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Abstract

Background: Magnetic resonance imaging using gadoxetic acid, a hepatocyte-specific contrast agent, is one of the
most useful MRI techniques used to diagnose liver tumours in humans. During the hepato-biliary phase, there is
uptake of gadoxetic acid by normal hepatocytes, leading to hepatic parenchymal enhancement. This feature is used
in human medicine to diagnose hepatic parenchymal metastatic disease, to differentiate primary liver tumours, to
diagnose liver cirrhosis and focal nodular hyperplasia. This study presents the preliminary results of magnetic
resonance imaging of focal lesions localised in the liver parenchyma in dogs following the administration of
gadoxetic acid.

Results: The lesion enhancement ratio (ERlesion) in the tumour metastasis was 0.05; the liver enhancement ratio
(ERliver) – 0.49 and the post-contrast lesion-to-liver contrast ratio (CR) was 0.17. In dogs with hepatocellular
hyperplasia, these values were 0.54; 0.51; and 1.18, respectively. In two dogs with a hepatic adenoma, the ERlesion
was 0.26 and 0.17, respectively; the ERliver was 0.47 and 0.47, respectively and the CR was 0.33 and 0.31, respectively.
In the dog with a neuroendocrine tumour, the ERlesion was 0.03; the ERliver amounted to 0.58 and the CR was 0.35.
In the case of a hepatocellular carcinoma, these coefficients were 0.2, 0.6 and 0.3, respectively.

Conclusion: Based on the results, it may be assumed that the MR images of the proliferative hepatic parenchymal
lesions in dogs using gadoxetic acid are similar to those obtained in humans. This suggests that the contrast
enhancement patterns used in human medicine may be useful in differentiating hepatic parenchymal lesions in dogs.
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Background
Proliferative hepatic lesions may be benign or malignant.
Malignant lesions include primary tumours and hepatic
parenchymal metastasis [1]. Primary liver tumours in
dogs are rare and comprise 0.6–1.5% of all neoplastic le-
sions [2]. The most common of these include the hepa-
tocellular carcinoma, the bile duct carcinoma as well as
carcinoid and other primary epithelial tumours of the
liver. Leiomyosarcomas and fibrosarcomas are much less
common [3]. Hepatic metastases are twice as common,
and the primary malignancies usually include primary

neoplasia of the spleen, pancreas, and gastrointestinal
tract [2]. Benign tumours of the liver parenchyma in-
clude focal nodular hyperplasia (FNH) and regenerative
hepatocellular hyperplasia [1].
Due to the variety of lesions present in the liver paren-

chyma, new methods enabling their fast and non-inva-
sive differentiation are currently sought. Presently, the
most common methods used to diagnose proliferative
hepatic parenchymal lesions include the ultrasound and
computed tomography, which have low specificity [4, 5].
In human medicine, magnetic resonance imaging (MRI),
combined with hepatocyte-specific contrast agents [6, 7]
is the examination of choice for the differentiation of
nodular parenchymal lesions in the liver [8].
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Gadoxetic acid [(GD-EOB-DTPA), Primovist® other brand
name Eovist®; Bayer-Schering Pharma, Germany] is a para-
magnetic, hydrophilic, ionic contrast agent [6]. Following
the arterial and venous phase, this contrast agent is taken up
by functioning hepatocytes [9]. This feature is used in the
diagnosis of liver parenchymal metastases in humans, to dif-
ferentiate primary hepatic tumours, to diagnose liver cirrho-
sis and focal nodular hyperplasia (FNH) [6, 10–12]. There
are few reports of the use of Gd-EOB-DTPA to study prolif-
erative hepatic lesions in dogs. Different types of tumours
have been analysed on a low-field MRI scanner [13], while
remaining studies using Gd-EOB-DTPA were carried out
only in the case of a hepatocellular carcinoma [14].
This study presents the preliminary results of MRI

in dogs in the hepatobiliary phase following the ad-
ministration of Gd-EOB-DTPA, a hepatocyte-specific
contrast agent, using a high-filed MRI scanner to
diagnose various types of focal lesions located in the
liver parenchyma.

Results
All the dogs qualified for general anaesthesia essential for
MR imaging based on the results of the clinical and blood
examination. Coagulation disorders, which are contraindi-
cations to core-needle biopsies and surgical tumour resec-
tion, were excluded in all the dogs. The abdominal
ultrasound examination in all the dogs confirmed the
presence of a proliferative lesion in the liver parenchyma.
MRI was carried out in all the dogs, and the results of sub-
jective assessment are presented in Table 1.
In the first dog, the abdominal ultrasound examination

revealed the presence of a one small well defined, homo-
geneous space occupying lesion in the liver parenchyma,
while MR imaging indicated the presence of two tu-
mours. The first of these was oval with an irregular mar-
gin located in the lateral left hepatic lobe and measured
1.46 × 1.11 cm. The second lesion measured 2.28 × 1.43
cm and was visualised in the right lateral hepatic lobe as
seen in the MRI. Both lesions were well demarcated and

Table 1 The signal intensity changes in the lesion compared to the unchanged liver parenchyma in contrast sequences

Case Pre-contrast Post-contrast

T1-W T2-W T1-W

I tumour
parenchyma

Hypointense relative to the surrounding
parenchyma (+++)

Hyperintense relative to the surrounding
parenchyma (+++)

No signal enhancement, hypointense
compare to the surrounding
parenchyma.

central scar – – –

caverns – – –

II tumour
parenchyma

Isointense relative to the surrounding
parenchyma, heterogenous

Isointense relative to the surrounding
parenchyma, heterogenous

Post-contrast signal enhancement,
Isointense relative to the surrounding
parenchyma

central scar Hypointense Hyperintense Hypointense

caverns – – –

III tumour
parenchyma

Moderately hypointense compared to the
surrounding parenchyma

Moderately hyperintense compared to
the surrounding parenchyma

Shows mild kontrast enhancement

central scar – – –

caverns Numerous, filled with a hypointense
content

Numerous, filled with a hyperintense
content

No contrast enhancement of content of
caverns, strongly hypointense

IV tumour
parenchyma

Moderately hypointense compared to the
surrounding parenchyma

Moderately hyperintense compared to
the surrounding parenchyma

Showsmildcontrastenhancement

central scar – – –

caverns Numerous, filled with a hypointense
content

Numerous, filled with a hyperintense
content

No contrast enhancement of content of
caverns, strongly hypointense

V tumour
parenchyma

Mildly hypointense Moderately hyperintencewith a strongly
hyperintense centre

No contrast enhancement, strongly
hypointense

central scar – – –

caverns – – –

VI tumour
parenchyma

Heterogenous, moderately hypointense
relative to the surrounding organ
parenchyma

Heterogenous, moderately hyperintense
relative to the surrounding organ
parenchyma

Heterogenous, no contrast
enhancement, strongly hypointense

central scar – – –

caverns Numerous, filled with a hypointense
content

Numerous, filled with a hyperintense
content

No contrast enhancement of content of
caverns, strongly hypointense
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their signal intensity was similar in all sequences
(Table 1) (Fig. 1). The lesion did not show contrast
enhancement in the hepatobiliary phase. The normal
liver parenchyma was homogenous. The histopatho-
logic analysis of the biopsied sections revealed the
presence of a metastatic carcinoma.
In the second dog, a large hepatic space occupying le-

sion, most likely originating from the quadrate lobe, was
diagnosed based on the ultrasound examination. The
MR images confirmed the initial location of the lesion.
In addition, enlargement of the lobe was noted, measur-
ing 5.66 × 7.43 cm with irregular, rounded margins
(Table 1) (Fig. 2). In the hepatobiliary phase, the lesion
showed contrast enhancement similar to that of normal
liver parenchyma. In the centre of the lesion, a central
scar, which was hypointense, was observed. Based on the
histopathologic analysis of the biopsy sections, hepato-
cellular hyperplasia/dysplasia was diagnosed.
The third patient was diagnosed with a large lesion in

the left hepatic lobe. The MRI confirmed a proliferative
lesion measuring 9.38 × 6.33 cm, located in the left lat-
eral hepatic lobe. The lesion was oval, well-demarcated
with smooth margins (Table 1) (Fig. 3). The lesion
showed moderate contrast enhancement in the hepato-
biliary phase. Cysts, which did not show contrast en-
hancement, were present within the lesion. Due to the
lack of owner consent to resect the lesion, a tru-cut nee-
dle biopsy was carried out. The histopathologic analysis
of the sections indicated a hepatocellular adenoma.
The ultrasound examination in the fourth dog revealed

the presence of a lesion in the left lateral hepatic lobe.
MR imaging confirmed the presence of a clearly visible
3.81 × 3.04 cm lesion with irregular margins in the left
lateral lobe (Table 1) (Fig. 4). The lesion showed moder-
ate contrast enhancement in the hepatobiliary phase.
Cysts, which did not show contrast enhancement, were
present within the lesion. The dog was qualified for sur-
gical resection of the lesion. A histopathologic assess-
ment of the resected lesion indicated the presence of a
hepatocellular adenoma.

A lesion in the left hepatic lobe was diagnosed in the
ultrasound examination of the fifth dog. MRI revealed
that the entire medial segment of the left lateral lobe
was mildly hyperintense compared to the remaining
lobes. The lesion was 5.3 × 6.25 cm large and was located
in close proximity to large blood vessels (Table 1)
(Fig. 5). No parenchymal contrast enhancement was ob-
served in the hepatobiliary phase. The lesion was
strongly hypointense compared with the remaining
organ parenchyma. The owners declined surgery due to
its high risk and the age of the dog. The histopathologic
assessment of the biopsy sections indicated a neuroen-
docrine tumour (carcinoid tumour).
In the sixth dog, a multiple large and small space occu-

pying lesions were seen in the abdominal ultrasound; the
lesions in the hepatic parenchyma were extensive and
their exact localisation in a specific liver lobes was possible
only based on MR imaging. The proliferative lesions were
0.5 to 10 cm large and were present in all the hepatic lobes
(Table 1) (Fig. 6) except for the caudate lobe, which was
unchanged. The lesion was heterogenous and strongly
hypointense in the hepatobiliary phase and did not show
contrast enhancement. The dog was euthanised and sec-
tions of the lesions were collected at necropsy. The histo-
pathological analysis of the sections indicated the
presence of a malignant hepatocellular carcinoma.
An analysis of the signal enhancement was carried out

to confirm the subjective assessment of the MR images
in all six dogs (Table 2).
The ER lesion, ER liver and CR for all the lesions are pre-

sented in Table 3.

Discussion
The presented study, which was carried out on a high-
field MR scanner, enabled a preliminary comparison of
various types of proliferative hepatic parenchymal lesions
in dogs in the post-contrast examination. The data were
recorded approximately 26 min after contrast adminis-
tration. This is in accordance with own observations
[15] and the observations of other authors, who suggest

Fig. 1 MRI of the liver parenchyma in dog I at the level of the proliferative lesion in T1-W images (left), T2-W images (centre) and T1-W-post-
contrast images (right)
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that post-contrast sequences should be obtained be-
tween 20 and 40 min after contrast administration [16].
The MRI appearance of the metastatic lesions observed

in the first patient were similar to those observed in
humans. In humans, liver metastases are typically multi-
focal and appear in the form of irregularly marginated par-
enchymal lesions with low signal intensity on T1 weighted
images and are hyperintense on T2-weighted images in
comparison to normal hepatic parenchyma. These lesions
do not show contrast enhancement in the hepatobiliary
phase [6, 17]. In the presented case, the ERlesion was 0.05,
which indicated that there was no signal enhancement in
the post-contrast sequence. The CR in that dog was low
and amounted to 0.17, consistent with a large difference
in the signal intensity between the normal liver tissue and
the parenchymal lesions. That is also in accordance with
the findings in humans [6].
In the second dog, focal nodular hyperplasia (FNH) was

diagnosed in the quadrate lobe based on a histopathologic
examination of a biopsy section of the liver. The compro-
mised lobe was homogenous with rounded margins,
which corresponds to the description of this type of lesion
in humans [11]. In human medicine, FNH appears as
small homogenous well-demarcated lesions with no en-
capsulation [11]. In all the sequences, the parenchyma of
the lesion in the examined dog was isointense compared

to the surrounding normal liver parenchyma. In a study
describing FNH in contrast-enhanced low-field MRI in
dogs using gadoxetic acid [13], the authors reported that
the lesions were hyperintense compared to the normal
liver parenchyma in T2-W images and isointense in pre-
contrast T1-W images. The parenchyma of the lesions en-
hanced contrast comparably or more than the normal
liver parenchyma. In humans, FNH is usually moderately
hypointense in pre-contrast T1-W images, moderately hy-
perintense in T2-W images and isointense or hyperintense
in post-contrast T1-W images [11]. In some human stud-
ies, similarly to the reported dog in this study, FNH is iso-
intense compared to the surrounding normal liver
parenchyma in pre-contrast T1-W and T2-W images [18].
In the studied dog, a central scar was also present in all
the sequences, which is a feature of most FNHs in humans
[11, 18]. The scar in the described dog was hyperintense
in T2-W images and hypointense in the pre- and postcon-
trast T1-W images. In human medicine, such characteris-
tics of the central scar are considered typical of FNH and
facilitate the differential diagnosis between FNH, adenoma
and hepatocellular carcinoma (HCC). The MRI appear-
ance of the latter two tumours may be similar to FNH.
However, in the case of adenoma, presence of the central
scar is not reported, while the central scar in HCC is
hypointense in all sequences [18]. In humans,the central

Fig. 2 MRI of the liver parenchyma in dog II at the level of the proliferative lesion in T1-W images (left), T2-W images (centre) and T1-W-post-
contrast images (right). A central scar was visible in the centre of the lesion (arrow)

Fig. 3 MRI of the liver parenchyma in dog III at the level of the proliferative lesion in T1-W images (left), T2-W images (centre) and T1-W-post-
contrast images (right)
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scar in the course of FNH is present in 25% of patients in
T2-W images and is usually hyperintense. The central scar
is also present in pre- and post-contrast T1-W images in
36% of the patients [19]. In their study, Yonetomi et al.
[13] did not report the presence of a central scar in four
dogs with FNH. The imaging findings of FNH in the re-
ported dog is consistent with the findings in humans with
the same disease. The subjective assessment of the signal
intensity of the liver parenchyma and the lesion was con-
firmed based on the calculations of the CR, which
amounted to 1.18, indicating that the normal liver tissue
and the lesion underwent similar contrast enhancement.
This is also confirmed by the comparable values of the
ERlesion and ERliver in this dog.
The third and fourth dog were diagnosed with a hepato-

cellular adenoma based on the histopathologic assessment
of biopsy section. In both cases, there was a single tumour
in the liver parenchyma, which was significantly different in
size. In the third dog, the tumour was well delineated from
the surrounding liver parenchyma, while in the fourth dog it
was ill defined in pre-contrast sequences. Both lesions were
mildly hypointense compared to the surrounding liver par-
enchyma on pre-contrast T1-W images and mildly hyperin-
tense on T2-W images. In humans, similarly to the
presented dog, hepatocellular adenomas are usually single
lesions. However, they are usually hyperintense to isointense

on pre-contrast T1-W images compared to the sur-
rounding organ parenchyma [18, 19]. Another study re-
ported that up to 36% of adenomas in humans are
hypointense on T1-W pre-contrast images, which is con-
sistent with the findings in this study [20]. In humans, the
lesions are also reported to be slightly hyperintense on T2-
W images, which is in accordance with the present findings
in the two dogs. In both dogs, there were caverns, filled
with content which appeared strongly hypointense on T1-
W images and strongly hyperintense on T2-W images.
These lesions may indicate necrotic foci within the tumour
[18]. Such findings were also reported in adenomas in hu-
man patients. The presence of lipid depositions and calcifi-
cation within the lesions have also been reported in
humans, but were not observed in the studied dogs [18].
This may be due to the fact that there are many types of ad-
enomas in humans, such as inflammatory hepatocellular
adenoma, HNF-1α-mutated hepatocellular adenoma or the
β- catetin- mutated hepatocellular adenoma, not distin-
guished in dogs. In both dogs diagnosed with a hepatocellu-
lar adenoma, there was partial weak contrast-enhancement
of the lesion parenchyma, and the CR was similar in both
cases and amounted to 0.33 and 0.31, respectively. These
values were lower than those in the dog with FNH (case
no. 2) and higher than those reported in the dog with liver
metastases (case no. 1).

Fig. 4 MRI of the liver parenchyma in dog IV at the level of the proliferative lesion in T1-W images (left), T2-W images (centre) and T1-W-post-
contrast images (right)

Fig. 5 MRI of the liver parenchyma in dog V at the level of the proliferative lesion in T1-W images (left), T2-W images (centre) and T1-W-post-
contrast images (right)
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A neuroendocrine hepatic tumour (carcinoid) was di-
agnosed in the fifth case based on a histopathologic ana-
lysis of the biopsy sections. This tumour is rarely
described in humans and animals [21–23]. There are no
reports of a MR examination in a dog with a primary
hepatic carcinoid tumour. There is a single description
of MR imaging using Gd-EOB-DTPA, a hepatocyte-spe-
cific contrast agent in the case of a primary hepatic car-
cinoid tumour in a human [23]. In the studied dog, the
tumour was heterogenous and slightly hypointense com-
pared to the surrounding liver parenchyma,
heterogenous, while the centre of the tumour was
strongly hypointense. This does not correspond to the
pre-contrast T1-W images obtained in humans, where
the tumour was weakly hyperintense. The tumour par-
enchyma was hyperintense compared to the surrounding
parenchyma in the T2-W sequence, and there was a stel-
lar hyperintense area in the central part of the lesion. A
similar finding was reported by Baek et al. [23], who
found that the tumour was hyperintense in T2-W im-
ages compared to the surrounding liver parenchyma.
Those authors also found that there were strongly hy-
perintense foci within the liver parenchyma, which
remained hypointense in T1-W images. Baek et al. [23]
interpreted those foci as a haemorrhagic component.
Such foci were not observed in the studied dog. In the
reported dog, there was no lesion contrast enhancement
in post-contrast T1-W images, which is consistent with

the findings in humans [23]. Baek et al. [23] are the first
authors to characterise a primary hepatic carcinoid
tumour in a human using gadoxetic acid. Hence, it is
unclear whether there are other possible contrast en-
hancement patterns in this tumour. In the reported dog,
the ERlesion measuring 0.03 confirmed that there was no
contrast enhancement within the lesion, while the CR
was 0.35 and was similar to the CR of the dog with the
liver adenoma.
In the sixth dog, a hepatocellular carcinoma was diag-

nosed based on the histopathologic examination of the
liver biopsy sections. This is the most common primary
hepatic tumour in dogs [1, 2, 14]. In the studied dog, the
findings on the pre- and post-contrast MR-images are
consistent with the reports of other authors [13, 14].
The lesions were heterogenous, and were hypoechogenic
in pre-contrast T1-W sequences, which, according to
Constanst et al. [14] is observed in 12.5% canine patients
with hepatocellular carcinoma. In humans with hepato-
cellular carcinomas, the lesions appear isointense com-
pared to the surrounding organ parenchyma on pre-
contrast T1-W images, but some lesions may appear hy-
perintense or hypointense with hyperintense regions
[24]. The lesions in the studied dog were also
heterogenous and hyperintense on T2-W images com-
pared to the organ parenchyma. This is consistent with
the reports of this type of tumour in humans [18]. How-
ever, in another study carried out on dogs, the lesions

Fig. 6 MRI of the liver parenchyma in dog VI at the level of the proliferative lesion in T1-W images (left), T2-W images (centre) and T1-W-post-
contrast images (right)

Table 2 The signal intensity in pre- and post-contrast T1-W images of the parenchymal tumours in dogs

Case Normal liver parenchyma Lesion

Pre-contrast Post-contrast Pre-contrast Post-contrast

I 924.08 (SD = 6.08) 1812.44 (SD = 335.74) 288.0 (SD = 38.02) 303.12 (SD = 29.31)

II 738.91 (SD = 16.78) 1510.0 (SD = 50.47) 829.11 (SD = 40.30) 1788.26 (SD = 94.15)

III 971.69 (SD = 24.33) 1852.40 (SD = 119.77) 455.78 (SD = 36.78) 616.11 (SD = 57.47)

IV 882.83 (SD = 17.59) 1666.05 (SD = 61.59) 430.92 (SD = 23.37) 521.72 (SD = 52.79)

V 622.42 (SD = 31.72) 1477.15 (SD = 88.06) 505.11 (SD = 71.38) 520.83 (SD = 60.35)

VI 749.55 (SD = 58.62) 1874.63 (SD = 44.16) 446.88 (SD = 32.37) 558.97 (SD = 22.47)
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were reported to be hyperintense relative to the sur-
rounding parenchyma in only 12.5% of the cases [14]. In
the study carried out on dogs, Constant et al. [14] found
that there was no lesion contrast enhancement in post-
contrast sequences [14], which was also observed in the
present study. In humans, such lesions have low signal
intensity on post-contrast images. It was also found that
the degree of heterogeneity is variable and depends on
the concentration and function of cellular membrane re-
ceptors and transporters [18]. The differences in the le-
sion heterogeneity between the dog and reports of
heterogeneity in humans may be attributed to the differ-
ences in tumour size between species. In humans, the
tumours are usually diagnosed at an earlier stage [25]. In
contrast, the tumour in the studied dog was terminal
and affected the majority of the liver parenchyma. This
led to the formation of numerous necrotic foci present
on MRI as caverns filled with a T1-W hypointense and
T2-W hyperintense content. The ERlesion was 0.2 indi-
cating that there was moderate contrast enhancement,
while the CR was similar to that obtained in the case of
the hepatic adenoma and neuroendocrine tumour.

Conclusions
The magnetic resonance imaging findings of proliferative
lesions in the liver parenchyma in dogs using Gd-EOB-
DTPA, a hepatocyte-specific contrast agent, are similar
to those reported in humans with the same types of le-
sions. This finding warrants further investigation on a
larger population of dogs.

Limitations
One limitation of the study was a small and heterogenous
study group; hence only preliminary conclusions regarding
the post-contrast imaging findings of proliferative hepatic
lesions could be drawn. Another limitation was the lack of
an assessment of the early (arterial and venous) contrast
phase, which may have enabled a more detailed differen-
tial diagnosis of the lesions. The authors plan to study
post-contrast imaging findings of hepatic lesions on a lar-
ger group of dogs. They also plan to research all the con-
trast enhancement stages in liver disease.

Methods
In accordance with Art. 1 point 2.1 to the Act from
January 15th 2015 on the Protection of Animals Used
for Scientific or Educational Purposes, the study and all
associated procedures do not require the approval of the
local ethics committee.
The study was carried out on six dogs of different

breeds (2 fox terriers, 2 mixed-breed dogs, 1 miniature
schnauzer, 1 longhaired Dachsund) of both sexes (4 fe-
males, 2males), who were from 10 to 13 years old
(mean = 11.83, SD = 1.17). All the dogs were patients of
the outpatient clinic of the Department of Internal
Medicine and Clinic of Diseases of Horses, Dogs and
Cats of the Faculty of Veterinary Medicine at the Wroc-
law University of Environmental and Life Sciences. Focal
lesions in the liver parenchyma were identified during
routine abdominal ultrasound examinations in all cases.
A clinical examination and laboratory blood tests
(complete blood count, biochemical parameters, coagulo-
gram) were carried out prior to MRI to determine whether
the animals qualified for further imaging and a core needle
biopsy. The animals were premedicated with medetomi-
dine administered at 0.005mg/kg i.m. (Narcostart 1 mg/
ml, Le Vet B.V.,Oudewater, Holandia) and butorphanol at
0.005mg/kg i.m. (Torbugestic 10mg/ml, Pfizer, War-
szawa, Polska). General anaesthesia was induced with pro-
pofol administered at 1 mg/kg i.v. (Scanofol 10mg/ml,
ScanVet, Skiereszewo, Polska). Anaesthesia was main-
tained with isoflurane (Forane 100%, AbbVie, Warszawa,
Polska). The respiratory rate, heart rate, oxygen saturation,
carbon dioxide concentrations in the respired gases and
the inspiratory and expiratory concentration of the anaes-
thetic mixture were monitored during the MRI examin-
ation. MRI was performed on a 1.5-T MRI system
(Ingenia; Philips Healthcare, Best, The Netherlands) using
a 32-channel torso phased array coil. All sequences were
carried out with respiratory-triggering. Dogs were posi-
tioned in dorsal recumbence. The MRI protocol included
the T1-W TFE and T2-W TSE sequences in the trans-
verse plane. Subsequently, Gd-EOB-DTPA (Primovist®), a
hepatocyte-specific contrast agent was administered intra-
venously at 0.1 ml/kg (0.025mmol/kg), followed by 15ml
of a 0.9% saline solution. The post-contrast T1-W TFE se-
quence was acquired 26min after contrast administration,
in the transverse plane (Table 4). The MRI were assessed
by two independent radiologists (PB and ES), one of
whom was an ECVDI diplomate.
Based on the abdominal ultrasound and liver MR im-

ages, one of the dogs was qualified for a surgical resec-
tion of the liver tumour. Four of the studied dogs were
eligible for a core-needle biopsy of the hepatic parenchy-
mal lesion, while the owners of one dog requested eu-
thanasia. Liver tumour samples were collected from that
dog at necropsy. The core-needle biopsy was carried out

Table 3 The enhancement ratios of the lesion and liver
parenchyma and the post-contrast lesion-to-liver contrast ratio

Case ER lesion ER liver CR

I 0.05 0.49 0.17

II 0.54 0.51 1.18

III 0.26 0.47 0.33

IV 0.17 0.47 0.31

V 0.03 0.58 0.35

VI 0.2 0.6 0.30
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using a 16G tru-cut needle. The biopsy was obtained
from the marginal area of the lesion. The samples then
underwent histopathologic evaluation.
The obtained MR images were analysed using the

Alteris Osirix 1.5.8 (Alteris S.A., Poland) software. The
T1 and T1 post contrast signal intensity of the tumour
was compared to the unchanged liver parenchyma, the
homogeneity of the lesion, its size, extent and localisa-
tion were also analysed. In the T1 pre and post contrast
studies the oval regions of interest (ROI) were set manu-
ally in chosen areas to assess the signal enhancement of
the liver parenchyma and the tumour. Three ROIs were
localised within the unchanged liver parenchyma, and
three were placed within the tumour. Where possible,
the ROIs were localised away from large blood vessels.
Based on the obtained results of the signal intensity in

the liver parenchyma for each ROI, an arithmetic mean
of the signal intensity of the liver parenchyma before (SI
liverpre-contrast) and after (SI liverpost-contrast) contrast ad-
ministration as well as the tumour signal intensity before
(SI tumor pre-contrast) and after (SI tumor post-contrast) con-
trast injection were calculated. Based on those mean
values, the enhancement ratios (ER) and the post-con-
trast lesion-to-liver contrast ratio (CR) were calculated
using the following formulae [26, 27]:

ERlesion ¼ SItumor post−contrast−SItumor pre−contrast
� �

=SItumor post−contrastERliver

¼ SIliver post−contrast−SIliver pre−contrast
� �

=SIliver post−contrastCR

¼ SItumor post−contrast=SIliver post−contrast
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