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General Introduction

Ultrasonography is one of the first modalities that has high sensitivity for
detection of the abdominal mass lesion. In many patients, however, ultrasonographic
characterization of masses is not possible because of poor specificity (1, 2). Tumor
vascularity is important for tumor characterization, and this can be done more
accurately with computed tomography (CT) or magnetic resonance imaging (MRI) (3,
4). In humans, contrast-enhanced ultrasonography increases the specificity of mass
characterization and has been equated to CT and MRI for detection of tumor vascularity
(5). An ultrasound contrast agent is an exogenous substance consisting of gas or air
microbubbles that are encapsulated by a shell of different composition. Most ultrasound
contrast agents do not diffuse across the endothelium and therefore they are basically
blood pool agents. In addition to enabling the evaluation of vascularity, some contrast
agents are incorporated by the reticuloendothelial system, thus enhancing the
parenchyma of organs such as the liver and spleen after the “vascular phase” (6-8). This
parenchymal phase imaging significantly improves the detection rate and the delineation
of tumors in liver and spleen, given that malignant tumors have little or no
reticuloendothelial system and will appear as hypoechoic defects (9-11).

Levovist®,” a first-generation contrast agent, has a parenchymal phase and has
been used to detect hepatic tumors in humans (12). However, Levovist” has a contrast
effect only at high acoustic power leading to microbubble destruction. Bubble
destruction produces a strong but transient contrast effect that has an intense signal.
Thus, the duration of contrast enhancement of Levovist” is short, limiting its usefulness
(13).

Sonazoid®,” a second-generation contrast agent, is a suspension of



microbubbles of a low solubility inert gas and has a contrast effect even at a low power.
Then, the bubbles develop nonlinear resonance, resulting in harmonic signals with
minimal destruction, and provide a longer duration contrast effect and enable more
detailed inspection (14, 15). In addition, because Sonazoid® is incorporated by the
reticuloendothelial system and is known to enhance visualization of liver parenchyma
after the vascular phase, it is recognized as a suitable agent for parenchymal imaging
(14, 15).

In human medicine, Sonazoid“-enhanced ultrasonography allows an accurate
diagnosis of hepatic tumors (16-18). It was demonstrated that the diagnostic accuracy of
Sonazoid®-enhanced ultrasonography for the differentiation of benign and malignant
liver lesions was as high as that of CT and MRI. However, it has not been determined
whether Sonazoid®-enhanced ultrasonography could be useful diagnostic tool for the
lesion in any other organs, such as spleen, because the use of Sonazoid® is limited to the
liver lesion now.

In veterinary medicine, contrast-enhanced ultrasonography has been
performed for many organs (19-29). The utility of Sonazoid®, however, has been
uncertain in veterinary medicine because most contrast agents used in these studies were
blood-pool agents (19-21, 23-26, 29) or first-generation agents (22). Liver and spleen
are two organs that are most commonly investigated. Until recently, there were only two
reports on the characterization of canine liver lesions with contrast-enhanced
ultrasonography (20, 22). Kutara et al. (22) indicated that the parenchymal imaging with
the first-generation contrast agent Levovist® could be useful for the differentiation
between benign and malignant liver lesions. However, there were only 8 clinical dogs

included in this study. O’Brien et al. (20) demonstrated that the second-generation



contrast agent Definity® and Sonovue® could differentiate the benign and malignant
canine liver lesion by the vascular imaging. In canine liver, however, the parenchymal
imaging could not be performed with these agents. On the other hand, there were three
reports on the characterization of canine splenic lesions (24, 26, 29). These studies
demonstrated that the vascular imaging with Sonovue® differentiated the benign and
malignant splenic lesions. In canine spleen, however, the parenchymal imaging could
not be performed with Sonovue®.

The principal aim of this thesis was to investigate the clinical utility of
Sonazoid®-enhanced ultrasonography in veterinary medicine. Firstly, the author
determined the effect and duration of Sonazoid® on changes in gray-scale enhancement
of canine liver parenchyma and portal vein to establish an appropriate protocol for
contrast-enhanced ultrasonography of the canine liver. According to the protocol
established in this study, the author evaluated the usefulness of Sonazoid®-enhanced
ultrasonography in differentiating between malignant and benign hepatic nodules with
clinical patients (Chapter 1). Secondly, the author determined the effect and duration of
Sonazoid® on changes in gray-scale enhancement of canine spleen parenchyma, splenic
arteries and renal cortex to establish an appropriate protocol for contrast-enhanced
ultrasonography of the canine spleen. According to the protocol established in this study,
the author evaluated the usefulness of Sonazoid“-enhanced ultrasonography in
differentiating between malignant and benign splenic nodules with clinical patients

(Chapter 2).



CHAPTER 1

CONTRAST-ENHANCED ULTRASONOGRAPHY FOR DIAGNOSIS OF

LIVER NODULES IN DOGS



Introduction

Second-generation contrast agents allow continuous real-time evaluation of
progressive contrast enhancement of the macro- and micro-vasculature 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]) (30). The evaluation of
the arterial, portal, and parenchymal phases with second-generation contrast agents
allows differential diagnosis of focal liver lesions with high accuracy (31-33).
Sonazoid” is a suitable agent for parenchymal imaging because it is one of the few
second-generation contrast agents phagocytized by Kupffer cells (14, 15, 34).
Sonazoid“-enhanced ultrasonography allows an accurate diagnosis of human hepatic
tumors (16-18).

In veterinary medicine, liver is the most commonly investigated organ with
contrast-enhanced ultrasonography (19-23, 27-29). The utility of Sonazoid”, however,
has been uncertain in veterinary medicine because there are only two reports of the use
of Sonazoid®-enhanced ultrasonography for canine liver (27, 28). Thus, the purpose of
this study in chapter 1 was to determine the appropriate 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.



Materials and Methods

Six adult laboratory beagles weighing between 7.5 and 14.5 kg 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 ultrasonographic evaluation. All
procedures involving animals were approved by the Hokkaido University Animal Care
and Use Committee.

An ultrasound scanner® with a 5-11 MHz broadband linear probed suitable for
pulse subtraction imaging was used. The mechanical index was set at 0.2 MI to
minimize microbubble destruction. Imaging depth was set at 3-4 cm, depending on the
subject and a single focal zone was placed in the deepest part of the display. The
B-mode gain was set at 90 dB. Ultrasound imaging was made at 19 to 21 frames per
second, and the images were recorded continuously on a hard disk for off-line analysis.

It was estimated that a Sonazoid®” dose of 0.12 pl microbubbles/kg would be
suitable as a clinical dose, in accordance with the manufacturer’s instructions and data
from rabbits, in which the liver parenchyma was enhanced at doses ranging from 0.045
to 0.315 pl microbubbles/kg (14). A single bolus of the contrast agent was injected in
the cephalic vein through a 22-gauge catheter.

Scanning was performed using only manual restraint. 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 seconds at 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



intensity. In this system, the gray-scale level ranged from a mean pixel value (MPV) of
0 to 255. Signal intensity was obtained for the liver parenchyma and portal vein. All
data were expressed as mean + standard deviation.

Statistical analysis was performed using Dunnett’s multiple comparison tests
to evaluate the difference between pre- and post-injection values of each region and by
Student’s t-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 program.f

Twenty-eight hepatic lesions in 27 canine patients presented to Hokkaido
University Veterinary Teaching Hospital were evaluated with Sonazoid®. Inclusion
criteria were sonographic evidence of hepatic nodules and histologic or cytologic
diagnosis of a liver lesion. An ultrasound scanner® with a 5-11 MHz broadband linear
probed or a 3.75 MHz convex probe® suitable for pulse subtraction imaging was selected
according to the depth and size of the 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. The cranial
abdomen was shaved and the dogs were restrained in dorsal recumbency without
sedation. 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, the
author scanned the lesion continuously from 0 to 1 min after injection. Then, the
parenchymal imaging was obtained at least 7 min after injection. The timing of all 3

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
surrounding normal liver.

Individual ultrasound images were acquired using a video frame grabber. The
relationship between the echogenicity 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.f



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. MPV of the parenchyma and portal
vein were 65.6 = 13.2 and 53.1 + 13.4, respectively. MPV of the portal vein (175.0 +
25.6) was higher than that of the parenchyma (151.2 &+ 13.9) until 1 min after injection
(P <0.05) (Fig. 1). The contrast effect decreased abruptly and the MPV at 7 min 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 MPV of 128.7
+ 15.6 being maintained up to 30 min. Thus, the optimal time for parenchymal imaging
is from 7 min to 30 min after injection and the optimal time for portal vein imaging is 1
min after injection. The timing of the arterial phase could not be defined based on the
change of echogenicity of the hepatic arteries because they were too thin to be assessed.
Thus it was defined that the arterial phase as the moment when the echogenicity of the
portal vein began to rise (35).

Of the 27 clinical patients with 28 hepatic nodules, 5 dogs had a benign
nodule, 21 dogs had a malignant nodule, and 1 dog had both benign and malignant
nodules. Histologic examination was available for 20 lesions; 5 were benign nodular
hyperplasia and 15 were malignant. The 15 malignancies were comprised of 11
hepatocellular carcinomas, 1 combined hepatocellular and cholangiocellular carcinoma,
1 carcinoid, 1 hemangiosarcoma, and 1 osteosarcoma. Needle aspirates were taken with
ultrasound guidance in the other 8 lesions with 6 suspected hemangiosarcomas, 1
lymphoma and 1 nodular hyperplasia. Finally, 16 lesions were diagnosed as malignant

tumors, and 6 lesions were diagnosed as benign lesions (Table 1).



During the parenchymal phase, all 6 benign lesions were isoechoic to the
surrounding normal liver. On the other hand, 15 of the 16 lesions with a confirmed
diagnosis of malignancy were hypoechoic (Figs. 2A-E). 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 predictive value of 100% [95% CI, 88.3-100%],
and a negative predictive value of 85.7% [95% CI, 60.6-85.7%].

During the arterial phase, 5 of the 6 benign lesions were isoechoic. Among the
15 malignant lesions, conversely, only one lesion was isoechoic, 11 lesions were
hyperechoic and 3 lesions were hypoechoic. Hyperechogenicity or hypoechogenicity
during the arterial phase was also significantly related to malignancy (P < 0.01) with an
accuracy of 90.5% [95% ClI, 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%
CI, 80.9-98.1%], and a negative predictive value of 83.3% [95% CI, 52.2-95.3%].
During the portal phase, there were no characteristic findings.

The benign nodules were all nodular hyperplasia (n=6). Among them, 5 were
diagnosed histologically and one cytologically. In the arterial phase, 5 of the nodular
hyperplasias were isoechoic to the surrounding liver (Figs. 3A and B). In the portal
phase, 5 remained isoechoic and one became hyperechoic. In the parenchymal phase, all
6 were isoechoic, defined as contrast enhancement (Fig. 3C).

Hepatocellular carcinoma (n=11) was the most common malignant tumor.
Immediately after injection of Sonazoid”, the branching vasculature became enhanced
momentarily in 9 of these 11 dogs (Fig. 4A). In 9 of the 11 dogs, nodules were

hyperechoic to the surrounding normal liver during the arterial phase (Fig. 4B). In one
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dog, the nodule was hypoechoic to the surrounding normal liver during the arterial
phase. In the portal phase, there were no characteristic findings. 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 enhancement.

One dog had a combined hepatocellular and cholangiocellular 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 patient. These nodules were hyperechoic during the arterial
phase, then hypoechoic in the parenchymal phase (Fig. 2C). One dog had histologically
proven hemangiosarcoma. The nodule was hypoechoic during all phases (Figs. SA-C).
Hemangiosarcoma was suspected in 6 other dogs based on cytology; none of these
nodules were enhanced during any phase. One dog had a hepatic osteosarcoma. This
lesion was hypoechoic to the surrounding normal liver during 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 detected (Fig.

2E).
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Discussion

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 intensity from the
portal vein was the highest at 1 min after injection and then enhancement of the portal
vein decreased gradually and disappeared at 7 min after injection. On the basis of these
findings, the portal phase was defined as 1 min after injection and the parenchymal
phase as 7 to 30 min 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 (35). Thus the arterial phase was defined 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 (16-18). Parenchymal
enhancement in rat liver following Sonazoid” injection is due to the distribution of the
microbubbles in the Kupffer cells and not in the sinusoids (34). The filling defect during
the parenchymal phase created by the malignant nodule is then due to a decrease in the
number of Kupffer cells.

The findings of this study with regard to hepatocellular carcinoma were not
in complete agreement with prior work in the dog (28). In that study, the presence of an
incomplete, irregular, or partial defect during the parenchymal phase was characteristic
of hepatocellular carcinoma compared to other malignant tumors. This was
hypothesized to be due to residual Kupffer cells in hepatocellular carcinoma nodules. In
the present study, no hepatocellular carcinoma was heteroechoic and most were

homogeneously hypoechoic, similar to other malignant tumors. On the other hand, one
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hepatocellular carcinoma was isoechoic, supporting the presence 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 (18). Additionally, some
studies revealed that Kupffer cells were present in human early stage and
well-differentiated hepatocellular carcinoma (36-38). Further studies are needed to
investigate the relationship between the histologic grade of canine hepatocellular
carcinoma and Kupffer 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 (20, 28). On the other hand, all hemangiosarcomas
were hypoechoic during all three phases. This concurred with findings using other
ultrasound contrast agents (20, 29) and contrast-enhanced computed tomography (39).
In addition to echogenicity, the vasculature patterns during the arterial phase are used to
characterize human (16) and canine (28) focal liver lesions. In the present study,
hepatocellular carcinoma had a branching vasculature pattern. This agreed with the
finding for humans (16), but was incongruent with the finding for dogs (28). The reason
for this difference is uncertain. 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 vasculature pattern of the canine focal liver lesion
should not be overestimated.

There were some limitations in this study. First, because the number of
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patients with benign nodules was small, there were large Cls for the specificity and
negative predictive value for differentiation between malignant and benign liver lesions.
Second, only one hemangiosarcoma was diagnosed histologically. Third, the criteria for
diagnosis were not applied prospectively. A prospective study is needed to confirm the

accuracy for differential diagnosis of hepatic nodules.
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Summary

In 6 normal beagles and 27 dogs with 28 hepatic nodules, 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 appropriate protocol for the evaluation of
all 3 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 nodules diagnosed as malignant tumors,
nodules were clearly hypoechoic to the surrounding normal liver during the
parenchymal phase. Additionally, malignant tumors had different echogenicity
compared to the surrounding normal liver during the arterial phase in 14 of 15 nodules.
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.
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Table and Figures
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Table 1. Histological type and contrast enhanced ultrasonographic appearance of the liver lesions of dogs in this study.

Echogenicity of the liver lesions compared to the surrounding normal liver parenchyma

Mean Size
Lesion (Range) (cm) Arterial phase Portal phase Parenchymal phase
Malignancy (n=22)
Epithelial tumor (n=13)
Hepatocellular carcinoma (n=11) 4.2 (2.0-8.2) Hyper (n=9), Iso (n=1) Hypo (n=1) Hyper (n=1), Iso (n=6), Hypo (n=1), Mix (n=3) Hypo (n=10), Iso (n=1)
Combined hepatocellular cholangiocellular carcinoma (n=1) 1.3 Hyper (n=1) Mix (n=1) Hypo (n=1)
Carcinoid (n=1) multiple (0.5-0.7) Hyper (n=1) Hypo (n=1) Hypo (n=1)
Mesenchymal tumor (n=8)
Hemangiosarcoma (n=1) 1.7 Hypo (n=1) Hypo (n=1) Hypo (n=1)
Osteosarcoma (n=1) 2.5 Hypo (n=1) Hypo (n=1) Hypo (n=1)
Hemangiosarcoma suspected (n=6) 4.3 (1.8-8.0) Hypo (n=6) Hypo (n=6) Hypo (n=6)
Hematopoietic tumor (n=1)
Lymphoma (n=1) 1.8 Not Examined (n=1) Not Examined (n=1) Hypo (n=1)
Benignancy (n=6)
Nodular hyperplasia (n=6) 1.5 (0.5-3.3) Iso (n=5), Hyper (n=1) Iso (n=5), Hyper(n=1) Iso (n=6)

Hyper, hyperechogenicity; Iso, isoechogenicity; Hypo, hypoechogenicity; Mix, mixture.
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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

deviation of the mean.

* Significantly (P < 0.05) different from the preinjection values (Dunnett’s test).
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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
and cholangiocellular carcinoma, (C) carcinoid, (D) hepatic osteosarcoma, (E)
lymphoma. All lesions had clear contrast defects (arrows) compared to surrounding

normal parenchyma (*).
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Fig. 3. Ultrasound images of contrast enhancement of nodular hyperplasia. (A)
Immediately after injection of Sonazoid®, 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 to the surrounding normal lesion. (C) During

the parenchymal phase, the lesion was isoechoic (arrows).
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Fig. 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 to the
surrounding normal parenchyma. (C) During the parenchymal phase, the lesion was

hypoechoic (arrows).
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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 to the surrounding normal

parenchyma. (C) During the parenchymal phase, the lesion was hypoechoic (arrows).
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CHAPTER 2

CONTRAST-ENHANCED ULTRASONOGRAPHY FOR DIAGNOSIS OF

SPLENIC NODULES IN DOGS
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Introduction

Ultrasonography is a routine diagnostic procedure for the detection of focal
splenic lesions. However, differentiation between benign and malignant lesions is
difficult in many cases using conventional ultrasonography, and clear discrimination
criteria has not been established yet (40). Therefore, histologic or cytologic examination
is necessary to confirm the diagnosis of splenic lesions.

Previous studies showed that contrast-enhanced ultrasonography with
second-generation contrast agents could evaluate the tumor perfusion dynamics and
improve the differentiation between benign and malignant focal splenic lesions in
humans (41) and dogs (24, 26, 29). In addition to vascular imaging, the
second-generation contrast agent Sonazoid® is phagocytized by Kupffer cells (34, 42),
allowing for long-lasting parenchymal contrast enhancement of the liver (14).
Parenchymal imaging improves the diagnostic accuracy to differentiate benign and
malignant focal liver lesions in humans (16-18) and dogs (28), given that malignant
tumors have little or no reticuloendothelial system and appear as hypoechoic defects.

To date, in humans, three microbubble agents have been characterized as
having splenic uptake, i.c., Levovist® (8), Sonovist® (9), and SonoVue® (10). In
veterinary medicine, however, no contrast agent has been determined to have spleen
parenchyma-specific uptake in dogs. The purpose of this study in chapter 2 was to
establish an appropriate protocol for contrast-enhanced ultrasonography of the canine
spleen and to determine whether analysis of the enhancement pattern after injection of

Sonazoid® would allow to differentiate benign from malignant focal splenic lesions.
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Materials and Methods

Six adult laboratory beagles weighing between 7.5 and 14.5 kg were studied.
The spleen and left kidney were imaged. The kidney was included for comparison as it
has no reticuloendothelial system. Each dog was healthy based on physical examination,
and laboratory data. The spleen and kidneys of each dog were sonographically normal.
All procedures were approved by the Hokkaido University Animal Care and Use
Committee.

Contrast-enhanced ultrasonography was performed with the same ultrasound
machine setting as described in chapter 1. A single bolus of Sonazoid® (0.12 pl
microbubbles/kg) was injected through a 22-gauge catheter in the cephalic vein.
Scanning was performed using only manual restraint. The cranial abdomen was shaved
and the dog was in dorsal recumbency. The spleen and left kidney were scanned in one
image. For evaluation of the arterial phase, dogs were scanned continuously from
pre-injection to 1 min after injection of Sonazoid”. For the parenchymal phase,
intermittent imaging for a few seconds at 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 by a
video frame grabber. An off-line image analysis system® was used for calculating
videodensity. In this system, the gray-scale level ranged from 0 to 255 MPV.
Videodensity was obtained and evaluated for each of three regions of interest, i.e., the
normal renal cortex, splenic arteries, and splenic parenchyma. The average baseline
values, the average peak values, the time to initial upslope from injection and the time
to peak enhancement from initial upslope of all three regions were then calculated. The

time of initial upslope was defined as the time when the gray-scale level increased more
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than 20 units above baseline because this magnitude of change is generally necessary
for visual recognition (14). The average upslope in the spleen was calculated. The data
used to calculate the upslope consisted of data points between the initial upslope and
peak values. All data were expressed as mean + standard deviation.

Statistical analysis was performed by using Dunnett’s multiple comparison
tests to evaluate the difference between pre- and post-injection value of each organ and
by Student’s t-test to evaluate the difference between the spleen parenchyma and
arteries at the same time. A P value of < 0.05 was considered to be significant.
Statistical analysis was performed with a standard computer software program.f

Twenty-nine focal splenic lesions in 29 dogs presented to Hokkaido
University Veterinary Teaching Hospital were examined. The study population was
recruited from dogs with single or multiple focal splenic lesions detected by
conventional ultrasonography. The final diagnosis was confirmed by histology or
cytology.

Contrast-enhanced ultrasonography was performed using an ultrasound
machine® with a 5-11 MHz broadband linear probed or a 3.75 MHz convex probe.® A
single focal zone was placed at the deepest part of the lesion. The mechanical index was
set at 0.1-0.2 MI to minimize microbubble destruction. The gain was set so that few
signals from the underlying splenic parenchyma were present. The cranial abdomen was
shaved and the dogs were restrained in dorsal recumbency without sedation. Scan
planes were chosen to show both a splenic lesion and normal parenchyma in one image.
Sonazoid® (0.12 ml microbubbles/kg) was injected via an intravenous catheter in the
cephalic vein. Catheters were flushed with saline (0.9% NaCl) solution immediately

after the injection. Real-time imaging was performed from preinjection to 1 min after
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injection of Sonazoid® for the vascular phases. Images for parenchymal phase were
obtained 7-10 minutes after injection according to the results from the normal beagle
dogs. All images were recorded on a hard disk for off-line analysis.

Qualitative assessment of the vessel appearance was performed immediately
after injection of Sonazoid®. Vessel appearance in lesion was divided into 3 groups in
comparison with the vessel in surrounding normal parenchyma: (1) similar, (2) different,
and (3) invisible.

Qualitative assessment of the enhancement pattern was performed in the early
vascular phase (5-10 sec after injection), late vascular phase (25-30 sec after injection),
and parenchymal phase (7-10 min after injection). The timing of all 3 phases was
defined based on the results from normal beagle dogs. The contrast enhancement in the
surrounding parenchyma was used as an in vivo reference. Enhancement pattern were
defined subjectively based on echogenicity of lesion parenchyma in comparison with
the surrounding normal parenchyma: (1) hypoechoic, (2) isoechoic, and (3)
heteroechoic.

Diagnosis was confirmed in all 29 dogs by histology in 24 dogs and
ultrasound-guided aspiration cytology in 5 dogs. It was ensured by size and location that
the lesions imaged were the ones sampled.

The statistical significance of differences between benign and malignant
lesions was calculated with the G-test and two-tailed Fisher’s exact test. In addition, the
sensitivity and specificity were calculated with 95% CI. P < 0.05 was considered
significant. Statistical analysis was performed with a standard computer software

program.”
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Results

In the beagle dogs, the renal cortex was characterized by marked enhancement
immediately after injection of Sonazoid® in all dogs (Figs. 6A and C). The average
baseline value was 19.5 = 1.3 MPV and the average peak value 158.0 = 8.3 MPV. Time
to initial upslope from injection was 3.6 = 0.9 sec and the time to peak enhancement
from initial upslope 3.6 £ 0.9 sec. The contrast effect decreased abruptly (Fig. 6D) and
MPV at 7 min after injection (22.3 + 2.7) did not differ significantly from the average
baseline value (Fig. 7). The mean time when the renal cortex MPV maintained 20 units
above baseline was 3.5 + 0.8 min after injection.

Splenic arteries and parenchyma were characterized by marked enhancement
in all dogs immediately after injection (Figs. 6B and 8). Before injection of Sonazoid®,
splenic arteries were too thin to be visualized. The splenic vein was, therefore,
substituted for evaluation of the average baseline value of splenic arteries. Thus, the
derived average baseline value of splenic arteries was 30.2 = 5.3 MPV and the average
peak was 196.9 + 14.3 MPV. Time to initial upslope from injection of splenic arteries
was 5.2 = 0.4 sec and the time to peak enhancement from initial upslope 2.7 £ 1.0 sec.
Subsequent to the enhancement of arteries, the parenchyma was enhanced and arteries
became difficult to determine with time (Figs. 6C and D). The gray-scale of splenic
arteries was higher than that of the parenchyma for only 5 to 22 sec after injection, but
from 23 sec no significant difference was noted between the gray-scale of arteries and
that of the parenchyma (Fig. 8).

The average baseline value for the parenchyma was 47.6 + 6.1 MPV and the
average peak value 144.1 £ 9.3 MPV. Time to initial upslope from injection of the

parenchyma was 7.0 + 1.6 sec and the time to peak enhancement from initial upslope
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was 20.8 £ 2.1 sec. The average upslope in parenchyma was 3.2 = 0.7 MPV/sec.
Differing dramatically from the contrast enhancement of the renal cortex, contrast
enhancement of the splenic parenchyma decreased only slightly and the duration was
significant (P < 0.05) with a high gray-scale value (107.3 £ 5.3 MPV) maintained up to
30 min (Fig. 7).

According to these results, for Sonazoid® the optimal time for examining the
arterial phase of the spleen ranges from 5 to 22 sec after injection and for the
parenchymal phase from 7 to 30 min after injection.

Twenty-nine clinical dogs were included. Of the 29 dogs, 13 dogs had benign
nodules and 16 dogs had malignant tumors (Table 2).

The vessel appearance was not significantly different between malignant and
benign lesions. Similar pattern was found in 9 of the 16 malignant lesions (Fig. 12B)
and 10 of the 13 benign lesions (Fig. 9B). Different pattern was found in 4 malignant
lesions. In the other 3 malignant and 3 benign lesions, vessel was invisible (Fig. 10B).
Among 4 dogs with different pattern, there were 3 hemangiosarcoma and one histiocytic
sarcoma. All 3 hemangiosarcoma had aberrant wide or tortuous vessels in nodule (Figs.
11B and C). One histiocytic sarcoma had tortuous vessel. Data for the vessel appearance
are given in Table 3.

The enhancement patterns during the early and late vascular phases were
significantly different between malignant and benign lesions (P = 0.02, and P < 0.001,
respectively). There was no significant difference during the parenchymal phase. Data
for the contrast enhancement pattern after Sonazoid” injection are given in Table 3.

In the early vascular phase, a hypoechoic pattern was found in 6 of the 16

malignant lesions and in none of the 13 benign lesions. All 6 hypoechoic lesions in the
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early phase were hemangiosarcoma. Hypoechoic pattern was significantly associated
with malignancy (P = 0.02) with sensitivity of 38% [95% CI, 25-38%], and specificity
of 100% [95% CI, 84-100%]. An isoechoic pattern was found in 7 of the 16 malignant
lesions and 10 of the 13 benign lesions. A heteroechoic pattern was found in 3 of the 16
malignant and 3 of the 13 benign lesions. Isoechoic and heteroechoic pattern were not
associated with malignancy or benignancy.

In the late vascular phase, a hypoechoic pattern was found in 13 of the 16
malignant lesions, and 2 of the 13 benign lesions. Hypoechoic pattern in the late phase
was significantly associated with malignancy (P = 0.001) with sensitivity of 81% [95%
ClI, 66-90%], and specificity of 85% [95% CI, 65-95%]. An isoechoic pattern was found
in 1 of the 16 malignant lesions, and 9 of the 13 benign lesions. Isoechoic pattern was
significantly associated with benignancy (P = 0.001) with sensitivity of 69% [95% CI,
51-76%], and specificity of 94% [95% CI, 79-99%]. A heteroechoic pattern was
detected in 2 of the 16 malignant lesions and 2 of the 13 benign lesions. Heteroechoic
pattern was not associated with malignancy or benignancy.

In the parenchymal phase, a hypoechoic pattern was found in 15 of the 16
malignant lesions and 11 of the 13 benign lesions. A heteroechoic pattern was found in
one malignant lesion and one benign lesion. An isoechoic pattern was found in one
benign lesion. There was no significant difference between malignant and benign
lesions in the parenchymal phase.

Nodular hyperplasia (n=8) was the most common benign lesion in this study
(Figs. 9A-E). In the early vascular phase, 7 of the 8 nodules were isoechoic to the
surrounding normal parenchyma (Fig. 9C). In 6 of the 8 dogs, nodules remained

isoechoic in the late vascular phase (Fig. 9D). In 2 of the 8 dogs, the nodules became
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hypoechoic in the late vascular phase. In the parenchymal phase, all nodules were
hypoechoic (Fig. 9E). In two dogs, splenic nodules were diagnosed as hematoma (Figs.
10A-E). In the early and late vascular phases, both nodules were heteroechoic (Figs.
10C and D). In the parenchymal phase, both nodules became homogeneously
hypoechoic (Fig. 10E). In two dogs, splenic nodules were diagnosed as extramedurally
hematopoiesis. Both nodules were isoechoic during the early and late vascular phases.
In the parenchymal phase, one was heteroechoic and another was isoechoic. In one dog,
splenic nodule was diagnosed as granuloma. In the early vascular phase, the nodule was
1soechoic. It became hypoechoic during the late vascular and parenchymal phase.

Hemangiosarcoma (n=8) was the most common malignant tumor in this study
(Figs. 11A-E). In 6 of the 8 dogs, nodules were hypoechoic during the early and late
vascular phases. In their nodules, tortuous or aberrant wide vasculature was enhanced
but the entire nodules were not enhanced (Figs. 11B-D). In the other two dogs, nodules
were heteroechoic in the early and late vascular phases. Seven of the 8 nodules were
homogeneously hypoechoic in the parenchymal phase (Fig. 11E) and another was
heteroechoic.

Seven of the 8 malignant nodules other than hemangiosarcoma were isoechoic
in the early phase (Figs. 12A-C). However, contrast enhancement in these 7 nodules
rapidly decreased, and they became hypoechoic in the late vascular phase (Fig. 12D).

Finally, all 8 lesions became hypoechoic in the parenchymal phase (Fig. 12E).
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Discussion

The results of present study suggest that evaluation of enhancement pattern in
Sonazoid®-enhanced ultrasonography has value in differentiating between malignant
and benign splenic nodules in dogs with high accuracy. However, the method for
differentiating benign and malignant focal splenic lesions was quite different from that
for the liver.

The main result of this study in chapter 2 is that there was no significant
difference between benign and malignant lesions in the parenchymal phase. This finding
is contrary to those of Sonazoid“-enhanced ultrasonography of the liver, in which
hypoechogenicity in the parenchymal phase is suggestive of malignant tumors as
described in chapter 1. Parenchymal enhancement in the liver following Sonazoid®
injection is due to the distribution of the microbubbles in the Kupffer cells (34). The
filling defect during the parenchymal phase created by the hepatic malignant tumor is
then due to a decrease in the number of Kupffer cells. Conversely, hepatic nodular
hyperplasia, the most common benign focal liver lesion in dogs, shows contrast
enhancement during the parenchymal phase because the nodules contain Kupffer cells
(28, 43). On the other hand, splenic nodular hyperplasia, which is formed by
hyperplastic lymphoid cells or mixed accumulations of hyperplastic erythroid, myeloid,
and megakaryocytic cells (44), became hypoechoic during the parenchymal phase in the
present study. Although the precise mechanism of splenic parenchymal phase imaging is
not fully determined, the author speculate that the contrast defect during the
parenchymal phase created by splenic nodular hyperplasia might be due to a decrease of
splenic macrophages. Therefore, the parenchymal phase imaging was not useful for

differentiation between benign and malignant splenic lesions. In some cases, however,
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nodules that could not be visualized with conventional ultrasonography became clearly
hypoechoic in the parenchymal phase. Therefore, the parenchymal phase imaging could
be useful for the detection of focal splenic lesions.

Another important finding is that the detection of hypoechoic nodules in the
late vascular phase of Sonazoid®-enhanced ultrasonography is suggestive of malignancy.
In contrast, detection of isoechoic nodules in the late vascular phase is suggestive of
benign lesions. These findings agree with those of previous studies using the contrast
agent SonoVue® (24, 26). SonoVue® is a second-generation contrast agent that has been
characterized to have splenic uptake in humans, allowing for parenchymal phase
imaging in the human spleen (8). In the canine spleen, however, it was demonstrated
that SonoVue® allowed for vascular phase imaging but not for parenchymal phase
imaging (24). The vascular phase imaging with SonoVue® could differentiate benign
and malignant focal splenic lesions based on the finding that malignant tumors were
hypoechoic to the surrounding normal spleen parenchyma in the wash-out phase (30 sec
after injection of SonoVue®) (26, 45). In the normal dogs and humans, which have a
sinusoidal spleen, a large sieve-like vascular reservoir is formed by an interconnected
network of splenic sinusoids and red pulp spaces (44). It has been suggested that some
contrast agents are pooled in the splenic sinusoids for a time after intravenous injection
(10). Therefore, the author speculates that the lack of normal sinusoids combined with
neoplastic angiogenesis might be one of the causes of a malignant hypoechoic pattern
during the late vascular phase.

The early vascular phase could also differentiate malignant and benign lesions
with high specificity. Among them, hemangiosarcoma showed characteristic hypoechoic

pattern during the early vascular phase. This finding concurred with those for
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SonoVue®-enhanced ultrasonography (26, 45) and contrast-enhanced computed
tomography (39). This hypoechoic area may correspond to the hemorrhagic or necrotic
areas commonly associated with hemangiosarcoma. However, differentiation between
hemangiosarcoma and hematoma should be done cautiously. In a previous study with
the contrast agent Definity”, hemangiosarcoma and hematoma showed similar
heteroechoic patterns during the peak enhancement (29). In the present study, likewise,
2 of the 8 hemangiosarcomas and both hematomas had similar heteroechoic patterns
during the early vascular phase. Moreover, it was demonstrated that some cases of
hematoma exhibited a hypoechoic pattern with SonoVue® (26, 45). Although the exact
reasons for these differences are uncertain, it was speculated that they might be due to
the differences of contrast agents or patient populations in each study. Further studies
are needed to clarify the criteria for discrimination between hemangiosarcoma and
hematoma.

Evaluation of vessel appearance has no value in differentiating between
malignant tumors and benign nodules. However, although some hemangiosarcomas had
aberrant wide vessels, none of the other malignant or benign lesions, including
hematoma, had such vessels. This finding agreed with that of a previous study (26). It is
quite difficult to evaluate the vessel pattern accurately because of patient motion and the
quite short duration of vascular enhancement in dogs. Vasculature pattern of focal
canine splenic lesions should be evaluated cautiously but further studies are needed to

evaluate its diagnostic significance.
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Summary
In 6 normal beagles and 29 dogs with spontaneous focal or multifocal splenic lesions,
contrast-enhanced ultrasonography using Sonazoid® was performed. An appropriate
protocol for the evaluation of all 3 phases (early vascular, late vascular, and
parenchymal) was established based on the results for normal beagles. In 29 dogs with
splenic lesions, qualitative assessment of the enhancement pattern was performed in the
early vascular, late vascular, and parenchymal phase. In the early vascular phase, a
hypoechoic pattern was significantly associated with malignancy (P = 0.02) with
sensitivity of 38% [95% CI, 25-38%], and specificity of 100% [95% CI, 84-100%]. In
the late vascular phase, a hypoechoic pattern was significantly associated with
malignancy (P = 0.001) with sensitivity of 81% [95% CI, 66-90%], and specificity of
85% [95% CI, 65-95%]. There was no significant difference between malignant and
benign lesions during the parenchymal phase. In conclusion, there is no significant
difference between benign and malignant lesions in the parenchymal phase. Hypoechoic
splenic nodules in the early and late vascular phase with Sonazoid®-enhanced

ultrasonography is strongly suggestive of malignancy in dogs.
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Tables and Figures
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Table 2. Clinical data of the 29 dogs with splenic lesions.

Median Age Median Diameter
Final Diagnosis n (years) Sex Distribution (mm) Diagnostic Procedure
All dogs 29 11 (3-16) Male (14), Female (15) Single (18), Multiple (11) 19.2 (4.4-150.0) Histology (24), Cytology (5)
Benignancy 13 10 (5-15) Male (9), Female (4) Single (8), Multiple (5) 15.0 (4.4-150.0) Histology (11), Cytology (2)
Nodular hyperplasia 8 8.5 (5-15) Male (5), Female (3) Single (5), Multiple (3) 15.0 (6.0-20.9) Histology (6), Cytology (2)
Hematoma 2 10.5 (7-14) Male (1), Female (1) Single (2) 90.0 (29.9-150.0) Histology (2)
Extramedullary hematopoiesis 2 9.5 (9-10) Male (2) Multiple (2) 5.1 (4.4-5.7) Histology (2)
Granuloma 1 10 Male (1) Single (1) 10.6 Histology (1)
Malignancy 16 11 (3-16) Male (5), Female (11) Single (10), Multiple (6) 26.9 (11.9-73.9) Histology (13), Cytology (3)
Hemangiosarcoma 8 12 (11-16) Male (3), Female (5) Single (8) 37.7 (14.2-73.9) Histology (8)
Lymphoma 3 5(3-10) Male (1), Female (2) Multiple (3) 22.0(11.9-31.7) Cytology (3)
Histiocytic sarcoma 2 9.5 (9-10) Male (1), Female (1) Multiple (2) 26.0 (16.0-36.0) Histology (2)
Leiomyosarcoma 1 14 Female (1) Single (1) 20 Histology (1)
Osteosarcoma 1 12 Female (1) Single (1) 35 Histology (1)
Carcinoma 1 11 Female (1) Multiple (1) 175 Histology (1)




Table 3. Contrast enhancement pattern in 29 dogs.

Benign lesions

Malignant lesions

roonat o N e omsama T Gaona AL T g Hsooric. Loomye” Oser - ycinong
n 13 8 2 2 1 16 8 3 2 1 1 1
Vessel appearance

Similar 10 1 1 1 1 1 1
Different 0 0 0 4 3 1

Invisible 1 1 1 2 0 1

Early vascular phase®

Hypoechoic 0 0 0 6¢ 0

Heteroechoic 3 3

Isoechoic 10 7 0 1 7 0 2 1 1 1
Late vascular phase®

Hypoechoic 2° 0 13° 6 1 1 1 1
Heteroechoic 2 0 2 0

Isoechoic 9° 0 1° 0

Parenchymal phase

Hypoechoic 11 8 2 0 1 15 7 1 1 1
Heteroechoic 1 0 0 1 0 1 1

Isoechoic 1 0 0 1 0 0 0

**Sjgnificantly different between benign and malignant lesions: P < .001. ; °P =
°9Sjgnificantly different between benign and malignant lesions: °P = .001. ; °P = .02. Statistical differences were calculated with two—tailed Fisher's exact—test.

.02. Statistical differences were calculated with G—test.



Fig. 6. Longitudinal images of contrast enhancement of a normal spleen (star) and
kidney (circle) in a beagle (cranial is to the left, caudal to the right). (A) Image acquired
before injection of contrast medium. The probe and machine were preset for contrast
harmonic imaging. (B) Contrast-enhanced splenic arteries are seen 5 sec after injection
of contrast agent (arrow). (C) Contrast enhancement occurs both in the spleen and
kidney (shown here 1 min after injection). (D) Although contrast enhancement of the

kidney disappears, persistent enhancement of the spleen is seen (10 min after injection).

39



180

160

140

120

100

80

60

40

20

Time (min)

Fig. 7. Time-intensity curves of splenic parenchyma (solid line) and renal cortex (dotted
line) in 6 normal beagles (0 to 10 min after injection of Sonazoid"™). Bars = standard
deviation of the mean.

* Significantly (P < 0.05) different from the pre-injection values (Dunnett’s test).
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Fig. 8. Time-intensity curves of splenic arteries (solid line) and parenchyma (dotted
line) in the early phase (0 to 30 sec after injection of Sonazoid™) in 6 normal beagles.
Bars = standard deviation of the mean.

* Significantly (P < 0.05) different from the parenchyma at the same time (Student’s t-

test).
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Fig. 9. (A) Conventional ultrasound imaging and (B-E) Sonazoid“-enhanced imagings
of splenic nodular hyperplasia. (B) Immediately after injection, the vessel pattern
(arrow) in the lesion (arrowheads) was similar to the surrounding parenchyma. During
both (C) the early vascular and (D) the late vascular phase, the lesion was isoechoic
(arrowheads) compared to the surrounding normal parenchyma. (E) During the

parenchymal phase, the lesion became hypoechoic (arrowheads).
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Fig. 10. (A) Conventional ultrasound imaging and (B-E) Sonazoid“-enhanced imagings

of splenic hematoma. (B) Immediately after injection, no vessel was visualized in the
lesion (arrowheads). During both (C) the early vascular and (D) the late vascular phase,
the lesion was heteroechoic (arrowheads). (E) During the parenchymal phase, the lesion

became hypoechoic (arrowheads).
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Fig. 11. (A) Conventional ultrasound imaging and (B-E) Sonazoid®-enhanced imagings

of splenic hemangiosarcoma. During the early vascular phase, (B) the tortuous vessel
(arrow) and (C) aberrant wide vessel (arrow) were visualized, but the entire lesion was
hypoechoic (arrowheads). (D) During the late vascular phase, the lesion remained
hypoechoic (arrowheads) with visualization of vessels (arrow). (E) During the

parenchymal phase, the lesion became hypoechoic (arrowheads).
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Fig. 12. (A) Conventional ultrasound imaging and (B-E) Sonazoid“-enhanced imagings

of carcinoma in spleen. (B) Immediately after injection, the vessel pattern (arrow) in the
lesion (arrowheads) was similar to the surrounding parenchyma. (C) During the early
vascular phase, the lesion was isoechoic (arrowheads) compared to the surrounding
normal parenchyma. (D) During the late vascular phase, the lesion became hypoechoic
(arrowheads) compared to the surrounding normal parenchyma. (E) During the

parenchymal phase, the lesion was hypoechoic (arrowheads).
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General Conclusion

The goal of this study was to assess the clinical utility of Sonazoid®-enhanced
ultrasonography for characterization of canine focal liver and splenic lesions. The
findings of the present study suggest that Sonazoid®-enhanced ultrasonography is of
value in differentiating between malignant lesions and benign nodules of liver and
spleen with high accuracy.

In chapter 1, the author firstly established the protocol of Sonazoid®-enhanced
ultrasonography for canine liver. The optimal time for the arterial imaging is the
moment when the echogenicity of the portal vein began to rise. The optimal time for
portal vein imaging is 1 min after injection and the optimal time for parenchymal
imaging is from 7 min to 30 min after injection. Secondly, the author performed
Sonazoid®-enhanced ultrasonography for clinical dogs with focal liver lesion. It was
demonstrated that Sonazoid®-enhanced ultrasonography according to the protocol
established in this study could be used to differentiate canine hepatic malignant tumors
and benign nodules with high accuracy. Both the arterial and parenchymal imagings are
useful for the differentiation.

In chapter 2, the author firstly performed qualitative assessment of Sonazoid™
enhancement for the canine spleen. It was indicated that Sonazoid® enable the
parenchymal imaging of canine spleen as with liver. Secondly, the author performed
Sonazoid®-enhanced ultrasonography for clinical dogs with focal spleen lesion. In
contrast to the finding of liver lesion, the result of this study shows that the parenchymal
phase imaging of Sonazoid“-enhanced ultrasonography has no value in differentiating
between malignant and benign splenic nodules. However, the early and late vascular

phase imaging can be useful for the differentiation.
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In conclusion, the result of the present study demonstrated that
Sonazoid®-enhanced ultrasonography could differentiate benignancy and malignancy of
liver and splenic lesions in dogs. For liver lesions, the arterial and parenchymal phase
imaging could be useful for the differentiation. For the splenic lesions, the early
vascular and late vascular phase imaging could be useful for the differentiation. Future
studies may be optimized by blinding of the reviewer to the clinical data of the patients.
Additionally, studies with higher numbers of patients will be necessary to validate the
data. Despite these limitations, this thesis could be a huge first step towards making
definitive diagnosis with this noninvasive diagnostic method, Sonazoid®-enhanced

ultrasonography.
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Footnotes
a. Schering AG, Berlin, Germany.
b. Daiichi-Sankyo, Tokyo, Japan.
c. Aplio XG, Toshiba Medical Systems, Tochigi, Japan.
d. PLT-704 AT, Toshiba Medical Systems, Tochigi, Japan
e. Imagel, US National Institutes of Health, http://rsb.info.gov/nih-image.
f. StatMate®, ATMS, Tokyo, Japan.

g. PSK-375 BT, Toshiba Medical Systems, Tochigi, Japan.
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Abstract in Japanese (& &)

A Study on Contrast-enhanced Ultrasonography with Second-generation
Contrast Agent Sonazoid® for Diagnosis of

Liver and Splenic Nodules in Dogs
(B _HRBEEEEA Y TV 1 REFAVWERBTRREC
ROFFEF X O R O Z BT B3 5 H15E)

JFigFs & ORI 3R 3w THEMEIE IS D F8 A SRS |1V Miles T 2 725 B 2 i A 12
0 REMEZERNT D2 LIIZOGAETARARTHY ., WEEMRELSLETH D,
U L7238 BATAE N BRI CH 2 7w /S — RISV A £ 5 B & R ol
WIERAI Y YA R WD Z LI kb AOHIBREREZHNIC BT, BB TR
IR HER A (S VLHCT 2 WS FE & £ 0 2 & 3R S, IFIRIEE o i 2 W A 1387 7=
IAT —VIZEE LT, —H CHRESHEIRICEIT D Y Y A RUSEEE sl B+
LWEITImO THR < FOAMMEIARHATH D, £ 2 TAIFZETIL, ROATIHIEREZ
WHZkIT 5 Y Y A REEEBEEREOREEZ2FMT 2 GB—3) L& bic, e
[FIARIZ AR N B SRR 2 8 A T 2 IRIC 81 2 Y Y A RUIE S R oA H
P22 GB_&) Z&xHmME L,

—E T, FFIRIERE 2 FFo K 27 JER 28 fEEIICx LT Y Y« RUSEREE R MRE
N LT, ERATRITERE . PIRIE S L OEEHZ L EICB W T, o= a—
P52 JE P oD 1B B 92 & Fhl L CARRTRYIZ Hypo/lso/Hyper O —FEIZ 3 H L Tc, £ D%,
EENZ B D THBEAERR IR A & L < ITHRZ 2170, WEFRRZE S L, fFonic
RN D BEMENICBWTAHE (P<0.05) &722FTRZ2ME L, &4 ORE,
FrRIEARI Uz, 288560 9 B 206580 REEIPERIEZRL 5 61, IHMiass 11 61, e
W 1 5], IRETRUIHE LB, AT 2 A4 K16, BRI FD 1280 TR EE R
RAICE D 2856 GREEIMEEPAL 16, U ol 1) 2BV TEMiEiic L e
W17, FR D O 6 FEEIIC W TITMIEE & £ OO RE IR AT 76 I WIE T H
D2 ENEL b, MEBKRNIITE SRho Tz, MEZKINE LT 22 fEH
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B THEEHEARENT 2 F2hiE L, BIRFE 3 X OB A ORTM 28 R EMEER A TH D 2
EDIREI T, ARV T Hypo & 03 S N AEENITA BICEMETH D JRE 94%,
KRR 100% CHEMLEZWT 2 Z LN ThH -7, BIRMHEIZIHE VT Hyper L <X
Hypo & 3 FHINIZREENIAEICEETH U | E 93%., FrRE 83% CHEMELZWT 5
ZEMARETH -T2, BRI TIEZ < ORFHIERE S Hyper & 72 > 7223, &2 COIME
WAEC Hypo Toh o7z, LLEDOFRENS, VIV A RUEEBEHREIL, MO TEW,
FEEECROMIBIEE O RESERNZ1TZ 5 Z LR LN E o7, 6T, BIREORKRE
NG MR O K0 FEM R R FTRE Td D Z & AR S L7z,

CETE, EEERAIC LY MRS AR S e R 29 ER AR L L, BE
Bz F > A RUERBE R RE S £ L, R, ZInER, X OREMIC
FUNTHERE OO = = — U % JE B oD 1B 52 & g L CAE%TIIIZ . Hypo/Hetero/Iso D =
LTz, Z0%, BFIZBWTRBETFIMEZ L, MEZ2K A5, /b
TR D REEERNICB W THER (P<0.05 LAa2FTRREmME L, &% O,
FRREEAZRM U7, 29 5EFIH, BYENEREIT 13 6] GREEME ek 8 #, i 2 #1, %5k
Wi 2 ], W LB ThHY ., BMEEEIE 16 ] (A AES Fl, U VE3 f],
MRER PN 2 (5], v An PN 11, B R 1 B, IR 1 B Tholo, FEHFRIMATIC X
v RHIMEF I KO E A DR S REMEERNC A2 Th D 2 PR I3,
FEMIZBW TIAERFTRAITRD b o=, FHIMmEF BV TIE, Hypo &4
S ITIERNT, ST 38%. HFHLEE 100% I CHEME L BBIT 5 Z EBNAETH -T2, %
WM EFICISWTIL, Hypo & 0 FE S AVIIEFIIX. L 81%., HFFILFL 85%IZ CHME L 2
Wid D Z ERFHRETH o7z, LAEDORERMNS ., VT A RUERM T IR 23K o [
NG D BRI A R CTH L Z EDRH LN LR o7z, 72720, ZOFMImIZ TRk &
OBHIMEFHOLBZAHATH Y, FEACBWTHERFTIIRD bhahotz, Zh
T, FEEHORm A BEMERICIWTHE M & 2 D IThEERE & 13EF LS R 5 RToH
-7,

AFFEEOMEL Y . ROFFIRE L OWEIER O B EMAEENIC BTV oA RUER
HEREP RO THHTH L Z LRI, 2T, ZTvE THWEVEM PR A LS
O I 2 215700 B OIEGZ2 KN 3\ T IR ZFR &I L 2 E2 M~
DL RER—H LR D, S BHIZAEROMIEIZ LY  RiEZHWTREMEER DA 53,
KO FERZRBERZW S FRE L 72 D T E IR S LD,
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