CONTRAST-ENHANCED ULTRASONOGRAPHY FOR
CHARACTERIZATION OF CANINE FOCAL LIVER LESIONS
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In six normal beagles and 27 dogs with spontaneous focal or multifocal liver lesions, contrast-enhanced
ultrasonography using Sonazoid~ was performed. Sonazoid " is a newly developed second-generation contrast
agent with the ability to be used for real-time contrast imaging along with parenchymal imaging. An appro-
priate protocol for the evaluation of all three phases (arterial, portal, and parenchymal) was established based
on the results for normal beagles. By evaluation of the echogenicity of hepatic nodules during the arterial and
parenchymal phases it was possible to differentiate malignant tumors from benign nodules with very high
accuracy. In 15 of 16 dogs diagnosed as malignant tumors, nodules were clearly hypoechoic to the surrounding
normal liver during the parenchymal phase. Additionally, malignant tumors had different echogenicity com-
pared with the surrounding normal liver during the arterial phase in 14 of 15 dogs. In the portal phase, there
were no characteristic findings. Contrast-enhanced ultrasonography with Sonazoid ! appears to improve
the characterization of canine focal and multifocal hepatic lesions. Veterinary Radiology & Ultrasound, Vol. 51,

No. 1, 2010, pp 79-85.
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Introduction

ONVENTIONAL ULTRASONOGRAPHY HAS low specificity

for characterizing focal liver lesions.'? For example,
tumor vascularity is important for tumor characterization,
but this can be done more accurately with computed to-
mography or magnetic resonance imaging.>*

Recent advances in ultrasonographic contrast agents have
led to sonographic improvements in assessing tumor vascu-
larity.® In addition to vascular imaging, Levovist , one of
the first-generation contrast agents, was also phagocytized
by Kupffer cells, allowing for parenchymal imaging after
the vascular phase.*” This parenchymal imaging improves
the detection and delineation of focal tumors, given that
malignant tumors have little or no reticuloendothelial
system and appear as hypoechoic defects.® !> However,
Levovist bubbles are easily collapsed by ultrasound emission
because of their fragility. Therefore, Levovist-enhanced
ultrasonographic images can be obtained only within a short
window of time in the vascular phase, and Kupffer imaging
can only be performed during a single scan of the liver.
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Second-generation contrast agents, comprised of harder
shells, allow continuous real-time evaluation of progressive
contrast enhancement of the macro- and microvasculature
of the normal liver parenchyma and focal liver lesions
during the arterial, portal, and late vascular phases
with low acoustic power (a low mechanical index [MI])."?
The evaluation of the arterial, portal, and late vascular
phases with second-generation contrast agents allows
differential diagnosis of focal liver lesions with high accu-
racy.'*'® The new contrast agent Sonazoid~ is a suitable
agent for parenchymal imaging because it is one of the
few second-generation contrast agents phagocytized by
Kupfter cells.l?f19 Contrast-enhanced ultrasonography
with Sonazoid™ allows an accurate diagnosis of hepatic
tumors.?* 2

In veterinary medicine, contrast-enhanced ultra-
sonography is performed for the liver, spleen, and
kidney.>*3* The liver is the most common organ
investigated.?> 27313334 The utility of Sonazoid ", how-
ever, has been uncertain in veterinary medicine because
most contrast agents used in these studies were blood-
pool agents?® 232773034 4 first-generation agents.>®
There are only two reports of the use of Sonazoid
-enhanced ultrasonography for canine liver.*'*** Thus,
the purpose of this study was to determine the appro-
priate timing for the arterial, portal, and parenchymal
phases in the normal canine liver and to evaluate the
usefulness of these imaging methods with Sonazoid" in
clinical patients with hepatic nodules.
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Materials and Methods

Six adult laboratory beagles weighing between 7.5 and
14.5kg were studied. Each dog was healthy based on
physical examination and laboratory data. No focal or
diffuse hepatic abnormality was noted in any dog on ul-
trasonographic evaluation. All procedures involving ani-
mals were approved by the Hokkaido University Animal
Care and Use Committee.

An ultrasound scanner® with a 5-11 MHz broadband
linear probef suitable for pulse subtraction imaging was
used. The mechanical index was set at 0.2 MI to minimize
microbubble destruction. The B-mode gain was 90 dB.
Images were recorded for off-line analysis.

We estimated that a Sonazoid 1 dose of 0.12 pl micro-
bubbles/kg would be suitable as a clinical dose, in accor-
dance with the manufacturer’s instructions and data from
rabbits in which the liver parenchyma was enhanced at
doses ranging from 0.045 to 0.315plmicrobubbles/kg.'”
We injected a single bolus of the contrast agent in the
cephalic vein through a 22-G catheter. Beagles were not
sedated. The cranial abdomen was shaved, and the dog was
in dorsal recumbency. The liver and portal vein were
scanned in one image. Intermittent imaging for several
secondsat 0, 1,2,3,4,5,6,7,8,9, 10, 15, and 30 min after
injection was performed so as to minimize microbubble
destruction.

For quantitative analysis, individual ultrasound images
were acquired using a video frame grabber. An off-line
image analysis system was used for calculating signal in-
tensity (ImageJ, US National Institutes of Health, http://
rsb.info.gov/nih-image). In this system, the gray-scale level
ranged from a mean pixel value of 0 to 255. Signal intensity
was obtained for the liver parenchyma and portal vein.

Statistical analysis was performed using Dunnett’s mul-
tiple comparison tests to evaluate the difference between
pre- and postinjection values of each region and by Stu-
dent’s r-test to evaluate the difference between the liver
parenchyma and portal vein at the same time. A P value of
<0.05 was considered to be significant. Statistical analysis
was performed with a standard computer software pro-
gram.§

Twenty-eight lesions in 27 canine patients were evalu-
ated with Sonazoid . Inclusion criteria were sonographic
evidence of hepatic nodules and histologic or cytologic di-
agnosis of a liver lesion. An ultrasound scanner™ with a 5-
11MHz broadband linear probe (PLT-704 AT) or a
3.75MHz convex probe€ suitable for pulse subtraction
imaging was selected according to the depth and size of the

*Aplio XG, Toshiba Medical Systems, Tochigi, Japan.
FPLT-704 AT, Toshiba Medical Systems.
iDaiichi-Sankyo, Tokyo, Japan.

§StatMateR, ATMS, Tokyo, Japan.

YPSK-375 BT, Toshiba Medical Systems.
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lesion. A single focal zone was placed in the deepest part of
the lesion. The mechanical index was set at 0.2 MI to
minimize microbubble destruction. The gain was set so that
few signals from the underlying liver parenchyma were
present. The images were recorded for off-line analysis.
Dogs were not sedated. The cranial abdomen was shaved
and the dog was in dorsal recumbency. Sonazoid
(0.12 pl microbubbles/kg) was injected in the cephalic vein
via an intravenous catheter while scanning the lesion. Real-
time imaging was performed during the arterial, portal,
and parenchymal phases. For arterial and portal imaging,
we scanned the lesion continuously from 0 to 1 min after
injection. Then, the parenchymal imaging was obtained at
least 7min after injection. The timing of all three phases
was defined based on the results from the normal beagle
dogs. The echogenicity of the liver lesion was evaluated as
hypoechoic, isoechoic, or hyperechoic relative to the sur-
rounding normal liver.

Individual ultrasound images were acquired using a
video frame grabber. The relationship between the echo-
genicity and malignancy of the lesion was analyzed using a
two-tailed Fisher’s exact test with a level of significance of
P<0.01. Statistical analysis was performed with a standard
computer software program.§

Results

In the beagle dogs, the hepatic arteries were enhanced
immediately after injection but the enhancement dispersed
rapidly. After arterial enhancement, the portal vein became
enhanced followed by the parenchyma. The mean,
+ standard deviation, pixel value of the parenchyma and
portal vein were 65.6 + 13.2 and 53.1 + 13.4, respectively.
The mean pixel value of the portal vein (175.0 £ 25.6
MPV) was higher than that of the parenchyma
(151.2 £ 13.9 MPV) until 1 min after injection (P<0.05)
(Fig. 1). The contrast effect decreased abruptly and the
mean pixel value at 7min after injection (63.3 + 10.2) was
not significantly different from baseline (Fig. 1). Contrast
enhancement of the parenchyma decreased only slightly
(P<0.05) with a mean pixel value of 128.7 £ 15.6 being
maintained up to 30 min. Thus, the optimal time for pa-
renchymal imaging is from 7 to 30 min after injection and
the optimal time for portal vein imaging is 1 min after in-
jection. The timing of the arterial phase could not be de-
fined based on the change of echogenicity of the hepatic
arteries because they were too thin to be assessed. Thus we
defined the arterial phase as the moment when the echo-
genicity of the portal vein began to rise.*>’

Of the 27 clinical patients with 28 hepatic nodules, five
dogs had a benign nodule, 21 dogs had a malignant nodule,
and one dog had both benign and malignant nodules.
Histologic examination was available for 20 lesions; five
were benign nodular hyperplasia and 15 were malignant.
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FiG. 1. Time-intensity curves of liver parenchyma (solid line) and portal vein (dotted line) (0 to 30 min after injection of Sonazoid") in six normal beagles.
Bars = standard error of the mean. *Significantly (P<0.05) different from the preinjection values (Dunnett’s test).

The 15 malignancies were comprised of 11 hepatocellular
carcinomas, one combined hepatocellular and cholangio-
cellular carcinoma, one carcinoid, one hemangiosarcoma,
and one osteosarcoma. Needle aspirates were taken with
ultrasound guidance in the other eight lesions with six sus-
pected hemangiosarcomas, one lymphoma, and one nod-
ular hyperplasia. Finally, 16 lesions were diagnosed as
malignant tumors, and six lesions were diagnosed as benign
lesions (Table 1).

All six benign lesions were isoechoic to the surrounding
normal liver during the parenchymal phase. On the other
hand, 15 of the 16 lesions with a confirmed diagnosis
of malignancy were hypoechoic (Fig. 2). This finding was
significantly (P<0.01) correlated with malignancy with an

accuracy of 95.5% (95% confidence interval [CI], 79.5-
95.5%), a sensitivity of 93.8% (95% CI, 82.8-93.8%), a
specificity of 100% (95% CI, 70.7-100%), a positive pre-
dictive value of 100% (95% CI, 88.3-100%), and a neg-
ative predictive value of 85.7% (95% CI, 60.6-85.7%).
Additionally, five of the six benign lesions were isoechoic
during the arterial phase. Among the 15 malignant lesions,
conversely, only one lesion was isoechoic, 11 lesions were
hyperechoic, and three lesions were hypoechoic. Hyper-
echogenicity or hypoechogenicity at the arterial phase was
also significantly related to malignancy (P<0.01) with an
accuracy of 90.5% (95% CI, 72.7-97.3%), a sensitivity of
93.3% (95% CI, 80.9-98.1%), a specificity of 83.3% (95%
CI, 52.2-95.3%), a positive predictive value of 93.3% (95%

TaBLE 1. Histological Type and Contrast Enhanced Ultrasonographic Appearance of the Liver Lesions of Dogs in this Study

Mean Size

Lesion (Range) (cm)

Echogenicity of the Liver Lesions Compared with the Surrounding
Normal Liver Parenchyma

Arterial Phase Portal Phase Parenchymal Phase

Malignancy (n=22)
Epithelial tumor (n=13)

Hepatocellular carcinoma (n=11) 42 (2.0-8.2)

Combined hepatocellular 1.3
cholangiocellular carcinoma (n=1)
Carcinoid (n=1)

Mesenchymal tumor (n=8)
Hemangiosarcoma (n=1) 1.7
Osteosarcoma (n=1) 2.5
Hemangiosarcoma suspected (n = 6) 4.3 (1.8-8.0)

Hematopoietic tumor (n=1)

Lymphoma (n=1) 1.8
Benignancy (n=6)
Nodular hyperplasia (n=6)

Multiple (0.5-0.7)

1.5 (0.5-3.3)

Hyper (n=9), Iso
(n=1) Hypo (n=1)

Hyper (n=1), Iso
(n=6), Hypo (n=1),

Hypo (n=10), Iso
(n=1)

Mix (n=23)

Hyper (n=1) Mix (n=1) Hypo (n=1)
Hyper (n=1) Hypo (n=1) Hypo (n=1)
Hypo (n=1) Hypo (n=1) Hypo (n=1)
Hypo (n=1) Hypo (n=1) Hypo (n=1)
Hypo (n=06) Hypo (n=06) Hypo (n=6)
Not examined (n=1) Not examined (n=1) Hypo (n=1)
Iso (n=75), Hyper Iso (n=15), Hyper Iso (n=16)

(n=1)

(n=1)
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FiG. 2. Ultrasound images of contrast enhancement during the parenchymal phase of hepatic malignant tumors; (A) hepatocellular carcinoma, (B) combined
hepatocellular cholangiocellular carcinoma, (C) carcinoid, (D) hepatic osteosarcoma, (E) lymphoma. All lesions had clear contrast defects (arrows) compared

with surrounding normal parenchyma (*).

CI, 80.9-98.1%), and a negative predictive value of 83.3%
(95% CI, 52.2-95.3%). In the portal phase, there were no
characteristic findings.

The benign nodules were all nodular hyperplasia (rz = 6).
Among them, five were diagnosed histologically and one
cytologically. In the arterial phase, five of the nodular hyper-
plasias were isoechoic to the surrounding liver (Fig. 3A and

B). In the portal phase, five remained isoechoic and one
became hyperechoic. In the parenchymal phase, all six were
isoechoic, defined as contrast enhancement (Fig. 3C).
Hepatocellular carcinoma (n=11) was the most com-
mon malignant tumor. Immediately after injection of Son-
azoid", the branching vasculature became enhanced
momentarily in nine of these 11 dogs (Fig. 4A). In nine

FiG. 3. Ultrasound images of contrast enhancement of nodular hyperplasia. (A) The vasculature pattern in the lesion was not different from the surrounding
normal parenchyma. (B) During the arterial phase, the lesion was isoechoic (arrows) compared with the surrounding normal lesion. (C) During the

parenchymal phase, the lesion was isoechoic (arrows).



VoL. 51, No. 1

CoNTRAST ULTRASOUND OF CANINE FocAL L1vER LESIONS 83

F1G. 4. Ultrasound images of contrast enhancement of hepatocellular carcinoma. (A) The branching vasculature was enhanced immediately after injection of
Sonazoid”. (B) During the arterial phase, the lesion was hyperechoic (arrows) compared with the surrounding normal parenchyma. (C) During the paren-

chymal phase, the lesion was hypoechoic (arrows).

of the 11 dogs, nodules were hyperechoic to the surround-
ing normal liver during the arterial phase (Fig. 4B). In one
dog, the nodule was hypoechoic to the surrounding normal
liver during the arterial phase. In the portal phase, there
was no characteristic finding. In the parenchymal phase, 10
of the 11 nodules were hypoechoic (Figs. 2A and 4C). Only
one dog had an isoechoic nodule, defined as contrast en-
hancement.

One dog had a combined hepatocellular and cholangio-
cellular carcinoma. The nodule was hyperechoic during
the arterial phase, then became hypoechoic during the
parenchymal phase (Fig. 2B). One dog had a carcinoid.
There were multiple small nodules in the liver in this pa-
tient. These nodules were hyperechoic during the arterial
phase, then hypoechoic in the parenchymal phase (Fig.
2C). One dog had histologically proven hemangiosarco-
ma. The nodule was hypoechoic during all phases (Fig. 5).

Hemangiosarcoma was suspected in six other dogs based
on cytology; none of these nodules were enhanced during
any phase. One dog had a hepatic osteosarcoma. This le-
sion was hypoechoic to the surrounding normal liver dur-
ing all three phases (Fig. 2D). One dog had lymphoma
and, using conventional ultrasonography, some nodules
could not be recognized. Evaluation of the vascular phase
was not possible because of patient motion. During the
parenchymal phase, multiple hypoechoic nodules were de-
tected (Fig. 2E).

Discussion

Our goal was to assess the clinical utility of Sonazoid " -
enhanced ultrasonography for characterization of canine
focal liver lesions. Our findings suggest that Sonazoid -
enhanced ultrasonography has value in differentiating

FiG. 5. Ultrasound images of contrast enhancement of hemangiosarcoma. (A) The nodule was not enhanced immediately after injection of Sonazoid" .
(B) During the arterial phase, the lesion was hypoechoic (arrows) compared with the surrounding normal parenchyma. (C) During the parenchymal phase,

the lesion was hypoechoic (arrows).
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between malignant tumors and benign nodules with high
accuracy.

In normal dogs, Sonazoid led to enhanced signal from
the portal vein and hepatic parenchyma immediately after
injection. Uniform contrast enhancement was maintained
for at least 30 min in the liver parenchyma. The signal in-
tensity from the portal vein was the highest at 1 min after
injection and then enhancement of the portal vein de-
creased gradually and disappeared at 7 min after injection.
On the basis of these findings, we defined the portal phase
as 1 min after injection and the parenchymal phase as 7—
30min after injection. Hepatic arteries were too thin to
evaluate. However, the time at which echogenicity of the
portal vein begins to rise is within the arterial phase.*> Thus
we defined the arterial phase as the moment when the
echogenicity of the portal vein started to rise.

In clinical patients, malignant nodules were clearly filling
defects following Sonazoid injection. This agrees with
findings from humans.>® 2> Parenchymal enhancement in
rat liver following Sonazoid " injection is due to the dis-
tribution of the microbubbles in the Kupffer cells and not
in the sinusoids.!” The filling defect during the parenchy-
mal phase created by the malignant nodule is then due to a
decrease in the number of Kupffer cells.

Our findings with regard to hepatocellular carcinoma are
not in complete agreement with prior work in the dog.>* In
that study, the presence of an incomplete, irregular, or
partial defect during the parenchymal phase was charac-
teristic of hepatocellular carcinoma compared with other
malignant tumors.*® This was hypothesized to be due to
residual Kupffer cells in hepatocellular carcinoma nodules.
In our study, no hepatocellular carcinoma was hetero-
echoic and most were homogeneously hypoechoic, similar
to other malignant tumors. On the other hand, one he-
patocellular carcinoma was isoechoic, supporting the pres-
ence of large numbers of Kupffer cells in that patient.
These findings suggest that the number of Kupffer cells in
canine hepatocellular carcinoma differs among patients. In
humans, it is indicated that the echogenicity during the
parenchymal phase changes from isoechoic to hypoechoic
through heteroechoic with progression of histologic
grades.”? Additionally, some studies revealed that Kupffer
cells were present in human early stage and well-differen-
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tiated hepatocellular carcinoma.’®*® Further studies are
needed to investigate the relationship between the histo-
logic grade of canine hepatocellular carcinoma and Ku-
pffer cells.

Arterial imaging was also useful to differentiate between
malignant and benign lesions. In the present study, nodular
hyperplasia was isoechoic and hepatocellular carcinoma
was hyperechoic during the arterial phase. These findings
agreed with those of previous studies.”***> On the other
hand, all hemangiosarcomas were hypoechoic during all
three phases. This concurred with findings using other ul-
trasound contrast agents’*** and contrast-enhanced com-
puted tomography.”® In addition to echogenicity, the
vasculature patterns during the arterial phase are used to
characterize human®® and dog*® focal liver lesions. In the
present study, hepatocellular carcinoma had a branching
vasculature pattern. This agreed with the finding for hu-
mans>’, but was incongruent with the finding for dogs.*®
The reason for this difference is uncertain. However, it is
quite difficult to evaluate the vasculature pattern accurately
because of patient motion and the quite short duration of
vasculature enhancement in dogs. Therefore, the va-
sculature pattern of the canine focal liver lesion should
not be overestimated.

There were some limitations in this study. First, the
number of patients with benign nodules was small. There-
fore, there were large confidence intervals for the specificity
and negative predictive value for differentiation between
malignant and benign liver lesions. Second, only one hem-
angiosarcoma was diagnosed histologically. Third, the cri-
teria for diagnosis were not applied prospectively. A
prospective study is needed to confirm the accuracy for
differential diagnosis of hepatic nodules.

In conclusion, Sonazoid " -enhanced ultrasonography ac-
cording to the protocol established in this study can be
used to differentiate canine hepatic malignant tumors and
benign nodules with high accuracy. However, further study
is needed to make a definite diagnosis based on the findings
of Sonazoid " -enhanced ultrasonography.
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