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Characterization of liver
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focal lesions in dogs and cats

by contrast-enhanced
ultrasonography

Introduction and aim of the study - The use of ultrasonography for the
detection of parenchymal disorders of the liver is rarely specific. Contrast-
enhanced ultrasound (CEUS) improves the accuracy of focal liver lesion
characterization. Nevertheless, in veterinary medicine, data on liver lesion
characterization by CEUS are scant and based on a small number of cas-
es in dogs, and totally missing in cats. Aim of this study is to describe the
contrast enhancement pattern of focal liver lesions in dogs and cats.
Materials and methods - 34 dogs and 6 cats with hepatic lesions were
considered. Each animal underwent a qualitative contrast-enhanced ul-
trasound using a contrast agent consisting of sulphur hexafluoride; cyto-
histology was used as a gold standard for the diagnosis. Sensitivity,
specificity, positive and negative predictive values and positive and neg-
ative likelihood ratios were determined in order to classify the liver focal
lesions examined with Sonovue® as benign or malignant.

Results - CEUS showed that 86.4% of benign lesions had homogeneous
enhancement in the portal and late phase compared with the adjacent liv-
er parenchyma; all (100%) malignant lesions showed hypoenhancement
in the late phase, while the portal phase ranged from iso- to hypoechoic
in primary and metastatic carcinomas.

Discussion - The results of our study confirm the usefulness of CEUS in
differentiating benign from malignant lesions. Nevertheless, three cases of
benign lesions with atypical behaviour were detected. The main differ-
ences in terms of vascular behaviour were registered in the late phase,
with hypoenhancement in malignant lesions in both the dog and the cat.
In four cases (10%), hypoenhancement was detected in the advanced late
phase, suggesting that observation must be prolonged for at least 2 min-
utes in order to avoid possible false negatives. Pathognomonic patterns
capable of characterizing specific lesions were not recognized. In our ex-
perience, Sonovue® showed a high sensitivity and specificity in the differ-
entiation of benign or malignant liver focal lesions.

CEUS, a non-invasive and relatively cheap technique, could have an im-
portant role in the diagnostic approach to characterize hepatic lesions in
dogs and cats, particularly when more complete exams (i.e. CT) and/or
biopsy are not available.
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INTRODUCTION

In human medicine!, contrast-enhanced ultrasonogra-
phy (CEUS) is part of the diagnostic workup to liver
focal lesions as it allows physicians to discern between
benign/malignant nodules and to identify characteris-
tic patterns associated with specific pathologies®. In
veterinary medicine, the potential of CEUS has been
documented for more than 10 years*>*” but in dogs,
scientific work on the use of contrast agents (CA) for
the assessment of liver focal lesions is limited, outdated

Although CEUS is a technique that has entered
into clinical practice, the data published in
veterinary literature on its use for focal liver le-

sions is scant and dated in the dog and absent
in the cat.
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and performed on a small number of lesions®*'";

sults are also not easily comparable in view of the dif-
ferent contrast agents used'"'%. Moreovet, in the litet-
ature, no feline cases have been reported. Aim of this
study is to describe the ultrasound contrast enhance-
ment patterns of liver focal lesions in dogs and cats
using a CA containing sulphur hexafluoride (Sonovue®,

Bracco, Italy).

re-

MATERIALS AND METHODS

The ultrasound records of dogs and cats with single or
multiple focal lesions or with a diffuse heterogeneous
hepatic pattern and for which a qualitative contrast en-
hanced study with Sonovue® was available were re-
viewed, as were the results of cyto-histopathology, the
gold standard to es-
tablish the definitive
diagnosis. The cyto-
logical examination
was used for the de-
finitive diagnosis only
in those cases in
which the cytologist
considered it to be
definitely diagnostic (i.e. steatosis) or if it was un-
doubtedly contextualized within a systemic context
(i.e. lymphoma) or if it eventually indicated a diagno-
sis of neoplasm that could at least be characterized by
cellular type (epithelial, mesenchymal, etc.). In all other
cases the diagnosis was based on histology, performed
by means of an ultrasound-guided Tru-cut biopsy, sut-
gical excision or necropsy.

Patients were examined at two different sites: at the Vet-
erinary Clinic of the Department of Emergencies and
Organ Transplantation of the University of Bari (site A)
and at the Extracardiac Ultrasound clinic of the De-

Using cyto-histology as the gold standard, the stu-
dy analysed CEUS scans of focal liver lesions in
dogs and cats using a contrast agent marketed in

Italy containing sulphur hexafluoride (Sonovue®,
Bracco, Italy).
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partment of Veterinary Medicine, University of Milan
(site B). Ultrasound scanners with dedicated software
and probe (MyLab 30 and MylLab 70, Esaote®, Italy, in
site A and site B, respectively) were used for both con-
ventional ultrasonography and for CEUS.

Having confirmed the uniformity of the approach
used the results were evaluated collectively as a single
sample.

Procedure

The recumbency of the animals and the scans used for

the conventional ultrasound examination and for CEUS

were chosen based on the location of the lesions

(left/right lateral and dorsal recumbency; transverse

and longitudinal scans). Patients were manually re-

strained. In all subjects a 22-gauge intravenous catheter
was placed in the right or left cephalic vein for the in-
fusion of the contrast agent. With the scanner set in

Contrast Tuned Imagining (CnTI) mode the acoustic

power was set at 35 kPa. The gains were adjusted so that

only few background noises were detected and a single
focal point was set just below the lesion under investi-
gation. For the contrast enhanced scan a dedicated lin-
ear probe with a variable frequency of 3-10 MHz was
used, being the size of the subjects included in the study

and the depth of the lesions compatible with such a

probe. The contemporary use of grey-scale and CnTI

mode was only possible at site B. The CA was used at

a dosage of 0.05 ml/kg". In order to allow the mi-

crobubbles to arrive as a bolus in the area to be exam-

ined, the intravenous administration of the CA was fol-
lowed by inoculation of approximately 2 ml of saline in
the cat and of 5 ml in the dog,

In order to evaluate
the behaviour of mul-
tiple focal lesions or
to improve the set-
ting, in some patients
at times additinal bo-
luses were necessary;
in such cases, the me-

chanical index was in-

creased in the interval between the individual boluses,
this to eliminate any residues of the contrast agent ad-
ministered with the previous inoculation.

The lesions were scanned and filmed continuously for

two minutes since the starting of the timer, which oc-

curred simultaneously with the injection of the CA; the
contrast enhanced ultrasound was divided into three dif-
ferent phases: the arterial, portal and late phases. The
timings of the vascular, arterial and portal phases were
defined based on the results of a study carried out us-
ing Sonovue® as contrast agent'. Based on these results,
the arterial phase occurs 10-15 seconds post-injection;
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this is followed by the portal phase, which starts at least
30 seconds after the bolus". The time interval between
the inoculation of the CA and the enhancement peak
(maximum contrastographic impregnation) was esti-
mated at 46.3 seconds in non-sedated patients'. The
late phase was defined as the one starting 60 seconds af-
ter the administration of the CA and in any case sub-
sequent to the enhancement peak. By reviewing the im-
ages of conventional ultrasound scans the hepatic
lesions were classified based on their distribution (sin-
gle, unifocal and multifocal) and their echogenicity with
respect to the adjacent parenchyma (hyperechoic, isoe-
choic or hypoechoic).

The contrast enhanced ultrasound was di-
vided into three different phases: the ar-

terial, portal and late phases.

As for CEUS, qualitative parameters were used in the
evaluation, i.e. videos were analysed with a focus on
the enhancement (contrastographic impregnation) of
the lesions, which was then compared with the en-
hancement of the adjacent hepatic parenchyma in the
three different phases. In the arterial phase the lesions
were classified as hypervascular, isovascular or hypo-
vascular, based on their vascularization compared to
that of the adjacent liver. In the portal and late phases
the perfusion of the lesions was classified as increased
(hyper = hyperenhanced), equal (iso = isoenhanced)
or reduced (hypo = hypoenhanced) compared to the
adjacent liver.

When possible, the contrastographic enhancement pat-
tern was defined according to the classification re-
ported in human medicine® (Figure 1).

The usefulness of using Sonovue® for the differentia-
tion of malignant lesions from benign ones was calcu-
lated by evaluating the diagnostic performance indices
(Sensitivity, Specificity, Positive Likelyhood Ratio, Neg-
ative Likelyhood Ratio, Positive Predictive Value and
Negative Predictive Value)'* and was then compared to
the results of the definitive diagnosis.
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RESULTS

A total of 40 subjects were recruited (Table 1), specif-
ically 34 dogs and 6 cats, with advanced mean age (11.7
years in dogs; 13.3 years in cats), weight between 3.5 and
5.5 kg in cats and between 9 and 22 kg in dogs. At con-
ventional ultrasound examination all the animals pre-
sented focal or mass, single or multiple hepatic lesions,
or areas of heterogeneous parenchyma, as required by
the inclusion criteria (Table 2). In particular, 13 animals
presented single focal lesions in number < 3; 14 animals
multiple focal lesions (11 with lesions with constant and
superimposable characteristics, whereas 3 animals -
CN11, CN19 and GT1 - exhibited multiple lesions
with differing characteristics), 8 animals mass lesions
with diameters ranging from 3.2 to 9.8 cm and 5 animals
presented areas of heterogencous parenchyma. Benign
lesions were identified in 22 animals and malignant le-
sions in 18, based on the histological (n = 29) or cyto-
logical (n = 11) examination.

86.4% of the cases with benign lesions presen-
ted homogeneous enhancement in the portal and

late phase; 100% of the malignant lesions pre-
sented hypoenhancement in the late phase.

Of the 6 cats included in the study, 3 presented a mass
lesion and 2 showed focal lesions, diagnosed as pri-
mary or secondary malignancies; one cat presented
heterogeneous areas subsequently diagnosed as mul-
tiple abscesses.

The retrospective CEUS examination showed that
among the benign lesions (Table 3), 86.4% of the cases
(19/22) presented homogeneous enhancement in the
portal and late phase, such that the lesions were not dis-
tinguishable being isoechoic compared to the adjacent
parenchyma (Figure 2). The exceptions were: 1. a cys-
tic lesion (CN8) presenting the characteristic enhance-
ment defect in all phases; 2. an inflammatory granuloma
(CN26) which in the arterial phase presented a periph-
eral hypervascular pattern, followed by hypoenhance-
ment in the portal and late phases and a nonenhanced

N

A B C D

E

F

G

Figure 1 - Classification of enhancement patterns in focal liver lesions in human medicine3: absent (A), dotted (B), peripheral rim-like (C), peri-
pheral nodular (D), central with spoke-wheel shape (E), diffuse homogeneous (F), diffuse heterogeneous (G).
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Table 1 - Summary table of the 40 cases reported in the study: signalment;
appearance of liver lesions at conventional ultrasonography;
CEUS patterns in the three phases: arterial, portal and late; cyto/histological diagnosis

PATHOLOGICAL PATTERN CEUS PATTERN
CASE SIGNALMENT WITH STANDARD HISTOIB?SJ,:%;TSO L)
ULTRASONOGRAPHY ARTERIAL PORTAL LATE
CN1 Greyhound, FS, 11 year-old | Hypoechoic single focal lesion Isovascular Isoenhanced Isoenhanced Benign nodular hyperplasia
CN2 Poodle, FS, 13 year-old Multiple hypoechoic focal lesions Hypervascular with Early wash-out (23”), Hypoenhanced Malignant epithelial
peripheral rapid hypoenhanced neoplasia/carcinoma
rimlike pattern
CN3 Mongrel, FS, 14 year-old Hyperechogenic mass lesion, Hypervascular Isoenhanced Isoenhanced Hepatoma
heterogeneous and with defined margins
CN4 Mongrel, MC, 12 year-old Multiple hyperechoic focal lesions Isovascular Isoenhanced Isoenhanced Focal steatosis-C
CN5 Mongrel, M, 11 year-old Multiple hypoechoic focal lesions Isovascular Early wash-out (23”), Hypoenhanced. Sarcoma
hypoenhanced New visible
hypocaptating areas
CNé Cocker Spaniel, Multiple hypoechoic focal lesions Areas with no uptake | Areas with no uptake Areas with no uptake | Hemangiosarcoma
FS, 14 year-old metastases
CN7 Mongrel, FS, 11 year-old Multiple hypoechoic focal lesions Isovascular Isoenhanced Isoenhanced Chronic purulent hepatitis
and moderate fibrosis
CN8 Mongrel, FS, 11 year-old Anechoic single focal lesion with No enhancement No enhancement No enhancement Hepatic cysts
posterior wall enhancement
CN9 Labrador, M, 8 year-old 2 hypoechoic focal lesions Isovascular Isoenhanced Isoenhanced Benign nodular hyperplasia
CN10 | Jack Russel, FS, 10 year-old | 2 hyperechoic focal lesions Isovascular Isoenhanced Isoenhanced Focal steatosis-C
CN11 | Mongrel, FS, 8 year-old Multiple focal lesions, Areas with no uptake | Areas with no uptake Areas with no uptake, | Lymphoma
some hypoechoic, others “target” new lesions visible
CN12 | Mongrel, M, 14 year-old Hypoechoic multiple focal lesions Isovascular Isoenhanced Isoenhanced Vacuolar degeneration
CN13 | Cocker Spaniel, M, Multiple mixed focal lesions: Areas with no uptake | Areas with no uptake Areas with no uptake | Hemangiosarcoma
13 year-old iso-hypo-anechoic metastases
CN14 | Golden Retriever, FS, Isoechoic mass lesion Hypervascular Isoenhanced Isoenhanced Hepatoma
13 year-old
CN15 | Pincher, FS, 10 year-old Hyperechoic mass lesion with Hypervascular Heterogeneous Hypoenhanced Hepatocellular carcinoma
undefined margins, presence of isoenhancement
internal hypoechoic areas (early wash-out of some
intralesional areas)
CN16 | Mongrel, FS, 17 year-old Hypoechoic multiple focal lesions Isovascular Isoenhanced Isoenhanced Vacuolar degeneration
CN17 | Beagle, FS, 12 year-old 3 hyperechoic focal lesions Hypervascular Isoenhanced Mild Gastric carcinoma
hypoenhancement metastases
CN18 | Mongrel, F, 13 year-old Hypoechoic single focal lesion Isovascular Isoenhanced Isoenhanced Benign nodular hyperplasia
CN19 | Labrador, M, 14 year-old Hypo- or hyperechoic multiple Areas with no uptake | Areas with no uptake Areas with no uptake | Hemangiosarcoma
focal lesions metastases
CN20 | Mongrel, M, 10 year-old Hypoechoic single focal lesion Hypervascular Isoenhanced Isoenhanced Moderate non-lipidosis
vacuolar degeneration and
cholestasis
CN21 | Yorkshire, M, 12 year-old Hyperechoic single focal lesion Hypervascular Isoenhanced Isoenhanced Vacuolar degeneration,
of probable lipid origin
CN22 | Mongrel, F, 12 year-old Hyperechoic mass focal lesion Early wash-in (13”), Quick wash-out (24”), Hypoenhanced Hepatocellular
hypervascularr hypoenhancement with carcinoma/adenocarcinoma
mild peripheral rimlike
pattern
CN23 | Golden Retriever, M, Iso/hypoechoic liver focal lesion Isovascular Quick and complete Strong Histiocytic sarcoma
11 year-old wash-out (20”), marked hypoenhancement.
hypoenhancement with New lesions visible
dotted pattern
CN24 | Cocker Spaniel, M, Hyperechoic single focal lesion Hypovascular Quick wash-out (23”), Hypoenhanced Hemangiosarcoma
7 year-old hypoenhanced metastases
CN25 | Maltese, M, 11 year-old Hypoechoic multiple focal lesions Isovascular Quick and complete Marked Metastatic lymphoma
wash-out, marked hypoenhancement. (of intestinal origin)

hypoenhancement with
dotted pattern

New lesions visible
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continued
PATHOLOGICAL PATTERN CEUS PATTERN
CASE SIGNALMENT WITH STANDARD HISTOB?SJ'G%;T: e
ULTRASONOGRAPHY ARTERIAL PORTAL LATE
CN26 | Mongrel, F, 9 year-old Single target focal lesion with Peripheral Hypoenhancement Hypoenhancement Inflammatory granuloma
anechoic centre enhancement and in the periphery and in the periphery and

centre with no uptake

centre with no uptake

centre with no uptake

new visible lesions

CN27 | Pomeranian, F, 14 year-old Hyperechoic mass lesion Hypervascular Isoenhanced Hypoenhanced Metastatic carcinoma from
(wash-out at 1'12”) right adrenal neoplasia
CN28 | Cocker Spaniel, M, Heterogeneous liver Isovascular Isoenhanced Isoenhanced Initial cirrhosis
9 year-old with 2 hyperechoic areas
CN29 | Dachshund, M, 9 year-old Hyperechoic liver. Isovascular Isoenhanced Isoenhanced Turbid-vacuolar hepatocyte
Hypoechoic multiple focal lesions degeneration and
macrovesicular steatosis
CN30 | Irish Setter, M, Hyperechoic multiple focal lesions Isovascular Isoenhanced Isoenhanced Turbid-vacuolar degeneration
12 year-old and glycogenosis.
Multifocal findings of fibrosis
CN31 | Yorkshire Terrier, M, Hyperechoic, heterogeneous liver Hypervascular areas Homogeneous Homogeneous Vacuolar degeneration
11 year-old enhancement enhancement and steatosis
CN32 | Flat-Coated Retriever, M, Hyperechoic and heterogeneous liver Homogeneous Homogeneous Homogeneous Chronic hepatitis associated
8 year-old enhancement enhancement enhancement with copper accumulation
CN33 | German Shepherd, F, Diffuse macronodular heterogeneous Homogeneous Homogeneous Homogeneous Vacuolar degeneration
10 year-old pattern enhancement enhancement enhancement
CN34 | Mongrel, M, 14 year-old Single rounded lobe and diffuse Hypervascular Homogeneous Homogeneous Hepatoma
heterogeneous pattern enhancement enhancement
GT1 European dog, FS, Hypoechoic single focal lesion on Hypovascular Hypoenhanced Hypoenhanced Liver metastasis from
15 year-old heterogeneous liver due to the presence (single hypoechoic (single hypoechoic lesion) | (single hypoechoic pancreatic carcinoma
of hyperechoic multiple focal lesions lesion) lesion)
Isovascular Isoenhanced Isoenhanced Vacuolar degeneration
(multiple hyperechoic | (multiple hyperechoic (multiple hyperechoic
lesions) lesions) lesions)
GT2 European dog, MC, Mass lesion with a cystic portion Hypervascular. Hypoenhanced. Hypoenhanced Malignant epithelial
10 year-old with anechoic content in the centre No enhancement of No enhancement of neoplasia/carcinoma
the cystic portion the cystic portion
GT3 European dog, M, Hyperechoic single focal lesion Extremely quick Heterogeneous Hypoenhanced Cholangiocarcinoma
15 year-old wash-in, isoenhancement
hypervascular
GT4 European dog, M, Heterogeneous hypoechoic mass lesion Hypervascular Hypoenhancement Hypoenhanced Liver metastasis from
11 year-old in the periphery, in the centre (persisting pancreatic carcinoma
hypovascular hyperenhancement
in the centre in the periphery)
GT5 European dog, M, Heterogeneous liver due to the presence Hypovascular areas Hypoenhancement areas | Hypoenhancement Multiple abscesses-C
14 year-old of areas with different echogenicity areas
GT6 Persian, FS, 15 year-old Heterogeneous hypoechoic mass lesion Hypervascular Hypoenhanced Hypoenhanced, Cholangiocarcinoma

Table 2 - Number of animals distributed based on the type of liver alterations found with
conventional ultrasound examination
Hypoechoic Hyperechoic Mixed Other Total No. (n=40)

Single focal lesion 3 0 3 (1 isoechoic, 9

1 anechoic,

1 target)
Multiple focal lesions 8 2 1 target 14
Mass lesions 2 1 2
(1 anechoic centre,

1 isoechoic)
Areas of heterogeneous 5 5
parenchyma
Other (2-3 single lesions) 1 4
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Table 3 - CEUS findings for benign lesions distributed based on cyto-histological diagnosis

T R Arterial phase Portal phase Late phase
Hyper | Iso Hypo | Hyper | Iso Hypo | Hyper | Iso Hypo

Benign nodular hyperplasia n=3 8 8 &

Hepatoma n=3 & 8 3

Focal steatosis n=2 2 2 2

Chronic purulent hepatitis/multiple abscesses n=2 1 1 1 1 1 1

Hepatic cyst n=1 °

Vacuolar degeneration +/- steatosis or fibrosis n=8 3 (5) 8 8

Inflammatory granuloma n=1 1* 1* 1*

Cirrhosis n=1 1 1 1

Chronic hepatitis e}ssociated with 1 1 1

copper accumulation n=1

* with non-enhancing centre; ° non-enhancing at any phase.

D

Figure 2 - 11 year-old female spayed Greyhound with diagnosis of benign nodular hyperplasia. At conventional ultrasonography, a single hypoechoic
focal lesion of approximately 2 cm in diameter with irregular margins was detected (A). At CEUS, at site B, both B-mode (left) and CnTi mode
(right) images could be simultaneously assessed (B, C, D). After injection of the CA the focal lesion presented an enhancement superimposable
with that of the adjacent hepatic parenchyma during all three phases, i.e. isovascular in the arterial phase (B) and isoenhancement in the portal
and late phases (C, D).
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centre in all three of the phases; 3. a case of multiple
abscesses (GT5) with a hypovascular arterial phase and
hypo-enhancement in the portal and late phases.

With the exception of these last 3 peculiar cases, in be-
nign lesions the arterial phase was mostly isovascular,
except for in hepatoma nodules (CN3, CN14, CN34)
and in 3 cases of degenerative disorders (CN20, CN21,
CNB31), in which the arterial phase appeared, instead,
hypervascular.

Among the malignant lesions (Table 4), primary hepatic
neoplasms - hepatocarcinomas in dogs and cholan-
glocarcinomas in cats (CN15, CN22, GT3, GT6) -, pre-
sented a similar behavioural pattern, i.e. a hypervascu-
lar arterial phase with a quick and vivid wash-in, a
portal phase characterized by iso- or hypoenhance-
ment and a persistent late phase of hypoenhancement
(Figure 3).

\/ETE RINARIA

Metastases from carcinoma or malignant epithelial
neoplasia (CN2, CN17, CN27, GT1, GT2, GT4) ex-
hibited a variable CEUS behaviour in the arterial and
portal phase, but a constant behaviour in the late
phase, with the characteristic hypoenhancement. In 4
cases out of 6 the arterial phase was hypervascular; the
portal phase was isoechoic in 2 subjects and hypoe-
choic in 4.

Pancreatic carcinoma metastases (GT1, GT4) were con-
stantly hypoechoic in all phases, with a hypervascular
peripheral rim in one of the 2 cases.

The only case of undifferentiated sarcoma (CN5) pre-
sented an isovascular arterial phase, followed by a quick
wash-out in the portal phase and persistent hypoen-
hancement in the late phase.

Haemangiosarcoma metastasis (CN6, CN13, CN19,
CN24) presented no enhancement in all three of the

Figure 3 - 12 year-old female mongrel with diagnosis of hepatocellular carcinoma/adenocarcinoma (CN22). At conventional ultrasonography the
presence of a hyperechoic mass lesion was detected at hepatic level deforming the organ profile (A). After injection of the CA the lesion exhibi-
ted a quick and intense wash-in (at 13”) in the arterial phase, hypervascular compared to the adjacent hepatic parenchyma (B). The portal pha-
se was characterized by a quick wash-out (24”) and the mass presented hypoenhancement with a mild peripheral rim-like pattern (C). In the late
phase, hypoenhancement of the lesion persisted (D).
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Table 4 - CEUS findings for malignant lesions distributed based on cyto-histological diagnosis

Arterial phase Portal phase Late phase

MALIGNANT LESIONS

Hyper| Iso | Hypo | NoE. | Hyper| Iso | Hypo | No E. | Hyper| Iso | Hypo | No E.
Hepatocellular carcinoma 5 1 1 >
n=2
Cholangiocarcinoma n=2 2 1 1 2
Carcmoma/epnthel@ 4 5 5 4 5
neoplasia metastasis n=6
Sarcoma n=1 1 1 1
Hemangiosarcoma
metastases n=4 L s L S L S
Lymphoma n=2 1 1 1 1 1 1
Malignant histiocytosis n=1 1 1 1

C

Figure 4 - 11 year-old male Golden Retriever with a diagnosis of histiocytic sarcoma (CN23). At conventional ultrasonography a single focal he-
patic, mixed iso- and hypoechoic lesion of approximately 2 cm in diameter was detected (A). At CEUS the lesion was isovascular in the arterial
phase (B), with filling superimposable with that of the adjacent parenchyma. A quick and complete wash-out (already at 20”) followed, with mar-
ked hypoenhancement at the enhancement peak (C) and with a dotted pattern in the portal and late phase (C, D). In the late phase, additional
focal hepatic lesions not visible with conventional ultrasonography (D) were detected.
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phases due to the total absence or the reduced presence
of contrastographic impregnation.

Among the 3 round-cell tumours (lymphoma or his-
tiocytic sarcoma), in 1 case (CN11) no contrast uptake
was detected in any phase, while in the remaining two
(CN23 and CN25) a dotted pattern was detected (ac-
cording to the description by Quaia et al., 2004) in the
portal phase, which followed an isovascular arterial
phase characterized by an ultra-quick wash-out (Fig-
ure 4). In all three cases, additional lesions not visible
with conventional ultrasound were identified in the
late phase.

Based on the above results, in our case series the de-
scriptive statistics analysis showed a CEUS sensitivity of
100%, specificity of 91.67%, Positive Likelyhood Ratio
of 12 (95% CI; 3.18-45.23), Negative Likelyhood Ratio
of 0, Positive Predictive Value of 90% (95% CI; 70.48-
97.14%) and a Negative Predictive Value of 95.24%
(95% CI; 83.84-99.42%).

DISCUSSION

The results of our study first confirm, as already re-
ported, that conventional ultrasonography cannot con-
clusively characterize liver focal lesions!>!¢!1819,

With regards to contrast enhanced ultrasonography
with Sonovue®, the predominant portal and late phase
isoenhancement in benign lesions has already been
documented in both human®” and registered in this
study in veterinary medicine®"” and is presumably due
to a similar vascular structure between the lesion itself
and the normal hepatic parenchyma, both in terms of
vessel conformation and blood flow velocity’. The ul-
trasound contrastographic behaviour of quick wash-in
in the hypervascular arterial phase observed in all 3
cases of hepatoma reflects what has been described in
human medicine'; however, this was also recorded in 3
cases of degenerative lesions and is therefore non-
pathognomonic.

With regards to benign lesions, atypical behaviour was
recorded in 3 cases. In one case, i.e. the cystic lesion
characterized by the absence of uptake in all phases, the
peculiar behaviour was easily and correctly interpreted
as benign. In the inflaimmatory granuloma, the pattern
of peripheral arterial enhancement followed by hy-
poenhancement in the portal and late phase and with
absence of central enhancement was instead erro-
neously interpreted as a behaviour referable to a ma-
lignant lesion with central necrosis. However, in human
medicine, such behaviour has been described in asso-
ciation with or in the presence of abscesses % In the
cat with multiple abscesses, the CEUS performed in the
patient without sedation had also been suggestive of a
malignant neoplastic behaviour, which was however
not confirmed by histology. In all phases the lesions

\/ETERINARIA

showed a weak wash-in, with hypo-enhancement com-
parable to that of the adjacent parenchyma. It should
be emphasized that in scarcely collaborative animals, se-
dation may be necessary and useful in order to reduce
as much as possible mistakes in the interpretation. In
general, no characteristic pattern was identified allow-
ing to differentiate, among the benign lesions, between
inflammatory, degenerative and hyperplastic lesions. In
the 3 cases of benign nodular hyperplasia the typical be-
haviour described in humans of rapid centrifugal filling
and non-enhancing central scar was not found®.

CEUS showed a sensitivity of 100% and a spe-
cificity of 91.67%. Among the benign lesions the
cases of inflammatory granuloma and of multi-

ple liver abscesses exhibited an atypical CEUS
behaviour, misleading for diagnostic purposes.

As for the malignant lesions, they all showed hypoen-
hancement in the late phase and were therefore clearly
distinguishable from benign lesions. In primary and
metastatic carcinomas the portal phase varied from
iso- to hypoechoic.

In primary malignant tumours the vigorously hyper-
vascular arterial phase and the eatly contrast loss with
respect to the adjacent parenchyma corresponded to
what has been reported in both human® and veterinary
literature®'’. However, the different iso- or hypoechoic
presentation in the portal phase is in disagreement with
other works carried out using Sonovue®!”
a quick wash-out already in the portal phase; despite
this, such data should be interpreted in the light of the
limited number of cases, i.e. one case of hepatocellu-
lar carcinoma® and one case of cholangiocarcinoma'.
In other studies using different contrast agents (i.e.
parenchimal CA)''?) performed on a higher number of
subjects, the arterial phase was mostly hypervascular and
all the studies showed a parenchymal (or late) phase of
hypo-enhancement. In the portal phase, instead, hy-
poenhancement was not a constant feature; in fact,
most of the lesions appeared isoechoic or mixed''
Despite the substantial difference in the CA used, it
should be emphasized that in our study 2 cases of pri-
mary neoplasia out of 4 (CN15 and GT3) were isoe-
choic at the enhancement peak and became hypoe-
choic only at a later stage, after a minute of observation.
In human medicine, hepatocellular carcinomas charac-

which report

terized by prolonged enhancement and late wash-out af-
ter the enhancement peak have been reported; this
atypical behaviour has been associated with hepatocel-
lular carcinomas characterized by a greatly differentiated
tumour histotype®. In the dog, one study* focused on
cholangiocellular adenoma, a mass-shaped benign neo-
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plasm for which CEUS may erroneously exhibit a ma-
lignant behaviour.

Again among primary tumours, in our study we exam-
ined 2 cats with cholangiocarcinoma, which is the most
common primary hepatic tumour in the feline species;
the arterial phase appeared markedly hypervascular and
intense. The other rare cases of documented cholan-
glocarcinoma have been reported in the dog'™'".

With regards to metastatic neoplasms, these showed a
quick wash-out in the portal or late phase, as previously
reported®!’. However, interestingly, also secondary neo-
plasms - similarly to what previously said for primary
neoplasms - can be isoechoic at the enhancement peak
and become hypoechoic only in the late phase, as
recorded in the 2 cases of carcinoma metastases (CN17
and CN27). These findings differ from those of
O’Brien et al.®, who in 15 focal malignant lesions
(mainly metastatic) reported a hypoechoic pattern at the
enhancement peak, i.e. less than one minute from the
injection. Our data are in agreement with those of a

Observation times must be extended for at le-
ast 2 minutes in order to avoid false negative

results as in malignant lesions a late washout is
possible.
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large study carried out in human medicine with
Sonovue® (452 lesions studied), in which it was con-
cluded that the main difference between benign and ma-
lignant lesions is detected only during the late phase’,
suggesting the need to extend observation times for a
minimum of 2 minutes in order to avoid false negative
results. In fact, although in the dog the vascular behav-
iour is often already defined at the enhancement peak
(46.2 seconds from the injection of Sonovue® in non-
sedated dogs®), the loss of contrast can also occur at a
later stage.

It is believed that malignant lesions have an eatly loss
of contrast given their purely arterial blood perfusion,
unlike the hepatic parenchyma which is instead charac-
tetized by a double vascularization”?. The role of pot-
tal vessels in nourishing malignant lesions is contro-
versial. In experimental studies it has been hypothesized
that the portal flow can penetrate hepatic tumours
through shunts between portal branches and the arte-
tial system afferent to the lesion?”: this could explain the
wash-out of the lesion only in the late phase, and not
in the portal phase, as we detected.

Among the metastatic lesions, those from splenic he-
mangiosarcoma exhibited a characteristic behaviour al-
ready described by other authors®**, i.e. the absence of
enhancement or reduced enhancement in all phases,
confirming the importance of CEUS in the staging of
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this tumour. However, this aspect is not pathogno-
monic of hemangiosarcoma, as in another study this
was also detected in a case of lymphoma (CN11) and
in different metastatic forms®.

In round-cell tumours, the dotted vascular pattern dis-
played in CN23 and CN25 was previously documented
in another case of lymphoma''. In our study we found
it difficult to evaluate the distribution pattern of the CA
in the arterial phase, as was instead done in another
study'. The enhancement patterns were more easily ap-
preciated in the portal phase; we could not however rec-
ognize any pattern univocally associated with specific le-
sions. It should be considered that the lymphoma cases
included in the study were only 2; they derived from
multicentric lymphomas and presented nodular lesions,
while it is known that lymphomas more commonly in-
duce a diffuse infiltrate. In view of its extremely vari-
able ultrasonographic presentation our data cannot be
generalized to cases of lymphoma.

CEUS findings in the cats of the study, despite few in
number, were of interest in view of the total absence
in the literature of studies which have tried to charac-
terize focal liver lesions in this species. Regardless of
there being a mass or a focal lesion, the cases of primary
or metastatic malignant neoplasia presented a hypo-
vascular late phase, as expected from data in humans
and dogs.

The results of our study, although still susceptible to
further confirmation and conducted on a rather lim-
ited series of cases, at least as far as cats are concerned,
confirm that CEUS can distinguish between benign
and malignant lesions, with a specificity greater than
90% (91,67%) and with 2 false positives out of 22
cases (CN26, GT5). However, this said, the elective di-
agnostic techniques - such as liver biopsy — should not
be considered of lesser importance. In fact, a “mor-
phological” diagnosis is always necessary, as it allows
to define the prognosis and consequently the neces-
sary therapy: this also applies to liver alterations which,
although definable as benign, could still be the ex-
pression of a severe liver disease, even if not neo-
plastic. CEUS should therefore be considered as a
useful alternative for all those conditions in which, due
to reduced owner’s compliance or because of a greater
anaesthesia risk, the use of 2°¢ level diagnostic tech-
niques (i.e. CT or MRI) for the study of focal liver al-
terations may prove to be more difficult. In addition,
the behaviour of focal liver lesions when exposed to
an ultrasound contrast agent can provide useful indi-
cations in choosing (when necessary) which lesions
should be sampled first for diagnostic purposes.

In fact, in human medicine, CEUS is not the first-choice
approach to liver lesions. Guidelines' report MRI as
the first choice, followed by CT; CEUS is considered
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more of a niche examination, i.e. for controls during
therapy, or for interventional procedutes, or for pa-
tients with ascertained liver cirrhosis in order to assess
possible carcinomatous lesions other than regenerative
nodules. Contrast CT has become broadly available also
in veterinary medicine and is now considered a more
complete method for
the characterization of
focal liver lesions, this
in spite of it being
more expensive and
necessarily requiring
anaesthesia. CT can
give the same perfusion information as CEUS and in ad-
dition it allows the complete staging of the patient,
something non possible with CEUS. On the other hand,
when a biopsy is necessary, the ultrasound-guided tech-
nique is usually easier to perform compared to CT-
guided sampling techniques.

In conclusion, our work confirms the ability of CEUS

practice.

KEY POINTS

CEUS is a useful non-invasive and relatively
inexpensive technique for the diagnostic ap-

proach to focal liver lesions in clinical veterinary
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to distinguish between malignant and benign lesions; we
therefore believe that this non-invasive and relatively in-
expensive methodology may represent a useful step in
the diagnostic approach to focal liver lesions in clinical
veterinary practice, particularly when more complete ex-
aminations such as CT cannot be proposed or when a
biopsy is not possible.
The data of our study
support the need to
perform a correct and
standardized contrast
enhanced examination;
in particular, observa-
tion times must be extended beyond the enhancement
peak for a minimum of 2 minutes and considerable at-
tention must be paid to the late phase in order to avoid
false negative results. It was not possible to define
CEUS patterns that univocally characterize the differ-
ent types of neoplasms; for this purpose, additional
studies comprehensive of more cases are necessaty.

Although CEUS has become a clinical practice in companion animals, scant data is avai-
lable on the use of a contrast agent containing sulphur hexafluoride (Sonovue®) for focal
liver lesions in the dog and totally missing in the cat.

The results of this qualitative contrast enhanced ultrasound study of liver lesions using the
Sonovue® contrast agent in 34 dogs and 6 cats confirm that CEUS may be useful in di-
stinguishing between malignant and benign lesions; however, the possibility of having be-
nign lesions with atypical behaviour should not be dismissed.

The main difference in vascular behaviour between malignant and benign lesions is re-

vealed in the late phase, with hypoenhancement of malignant lesions in both the dog and
the cat.

Observation times must be extended for at least 2 minutes beyond the enhancement peak
in order to reveal a possible late washout.

In 2 cats with cholangiocarcinoma the arterial phase appeared markedly hypervascular and
intense. Hemangiosarcoma metastases showed a characteristic behaviour with absence
of enhancement in all phases.

CEUS is a useful non-invasive and relatively inexpensive technique for the diagnostic ap-
proach to focal liver lesions in clinical veterinary practice.
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