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Abstract : Computed tomography (CT) findings of hepatic adenoma in veterinary medicine are variable and unlike
in human medicine, not defined clearly. A 12-year-old neutered male Shih Tzu presented after a seizure, with weight
loss, salivation, and cachexia. An abdominal mass was identified on radiography, and ultrasonographic images showed
a mixed echo pattern with marked vascularity. CT showed that the mass originated from caudate lobe, was
heterogeneously hypoattenuated compared with the hepatic parenchyma, and had irregular margins. Contrast enhanced
CT showed that the mass enhanced like the surrounding liver parenchyma. However, it contained unenhanced areas
and enhanced vessels were observed in the arterial phase at the periphery of the mass. The margins of mass were
more enhanced in the venous phase than the arterial phase and the hypoattenuating regions within the mass were
not enhanced. Greater enhancing in the venous phase is seen with adenomas; however, the heterogeneous enhancement
pattern, especially the marginal vascular enhancement and internal hypoattenuating regions, is seen with malignancy.
Although this is a single case of hepatic adenoma, the atypical enhanced pattern of this case can provide useful
information to predict the malignancy of primary liver tumor.
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Introduction

Primary hepatic tumors are uncommon and the incidence
of hepatic tumors in dogs is 0.6-1.5% of total tumors (12).
Primary hepatic tumors can be classified according to the
cellular origin as hepatocellular, mesenchymal, cholangiohe-
patic, and neuroendocrine (12). Hepatocellular tumors include
hepatocellular adenoma, hepatocellular carcinoma, and hepa-
toblastoma. Hepatocellular carcinoma is most common in dogs,
while adenoma is most commonly reported in cats. Hepato-
cellular adenoma is a benign tumor of epithelial origin often
identified as an incidental finding without clinical signs.

Diagnostic imaging is useful to investigate tumor location,
size, internal structure, and distribution, and to determine
therapy based on tumor staging and the presence of metastases
(17). Radiography can identify tumor displacement of organs,
for example caudal deviation of the gastric axis. However if
the tumor is small there may be no radiographic findings
(4,16,17). Ultrasonography can assess the tumor characteris-
tics, internal structure, location, size, and anatomic relation-
ship to adjacent organs, including the caudal vena cava and
gall bladder (1,7,15,18,23). Hepatic tumors have various ultra-
sonographic signs regardless of histologic type, although
hepatocellular carcinoma is usually hyperechoic (6,11,24).

Computed tomography (CT) is useful for staging tumors by
assessing metastases to lymph nodes or other organs, detect-
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ing tumor size, and determining the tumor location, particu-
larly when the tumor is too large to be localized by ultra-
sonography (8). Moreover, three-dimensional reconstruction
of CT images defines the anatomic relationship between the
tumor and adjacent blood vessels and organs. In human med-
icine, contrast enhanced CT study predicts the malignancy of
hepatic tumor by evaluation of the enhancement pattern and
vascular distribution of the mass (9,17). Hepatocellular carci-
noma tends to be large and contain unenhanced areas within
the tumor parenchyma. On contrast enhanced CT images,
hepatocellular carcinoma shows marked enhancing from the
central or marginal region with vessels feeding the tumor in
the arterial phase. The images are hypoattenuated in the
venous phase. In pre-contrast CT images, the density of
hepatocellular adenomas is similar to normal hepatic paren-
chyma. Hepatocellular adenomas display a uniform enhance-
ment pattern in the arterial phase. Uniform enhancement of
the mass can also be observed in other benign lesions, includ-
ing nodular hyperplasia; however, this pattern has never been
reported in hepatic malignancy. Thus, uniform enhancement
in the arterial phase is considered a characteristic contrast
pattern of a benign hepatic tumor. Due to retention of the
contrast agent in the tumor in the venous and delayed phase,
hepatocellular adenomas show density similar to or higher
than that of normal hepatic parenchyma (9).

Although contrast CT study is widely used to assess hepatic
tumors and typical findings have been described in humans,
CT has been used to assess hepatic tumors in a few dogs.
The typical enhancement pattern of hepatic tumors in dogs
has not been characterized. Therefore, there is need to inves-
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tigate contrast CT patterns of hepatic tumors in a population
of dogs (9,10). This report describes atypical CT features of a
large hepatocellular adenoma in a dog.

Case

A 12-year-old, neutered male, Shih Tzu presented with a
history of one seizure 1 hour prior to admission. This was the
first seizure. Due to a 1-month history of weight loss, the dog
had been prescribed medications for hepatic and pancreatic
diseases from local clinic. On physical examination, the dog
was cachexic and depressed. An abdominal mass was pal-
pated in the cranial abdomen.

Complete blood count revealed normal hematocrit (52.7%;
reference range, 37.3-61.7%), leukocytosis (19.95 K/uL; ref-
erence range, 5.05-16.76 K/uL), and neutrophilia (16.27 K/
uL; reference range, 2.95-1.64 K/uL). Serum biochemistry
revealed elevated levels of alkaline phosphatase (> 2,000 U/
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L; reference range, 23-212 U/L), alanine transaminase (>
1,000 U/L; reference range, 10-100 U/L), amylase (1748 U/
L; reference range, 500-1500 U/L), and glucose (171 mg/dL;
reference range, 70-143 mg/dL).

On abdominal radiography, a soft tissue density mass (10.2
x 9.4 cm in size) was identified caudal to the stomach in the
right upper abdomen (Fig 1). On the lateral view, the mass
displaced the stomach cranially and the small intestine cau-
dally. On the ventrodorsal view the mass displaced the gastric
body to the left and intestine caudally. The cardiac silhouette
was slightly decreased. Based on the mass location and dis-
placement of adjacent organs, the mass was suspected to
originate from the liver, spleen, pancreas, or lymph node.
Ultrasound images showed that the mass had a mixed echo
pattern, with hyper- and hypo-echoic areas and color signal
on conventional color Doppler examination (Fig 2). The mass
appeared to originate from the right lateral or caudate liver
lobe. The mass had an irregular contour with distinct mar-
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Fig 1. Abdominal radiographs of the mass. A soft tissue density mass (10.2 x 9.4 cm; arrows) is located in middle abdomen. In
the lateral view (A) the mass displaces the gastric axis (dotted line) cranially and the small intestine caudally. In the ventrodorsal
view (B) the mass displaces the stomach body (arrow heads) to left abdominal wall.
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Fig 2. Abdominal ultrasonography of the mass. Note a heterogeneous mass (10 x 9 cm) with an irregular border (A). On the color

Doppler examination (B), the mass shows blood flow signal.
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Fig 3. Computed tomographic images of the liver mass. On pre-
contrast CT image (A), the mass is iso-attenuating with the adja-
cent liver parenchyma but containing hypoattenuating regions.
After contrast agent injection, the unenhanced areas of the mass
are heterogeneously enhanced (¥). In the arterial phase, enhanced
vessels (arrows) are seen from the periphery of the mass to the
center (B). The mass in venous phase (C) shows increased
enhancement when compared to the arterial phase, however,
unenhanced areas (*) are still observed. Left side of the trans-
verse CT image is right side of the patient.

gins without evidence of invasion into the adjacent organs.
The remaining liver parenchyma appeared normal. There was
no evidence of mesenteric edema, ascites, or reactive lymph
node. Based on the ultrasonographic findings, the differential
diagnosis for the mass included hepatocellular carcinoma,
adenoma, and hemangiosarcoma.

CT examination was performed to determine if the mass
could be surgically resected and to identify metastatic disease.
Anesthesia was induced with an intramuscular injection of
propofol (5.5 mg/kg; PropoFlo, Zoetics, MI) and maintained
with isoflurane (Isoflurane, Rhodia Organique Fine LTD.,
UK). The density of the mass was similar to the normal liver;
however, it contained multifocal hypoattenuating regions. The
mass was large (9.6 x 9.2 x 7.6 cm) and occupied the upper
abdomen (Fig 3). Contrast study was performed after intrave-
nous injection of 880 mgl/kg iohexol (Omnihexol 300; Korea
United Pharm Co, Korea). Arterial CT image were acquired
at 9 sec and venous images at 28 sec. The mass enhanced sim-
ilar to the adjacent liver parenchyma; however, unenhanced
regions were identified within the mass, and enhanced ves-
sels were observed in arterial phase from the marginal region.
The mass was more enhanced in venous phase. On three-
dimensional reconstruction, the mass originated from cau-
date lobe. Intestinal loops, the pancreas, and adjacent vascu-
lar structures were displaced. Based on CT study, primary
hepatic tumor including adenoma and hepatocellular carci-
noma was suspected. In particular, hepatic malignancy could
not be ruled out because of vascular marking at the tumor
margin.

There was no evidence of invasion or metastases, and sur-
gical resection was recommended. However, due to the pos-
sibility of hepatic malignancy and the presence of seizure
activity, the owner’s requested euthanasia and necropsy. On
gross examination, a dark reddish mass originating from the
caudate liver lobe was adhered to the right side of the pan-
creas and the mesentery. Well-differentiated hepatocytes sur-
rounded by fibro-connective tissue were observed and normal
lobular structure was not evident within the mass on histo-
logic examination. The mass was confirmed as hepatocellular
adenoma.

Discussion

Hepatocellular adenoma has a favorable prognosis when
not accompanied by necrosis; thus, adenoma should be dif-
ferentiated from malignant carcinoma. In dogs, imaging fea-
tures of hepatocellular adenoma have rarely been reported
(5,6,9). This study described the imaging features of a large
hepatocellular adenoma in a dog including radiography, ultra-
sonography, and CT. In the present case, the mass was iden-
tified caudal to the stomach in the right upper abdomen on
radiography. The gastric axis was displaced cranially on lateral
view, and gastric body to left and intestinal loops to caudal
direction on ventrodorsal view. These organ displacements
are compatible with a mass originating from the middle divi-
sion of liver, right pancreas, or splenic body and tail.

Conventional ultrasonography is unable to distinguish the
malignancy of a liver mass. In humans, blood flow has been
used to distinguish benign and malignant hepatic tumors.
Continuous flow can be seen in both tumors, and pulsatile
flow is only observed in hepatocellular carcinoma (3,13,19,22).
Power Doppler can evaluate tumor blood flow with greater
sensitivity (2,4,20,21). In this case, the presence of blood flow
within the tumor was assessed using color Doppler examina-
tion; however, the blood flow pattern could not exactly eval-
uated using spectral Doppler because the vessels were too
small and tortuous.

Contrast CT study is useful to distinguish between hepato-
cellular adenoma and carcinoma (9). In triphasic CT studies,
a uniform enhancement pattern in the arterial phase and highly
maintained enhancement, compared with adjacent hepatic
parenchyma, in the venous and delayed phases are character-
istic features of the adenoma (9). This uniform enhancement
of the adenoma on venous and delayed phase is considered
due to blood retention within the mass. In the venous and
delayed phases, hepatocellular carcinoma is enhanced to a
lower degree when compared with normal liver. In this case,
the mass enhanced similar to normal liver. However, the mass
contained unenhanced regions, and there was vascular en-
hancement at the tumor margin, like a feeding vessel encoun-
tered in hepatocellular carcinoma. Tumor enhancement was
greater in the venous phase when compared to the arterial
phase; however, the mixed pattern of low-density or unen-
hanced areas could not define this case as an adenoma.

Primary liver tumors are classified as massive, nodular, and
diffuse according to the extent and distribution of the lesions
(14,16,20,21). This case was identified as a massive form
because the mass had distinct margins.

Conclusion

In this case, a large hepatocellular adenoma described
imaging features on radiography, ultrasonography, and CT
findings. When compared with other hepatic tumor, this ade-
noma had atypical CT features including marginal vessels in
the arterial phase and a heterogeneous enhancement pattern
in the venous phase. The triphasic contrast CT pattern should
be investigated to determine the accuracy of contrast CT
study to differentiate between benign and hepatic malignancy
in more large population of dogs. Although one case of hepa-
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tocellular adenoma is reported here, this study has clinical
significance because it describes the atypical features of
hepatocellular adenoma.
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