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Abstract

Background: In dogs, hepatic lymphoma is characterized by neoplastic lymphocyte

infiltration into the liver. Reports on the computed tomography (CT) findings of the

liver for canine hepatic lymphoma are few, with only one study of multiple liver lesions

type.

Objectives: The purpose of this study was to retrospectively assess the CT findings of

the liver in canine diffuse hepatic lymphoma.

Methods: As control, five dogs without abnormalities in the liver were included. CT

data were analysed, and the following were noted: presence of edge bluntness of the

liver, presence of periportal collar sign, the liver size:body weight (BW) ratio and the

mean attenuation of liver lesions on pre-contrast, arterial-phase, portal-phase and

equilibrium-phase post-contrast images.

Results: On CT examination, edge bluntness of the liver was significantly detected in

lymphoma (4/5, 80%), as opposed to the control (0/5, 0%) (p = 0.048, φ = 0.82). The

periportal collar sign was detected in lymphoma (3/5, 60%), as opposed to the con-

trol (0/5, 0%) (p = 0.17, φ = 0.65). The liver size:BW ratio of lymphoma cases was

significantly higher compared to that of the control cases (p = 0.0002, r = 0.92). The

mean Hounsfield unit of lymphoma cases in the pre-contrast, arterial-phase, portal-

phase and equilibrium-phase images were significantly lower than in the control cases

(p = 0.005, r = 0.81; p = 0.0003, r = 0.91; p = 0.01, r = 0.75 and p = 0.02, r = 0.71,

respectively).

Conclusions: Hepatic lymphoma should be a differential for a blunted and enlarged

liver with hypoattenuation on CT examination.
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1 INTRODUCTION

In dogs, hepatic lymphoma is characterized by the infiltration of neo-

plastic lymphocytes into the liver by several form of lymphoma such

as multicentric, alimentary, cranial mediastinal and extranodal forms

(Cullen, 2017; Nyland, 1984). To diagnose lymphoma, ultrasonography

and cytology are available as routine techniques (Nerschbach et al.,

2016). Ultrasonographic findings of hepatic lymphoma include hypo

to isoechoic lesions, diffuse hypo to normal echogenicity and diffuse

hyperechogenicity compared to normal liver or reference organ such

as spleen and right kidney with hepatomegaly (Lamb et al., 1991;

Nyland, 1984; Whiteley et al., 1989; Wrigley et al., 1988). These find-

ings are similar to those of other tumours, including histiocytic neo-

plasms, mast cell disease or hemangiosarcoma (Cruz-Arambulo et al.,

2004; O’brien, 2007; Ramirez et al., 2002; Sato & Solano, 2004). Cytol-

ogy of liver lesions, especially lymphoma, is a valuable diagnostic tool

(Roth, 2001). The limitation of cytology involves the risk of inadequate

or unrepresentative sampling (Nerschbach et al., 2016). In dogs, the

positive predictive value and sensitivity for detecting neoplasia of liver

by cytology is 86.7% and 52.0%, respectively (Bahr et al., 2003). In

humans, computed tomography (CT) is performed to diagnose hepatic

lymphoma, which is classified as solitary lesion, multiple lesions and

diffuse lesions (Maher et al., 2001). In hepatic lymphoma, lesions are

hypoattenuating on pre-contrast and have either no contrast enhance-

ment (50%), patchy enhancement (33%) and ring enhancement (16%)

(Ippolito et al., 2020,Maher et al., 2001). In dogs, information is limited

on the CT findings of the liver for canine hepatic lymphoma. The pur-

pose of this study was to retrospectively assess the CT findings of the

liver in canine diffuse hepatic lymphoma.

2 MATERIALS AND METHODS

This study had a retrospective case series. In this study, five dogs with

hepatic lymphoma that underwent CT examination were used. As a

control, five dogs with disc herniation or urinary bladder stones were

used. Although liver biopsy was not performed, these five dogs were

clinically diagnosed no liver abnormalities by biochemistry profile and

follow up CT. All dogs underwent general anaesthesia with a ventila-

tor and were placed in the supine position during CT examinations. A

stop ventilator-induced apnoea during the acquisitions and total body

scans were performed for all dogs. CT was performed using a multide-

tector16-sliceCTscanner (SOMATOMScope; SIEMENS,Tokyo, Japan)

in the helical scan mode according to our usual protocol. The CT was

performed with a pitch of 0.65, scan thickness of 1.2 mm, 100–150

mAs, 120 kV, patient size-adjusted display FOV and soft tissue recon-

struction filters. Images were reconstructed at 2-mm slice thickness

using soft tissue filters and pulmonary filters. For contrast-enhanced

imaging, all dogs were administered with 2 ml/kg of nonionic contrast

medium (300mg/ml Ioverin 300; Teva Pharma Japan, Inc., Aichi, Japan)

via an indwelling intravenous cannula placed in the cephalic vein. The

injection time was 20 s. Post-contrast studies were performed dur-

ing the arterial (20 s after the start of contrast injection), portal (60 s

after the start of contrast injection) and equilibrium (180 s after the

start of contrast injection) phases. For image analyses, CT images were

displayed with a window level of 35 Hounsfield unit (HU) and a win-

dow width of 360 HU on a computer workstation using commercially

available DICOM image viewing software (Horos software ver. 2.4.1,

Horos Project, Annapolis, MD, USA). All CT images were reviewed

by two experienced veterinary radiologists, and the CT features were

recorded by consensus. Observers were not aware of the final diag-

noses at the time of the CT image review. All studies were assessed in a

random order tominimize potential bias.

The following CT parameters were recorded: presence number,

location, presence of edge bluntness of the liver, presence of periportal

collar sign and the liver size:bodyweight (BW) ratio. By referring to the

edge bluntness that defined by ultrasonography, the edge bluntness on

CT was defined in any reformatted plane (Nishiura et al., 2005). The

periportal collar sign was defined as areas of low attenuation around

the portal vein and its branches (Takeda et al., 2015). The liver size:BW

ratio was measured using similar techniques that are reported in the

literature (Lee et al., 2019). Liver area was calculated using a manually

drawing regions of interest (ROI) on each transverse CT image, exclud-

ing the gallbladder. Total liver volume was calculated from these ROIs

using DICOM image viewing software (Horos software ver. 2.4.1). The

liver size:BW ratio was determined by total liver volume /BW(kg). The

mean attenuation of liver lesions of lymphoma aswell as attenuation of

the control liver parenchyma was measured on pre-contrast, arterial-

phase, portal-phase and equilibrium-phase post-contrast images by

manually drawing the ROI 3 times to fit the liver lesion. The mean

HU of the liver and standard deviation (SD) values in the pre-contrast,

arterial-phase, portal-phase and equilibrium-phase images were cal-

culated. The mean HU of aorta and SD values in each phase images

were calculated as an internal control at the cross-section of the liver

lesion.

Statistical calculations were performed using R version 2.12.1 (R

Development Core Team, 2010. R: a language and environment for

statistical computing. R Foundation for Statistical Computing, Vienna,

Austria. ISBN 3-900051-07-0. Available at: http://www.R-project.org/.

Accessed on February 11, 2011). Normalization of quantitative CT

data was assessed using the Shapiro–Wilk test, which indicated that

parametric testing was required. Results with p-values less than 0.05

were considered significant. The difference in qualitative parameters

between the lymphoma and control group was assessed using Fisher’s

exact test. On the liver size:BW ratio and the attenuation of pre-

contrast and each post-contrast image, the differences between lym-

phoma and control were assessed using a 2-tailed unpaired t-test. To

assist in determining between-group differences, effect size statistics

onFisher’s exact test (φ) and2-tailed unpaired t-test (r)were calculated
for each dependent variable. An effect size of 0.5 or larger was defined

asmeaningful difference (Cohen, 1988a; Cohen, 1988b).

3 RESULT

The lymphoma group comprised five intact male dogs. The mean

(±SD) age of the dogs with lymphoma was 8.4 ± 2.5 years. The dog

breeds included Bernese Mountain Dog, Shih Tzu, Maltese, Yorkshire
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TABLE 1 Clinical findings of five dogs with lymphoma

Breed Sex Age (year) Clinical signs GPT, ALKP T-Bil

Bernese

Mountain Dog

MI* 5 Weight loss 261, 86 0.2

Shih Tzu MI 12 Lethargy Anorexia >1000,> 3500 1.4

Maltese MI 8 Lethargy Anorexia 597,> 3500 12.3

Yorkshire Terrier MI 9 Lethargy Anorexia 111, 251 0.1

German Shepherd MI 8 Lethargy Anorexia 577, 2065 0.3

*MI: male intact, GPT (reference interval: 17–78U/L), ALKP (reference interval: 47–254U/L), T-Bil (reference interval: 0.1–0.5mg/dl).

TABLE 2 CT features of liver

CT features Lymphoma Control pValue Effect size

N= 5 N= 5 φ

Edge bluntness

Present 4/5 (80%) 0/5 (0%) 0.048* 0.82

Absent 1/5 (20%) 5/5 (100%)

Periportal collar sign

Present 3/5 (60%) 0/5 (0%) 0.17 0.65

Absent 2/5 (40%) 5/5 (100%)

*p< 0.05.

CT, computed tomography.

Terrier and German Shepherd. One dog presented with weight loss

and four dogs presented with lethargy and anorexia. On physical

exam, peripheral lymphadenopathy was not detected in all dogs. All

dogs had increased Glutamic Pyruvic Transaminase (GPT) (range:

111–over measure limit U/L; reference interval: 17–78 U/L). Three

dogs had increased Alkaline Phosphatase (ALKP) (range: 2065–over

measure limit U/L; reference interval: 47–254 U/L). Two dogs had

increased Total Bilirubin (T-Bil) (1.4 and 12.3mg/dl; reference interval:

0.1–0.5 mg/dl). Clinical findings of five dogs with lymphoma were

summarized in Table 1. Cytologic evaluation, as per a board-certified

clinical pathologist, was consistent with lymphoma. The control group

comprised three intact males, a spayed female and an intact female

dog. The mean (±SD) age of control dogs was 6.2 ± 3.0 years. The dog

breeds included three Miniature Dachshunds, a French bulldog and a

mediummix breed.

On CT examination, all dogs with hepatic lymphoma showed dif-

fuse hepatic lesions and no architectural distortion. Although biopsy

was not performed, there were no abnormalities of other organ on

CT examination. Edge bluntness of the liver was detected on all three

planes in four (80%) and no (0%) dogs in the lymphoma and control

groups respectively. The edge bluntness showed a significant differ-

ence between the lymphoma and control cases (p = 0.048, φ = 0.82).

The periportal collar signwas detected in three (60%) and no (0%) dogs

in the lymphoma and control groups, respectively. Therewas no signifi-

cant difference in periportal collar sign between lymphomaand control

cases although the periportal collar signwasmore frequently detected

in lymphoma compared to control cases (p= 0.17, φ= 0.65) (Table 2).

The liver size:BW ratio was 58.3 ± 7.5 and 33.6 ± 3.7 for lym-

phoma and control, respectively. The liver size:BW ratio of lymphoma

F IGURE 1 The liver size:BW ratio of lymphoma and control cases
(*p< 0.05)

F IGURE 2 Computed tomographic attenuation values of liver in
hepatic lymphoma and control cases on pre-contrast, arterial, portal
and equilibrium phase post-contrast images (*p< 0.05)

cases was significantly higher compared to that of the control cases

(p= 0.0002, r= 0.92) (Figure 1).

In the pre-contrast images, the mean HUwas 51.7 ± 4.1 and 73.7 ±

12.1 for lymphoma and control, respectively. In the arterial-phase

images, the mean HU was 63.7 ± 8.2 and 91.5 ± 6.0 for lymphoma

and control, respectively. In the portal-phase images, themeanHUwas

93.6 ± 7.7 and 120.4 ± 17.1 for lymphoma and control, respectively.

In the equilibrium-phase images, the mean HU was 87.7 ± 7.2 and

104.6 ± 11.2 for lymphoma and control, respectively. The mean HU of
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F IGURE 3 Representative axial pre-contrast (a), arterial (b), portal (c) and equilibrium (d) phase post-contrast CT images of diffuse hepatic
lymphoma. All dogs with diffuse hepatic lymphoma showed no architectural distortion. The periportal collar sign (arrow) was detected in
60% of lymphoma cases. The edge bluntness of the liver (e, arrowhead) was detected in 80% of lymphoma cases

lymphoma cases in the pre-contrast, arterial-phase, portal-phase and

equilibrium-phase imageswere significantly lower compared to that of

the control cases (p = 0.005, r = 0.81; p = 0.0003, r = 0.91; p = 0.01,

r = 0.75; and p = 0.02, r = 0.71, respectively) (Figure 2). In lymphoma

cases, the mean HU of aorta in in the pre-contrast, arterial-phase,

portal-phase and equilibrium-phase images were 39.4 ± 3.0, 348.8 ±

92.8, 149.6 ± 9.9 and 115.6 ± 12.5, respectively. In control cases, the

mean HU of aorta in in the pre-contrast, arterial-phase, portal-phase

and equilibrium-phase images were 43.4 ± 7.5, 385.6 ± 141.2, 166.2

± 25.0 and 129.2 ± 14.3, respectively. The mean HU of aorta in each

phase images showedno significant difference between lymphomaand

control (p = 0.3, r = 0.36; p = 0.64, r = 0.17; p = 0.21, r = 0.44; and

p = 015, r = 0.49, respectively). Representative images of the liver in

canine hepatic lymphoma are shown in Figure 3.
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4 DISCUSSION

Hepatic lymphoma in humans can present as a solitary lesion, multi-

focally, or diffusely throughout the parenchyma (Maher et al., 2001).

Solitary lesion is the most common, seen in approximately 60% cases

of hepatic lymphoma, followed by multiple liver lesions in approxi-

mately 35%–40% (Rajesh et al., 2015; Tomasian et al., 2015). Diffuse

lesions are rare and portend poor prognosis in human hepatic lym-

phoma (Rajesh et al., 2015). In this study, all liver lesions of canine

hepatic lymphoma were diffuse lesions. To our knowledge, approxi-

mately 33%–55% cases of hepatic lymphoma are diffuse liver lesions

in the dog (Nyland, 1984; Whiteley et al., 1989). One dog with diffuse

hepatic lymphoma developed multiple nodules after therapy, 4 weeks

after initial diagnosis (Chung et al., 2014). Canine hepatic lymphoma

is extremely aggressive and has a poor response to therapy (Vail et al.,

2013). Therefore, distinguishing diffuse hepatic lymphoma from other

presentations of lymphoma, may be prognostically useful.

In this study, edge bluntness of the liverwas detected in 80%of dogs

with hepatic lymphoma. Edge bluntness of the liver is one of the ancil-

lary signs of hepatomegaly (Federle et al., 2017.) Hepatomegaly was

often noted in the hepatic lymphoma cases. In human, hepatomegaly of

lymphoma indicates the degree of invasion of neoplastic lymphocytes

(Biemer, 1984). However, hepatomegaly in dogs is detected in several

diffuse liver neoplasms including lymphoma, histiocytic sarcoma and

mast cell tumour (Cruz-Arambulo et al., 2004; Nyland, 1984; Ramirez

et al., 2002; Sato & Solano, 2004). In humans, edge bluntness of the

liver is detected in other liver lesions, such as liver fibrosis and inflam-

mation (Afzal et al., 2013). Although not specific for hepatic lymphoma,

the finding of both hepatomegaly and edge bluntnessmaybeoneof the

findings to suspect diffuse liver neoplasms.

The periportal collar sign is caused by dysregulated lymph drainage

(Takeda et al., 2015). More than 80% of liver lymph is drained by

vessels surrounding the portal veins into the liver hilum (Aspestrand

et al., 1991). In dogs with hepatic lymphoma, neoplastic lymphocytes

infiltrate surround portal tracts and central veins or wihin sinusoids,

depending on form of lymphoma (Cullen, 2017; Keller et al., 2013). The

infiltration of neoplastic lymphocytes may cause dysregulated lymph

drainage. In this study, periportal collar signs were detected in 60%

of dogs with hepatic lymphoma. Although we did not assess the rela-

tionship between histopathological findings and periportal collar signs,

the periportal collar sign of lymphoma might be influenced by the

degree of lymphocyte infiltration. In humans, periportal collar signs are

detected in several lesions, includingmalignant liver tumours, bile duct

tumours, hepatic trauma, acute hepatitis, cholangitis, enlarged lymph

nodes in the porta hepatis, congestive heart failure and extramedullary

hematopoiesis (Takeda et al., 2015). Further studies are needed to

determine the relationship between the periportal collar sign and liver

lesions.

In humans, solitary or multifocal hepatic lymphoma is usually char-

acterized by lower attenuation than normal liver parenchyma on an

unenhanced CT, but diffuse hepatic lymphoma is only characterized

by diffused enlargement of the liver (Rajesh et al., 2015; Sanders

et al., 1989). In this study, liver lesions with diffuse hepatic lymphoma

showed significantly lower attenuation than normal liver. The only

report of canine hepatic lymphoma with multiple liver lesions shows

low attenuation on CT examination (Chung et al., 2014). In canine

hepatic lymphoma, the neoplastic lymphocytes burden large numbers

that markedly expanded hepatic sinusoids and compress hepatocytes

(Cullen, 2017; Keller et al., 2013; Valli et al., 2017). Low attenuation

of lymphoma in pre-contrast phase may be caused by replacement of

liver parenchyma by lymphoma and may be influenced by degree of

infiltration of lymphoma. On contrast-enhanced CT, nonionic contrast

medium exudes to extracellular fluid space of the organs (Bae, 2010).

Because lymphomas are high cell density tumours (Colagrande et al.,

2018; Haldorsen et al., 2011), lymphoma infiltration may cause the

extracellular fluid space tobenarrowed. Therefore, caninehepatic lym-

phoma is indicated by the lower attenuation of liver lesions compared

to normal liver on each post-contrast phase. This finding showed the

potential to detect liver infiltration of diffuse hepatic lymphoma on CT

examination. Further studies are needed in a large population of dogs

with hepatic lymphoma and other liver lesions.
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