied, resulting
in a positive predictive value of 100%. This study suggests
that evaluationof dynamicallydisplayed @Tc-ABCSPECT
studies is superiorto conventionalreadingof static display
andcomparableto MAI in liverhemangioma I cm.There
fore, this approachis suggestedas an alternativeto MRIfor
confirming the diagnosis of liver hemangioma 1 cm if
planarimagingis negative.Thisoptionis availablewithmost
modern computer software systems and saves additional
disbursement.

J NucIMed1993;34:375â€”380

he continuing development of high resolution real
time sonographic equipment in addition to the continu
ously rising spread of sonographic scanners leads to an
increase in the detection of focal intrahepatic lesions.
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FIGURE 1. TypicalappearanceofhemangiomainMRI,CTand @Tc-RBCSPECT.(A)TransverseT2-weightedimageshows
a large lesion with increasedsignal intensity in the right lobe of the liver. (B) SequentialCT imagesat the same level demonstrate
characteristicappearancewith early peripheralenhancementfollowed by filling in of the central part. (C) Transverseslice of ABC
SPECTshowsa largeareawithincreasedactMtyuptake(arrowhead).Thespleen(S)is depicted.

rotation, 32 angle steps, 64 projections, 40 sec per angle step,
64 x 64 pixel matrix). A series of transverse slices 6 mm thick
were reconstructed using filtered backprojection. No attenua
tion correction was applied. Coronal and sagittal views were
reconstructed from transverse slices without any additional fil
tering.

Image Interpretation
Scintigraphic studies were evaluated prospectively. Techne

tium-99m RBC planar and SPEC!' studies were each reviewed
blinded in random order without knowledge of the diagnosis and

lesion location. SPEC!' interpretation was made in two different
ways:

1. Conventional static method, images were displayed in
black and white on x-ray type films. Transverse, sagittal
and coronal slices were evaluated simultaneously.

2. Dynamic display method, transverse, coronal and sagittal

views were displayed side by side, without any smoothing,
one cross-section per view, on a monitor screen with the
option of sequential step-by-step viewing and cine display
of the set of slices. Each slice could be identified by

TABLE 1
Scintigraphic Aesults for 39 Patients
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Final Diagnosis and



PatientNo.ofSizeSPECTSPECTno.lesions(cm)
US*MRItC@Planar@Method1@MethOd2@

TABLE 2
ImagingDataof 21 Hemangioma-PositivePatients

1 1 4.0+ + + + +
2 5 4 + + + + + +

2.1 + + â€” + +
1.5+ + â€” â€” +

1.3+ + â€” â€” +
0.5+ + â€” â€” +

3 3 1.8+ + + â€” â€” +
1.2 + + + + +
1 + + â€” â€” +

4 5 3.5+ + + + +
2.5+ + â€” + +
1.2 + â€” + +
1 + â€” â€” +

0.9 + â€” + +
5 3 3.5+ + + â€” + +

1 + + + + +
0.8+ + â€” â€” +

6 1 4 + + + + +
7 1 5 + + + + +
8 1 8 + + + + + +
9 6 7 + + + + +

3 + + + + +
3 + + â€” + +

2.8 + + â€” +
2.5 + â€” + +
2 + â€” â€” +

10 3 4.5+ + + + + +
1 + + â€” â€” â€”
1 + â€” â€” â€”

ii 3 6 + + + + +
1 + + â€” â€” +
1 + â€” â€” +

12 2 4.5+ + + + +
2 + â€” + +

13 4 5 + + + + +
5 + + + + +
2 + + + + +
2 + + â€” â€” +

14 2 7 + + + + =
1 + + â€” â€” +

15 2 5.3+ + + + + +
2.7+ + + + +

16 4 2.9+ + + + +
2.6+ + + + +
2.2+ + â€” â€” +
1.7+ + â€” â€” +

17 3 4.4+ + + + +
3.8+ + + + +
1.7 + + â€” + +

18 4 2.8+ + + + +
1.9 + + â€” + +
1.8 + + + + +
1.3+ + â€” â€” â€”

19 1 5.5+ + + + +
20 1 5 + + + + +
21 1 5 + + + + +

*5uspic@nof hemangioma.
tC@fi@stiofl of hemangioma.
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FIGURE2. Monitordisplayas evaluatedwithMethod2.
Coronal (upperleft), sagittal (upperright),transverseview (lower
left),and ventraltopogramare displayedsimultaneouslywith the
option of step-by-step movie presentationof the whole set of
slicesof the three views.With â€œdynamicâ€•display,a reviewof the
wholethreesetsofslicesenablesdifferentiationofbloodvessels
and small hemangiomas. Each slice can be identified by the
small horizontal and vertical tic marks at the corresponding
slices.Thethreeviewsshowdifferentaspectsof multiple(1â€”6)
hemangiomas.Thespleen(5)andthekidneys(K)aredepicted.

horizontal and vertical tic marks at the orthogonal slices
(Fig. 2).

In planar imaging, a focal lesion of the liver was considered to
be a hemangioma if there was definite increased blood pool
activity compared to the activity of adjacent normal liver tissue.
In evaluation of the static SPECT images (Method 1), the focal
activity had to be equal to or greater than the activity of the
aorta or vena cava in at least two views. Additionally, in dy
namic display (Method 2), a lesion was interpreted as hemangi
oma-positive if there was increased radiotracer uptake corn
pared to the adjacent liver tissue and equal or greater activity
accumulation compared to the closest intrahepatic vessel that
could be identified by watching the course of increased activity
in the three-view movies.

US,CTandMRI
All 39 patients had sonographic examination using a high

resolution, real-time scanner (Picker International, LCS 7000)
with a 3.5 MHz transducer. A presumptive diagnosis of hernan
giorna was made when a hyperechoic, sharply marginated lesion
was detected.

Precontrast and contrast-enhanced CF studies were per
formed using a Sornatorn DRH (Siemens). The scanning time
was 3 or 5 sec at 125 kV and 230 mM; section thickness was 8
mm. Dynamic contrast-enhanced CT of a given section was
performed with a frequency of 10 images/mm. A diagnosis of
hernangioma was only made when the typical criteria described
by Freeny et al. (3) were present.

All patients had an MRI scan on a 0.23 T superconducting
magnet (Brucker, BMT 1100). Imaging was done using multi



AppliedtechniqueNo.
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TABLE3
HemangiomaSizeand Its Detectionwith PlanarScintigraphyand SPECTMethods1 and 2

slice multiecho technique. Ti-weighted axial sequences were
acquired with TE 33 msec and TR 400 msec. T2-weighted se
quences were obtained with TR 1800msec and TE 33, 66, 99 and
132 msec. â€˜Urelaxation time was calculated as described else
where (11). A diagnosis of hemangioma was made on the basis
of the long T2 (8).

The section thickness was 8 mm at 4 mm gaps using a 256 x
256 matrix and two averages. Size of hemangioma was mea
sured by MRI or CT. When appropriate lesions were detected
with the above imaging modalities, the patients were referred for
scintigraphy.

RESULTS
A total of 56 lesions were detected on US, CT and

MRI. US found 47 lesions in the 21 patients with heman
gioma. All 56 liver hemangiomas were diagnosed with
MRI. CT disclosed 6 hemangioma-positive lesions. The
size of the hemangiomas ranged from 0.5â€”8.0cm (Table
2). Twenty-five hemangiomas measured less than 2. 1 cm
and 11 were less than 1.1 cm.

Of the 56 hemangiomas, 29 were shown by planar
imaging, 38 by Method 1 and 53 by Method 2 SPEC!'
evaluation. The results of @â€˜@Tc-RBCimaging of heman
giomas are summarized in Table 3 by categorizing the
hemangiomas into five groups according to size. Planar
imaging sufficiently detected hemangiomas > 3.0 cm,
SPEC!' Method 1 (static display) > 2.0 cm and SPECT

Method 2 (three-view dynamic display) > 0.5â€”1.0cm.
Hemangiomas 1.5 cm in diameter were only detected
incidentally in either planar image or SPEC!' Method 1
evaluation. The sensitivity of planar scintigraphy was
52%; of SPEC!' Method 1, 68%; and of SPECT Method 2,
95%. In a comparison of Methods 1 and 2, for hemangi
omas 1.0 cm, 1.1â€”2.0cm and 2.1â€”3.0cm in diameter,
sensitivity was considerably improved by Method 2 from
18% to 82%, 50% to 93% and 82% to 100%. The relation
between the size of hemangioma and scintigraphic results
is shown in Figure 3. In comparison to MRI, Method 2
did not identify one of four hemangiomas in one patient
and two of three in another. Of the three hemangiomas
not identified by Method 2, two were located adjacent to
the heart and one was located adjacent to a fork of a large
intrahepatic vessel. The smallest hemangioma detected
with Method 2 was 0.5 cm in diameter; with Method 1,
0.9 cm; and with planar imaging, 1.0 cm. All metastases
and hepatocellular carcinomas correctly showed normal
or reduced activity accumulation in @â€œTc-RBCscintig
raphy (Table 1). As assessed by evaluation of the metas
tases and the carcinomas, the specificity for hemangioma
was 100%, independent of the method applied, resulting
in a positive predictive value of 100%.

DISCUSSION

Suspected cavernous hemangioma is the most common
benign tumor of the liver. The incidence of this focal
lesion ranges from 0.4%â€”7.3% (1). Thus, it is a major
differential diagnosis if a focal liver lesion is discovered
by US. Because the course of hemangioma is usually
uncomplicated, differentiation from other lesions, such as
metastases, is essential to avoid unnecessary or risky
examination and treatment. US is sensitive but not spe
cific for evaluating hepatic hemangioma (12, 13). Using
CT, there is some evidence that metastatic lesions and
hepatoma may have an appearance similar to that of
hemangioma (2, 14). If strict criteria are used, diagnosis of
hemangioma can only be ascertained in 55%â€”86%(3,4).
Recent studies have claimed that MRI is the most sensi
tive modality (8, 9, 15, 16) for detecting hepatic hemangio
mas and is known to accurately distinguish them from
most malignant liver lesions. On the other hand, @mTc.
RBC SPEC!' is the most specific technique; only a few

FIGURE 3. Relationshipbetweenhemangiomasizeandscm
tigraphicresultswith planarimaging,SPECTMethod1 and
SPECTMethod2 evaluation.Independentof SPECTmethod
applied,the tomographictechniquewassuperiorto planarim
aging. Method 2 identified most hemangiomas<2.1 cm, which
werenotdetectedby Method1 or planarscintigraphy.
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false positive studies have been reported (17â€”20).How
ever, sensitivity of conventional @â€˜@â€˜Tc-RBCimaging is
not fully satisfactory (2,5,6, 7,21). The majority of heman
giomas are less than 5 cm (1) and many are less than 2 cm
in diameter (present study 45%). With planar imaging
technique, hemangiomas 3 cm in diameter and, with
conventional SPEC!' evaluation, hemangiomas 2 cm
can be identified with high sensitivity (5,22,23).

The detection of focal activity accumulation is mainly
a function of image contrast which is increased by
SPEC!'. In agreement with the literature, the present
study demonstrates the improvement in sensitivity of
SPEC!' technique in comparison with planar imaging
technique (5, 7,24). SPEC!' enables discrimination of ac
tivity of a lesion from that of overlaying liver tissue.
Consequently, SPEC!' has the potential of identifying
focal uptake even in small and central lesions. However,
due to great blood vessels, distribution of activity is not
completely homogeneous even in normal liver tissue.
Hence, the conventional static evaluation of small lesions
is limited. The results achieved with Method 1 are com
parable to those reported by Kudo et al. and Birnbaum et
al. (5, 9). Assessment of dynamically displayed SPEC!'
studies (Method 2) allows tracing of areas of increased
activity simultaneously in three views and therefore en
ables differentiation of blood vessels from focal activity
even in small hemangiomas. Due to this advantage, he
mangiomas as small as 1 cm were reliably detected using
Method 2. The sensitivity could be increased while spec
ificity remained 100%. Further improvement in detection
of smaller lesions (< 1 cm) can be expected when dynamic
display evaluation (Method 2) is applied to high resolu
tion triple-headed SPEC!' systems. Even with static eval
uation, using a triple-headed camera helped Ziessman et
al. achieve better results than in previous studies (25).

Technetium-99m-RBC flow phase imaging recommended
for further differential diagnosis was considered as noncon
tributory since specificity in the present study was 100%
without assessment of flow. Moreover, only five false-pos
itive cases have been reported in the literature, yielding
increased uptake on delayed imaging (17â€”20).Nevertheless,
flow imaging is still discussed controversially since variably
decreased or increased perfusion in both hemangiomas and
other tumors has been reported (5â€”7,20,21,26,27). Thus,
combined evaluation offlow and delayed studies will lead to
a loss in sensitivity rather than a gain in specificity. More
over, as mentioned before, resolution of planar imaging is
rather limited and dynamic flow studies in SPEC!' tech
nique will not be available until faster SPEC!' cameras are
commonly used.

We propose the approach outlined in Figure 4 for the
diagnosis of liver hemangioma. In this algorithm, SPEC!'
and MRI are equivalent. If typical findings of liver he
mangioma are present on either study, the diagnostic
workup should be terminated.

In conclusion, the results show that evaluation of dy

FIGURE4. Proposedalgorithmfordiagnosticworkupofliver
hemangioma.Since accuracyof ABC SPECT and MRI is corn
parable in hemangiorna 1 cm, both imaging proceduresplay
similar roles.Whenever Imagingis positivefor hemangioma,no
further test is indicated. If planar ABC scmntigraphyis negative,
SPECThasto beperformed.Whenevaluationof staticallydis
playedSPECTstudiesis negative,analysisof dynamicdisplayis
proposed. In definitively negative ABC studies, biopsy or pro
longedfollow-uparethe remainingprocedures.

namically displayed @Tc-RBCSPEC!' studies is supe
nor to conventional reading of static display and compa
rable to MRI. Therefore, this approach is suggested for
confirming the diagnosis of liver hemangioma 1 cm if
planar imaging and conventional reading of the tomo
grams are negative. The dynamic SPEC!' display soft
ware is included in most currently available computer
software systems and needs no additional disbursement.
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