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General Introduction
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There are several imaging modalities available in human and small 

animal practice including radiography, ultrasonography (US), computed 

tomography (CT) and magnetic resonance imaging. Among them, CT is 

widely applied in human medicine because it allows obtaining 

comprehensive and objective images in a relatively short time. Recently, 

along with the development of multi-detector row CT, high-speed and 

high-resolution imaging has become possible. Since high-speed imaging 

enabling multi-phasic contrast enhanced CT, it is possible to apply CT to 

precise evaluation of blood vessels and differential diagnosis of certain 

diseases. 

Primary hepatic and pancreatic diseases are relatively common in 

veterinary clinical practice. There are several examinations to detect or 

diagnose hepatic and pancreatic diseases. While blood examination is useful 

for detecting or diagnosing some of the hepatic and pancreatic diseases, 

further imaging diagnosis is essential for definitive diagnosis or treatment 

planning in some of these diseases. For example, congenital portosystemic 



 5 

shunt (cPSS) is one of the diseases of such kind. As cPSS is a disease of 

abnormal vessel originates from the portal system and connects to the 

systemic circulation, causing neurological, urological and systemic disorders. 

Although elevated fasting serum ammonia concentration and/or 

post-prandial serum bile acid concentration are reported to be useful for the 

detection of cPSS in dogs (Gerritzen-Bruning et al., 2006), visualization of 

abnormal shunt vessel is needed for definitive diagnosis. It has been 

reported that ultrasonography (US) is one of the useful imaging modality to 

detect abnormal blood vessels in cPSS dogs (d’Anjou, 2004). Computed 

tomography (CT) is another imaging modality that is more useful for 

definitive diagnosis of cPSS than US in dogs. CT portography allows 

evaluating the morphological features of the shunt vessels in detail and 

classifying the anatomical shunt types (Nelson et al., 2011). Since cPSS can 

be cured by surgical attenuation of the shunt vessels, accurate 

understanding of the shunt vessels prior to surgery is important part of the 

diagnosis and treatment. In Chapter 1, in order to obtain information that is 
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useful for improving diagnostic accuracy of the extrahepatic congenital 

portosystemic shunt (EH-cPSS), I classified the EH-cPSS based on CT 

portographic findngs and clarified the clinical features of each shunt type. 

Imaging diagnosis is also important for the diagnosis of hepatic 

mass forming diseases. It is known that US is quite useful screening 

examination to detect hepatic mass lesions. However, since information 

obtained by CT including size, number, location, vascular distribution of the 

tumor and presence or absence of metastasis, it is useful not only for 

detection but for staging and surgical planning superior to US. Actually in 

human medicine, CT is recommended in the patients with hepatic mass 

lesions for diagnosis and staging of the tumor (Choi et al., 2014). 

Additionally, characteristic multiphasic CT findings of each hepatic mass 

lesion have been well described: e.g. hyper-attenuation in the arterial phase 

and hypo-attenuation in the venous phase were common findings in the 

progressed hepatocellular carcinoma. There are a lot of literatures regarding 

CT findings of hepatic mass lesions in human medicine, and relevant 
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systematic reviews described that the sensitivity of multi-phasic CT to 

diagnose hepatocellular carcinoma was 68 to 91% (Choi et al., 2014; Lee et 

al., 2015). However in the veterinary medicine, information about 

multi-phasic CT in the patients with hepatic mass lesions is quite limited. 

Therefore, in Chapter 2, image features of triple-phase CT to differentiate 

hepatic mass lesions were evaluated. 

The pancreas is the largest gland in the digestive system and has 

both exocrine and endocrine functions. Although some exocrine and 

endocrine pancreatic disorders can be detected by blood examination (e.g. 

pancreatitis, pancreatic insulinoma), imaging is the important part of 

diagnosis and treatment planning. The pancreas is located in the cranial 

abdomen. The right lobe lies inside to dorsal to the descending duodenum 

and the left lobe lies dorsocaudal to the stomach and transverse colon. 

Although US is an useful imaging modality, the utility of US to evaluate the 

pancreas depends on each operator’s skill, capability of the US equipment 

and interference from gastrointestinal contents (Penninck, 2013). In contrast, 
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CT is a useful modality to obtain the entire and objective images of the 

pancreas. Therefore, it is recommended to perform CT examination for the 

patients with pancreatic tumors in human medicine (Furlow, 2015). There is 

a review in which characteristic CT findings of pancreatic tumors were well 

described in humans (de la Santa t et al., 2014). In that review, while the 

primary lesions of pancreatic adenocarcinoma showed hypo-attenuation at 

arterial phase, the metastatic lesions in the liver showed hypo-attenuation 

at portal phase in dual-phase CT. In contrast, it is common that the lesions 

with pancreatic insulinoma present hyper-attenuation in the arterial phase 

(Gouya et al., 2003; Liu et al., 2009). As described above, since CT findings of 

pancreatic tumors are well documented in humans, these findings are 

conceivably helpful to make a diagnosis of pancreatic tumors in dogs. In 

chapter 3, I evaluated image features of triple-phase CT to detect the canine 

pancreatic insulinomas. 

 Although CT is indispensable for the diagnosis and treatment 

planning of the diseases described above, information and evidence of their 
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CT findings are quite limited in small animal medicine. Therefore, each 

study in this thesis is focused on to clarify clinical features and characteristic 

CT findings of these diseases consequently improving the diagnostic 

accuracy, facilitating treatment choice and developing novel diagnostic 

methods of these diseases. 

.
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Chapter 1 
Computed tomographic morphology and 

clinical features of extrahepatic portosystemic 

shunts in 172 dogs in Japan 
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Abstract 

Canine extrahepatic congenital portosystemic shunts (EH-cPSS) are 

classified into several anatomic types, depending on their origin and 

termination of the shunt vessel. The aim of this chapter was to determine 

the proportion and clinical features of each anatomical shunt type in a 

population of dogs presented to the Veterinary Medical Center at the 

University of Tokyo. Dogs diagnosed with EH-cPSS using CT portography 

were included (n = 172) and shunts were classified based on previous reports. 

Clinical data were collected from case records and analyzed statistically. The 

most common anatomical type was the spleno-phrenic shunt (n = 64), 

followed by the spleno-azygos (n = 38), right gastric-caval (n = 29), 

spleno-caval (n = 21), right gastric-caval with caudal loop (n = 9), right 

gastric-phrenic (n = 6), colono-caval (n = 3), spleno-phrenic and azygos (n = 1), 

and porto-caval shunts (n = 1). Spleno-phrenic and spleno-azygos shunts 

were diagnosed significantly more frequently in older dogs than right 

gastric-caval and spleno-caval shunts (P < 0.05). The portal vein/aortic 
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(PV/Ao) ratio was significantly larger in dogs with spleno-phrenic shunt than 

in dogs with the spleno-azygos, right gastric-caval or spleno-caval shunts (P 

< 0.05). The PV/Ao ratio was significantly larger in dogs with spleno-azygos 

shunts than in dogs with right gastric-caval shunts. Dogs with 

spleno-phrenic shunts had significantly lower serum alkaline phosphatase 

activities than those with right gastric-caval or spleno-caval shunts. Dogs 

with spleno-phrenic shunts had significantly lower fasting ammonia 

concentrations than those with spleno-caval shunts. Since several clinical 

features evaluated in this chapter were significantly different depending on 

shunt types, thorough evaluation of shunt morphology by using CT 

portography is essential for the diagnosis of EH-cPSS in dogs. 
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Introduction 

The prevalence of the congenital portosystemic shunt (cPSS) in dogs 

is reported to be 0.06-0.2% (Center, 1996). Extrahepatic congenital 

portosystemic shunts (EH-cPSS) are commonly diagnosed in young, 

purebred, and small breed dogs such as Yorkshire terriers, Maltese, 

Miniature schnauzers, and Cairn terriers. EH-cPSS are classified 

anatomically by their origin and termination. The four major shunt types are 

the spleno-caval, spleno-azygos, right gastric-caval, and right gastric-azygos 

shunts. Although some other types of shunt have also been reported, these 

are quite rare (Szatmari et al., 2006). 

Intraoperative mesenteric portography was formerly the most 

common method for the definitive diagnosis of EH-cPSS (Martin, 1993). Less 

invasive methods, such as ultrasonography (US) and computed tomographic 

(CT) portography, are recently used more commonly (d’Anjou et al., 2004; 

Zwingenberger et al., 2005). In particular, CT portography is useful for 

preoperative diagnosis and surgical planning, reducing the morbidity and 
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time associated with surgery (Frank et al., 2003). More recently, the 

anatomical classification of the EH-cPSS in CT portography has been 

reported in detail and several novel types have been reported, including the 

spleno-phrenic shunt (Nelson et al., 2011). Spleno-phrenic shunts have a 

characteristic termination of the shunt vessel, which drains into the caudal 

vena cava (CVC) cranial to the liver.  

Since the relationship between different anatomical types of 

EH-cPSS and their clinical features has not been fully evaluated, the 

purpose of the study in this chapter was to clarify the proportion and clinical 

characteristics of each anatomical shunt type. 
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Materials and methods 

Medical records from dogs diagnosed with EH-cPSS using CT 

portography at the Veterinary Medical Center at the University of Tokyo 

(VMC-UTokyo) from April 2007 to November 2012 were included in this 

study. Clinical data collected included breed, age, sex, body weight, and 

clinical signs related to the cPSS (seizure, depression, salivation, vomiting, 

and blindness) at first presentation to VMC-UTokyo. The results of blood 

test such as fasting ammonia (NH3), pre- and post-prandial serum bile acid 

(SBA), blood urea nitrogen, serum glucose, serum albumin, alanine 

aminotransferase, and alkaline phosphatase (ALP) were also collected. In 

the dogs that underwent surgery, the difference of portal vein pressure 

before and after temporary occlusion of the shunt vessel, and the presence or 

absence of postoperative complications (post-ligation seizure, ascites, and 

gastrointestinal congestion) within 3 weeks were recorded. 

Image analysis 

All images were carefully reviewed on Osiri X (Pixmeo, Geneva, 
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Switzerland). Anatomical shunt types were classified based on the previous 

report (Nelson et al., 2011) and novel classifications were made as necessary. 

The portal vein diameter was measured on transverse images halfway 

between the entrance of the gastroduodenal vein and the right portal branch 

to the liver. The aortic diameter was measured on the same transverse 

images. The portal vein/aortic (PV/Ao) ratio was calculated using these 

values (Nelson et al., 2011). If the portal vein was undetectable at the 

previously noted location, the PV/Ao ratio was considered to be zero. The 

presence or absence of uroliths was also noted. 

Statistical analysis 

To evaluate the predisposition of EH-cPSS in each breed, all cases 

presented to VMC-UTokyo during the study period were used as the 

reference population. The odds ratio and 95% confidence interval (95% CI) 

were calculated if the number of cases was >5 in each breed category. If the 

lower limit of the 95% CI was >1, this considered to represent a significantly 

higher risk of EH-cPSS in the breed (P < 0.05). 
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To compare the clinical data for each morphologic classification, the 

Kruskall-Wallis test was used for statistical analysis and post-hoc 

comparison were performed using Dunn’s multiple comparison tests. P 

values < 0.05 were considered to be significant. Groups of >10 cases for each 

anatomic shunt type were evaluated statistically. 
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Results 

Medical record from 172 dogs were analyzed, consisting of 79 males 

(29 castrated) and 93 females (34 spayed). The median age and body weight 

were 22 months (range, 2–116 months) and 3.1 kg (range, 1–11.1 kg), 

respectively. Affected breeds and odds ratios are summarized in Table 1-1. 

Yorkshire terrier, Toy Poodle, Papillon, Miniature schnauzer and Norfolk 

terrier were at higher risk of having EH-cPSS (P < 0.05). 

The most common anatomical type was the spleno-phrenic shunt (n 

= 64) followed by spleno-azygos (n = 38), right gastric-caval (n = 29), 

spleno-caval (n = 21), right gastric-caval with caudal loop (n = 9), right 

gastric-phrenic (n = 6), colono-caval (n = 3), spleno-phrenic and azygos (n = 1), 

and porto-caval shunts (n = 1). Individual breed numbers for each of the 

major 4 shunt types (spleno-phrenic, spleno-azygos, right gastric-caval, and 

spleno-caval shunts) are shown in Table 1-2 and their clinical features are 

summarized in Table 1-3. Volume rendering color images of representative 

examples of each of the four most prevalent shunt types are shown in Figure 
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1-1. Statistical analysis revealed a significant difference in age, PV/Ao ratio, 

fasting ammonia concentrations, and ALP activities among the shunt types 

(P < 0.05). 

Spleno-phrenic shunts were diagnosed at a significantly older age 

than right gastric-caval and spleno-caval shunts (P < 0.001). Spleno-azygos 

shunts were diagnosed at a significantly older age than right gastric-caval 

and spleno-caval shunts (P < 0.05, P < 0.01, respectively; Figure 1-2). 

PV/Ao ratios were significantly larger for spleno-phrenic shunt 

(median, 0.83) than spleno-azygos (median, 0.62; P < 0.01), right 

gastric-caval (median, 0.55; P < 0.001), and spleno-caval shunts (median, 

0.55; P < 0.001). Spleno-azygos shunts were associated with significantly 

larger PV/Ao ratios than right gastric-caval shunt (P < 0.05; Figure 1-3). 

Patients with spleno-phrenic shunts had significantly lower serum ALP 

activities than those with right gastric-caval and spleno-caval shunts (P < 

0.01; Figure 1-4). Patients with spleno-phrenic shunt had significantly lower 

fasting ammonia concentrations than those with spleno-caval shunt (P < 
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0.01; Figure 1-5). There were no significant differences in any other 

parameters evaluated in this study. 

Clinical data for dogs with other types of shunts that were each 

represented at least three times in the study populations are shown in Table 

1-3. Since the number of dogs with each of these shunt types was small, 

statistical analysis was not performed in these cases. Volume rendering 

images of these three shunt types are described in Figure 1-6.  
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Discussion 

Spleno-phrenic shunts were the most common type of EH-cPSS in 

this population of dogs in Japan (37.2%). This is different from a previous 

report from North America, in which spleno-azygos shunts were the most 

common (32%), followed by spleno-caval (24%) and spleno-phrenic shunts 

(16%) (Nelson et al., 2011). Since Miniature dachshunds and Toy poodles are 

popular in Japan and had relatively high prevalence of spleno-phrenic 

shunts (Table 7), geographical breed distribution or genetic bias may be 

responsible for this discrepancy. 

Spleno-phrenic shunts were diagnosed at a significantly older age 

than right gastric-caval and spleno-caval shunts. Additionally, 

spleno-phrenic shunt presented with significantly larger PV/Ao ratios than 

the other shunt types. The phrenic vein drains into the CVC caudal to the 

diaphragm and cranial to the liver, and easily collapses with each 

respiratory cycle. This could contribute to decreased shunt fraction and 

result in latent clinical signs and preserved size of portal vein. Unfortunately, 
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because no cases underwent scintigraphy, the exact shunt fraction of each 

case was unknown. It has been reported that dogs with PV/Ao ratios >0.8 did 

not have the EH-cPSS on US evaluation (D’anjou et al., 2004). However, 38 

out of 64 cases in this study with spleno-phrenic shunts had PV/Ao ratios 

>0.8. Although different imaging modalities (US and CT) were used in the 

two studies, this type of shunt might not be diagnosed by US screening based 

on determining the PV/Ao ratio. The World Small Animal Veterinary 

Association (WSAVA) has established standardized methodology for US 

diagnosis of portosystemic shunts (Szatmari et al., 2006). This standardized 

method is based on the concept that the shunts with caval termination drain 

into the CVC at the same location, i.e., slightly cranial to where the celiac 

artery originates from the aorta. Since the spleno-phrenic shunt drains into 

the CVC cranial to the liver, the termination of this shunt type cannot be 

detected by using the WSAVA method. 

In addition, while the shunt vessel of the spleno-phrenic shunt is 

situated at the left and dorsal part of the body, the WSAVA method for PSS 
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mainly consists of planes from the right side of the body. Therefore, 

spleno-phrenic is potentially difficult to detect and it might not be visualized 

using these standardized planes. Since the spleno-phrenic shunt was 

relatively common in Japan, other diagnostic workup should be considered 

by analyzing the results obtained in this study. 

Spleno-azygos shunts were diagnosed in significantly older dogs 

than right gastric-caval and spleno-caval shunts. This result corresponded to 

a previous report (Van den Bossche et al., 2012), but the present study was 

able to describe the shunt morphology in more detail. Furthermore, 

spleno-azygos shunts had a significantly larger PV/Ao ratios than right 

gastric-caval shunts. In normal dogs, the diameter of the azygos vein is 

smaller than that of the CVC. Therefore, resistance to blood flow might be 

higher in azygos shunts than in caval shunts when the shunt vessels drain 

into the systemic circulation. This could result in relatively sustained PV 

diameter in spleno-azygos shunt compared to those in caval shunt, which 

have lower blood flow resistance. Additionally, most spleno-azygos shunts 
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have distinctly tortuous morphology, which could contribute to reduced blood 

flow. Furthermore, since azygos shunts penetrate the dorsal diaphragm and 

drain into the thorax, increased intrathoracic pressure or respiratory 

movement may also result in reduced blood flow. These mechanisms are 

likely similar to that of the spleno-phrenic shunts. 

Serum ALP activities in dogs with spleno-phrenic shunts were 

significantly lower than those with right gastric-caval and spleno-caval 

shunts. Serum ALP activity (mainly bone-derived ALP) is highest during the 

first 16 weeks of life and then continued to decrease until 1 year of age 

(Fernandez et al, 2007). Since the age at diagnosis was significantly older in 

the spleno-phrenic shunt (median, 51.5 months) than in the right 

gastric-caval (median, 10.5 months) and spleno-phrenic shunts (median, 6 

months), age might be responsible for these differences in serum ALP 

activities. 

Fasting serum NH3 concentrations were significantly lower in dogs 

with spleno-phrenic shunts (median, 87.5 µg/dL) than in those with 
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spleno-caval shunts (median, 171 µg/dL). In a previous report, there were no 

cPSS case among 132 dogs with fasting serum NH3 < 78 µg/dL 

(Gerritzen-Bruning, 2006). In the study of this chapter, 26 out of 64 

spleno-phrenic shunt cases presented with serum fasting NH3 

concentrations < 78 µg/dL. Reduced blood flow associated with the 

anatomical morphology of the shunt vessel may explain this difference. 

Regardless of shunt type, post-prandial SBA concentrations were elevated in 

most of the cases with EH-cPSS (99.3%) in the present study. Post-prandial 

SBA was the most sensitive biochemical screening test for the EH-cPSS. 

This study revealed that Yorkshire terriers, Toy poodles, Papillons, 

Miniature schnauzers, and Norfolk terriers were at a significantly higher 

risk for the EH-cPSS in this Japanese population. These results are similar 

to previous reports from the Netherlands and North America (Van den 

Bossche et al., 2012; Nelson et al., 2011), with the exception of the high 

prevalence of EH-cPSS in Toy poodles in Japan. Toy poodles have became 

popular in Japan over the last decade and inbreeding might have resulted in 



 26 

an increased risk of inherited conditions. A recent report showed no 

difference in breed distributions for porto-caval and porto-azygos shunts 

(Van den Bossche et al., 2012), although anatomical shunt types were not 

classified in detail. Further investigation is needed to clarify potential breed 

predispositions to EH-cPSS and veterinarians must make effort to avoid 

inappropriate breeding. 

In conclusion, spleno-phrenic shunts were the most common type of 

canine EH-cPSS in this study and there were significant clinical differences 

among anatomical shunt types, including age at presentation, PV/Ao ratio, 

serum ALP activity, and fasting serum NH3 concentration. It is important to 

determine EH-cPSS morphology in detail and to understand that certain 

types of EH-cPSS could be difficult to detect using current diagnostic 

methods. 
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Table 1-1 

Number of dogs of different breeds and odds ratios for extrahepatic congenital portosystemic 

shunts 

Breed n Odds ratio (95% CI) a 

Yorkshire terrier 28 4.10* (2.75–6.12) 

Miniature dachshund 25 0.91 (0.60–1.39) 

Toy poodle 18  1.85* (1.14–3.00) 

Shih Tzu 16 1.66 (0.99–2.77) 

Papillon 14 3.34* (1.94–5.73) 

Miniature schnauzer 11 2.55* (1.39–4.68) 

Chihuahua 11 0.90 (0.49–1.65) 

Maltese 9 1.73 (0.89–3.38) 

Norfolk terrier 8 24.00* (12.4–46.2) 

Pug 5 1.89 (0.78–4.57) 

Pomeranian 4 ND b 

West Highland white terrier 3 ND b 

Others d 20 ND b 
a 95% CI, 95% confidence interval 
b ND, not determined 
c Breeds with a significantly higher risk of extrahepatic congenital portosystemic shunt 
d Pembroke Welsh Corgi, Shetland sheepdog, Italian greyhound (n = 2 for each breed) 

 Shiba, Miniature pinscher, Bolognese, Jack Russell terrier, Cairn terrier (n = 1 for each 

breed) 

 Crossbred (n = 9) 

* Breeds with significantly higher risk of EX-cPSS 
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Table 1-2 

Number of dogs of different breeds with each shunt type 

 Spleno-phrenic Spleno-azygos RG a-caval Spleno-caval 

Yorkshire terrier 5 6 7 5 

Miniature dachshund 12 3 3 2 

Toy poodle 8 8 0 1 

Shih Tzu 6 4 2 1 

Papillon 6 3 1 0 

Miniature schnauzer 8 1 0 1 

Chihuahua 7 0 3 0 

Maltese 0 1 5 2 

Norfolk terrier 1 4 2 1 

Pug 2 1 1 0 

Others 9 7 5 8 

Total 64 38 29 21 

a RG, right gastric 
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Table 1-3. Clinical features of the four major shunt types 

 
Spleno-phrenic 

(n = 64) 

Spleno-azygos 

(n = 38) 

RGa-caval 

(n = 29) 

Spleno-caval 

(n = 21) 

Age (months) 
51.5 1 

(4–128) 

33.5 2, 3 

(3–86) 

10.5 1, 3 

(3–95) 

6 1, 2 

(2–81) 

Clinical signs (n) 27/61 17/37 14/26 10/20 

Fasting NH3 (mcg/dL) 
87.5 2 

(24–748) 

104 

(46–393) 

135 

(53–490) 

171 2 

(53–354) 

Pre-prandial SBAb (nmol/L) 
105.1 

(5.8–400.0) 

89.4 

(19–543.3) 

137.2 

(15.1–539.7) 

87.7 

(13.9–437.8) 

Post-prandial SBAb (nmol/L) 
224.5 

(21.7–502.5) 

226.3 

(49.0–432.8) 

239.5 

(78.3–613.7) 

250.0 

(126.9–490.0) 

BUNc (mg/dL) 
6.5 

(2.1–23.9) 

5.9 

(2.4–13.3) 

6.3 

(1.6–12.6) 

6.4 

(1.1–12.6) 

Glucose (mg/dL) 
89.5 

(44–131) 

92 

(28–137) 

91.5 

(59–125) 

83 

(48–127) 

Albumin (g/dL) 
2.9 

(1.2–3.4) 

2.8 

(1.8–3.8) 

2.6 

(1.5–3.4) 

2.7 

(1.2–3.2) 

ALTd (U/L) 
84 

(22–595) 

95.5 

(28–1,985) 

108 

(51–805) 

103.5 

(30–1,391) 

ALPe (U/L) 
197 2 

(61–2,600) 

263.5 

(116–1,674) 

462.5 2 

(142–1,924) 

546.5 2 

(99–2,165) 

PV/Aof ratio 
0.831, 2 

(0.37–1.31) 

0.62 2, 3 

(0–1.30) 

0.551, 3 

(0–0.75) 

0.551 

(0–1.03) 

Presence of urolith (n) 23/64 23/38 16/29 13/21 

Received surgery (n) 30/53 (56.6%) 27/34 (79.4%) 21/25 (84.0%) 16/19 (84.2%) 

PVPg difference (mmHg) 
5 

(0–33) 

6 

(1–42) 

9 

(0–19) 

5.5 

(1–37) 

Post-surgical complications (n) 1/30 1/27 3/21 2/16 
1 P < 0.001, 2 P < 0.01, 3 P < 0.05 
a RG, right gastric, b SBA, serum bile acid, c BUN, blood urea nitrogen, d ALT, alanine 

aminotransferase, e ALP, alkaline phosphatase, f PV/Ao, portal vein/aorta, g PVP, portal 

venous pressure, Median (range) shown when applicable.  
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Table1-4 Clinical features of the minor shunt types 

 
RGa-caval Ca loop 

(n = 9) 

RGa-phrenic 

(n = 6) 

Colono-caval 

(n = 3) 

Age (months) 
44.0 

(7–98) 

16.0 

(12–68) 

65.0 

(13–92) 

Clinical signs (n) 5/9 1/5 2/3 

Fasting NH3 (mcg/dL) 
217 

(62–515) 

114 

(86–256) 

62 

(53–72) 

Pre-prandial SBAb (nmol/L) 
157.0 

(58.9–348.6) 

122.8 

(24.6–271.9) 

213.7 

(59.4–372) 

Post-prandial SBAb (nmol/L) 
237.2 

(34.8–329.7) 

248.3 

(177.8–281.4) 

251.8 

(250.0–253.5) 

BUNc (mg/dL) 
7.9 

(3.6–13.5) 

8.4 

(3.7–15.3) 

6.1 

(5.3–12.8) 

Glucose (mg/dL) 
82.0 

(61–97) 

75 

(57–88) 

105 

(93–116) 

Albumin (g/dL) 
2.7 

(2.3–3.1) 

2.5 

(2.0–2.7) 

3.3 

(3.2–3.4) 

ALTd (U/L) 
121 

(47–327) 

107 

(44–605) 

64 

(49–305) 

ALPe (U/L) 
247 

(158–973) 

227 

(185–473) 

240 

(125–542) 

PV/Aof ratio 
0.57 

(0.43–0.74) 

0.52 

(0.39–0.99) 

0.91 

(0.51–1.04) 

Presence of urolith (n) 5/9 2/6 1/3 

Received surgery (n) 6/9 (66.6%) 4/6 (66.6%) 2/3 (66.6%) 

PVPg difference (mmHg) 
5 

(1–8) 

7 

(2–8) 

6 

(–) 

Post-surgical complications (n) 0/6 1/4 0/1 
a RG, right gastric, b SBA, serum bile acid, c BUN, blood urea nitrogen, d ALT, alanine 

aminotransferase, e ALP, alkaline phosphatase, f PV/Ao, portal vein/aorta, g PVP, portal 

venous pressure, Median (range) shown when applicable.  
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Figure 1-1 

 

Legend for figure 1-1. 

Volume rendering images of dogs with major 4 types of shunt types (red vessel, aorta; blue vessel, 

caudal vena cava; yellow vessel, portal vein; green vessel, shunt vessel; Cr, cranial; Ca, caudal; L, Left; 

R, Right). (A) Spleno-phrenic shunt as viewed from the left cranial aspect. The shunt vessel originates 

from the splenic vein (arrow head) and runs cranially, then drains into the caudal vena cava cranial to 

the liver (arrow). Note that the shunt vessel is flattened between the diaphragm and the liver. The 

intrahepatic portal vein was relatively sustained in this type of shunt. (B) Spleno-azygos shunt as 

viewed from the left cranial aspect. The shunt vessel originates from the splenic vein (arrow head) and 

runs dorsally with tortuous morphology, then drain into azygos vein (arrow). (C) Right gastric-caval 

shunt as viewed from the ventral aspect. The shunt vessel originates from the right gastric vein (arrow 

head) and runs laterally to the left, then drain into CVC (arrow). (D) Spleno-caval shunt as viewed 

from the left cranial aspect. Shunt vessel originate from the splenic vein (arrow head) then drain into 

CVC (arrow).  

A� B�

C� D�

��� ��� ��� ���
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Figure 1-2 

 

Shunt type and age at first presentation. Age at first presentation was analyzed in the four 

major types of the extrahepatic congenital portosystemic shunt. Spleno-phrenic and 

spleno-azygos shunts were diagnosed at a significantly older age than the other two shunt 

types. The horizontal line indicates the median. 
a RG, right gastric 

*** P < 0.001, ** P < 0.01, * P < 0.05  
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Figure 1-3 

 
Shunt type and portal vein/aorta ratio. The portal vein/aorta (PV/Ao) ratio was analyzed in 

the four major types of the extrahepatic congenital portosystemic shunt. The spleno-phrenic 

shunt has a significantly larger PV/Ao ratio than the other shunt types, and the 

spleno-azygos shunt had a significantly larger PV/Ao ratio than the right gastric-caval 

shunt. 

The horizontal line indicates the median. 
a RG, right gastric 

*** P < 0.001, ** P < 0.01, * P < 0.05  
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Figure 1-4 

 
Shunt type and serum ALP activity. ALP activity was analyzed in the four major types of 

the extrahepatic congenital portosystemic shunt. The spleno-phrenic shunt has a 

significantly lower ALP level than the right gastric-caval and spleno-caval shunt. 

The horizontal line indicates the median. 
a RG, right gastric 

** P < 0.01  
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Figure 1-5 

 

Shunt type and fasting NH3 concentration. Fasting NH3 concentration was analyzed in the 

four major types of the extrahepatic congenital portosystemic shunt. The spleno-phrenic 

shunt has a significantly lower fasting NH3 concentration than the spleno-caval shunt. 

The horizontal line indicates the median. 
a RG, right gastric 

** P < 0.01  
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Figure 1-6 

 
Legend for Figure 1-6. 

Volume rendering images of dogs with 3 types other than major 4 types (Cr, cranial; Ca, caudal; L, 

Left; R, Right). (A) Right gastric-caval shunt with caudal loop as viewed from the left ventral aspect. 

The shunt vessel originates from the right gastric vein and runs laterally to the left (white arrow 

heads), join together with caudal loop originate from splenic vein (yellow arrow heads), then drains 

into CVC (arrows). (B) Right gastric-phrenic shunt as viewed from the ventral aspect. The shunt vessel 

originates from the right gastric vein (arrow heads) and runs laterally to the left side. (C) Right 

gastric-phrenic shunt as viewed from the left cranial aspect. The shunt vessel drain into CVC (arrows) 

cranial to the liver. (D) Colono-caval shunt as viewed from the ventral aspect. The colonic vein drains 

into CVC at caudal end of the CVC (arrow heads). 
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Chapter 2 
Computed tomographic characteristics 

of hepatic mass lesions in dogs 
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Abstract 

 Little information is available on the relationship between computed 

tomography (CT) imaging findings and the pathologic diagnosis of canine hepatic 

tumors. The purpose of the study in this chapter was to clarify the characteristic features 

of CT findings in hepatic tumors in dogs. Data from 43 dogs with either a hepatocellular 

carcinoma (n = 14), hepatocellular adenoma (n = 14), nodular hyperplasia (n = 5) or 

other malignancies (n=10) were summarized from medical records. CT features for each 

hepatocellular tumor were characterized and analyzed statistically. Common findings in 

hepatocellular carcinoma included central (79%, P = 0.036) and marginal enhancement 

(93%, P = 0.00043) in the arterial phase, cyst-like lesions (93%), capsule formation 

(93%), and hypoattenuation in the portal (86%, P = 0.043), and in the equilibrium 

phases (93%, P = 0.013). Hepatic adenoma was characterized by a characteristic diffuse 

enhancement pattern during the arterial phase (57%, P = 0.0013), which was also found 

in nodular hyperplasia (60%), but never in hepatocellular carcinoma. Nodular 

hyperplasia was less likely to have a capsule structure (20%, P = 0.0087). Mass size 

was significantly smaller in nodular hyperplasia than in hepatocellular carcinoma and 
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hepatic adenoma (P = 0.0033 and 0.038, respectively). Hyperattenuation in the arterial 

and the portal phase i.e. contrast retention, was more frequent in hepatic adenoma than 

in the other groups (P = 0.032 and 0.032, respectively). Nodular hyperplasia was more 

frequently isoattenuating in the equilibrium phase (P = 0.043). In other malignancies 

group, all hemangiosarcoma (n=4) cases showed cyst-like lesions and hypo-attenuation 

in all phases. The patients with hepatic carcinoid tumor (n=2) showed contrast 

enhancement in the margin of the tumors in the arterial and portal phases. Findings 

obtained in this study will help to differentiate hepatic mass lesions in dogs using 

triple-phase CT examination. 
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Introduction 

The prevalence of primary hepatic tumors in dogs is 0.6–0.9% 

(Patnaik et al., 1980; Strombeck et al., 1978). Hepatic tumors were classified 

into hepatocellular neoplasia, cholangiocellular neoplasia, hepatic carcinoid 

and hepatoblastoma, primary vascular and mesenchymal neoplasia, 

hematopoietic neoplasia and metastatic neoplasia (Cullen et al., 2009). Of 

these hepatic tumors, hepatocellular carcinoma (HCC) was the most common, 

followed by bile duct carcinoma, carcinoid tumor, and sarcoma. Liver tumors 

in dogs are classified macroscopically into massive, diffuse, and nodular 

tumors (Patnaik et al., 1981), and are classified histologically into various 

types of benign and malignant tumors. Solitary or massive HCC has a good 

prognosis when resected completely (Liptak et al., 2004; Kosovsky et al., 

1989), whereas dogs with other types of malignancy have a poor prognosis. 

Moreover, nodular hyperplasia (NH) involves benign hyperplastic nodules of 

hepatocellular tissues and sometimes mimics hepatic neoplasia in dogs 

(Cuccovillo et al., 2002). In one study, 70% of necropsied dogs had 
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macroscopically visible NH in the liver (Bergman, 1985). Because the 

prognoses of benign lesions and malignant tumors are different, it is 

desirable to predict a precise histological of a mass-forming lesion in the liver. 

Liver biopsy can be used to obtain the definitive diagnosis, but it is invasive 

and distinguishing malignant tumor from benign liver lesions using imaging 

would be valuable. However, information on the relationship between 

histological diagnosis and CT findings is limited in small animal practice 

(Taniura et al., 2009). Therefore, the purpose of the study in this chapter was 

to characterize the triple-phase CT findings in different types of hepatic 

mass lesions in dogs. 
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Materials and Methods 

Case selection 

Dogs that underwent abdominal helical triple-phase CT for 

evaluation of hepatic mass lesions (i.e. hepatocellular carcinoma (HCC), 

hepatocellular adenoma (HA), nodular hyperplasia (NH) and other hepatic 

tumors at the VMC-UTokyo between April 2005 and March 2010 were 

included in this retrospective study. The breed, age, sex, and body weight 

were obtained from the medical records. Definitive diagnosis was made 

histopathologically based on previously published criteria, such as the World 

Small Animal Veterinary Association Standards for Histological and Clinical 

Diagnosis of Canine and Feline Liver Diseases (Gaschen et al., 2009). All of 

the cases were histopathologically diagnosed by an experienced pathologist. 

Dogs that were lacking either the data of CT images or the histopathologic 

specimen for reevaluation were excluded from this study. 

All patients had undergone abdominal helical CT evaluation that 

included non-enhanced and contrast enhanced triple-phase CT through the 
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liver. Triple-phase CT scanning was performed as described previously with 

slight modification (Iseri et al., 2007; Winter et al., 2005). CT images were 

acquired with a 4-row multidetector helical CT unit (Asteion Super 4, 

Toshiba Medical Systems Corporation, Tochigi, Japan). The helical 

sequences were acquired using 120kVp and 100-150mA in a standard 

algorithm, with the patient was in dorsal recumbency and under general 

anesthesia. Slice thickness and interval was 1-3 mm with a helical pitch of 

5.5. On triple-phase CT, the scan was initiated at the cranial aspect of the 

diaphragm and extended caudally to the level of the pelvic inlet for plain 

scanning, portal and equilibrium phases. In arterial phase, the scanning was 

extended caudally to the level of end of the liver or the mass lesion. Iohexol 

(300 mg I/ml, Omnipaque 300, Daiichi Sankyo Company. Ltd., Tokyo, Japan) 

was used as the contrast medium at a dose of 2 ml/kg and was injected with 

power injector (A-300, Nemoto Kyorindo Co. Ltd., Tokyo, Japan) over 5 to 10 

seconds via jugular vein. Images were obtained before contrast medium 

injection, in an arterial phase (13 seconds), in a portal phase (30 seconds) 
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and at equilibrium phase (120 seconds) after the contrast medium injection. 

 

Imaging analysis 

Images were analyzed on OsiriX (Pixmeo, Geneva, Switzerland). 

Because HCC was the most frequent diagnosis in this study, I evaluated the 

CT findings on the basis of the past reports of CT images in human 

non-cirrhotic HCC (Brancatelli et al., 2002). 

 The characteristic evaluated included number, distribution, 

bidirectional maximum lesion diameter, and descriptions of margins 

(well-defined or ill-defined) and surfaces (smooth or lobulated). A tumor 

capsule was defined as a thin or thick curvilinear border that surrounded at 

least half of the tumor and had a distinct difference in attenuation. The 

presence or absence of calcification was recorded. Non-enhancing areas with 

attenuation similar to that of the gallbladder contents were regarded as 

cyst-like and representative of necrosis. The presence of tumor fat was 

evident when the tumor components had attenuation lower than that of 
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water on non-enhanced CT images. Tumor thrombus was defined as 

distention of the hepatic and/or portal vein lumen by enhancement of the 

thrombus. Other findings, including dilated bile duct, and hemorrhage were 

assessed in accordance with a previous study (Brancatelli et al., 2002). 

Cranial abdominal lymphadenopathy was noted when ovoid or round 

extravisceral masses were identified adjacent to the portal vein and had a 

ratio of >0.7 (short axis/long axis) (Nyman et al., 2007) or when the masses 

had a long axis of >10 mm and a heterogeneous or ring enhancement pattern 

was observed (Ballegeer et al., 2010). Lymph nodes were evaluated with 

two-dimensional transverse images of the CT. 

Overall attenuation of the tumor was noted, which was defined 

relative to the liver parenchyma during the same phase of imaging; plain, 

arterial, portal, or equilibrium phase. In the assessment of overall 

attenuation, I ensured objectivity by measuring the CT value at the 

cross-section at which the lesion had bidirectional maximum diameter. If the 

lesion had a different CT value in Hounsfield units (HU) (>20 HU compared 
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with the surrounding liver parenchyma), I deemed it to be different and 

considered these lesions to have hyper or hypoattenuation. 

Enhancement patterns of the arterial phase were evaluated in 

terms of 3 categories: central, marginal, and diffuse enhancement (Figure 

2-1). Central enhancement was defined as blood vessels with or without 

dilation located in the central area of the lesion, marginal enhancement as 

blood vessels located along the margin, and diffuse enhancement as blood 

vessels extending entirely within the mass lesion. 

 

Statistical analysis 

 The ratio of positivity or negativity of each finding in each lesion 

type was analyzed by Haberman’s residual analysis. The diameter of the 

mass was compared among all categories by using the Steel-Dwass multiple 

comparison method. A P value of <0.05 was considered significant.  
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Results 

Forty-three dogs met the inclusion criteria. There were 18 males (7 

castrated) and 25 females (17 spayed). The median age and body weight were 

10.5 years (range, 3 months–15 years) and 9.8 kg (range, 1.5–38.5 kg), 

respectively. The Affected breeds were as follows: Shih-Tzu (n=6), Golden 

retriever, Labrador retriever, Mix breed dog (n=4, each), Siberian husky, 

Beagle, Chihuahua (n=3, each), Maltase, Pomeranian, Shetland sheepdog, 

Pembroke Welsh Corgi, Miniature schnauzer, shiba-inu (n=2, each), Tibetan 

spaniel, West Highland white terrier, Italian greyhound, and Yorksher 

terrier (n=1, each). Histopathological diagnoses of hepatocellular tumors 

were HCC (n = 14), HA (n = 14), NH (n = 5). Other malignancies (OM) 

including hemangiosarcoma (HSA; n=4), hepatic carcinoid tumor (CND; n=2), 

lymphoma, lymphangiosarcoma (LSA), malignant mesenchymal tumor 

(MMT) and malignant peripheral nerve sheath tumor (MPNST) (1 case each). 

Because each case number of the OM group was too small, only 

hepatocellular tumors were analyzed statistically. 
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The CT findings of hepatocellular tumors are summarized in Tables 

2-1, 2-2 and 2-3. The characteristics of HCC were large (median diameter, 

105.5 mm; range, 85–165 mm) and had cyst-like or necrotic lesions (n = 13, 

93%) and capsule formation (n = 13, 93%) (Table 2-1). The surface was 

lobulated (n = 8, 57%) or smooth (n = 6, 43%), and the margins were well 

defined (n = 12, 86%). Calcification (n = 3, 21%), hemorrhage (n = 2, 14%), 

dilated bile duct (n = 2, 14%) were observed occasionally. Cranial abdominal 

lymphadenopathy was noted in 5 patients (36%), and no patient had an 

identifiable tumor thrombus. The overall attenuation of HCC was iso (n = 7) 

or hypoattenuating (n = 7) in the arterial phase, but in the portal phase, 

most became hypoattenuating (n=12, 86%). In the equilibrium phase, 

hypoattenuation is significantly more frequent in HCC than in the other 

groups (n = 13, 93%, P = 0.013) (Table 2-2). On enhancement patterns in the 

arterial phase, central (n = 11, 79%, P = 0.036) and marginal (n = 13, 93%, P 

= 0.00043) enhancement were observed significantly more frequently in HCC 

(Table 2-3 and Figure 2-2). 
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The findings of HA (n = 14) were small to large (median diameter, 

85.5 mm; range, 28–114 mm), most of which had well-defined margins (n = 

11, 79%). Most of them showed lobulated surface (n = 12, 86%), cyst-like 

structures (n = 10, 71%), and capsule formation (n = 9, 64%), but they seldom 

had hemorrhage (n = 0, 0%), tumor fat (n = 1, 7.1%), dilated bile ducts (n = 1, 

7.1%), or tumor thrombus (n = 0, 0%). Calcification (n = 2, 14%) and 

lymphadenopathy (n = 5, 26%) were noted in some patients. On overall 

attenuation, hyper-attenuation in both the arterial and the portal phase 

were significantly more frequent in HA (n = 4, 29%, P = 0.032). Out of 14 

patients, eight (57%) had a diffuse enhancement pattern in the arterial 

phase, significantly more frequent than other lesion types (P = 0.0013) 

(Table 2-3 and Figure 2-3). As compared to the other groups, a marginal 

enhancement pattern was a significantly infrequent finding (29%, P = 0.0038, 

Table 2-3). 

NH was significantly smaller than HCC or HA (P = 0.0033 and 

0.038, respectively). The median diameter was 42 mm and ranged from 28 to 



 50 

63 mm. Three patients had a single mass, whereas 2 had multiple masses. 

The surface of the mass was lobulated (n = 3, 60%) or smooth (n = 2, 40%), 

and most patients (n = 4, 80%) had well-defined margins. Cyst-like areas 

were observed in 1 patient (20%) and capsule formation was noted in 1 

patient (20%), these were significantly infrequent (P = 0040 and 0.0087, 

respectively) (Table 2-1). Other findings, such as hemorrhage, tumor fat, 

dilated bile duct, tumor thrombus and calcification were not noted. Lymph 

node enlargement was noted in one patient (20%). On overall attenuation, 

isoattenuation in both the portal and equilibrium phase were observed 

significantly more frequently than other groups (P = 0.046 and 0.021, 

respectively) (Table 2-2 and Figure 2-4). In addition, hypoattenuation in the 

equilibrium phase is significantly less frequent than in other groups (P = 

0.037). A diffuse enhancement pattern in the arterial phase was seen in 3 

patients (60%). 

The CT findings of OM group were summarized in Tables 2-4, 2-5. 

Characteristic findings of HSA including cyst like lesions (4/4) and 
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hypo-attenuation in all phases in triple-phase CT (Figure 2-5). CT features of 

CND (n=2) included multiple-mass lesions (2/2), lobulated mass (2/2), 

capsule formation (2/2) and lymph node enlargement (2/2). In triple-phase 

CT of CND cases, tumor margins were enhanced in the arterial and portal 

phases (Figure 2-6, 2-7). One case showed cystic lesions inside the tumor 

indicating necrotic lesions (Figure 2-7). Remaining cases in OM group (n=4) 

were lobulated (4/4), cystic (4/4), capsulated (4/4) and had multiple lesions 

(3/4). They showed hypo-attenuation in all phases in triple-phase CT. 
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Discussion 

 In a previous report of the CT findings of canine hepatic mass 

lesions (Taniura et al., 2009), only 2 types, hepatocellular carcinoma and 

nodular hyperplasia, were investigated, and most findings were not 

evaluated statistically. In the study of this chapter, I evaluated the 

triple-phase CT findings of hepatocellular tumors classified into 3 groups 

(hepatocellular carcinoma, hepatic adenoma, and nodular hyperplasia) and 

analyze these findings statistically. 

In the study of this chapter, I found that central and marginal 

enhancement patterns in the arterial phase were significantly more frequent 

in canine hepatocellular carcinoma than in the other lesions. This is 

consistent with the previous report in which blood vessels inside the tumor 

were more frequent in hepatocellular carcinoma than nodular hyperplasia 

(Taniura et al., 2009). Other features of canine hepatocellular carcinoma 

included large size, cyst-like lesions, and hypo-attenuation in the portal and 

equilibrium phases. As hepatocellular carcinoma in dogs tends to be 
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diagnosed when the mass becomes large enough to cause a clinical 

abnormality, features such as large size and cyst-like necrotic lesions were 

seen commonly. It has been stated that dogs with hepatocellular carcinoma 

have low attenuation in the portal venous and equilibrium phases (Taniura 

et al., 2009). These findings are comparable to the findings in this chapter of 

early wash out, i.e., hypo-attenuation in the portal and the equilibrium 

phases. Combinations of these findings might be useful for differential 

diagnosis of canine hepatocellular carcinoma using triple-phase CT. 

 A diffuse enhancement pattern in the arterial phase was observed 

significantly more frequent in hepatic adenoma than in other groups. This 

was also observed in nodular hyperplasia, whereas it was not observed in 

hepatocellular carcinoma. Therefore, a diffuse enhancement pattern in the 

arterial phase suggests a benign lesion. This enhancement pattern 

resembles that of hepatic adenoma and focal nodular hyperplasia in humans, 

which is hypervascular in the arterial phase (Hussain et al., 2004; Jang et al., 

2009). This might reflect the difference in vascular distribution between 
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benign and malignant tumors. Microscopic vascular structural changes that 

can cause hypervascularity have been reported in human hepatic adenoma 

and nodular hyperplasia (Grazzioli et al., 2001; Hussain et al., 2004), and 

similar changes might occur in dogs. Because arterial hypervascularity was 

also reported in human patients with hepatocellular carcinoma and cirrhosis 

(Baron et al., 2004), further investigation of this finding in dogs is needed. 

 In the nodular hyperplasia group, masses were significantly smaller, 

and cyst-like lesions and capsule formation occurred less frequently. These 

findings might be due to nodular hyperplasia consisting of age-associated 

hyperplastic nodules (Patnaik et al., 1981; Strombeck et al., 1996), while 

other tumors are proliferative lesions that result in small masses and less 

frequent formation of cyst-like necrotic lesions. The margin of nodular 

hyperplasia being demarcated by compression of the surrounding 

parenchyma without a fibrous capsule (Patnaik et al., 1981), explains the 

decreased frequency of capsule formation in CT findings. Moreover, nodular 

hyperplasia is more frequently iso-attenuating in the equilibrium phase. 
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This is similar to focal nodular hyperplasia, which is iso-attenuating in the 

portal and delayed phases in humans (Brancatelli et al., 2002; Jang et al., 

2009). Although nodular hyperplasia forms small and multiple mass lesions 

in general (Cullen, 2009), relatively large lesions that were considered for 

surgery were included in this study. There is a possibility that this difference 

may affect the results of image findings of NH in this study. 

 Additionally, I described the triple-phase CT findings of other 

hepatic malignancies. Cases with hemangiosarcoma presented characteristic 

findings of cystic lesions and hypo-attenuation in all phases in triple phase 

CT. Hypo-attenuation in the arterial and portal phase in dogs with 

hemangiosarcoma has been reported previously (Kutara et al., 2013). In the 

present study, a case with lymphangiosarcoma showed similar features to 

that of hemangiosarcoma. Since hemangiosarcoma and lymphangiosarcoma 

are tumors of accumulating large amount of fluid (blood or lymph) inside the 

lesion, contrast enhancement should be weak compared to surrounding liver 

parenchyma. These CT findings may be useful to suspect hemangiosarcoma 
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or lymphangiosarcoma in the dogs with hepatic mass lesion. In two cases 

with hepatic carcinoid tumor, contrast enhancement in the margin of the 

tumor at arterial and portal phase was observed. Marginal enhancement of 

hepatic carcinoid tumor has been reported in a contrast ultrasonographic 

study (Nakamura et al., 2010). Although case number is too small, this 

finding might be characteristic for hepatic carcinoid tumor in dogs. Case 

accumulation of triple-phase CT findings of these tumors is essential to 

figure out useful features in differentiating these hepatic tumors. 

 In summary, hepatocellular carcinoma tended to show central or 

marginal enhancement whereas hepatic adenoma was more likely to have 

diffuse enhancement pattern in the arterial phase. Hypo-attenuation in the 

later enhancement time phase was also characteristic for hepatocellular 

carcinoma, whereas contrast retention in portal and equilibrium phase was 

characteristic for benign hepatic lesions such as hepatic adenoma and 

nodular hyperplasia. Hemangiosarcoma tended to show cystic lesion and 

hypo-attenuation in all phases in triple-phase CT. Hepatic carcinoid tumor 
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presented contrast enhancement in the margin of the tumor in the arterial 

and portal phases. These findings will help to diagnose mass lesion in the 

canine liver on triple-phase CT examination. 
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Table 2-1 

Summary of the characteristic CT findings in the dogs with hepatocellular tumors 

  Cyst-like Capsule 

HCC 13 13 

n = 14 

HA 

(93%) 

10 

(93%) 

9 

n = 14 (71%) (64%) 

NH 1* 1* 

n = 5 (20%) (20%) 

 

Each number represents the number and percentage of positive findings. 

*Significantly smaller or larger compared with other cells. 

HCC, hepatocellular carcinoma; HA, hepatocellular adenoma; NH, nodular hyperplasia 
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Table 2-3 

Enhancement Pattern in the Arterial phase of hepatocellular tumors in triple-phase CT 

 

    

  Enhancement pattern (%) 

 Central Marginal Diffuse 

HCC (n = 14) 11* (79%) 13* (93%) 0* (0%) 

HA (n = 14) 4 (29%) 4* (29%) 8* (57%) 

NH (n = 5) 1 (20%) 2 (40%) 3 (60%) 

Numbers represent patient numbers and percentages of positive findings. 

*Significantly smaller or larger compared with the other groups. 

HCC, hepatocellular carcinoma; HA, hepatocellular adenoma; NH, nodular hyperplasia 
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Table 2-5 
Summary of the characteristic CT findings in the dogs with other hepatic malignancies 

 
 
 
 
 
 
 
 
 

 HSA, hemangiosarcoma; CND, hepatic carcinoid tumor; LSA, lymphangiosarcoma 

 MMT, malignang mesenchymal tumor; MPNST, malignant peripheral nerve sheath tumor 

 Cyst, cyst like lesion; Capsule, capsule formation; LN, lymph node enlargement 

  

 
Maximum 

Diameter (mm) 
Cyst Capsule LN 

HSA (n=4) 50, 68, 68, 132 4 2 3 

CND (n=2) 50, 92 1 2 2 

Lymphoma (n=1) 52 1 1 1 

LSA (n=1) 142 1 1 0 

MMT (n=1) 114 1 1 1 

MPNST (n=1) 144 1 1 0 
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Figure 2-1 

 
Schema of the enhancement patterns in the arterial phase. (A) Central enhancement. Blood 

vessels are located at the center of the lesion. (B) Marginal enhancement. Blood vessels 

located along the margin. (C) Diffuse enhancenment. Blood vessels extending entirely 

within the lesion. 

  

A� B�

C�
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Figure 2-2 

 

Transverse CT images of a patient with HCC. (A) Plain: Isoattenuating large mass lesion is 

present on the left middle lobe with calcification (arrowhead). (B) Arterial phase: Enhanced 

arteries are present in the center (arrow), and blood vessels are observed along the margins 

(arrowheads) of the tumor. (C) Portal phase: A thin, curved linear border represents the 

tumor capsule (arrowheads). This lesion showed hypoattenuation compared with the 

surrounding liver parenchyma. (D) Equilibrium phase: In the interior of the 

hypoattenuating mass, cyst-like lesions are observed (arrowheads). Enlarged lymph nodes 

are observed around the portal vein (arrows).  
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Figure 2-3 

 

Transverse CT images of a patient with HA. (A) Plain: Isoattenuating equivocal mass lesion 

is observed on the right middle lobe (arrow). (B) Arterial phase: Hyperattenuating mass 

lesion becomes distinct with a characteristic diffuse enhancement pattern (arrow). (C) 

Portal phase: The lesion retains its hyperattenuation compared with the surrounding liver 

parenchyma (arrow). (D) Equilibrium phase: The lesion becomes isoattenuating.  
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Figure 2-4 

 

Transverse image of a patient with NH. (A) Plain: Isoattenuating mass lesion is present on 

the left middle lobe (arrowheads). (B) Arterial phase: The lesion shows a diffuse 

enhancement pattern (arrow). (C, D) Portal and equilibrium phase: The lesion shows 

isoattenuation. 
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Figure 2-5 

 

Transverse image of a patient with hemangiosarcoma. (A) Plain: Hypo-attenuating mass 

lesions are present on the right middle lobe (arrowheads) and left middle lobe (arrows). (B, C, 

D) Arterial, portal and equilibrium phase: The lesions show hypo-attenuation compared to 

surrounding liver parenchyma during all phases. As arterial blood supply is observed in the 

arterial phase (arrowhead), it gradually becomes equivocal in the later phases. 
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Figure 2-6 

 
Transverse image of a patient with hepatic carcinoid tumor. (A) Plain: Since mass lesions 

are iso-attenuating, lesions are poorly demarcated from surrounding liver parenchyma. (B, 

C) Arterial and portal phase: Margin of the lesions is enhanced and lesions become extinct 

(arrowheads). (D) Equilibrium phase: Mass lesions become equivocal in this phase 

(arrowheads). 
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Figure 2-7 

 

Transverse image of a patient with hepatic carcinoid tumor. (A) Plain: Hypo-attenuated 

lesion is observed on the caudate lobe (arrowheads). (B) Arterial phase: Mass lesion show 

marginal enhancement (arrowheads) with central cystic lesion (*). Additional lesions are 

detected on the left lateral and right middle lobe in this phase (arrows). (C, D) Portal and 

equilibrium phase: Mass lesions with cystic lesions show hypo-attenuation compared to 

surrounding parenchyma (*). 
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Chapter 3 
Characterization of triple-phase 

computed tomography in dogs with 

pancreatic insulinoma 
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Abstract 

 Little information is available regarding triple-phase computed 

tomography (CT) of canine pancreatic insulinoma. A few case reports have 

indicated that hyper-attenuation in the arterial phase was a common finding 

on multi-phasic CT in dogs with insulinoma. The aim of the study in this 

chapter was to clarify the characteristic findings of dogs with insulinoma on 

triple-phase CT. Nine dogs with insuolinoma that underwent triple-phase 

CT were included in the present study. Attenuation patterns in the arterial 

phase indicated hypo-attenuation in 4 cases and hyper-attenuation in 2 

cases. In the remaining 3 cases, 1 case showed hypo-attenuation and 1 case 

showed hyper-attenuation in the pancreatic phase, and 1 case presented 

hyper-attenuation in the later phase. Altogether, 5 cases showed hypo and 4 

cases showed hyper-attenuation in at least one phase. The enhancement 

pattern was homogenous in 7 cases and heterogeneous in 2 cases. Tumor 

margins were well-defined in 5 cases and ill-defined in 4 cases. Capsule 

formation was present in 5 cases and absent in 4 cases. For the further 
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evaluation, histopathological features were evaluated in comparison with CT 

characteristics in 3 cases. While correlation between attenuation patterns 

(hyper or hypo attenuation) in CT and connective tissue or vascular 

distribution was not observed, findings of tumor margin and capsule 

formation in CT corresponded to histopathological features. The present 

study indicated that hypo-attenuation was as common as hyper-attenuation 

in dogs with insulinoma in triple-phase CT at least one phase. Additionally, 

mass lesions were most conspicuous not only in the arterial phase but in the 

pancreatic and later phases in some cases. Therefore, it is important to 

perform triple-phase CT and notice about variable findings for the detection 

of canine pancreatic insulinoma.
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Introduction 

Insulinoma is the most common pancreatic endocrine tumor in dog 

(Goutal et al., 2012). Clinical signs are related to hypoglycemia resulting in 

seizure, weakness, collapse, posterior weakness, ataxia, muscle 

fasciculations, and lethargy. A tentative diagnosis relies on clinical signs, 

laboratory data such as the amended insulin glucose ratio (AIGR), and 

imaging diagnosis. While AIGR has high sensitivity in detection of 

pancreatic insulinoma in dogs, AIGR shows false positive result in 

hypoglycemic patient without insulin secreting tumor (Leifer et al., 1986). 

Therefore, visualization of a pancreatic mass lesion by imaging modality is 

quite essential and surgical removal of the tumor is needed for both 

definitive diagnosis and treatment. For an imaging diagnosis, 

ultrasonography (US) can be used to detect a mass lesion in the pancreas 

(Polton et al., 2007). The sensitivity of US in detecting insulinoma ranged 

from 28% to 75% (Lamb et al., 1995; Polton et al., 2007). However, the 

sensitivity of insulinoma detection is depending on the operator, and various 
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factors such as abdominal fat, gastrointestinal gas contents, and patient 

characteristics can interfere with a complete examination of the pancreas. 

Recently, contrast-enhanced ultrasonography (CEUS) has been applied for 

the detection of pancreatic insulinoma in dogs (Nakamura et al., 2014; 

Vanderperren et al, 2013). Although these reports describe the usefulness of 

CEUS with improved visualization of insulinoma lesions in dogs, this 

technique potentially has the same limitations described above. In contrast, 

computed tomography (CT) allows a full and thorough assessment of the 

entire pancreas. Therefore, CT is another important imaging modality for 

the detection of canine pancreatic insulinoma. It has been reported that 

conventional contrast-enhanced CT is a more sensitive imaging examination 

than non-contrast US or single-photon emission computed tomography 

(SPECT) (Robben et al., 2005). Since surgical removal is the first choice for 

the treatment of dogs with insulinoma, CT is superior to US for insulinoma 

localization and staging. 

In human medicine, the preoperative diagnostic utility of dual-phase 
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CT for pancreatic insulinoma has been well described (Gouya et al., 2003; 

Liu et al., 2009). It has been reported that this technique has promising 

sensitivity in the detection of insulinoma. These reports suggest that the 

arterial phase is important for detection; hyper-attenuation compared with 

the pancreatic parenchyma is a typical enhancement pattern in insulinoma. 

In addition, there is a report that mentioned triple-phase CT was more 

useful than dual-phase CT in the detection of insulinoma (Fidler et al., 2003). 

Their report suggested that the pancreatic phase was more important than 

the arterial phase in detecting insulinoma. 

In veterinary medicine, there have been 2 reports that described 

multi-phasic CT in dogs with insulinoma. The first report aimed to establish 

optimal enhancement conditions for pancreatic tumors in dogs on dynamic 

CT. In this report, 1 dog with insulinoma showed a hyper-enhanced lesion in 

the arterial phase (Iseri et al., 2007). In the second report, 3 dogs with 

insulinoma underwent dual-phase CT (Mai et al., 2008). While 2 cases 

showed hyper-attenuation in the arterial phase, the findings in 1 case were 
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equivocal to the surrounding pancreatic parenchyma. According to these 

reports, hyper-attenuation in the arterial phase may be a common finding on 

multi-phasic CT in dogs with insulinoma, as it is in humans. However, the 

number of cases was too small to draw conclusions regarding the features of 

multi-phasic CT in dogs with insulinoma. The purpose of the study in this 

chapter was to clarify the image features of dogs with insulinoma on 

triple-phase CT. 

Additionally, histopathological features in canine insulinoma have 

been reported to be variable in the following aspects: invasion into the 

surrounding pancreatic parenchyma, condensation of connective tissue, and 

the presence or absence of a fibrous capsule (Capen et al., 1969; Buishand et 

al., 2010; Madarame et al., 2009). As a thorough histopathological evaluation 

offers important information to differentiate imaging features (Capen et al., 

1969), comparison between the histopathological characteristics and CT 

findings was also carried out. 
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Materials and Methods 

 

Case selection 

A retrospective review of the medical records from the VMC-UTokyo 

was performed from April 2005 to June 2014. Inclusion criteria were as 

follows: (1) Dogs suspected to have pancreatic insulinoma by clinical 

symptoms (seizure, lethargy, and ataxia) and clinicopathological findings 

including increased amended insulin glucose ratio (AIGR；> 30); (2) Dogs 

that underwent triple-phase CT and the data were available for 

reevaluation; (3) Dogs with histopahological confirmation of pancreatic 

insulinoma. 

Clinical data including breed, age, sex, body weight, blood glucose 

and insulin levels, amended insulin glucose ratio (AIGR), and presence or 

absence of a mass lesion in the pancreas on US were collected from medical 

records. Histopathological findings related to metastates to regional lymph 

nodes or other organs were also obtained from medical records. 
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All patients had undergone an abdominal helical CT evaluation that 

included non-enhanced and contrast-enhanced triple-phase CT through the 

pancreas. Pancreatic triple-phase CT scanning was performed in the fixed 

method during the study period, which described previously with slight 

modification (Iseri et al., 2007). In most of the cases, CT images were 

acquired with a 4-row multi-detector helical CT unit (Asteion Super 4, 

Toshiba Medical Systems Corporation, Tochigi, Japan). In the latest 1 case, 

image was obtained with a 80-row multi-detector helical CT unit (Aquilion 

Prime, Toshiba Medical Systems Corporation). The patient was in dorsal 

recumbency and under general anesthesia. The tube rotation speed was 1 

second, slice thickness was 3 mm, and beam pitch was 0.875. The 

non-contrast plain CT scanning was initiated at the cranial aspect of the 

diaphragm and extended caudally to the level of the pelvic inlet. On arterial 

phase of triple-phase CT, the scan was initiated at the cranial aspect of the 

diaphragm and extended caudal end of pancreas. Scan area was extended 

caudally to the level of the pelvic inlet at pancreatic and equilibrium phase. 
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Iohexol (300 mg I/ml, Omnipaque 300, Daiichi Sankyo Company. Ltd., Tokyo, 

Japan) was used as the contrast medium at a dose of 2 ml/kg and was 

injected with a power injector (A-300, Nemoto Kyorindo Co. Ltd., Tokyo, 

Japan) over 5 to 10 sec (depending on size of the patient) via the jugular vein. 

Scan delay was fixed and set as 15 seconds for the arterial phase, 30 seconds 

for the pancreatic phase and 90 seconds for the equilibrium phase after 

contrast medium injection started (Iseri et al., 2007). 

 

Imaging analysis 

Images were reviewed using OsiriX (Pixmeo, Geneva, Switzerland). 

Before image analysis, validity of each phase was assessed depending on 

following criteria (Fidler et al., 2003). The phase was considered as the 

arterial phase if there was enhancement of the arteries without 

enhancement of the cranial mesenteric vein. The phase was considered as 

the pancreatic phase if there was enhancement of the cranial mesenteric 

vein. The subsequent phase was classified as the later phase. If any of the 
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phases were not corresponded to the criteria, these cases were excluded from 

the present study. 

The features evaluated included location, size, margin demarcation 

(well-defined or ill-defined) and presence of a tumor capsule. A tumor 

capsule was defined as a thin curvilinear border that surrounded the tumor 

and had a distinct difference in attenuation. Presence or absence of 

lymphadenopathy and hepatic nodule were evaluated. 

Enhancement patterns were evaluated as homogenous or 

heterogeneous. The overall attenuation of the tumor was also noted, which 

was defined relative to the pancreatic parenchyma during the same phase of 

imaging (pre-contrast, arterial, pancreatic, or later phase). If the lesion had a 

different CT value in Hounsfield units (HU) (>20 HU compared with the 

surrounding pancreatic parenchyma), I deemed it to be different and 

considered these lesions to have hyper- or hypo-attenuation. The phase that 

presented the most different CT values between the lesion and pancreatic 

parenchyma was recorded as the most conspicuous phase. 
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Histopathological evaluation 

When the paraffin-embedded tissue samples were available, 

histopathological features were reevaluated by a veterinary pathologist 

unaware of the CT findings. The samples were sectioned at 4 µm and stained 

with hematoxylin and eosin (HE) and Masson’s trichrome. 

Immunohistochemistry was also performed by labeled streptavidin 

biotinylated antibody (LSAB) or by the EnVision Polymer method using goat 

serum against CD34 (1:80, Santa Cruz Biotechnology, CA, USA) and guinea 

pig polyclonal anti-insulin antibody (1:200, Dako, Glostrup, Denmark). 

The proliferation of connective tissue was investigated by Masson’s 

trichrome staining. Depending on the blue-stained area inside the lesion, the 

degree of connective tissue proliferation was assessed subjectively as mild, 

moderate, or severe. Distribution of the blood vessels was evaluated by 

counting CD34-positive branches. The numbers of branches were counted 

randomly in 5 high-power fields (×200), and then the mean and standard 
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deviation of the numbers of branches were calculated. Comparing these data, 

I classified each patient as relatively rich or poor in blood vessel distribution. 

I assessed the degree of capsule formation by evaluating the blue-stained 

area around the lesion of the Masson’s trichrome-stained specimens 

(well-encapsulated or non-encapsulated). It is because tumor cells of 

insulinoma were positively stained by anti-insulin immunohistochemistry, 

tumor invasiveness into the surrounding tissue was evaluated by 

anti-insulin immunohistochemistry (invasive or noninvasive). The 

histopathological features were evaluated in comparison with CT findings. 
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Results 

Nine dogs met the inclusion criteria. Clinical features of each 

patient are summarized in Table 3-1. The median blood glucose and insulin 

levels were 38 mg/dl (range, 32-50 mg/dl) and 24.2 µU/ml (1.8-312 µU/ml), 

respectively (Table 3-1). The median AIGR value was 200 (range, 90–3,900). 

Although all 9 cases underwent abdominal ultrasonography, mass lesions 

were identified in only 2 cases by US (22.2%). The mass lesions were 

detected in the right lobe in a case and in the left lobe in another case. On 

triple-phase CT, tumors were detected in the left lobe in 5 cases, in the right 

robe in 3 cases, and in the pancreatic body in 1 case. The median maximum 

diameter of the tumors was 12 mm (range; 9 – 20 mm). 

The overall attenuation on triple-phase CT is summarized in Table 

3-2. Four cases were hypo-attenuated (Figure 3-1) and other two cases were 

hyper-attenuated (Figure 3-2) compared with the pancreatic parenchyma at 

the arterial phase. One case showed hypo-attenuation and other 1 case 

showed hyper-attenuation at the pancreatic phase. The remaining one case 
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showed hyper-attenuation in the later phase. Altogether, five cases showed 

hypo-attenuation and four cases showed hyper-attenuation at least one 

phase. Of these 9 cases, 6 cases were most conspicuous in the arterial phase, 

2 cases were most conspicuous in the pancreatic phase (Figure 3-3) and 1 

case was most distinct in the later phase. Other CT findings are also 

summarized in Table 3-2. Enhancement patterns were homogenous in 7 

cases and heterogeneous in 2 cases. Margins were described as well-defined 

in 5 cases and ill-defined in 4 cases. Capsule formation was observed in 5 

cases. 

Lymphadenopathy was observed in 4 cases (hepatic lymph nodes in 

3 cases and splenic lymph nodes in 1 case). Of these 4 cases, a lymph node 

biopsy was performed in 2 cases (case Nos. 2, 6). While a case with contrast 

enhancement had the evidence of lymph node metastasis of insulinoma 

histopathologically, one case without enhancement diagnosed as lymph node 

hyperplasia. Although hyper-attenuated hepatic nodules were detected in 

one case in the arterial phase, liver biopsy was not performed and 
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histopathological evidence of metastasis was not confirmed in this case. 

 Parrafin-embedded blocks from 3 cases were available for further 

histopathological evaluation (case Nos 5, 8, and 9). Comparison between CT 

characteristics and histopathological evaluation is summarized in Table 3-3. 

The overall attenuation (hypo- or hyper-attenuation) and enhancement 

pattern (homogeneous or heterogeneous) were not histopathologically 

related to the severity of connective tissue proliferation or the density of 

blood vessels. However, patients with ill-defined tumor margins on CT 

corresponded to the histologic feature of invasiveness. Additionally, the 

presence or absence of a capsule on CT was also identical to the 

histopathological findings of the capsule in all 3 cases (Figure 3-4). 
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Discussion 

 In the study of this chapter, I described the image features of 

insulinoma on triple-phase CT in larger number of dogs than previous case 

reports. In previous reports of multi-phasic CT findings in canine insulinoma, 

an enhancement pattern of hyper-attenuation in the arterial phase was 

dominant (Iseri et al., 2007; Mai et al., 2008). However, in the present study, 

hypo-attenuation (4 cases) was more common than hyper-attenuation (2 

cases) in the arterial phase. 

It has been reported that hypo-attenuation was found as an atypical 

enhancement pattern in 13% of human insulinoma patients (Fidler et al., 

2003). The reason why hypo-attenuation is common in canine insulinoma 

compared to human was unknown. It has been reported that 

histopathological features in canine insulinoma were variable in the 

following aspects: invasion into the surrounding pancreatic parenchyma, 

condensation of connective tissue, and the presence or absence of a fibrous 

capsule (Buishand et al., 2012; Capen et al., 1969; Madarame et al., 2009). 
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Therefore, I evaluated histopathological findings in comparison with CT 

characteristics in this study. Pathological features including condensation of 

connective tissue and vascular distribution inside the lesion were not related 

to enhancement pattern in the triple-phase CT. However, invasion into the 

surrounding parenchyma and fibrous capsule formation corresponded to the 

image features of margin description and present or absent of tumor capsule. 

Since the finding of ill demarcated margin on CT might suggest tumor 

invasion to surrounding parenchyma histopathologically, it is important to 

ensure sufficient surgical margin if the clinicians are planning to resect 

insulinoma. Since the number of the cases was small in this study, further 

case accumulation is needed to improve the utility CT examination in 

veterinary medicine. 

In 6 out of 9 cases, mass lesions were most distinct in the arterial 

phase and corresponded to enhancement patterns in previous reports of dogs 

and humans with insulinoma (Gouya et al., 2003; Iseri et al., 2007; Liu et al., 

2009; Mai et al., 2008). However, 3 out of 9 cases presented a conspicuous 
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mass lesion in the pancreatic or the later phase. There is a report that 

suggests the importance of the pancreatic phase on triple-phase CT for the 

detection of insulinoma in humans (Fidler et al., 2003). Additionally, there is 

a report about CEUS in dogs with insulinoma that describes drastic changes 

in enhancement patterns for every moment (Nakamura et al., 2014). 

Therefore, multi-phasic CT is essential (triple-phase must be preferred to 

dual-phase) to obtain adequate image for the detection of canine insulinoma. 

Under the triple-phase CT in the present study; however, body weight and 

anesthetic condition which may affect the results of enhancement pattern of 

the pancreatic parenchyma or the tumor lesion were not factored in. 

Therefore, prospective study is needed to establish a more adequate protocol 

for multi-phasic CT on canine insulinoma such as test injection or 

bolus-tracking method. 

Additionally, in the present study, other CT findings of canine 

insulinoma demonstrated a wide variety. Seven cases presented homogenous 

enhancement patterns, while the other 2 cases showed heterogeneous 
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patterns. Capsule formation was found in 5 cases, but absent in 4 cases. 

These various enhancement patterns were corresponded with the variable 

findings in the CEUS literature reported previously (Nakamura et al., 2014). 

It is important to note that these variable findings might be observed when 

we evaluate canine insulinoma on CT examinations. 

 Lymphadenopathy was detected in 4 cases on CT. One out of 2 cases 

with a lymph node biopsy showed histopathological evidence of insulinoma 

metastasis. Enhancement pattern was consistent with primary tumors and 

metastatic lymph nodes at the same phase. Another case was found to be 

lymph node hyperplasia in the histopathological evaluation; contrast 

enhancement was not observed in all phases. An enhancement patterns 

comparable to that of the primary lesion in the pancreas might indicate 

lymph node metastasis. Although there was 1 case of suspected hepatic 

metastasis on CT, its biopsy was not performed. As the metastatic rate of 

canine insulinoma has been reported as 45 to 55% at the time of diagnosis 

(Goutal et al., 2012), it is important to carefully assess the liver and regional 
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lymph nodes and on CT when insulinoma is suspected. 

  While mass lesions in the pancreas were detected in only 2 cases by 

US, all of the mass lesions were detected by CT. This result corresponds to 

that of a previous study in which low sensitivity for the detection of canine 

insulinoma was reported for US (Robben et al., 2005). Additionally, a CT 

examination allows surgeons to consider surgical resection and plan the 

surgical procedure. Consequently, triple-phase CT is a superior imaging 

modality to non contrast-enhanced US as a diagnostic tool for canine 

insulinoma. 

 The present study had several limitations. First of all, by the nature 

of the retrospective study, triple-phase CT in the present study was 

performed in fixed scan delay despite different body weight and anesthetic 

condition of each case. For the large breed dogs, it takes more time for 

injection of contrast medium than the small breed dogs. That might result in 

reduced intensity of CT value in the pancreatic parenchyma or the tumor 

lesion in the large breed dogs. It may affect the results of enhancement 
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pattern in the present study. To reduce these potential technical problems, 

more applicable method for pancreatic CT imaging should be determined 

such as test injection or bolus-tracking method. Second, case number was 

small in the present study. Further case accumulation of the triple-phase CT 

is needed to make more certain evidence about image findings in canine 

pancreatic insulinoma. 

 In summary, I described the characteristics of canine insulinoma on 

triple-phase CT in this chapter. It is important to note that hypo-attenuation 

in at least one phase was as common as hyper- attenuation in dogs with 

insulinoma in triple-phase CT. Additionally, other variable features of 

canine insulinoma were identified including that homogenous and 

heterogeneous enhancement patterns were present, descriptions of tumor 

margins ranged from ill-defined to well-defined, and both the presence and 

absence of capsule formation were observed. Although the arterial phase is 

essential for the detection of canine insulinoma, the pancreatic and the later 

phase are needed to avoid missing detection of the lesion. It is important to 
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be familiar with the CT findings of canine insulinoma when a patient with 

suspected insulinoma is evaluated by CT imaging analysis. 

  



 93 

	  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

CT
 fi

nd
in

gs
 

Si
ze

 (m
m

) 

20
 

8.
5 12
 

9 18
 

12
 

12
 

11
 

12
 

Lo
ca

tio
n 

Le
ft 

Bo
dy

 

Ri
gh

t 

Le
ft 

Le
ft 

Le
ft 

Ri
gh

t 

Le
ft 

Ri
gh

t 

U
S 

fin
di

ng
s 

N
D

 

N
D

 

N
D

 

N
D

 

+ 
(le

ft)
 

N
D

 

N
D

 

N
D

 

+ 
(r

ig
ht

) 

AI
G

R 

31
6 

16
3.

6 

20
0 

90
 

18
48

 

36
8.

7 

13
7.

8 

39
00

 

12
0.

9 

In
su

lin
 

(μ
U

/m
l) 

15
.8

 

22
.9

 

13
.8

 

1.
8 

73
.9

 

55
.3

 

27
.6

 

31
2.

0 

24
.2

 

G
LU

 

(m
g/

dl
) 

35
 

44
 

37
 

32
 

34
 

45
 

50
 

38
 

50
 

BW
 

(k
g)

 

7.
7 

15
.6

 

11
.0

 

3.
3 

6.
6 

27
.7

 

18
.6

 

33
.0

 

5.
8 

Ag
e 

8y
10

m
 

8y
3m

 

7y
6m

 

9y
3m

 

11
y 

7y
11

m
 

9y
8m

 

8y
9m

 

11
y 

Se
x 

SF
 

CM
 

SF
 

SF
 

SF
 

CM
 

M
 

CM
 

M
 

Br
ee

d 

Pu
g 

PW
C 

M
ix

 

M
al

ta
se

 

Sh
i T

zu
 

FC
R 

M
ix

 

LR
 

To
y 

po
od

le
 

Ca
se

 

N
o.

 

1 2 3 4 5 6 7 8 9 

T
ab

le
 3

-1
 

Cl
in

ic
al

 fe
at

ur
es

 o
f t

he
 d

og
s w

ith
 in

su
lin

om
a 

PW
C,

 P
em

br
ok

e 
W

el
sh

 co
rg

i; 
AC

S,
 A

m
er

ic
an

 co
ck

er
 sp

an
ie

l; 
FC

R,
 F

la
t-C

oa
te

d 
Re

tr
ie

ve
r;

 L
R,

 L
ab

ra
do

r R
et

ri
ev

er
 

M
, m

al
e;

 F
, f

em
al

e;
 C

M
, c

as
tr

at
ed

 m
al

e;
 S

F,
 s

pa
ye

d 
fe

m
al

e 

AI
G

R
: a

m
en

de
d 

in
su

lin
 g

lu
co

se
 r

at
io

 

N
D

: n
ot

 d
et

ec
te

d 

Ri
gh

t, 
ri

gh
t l

ob
e;

 L
ef

t, 
le

ft 
lo

be
; B

od
y,

 P
an

cr
ea

tic
 b

od
y 



 94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

LN
 e

nl
ar

ge
m

en
t 

(C
E)

 

- 

+ 
(-)

 

+ 
(a

rt
er

ia
l) 

- - 

+ 
(la

te
r)

 
+ 

(-)
 

- - 

Ca
ps

ul
e 

+ + - - - - + + + 

M
ar

gi
n 

de
sc

ri
pt

io
n 

W
el

l 

Ill
 

W
el

l 

W
el

l 

Ill
 

W
el

l 
Ill

 
Ill

 

W
el

l 

En
ha

nc
em

en
t 

pa
tt

er
n 

H
om

o 

H
om

o 

H
om

o 

H
om

o 

H
et

er
o 

H
om

o 
H

om
o 

H
et

er
o 

H
om

o 

O
ve

ra
ll 

at
te

nu
at

io
n 

La
te

r 

H
yp

o 

Is
o 

Is
o 

Is
o 

Is
o 

H
yp

er
* 

H
yp

o 
Is

o 

Is
o 

Pa
nc

re
at

ic
 

H
yp

o 

Is
o 

Is
o 

H
yp

er
* 

Is
o 

Is
o 

H
yp

o*
 

Is
o 

H
yp

o 

Ar
te

ri
al

 

H
yp

o*
 

H
yp

o*
 

H
yp

er
* 

Is
o 

H
yp

er
* 

Is
o 

Is
o 

H
yp

o*
 

H
yp

o*
 

N
on

-c
on

tr
as

t 

Is
o 

Is
o 

Is
o 

Is
o 

Is
o 

Is
o 

Is
o 

Is
o 

Is
o 

Ca
se

 

N
o.

 

1 2 3 4 5 6 7 8 9 

T
ab

le
 3

-2
 

CT
 fi

nd
in

gs
 in

 d
og

s 
w

ith
 in

su
lin

om
a 

LN
: l

ym
ph

 n
od

e 

CE
: c

on
tr

as
t e

nh
an

ce
m

en
t 

H
yp

o,
 h

yp
o-

at
te

nu
at

io
n;

 Is
o,

 is
o-

at
te

nu
at

io
n;

 H
yp

er
, h

yp
er

-a
tt

en
ua

tio
n 

H
et

er
o,

 h
et

er
og

en
ou

s;
 H

om
o,

 h
om

og
en

ou
s 

+,
 p

re
se

nt
; -

, a
bs

en
t 

*T
he

 C
T 

va
lu

e 
sh

ow
ed

 th
e 

gr
ea

te
st

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

le
si

on
 a

nd
 p

an
cr

ea
tic

 p
ar

en
ch

ym
a.

 



 95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H
si

to
pa

th
ol

og
ic

al
 fi

nd
in

gs
 

Ca
ps

ul
e 

- + + 

In
va

si
on

 

+ - - 

Bl
oo

d 
ve

ss
el

s 

Po
or

 

Ri
ch

 

Po
or

 

Co
nn

ec
tiv

e 

tis
su

e 

Se
ve

re
 

M
ild

 

Se
ve

re
 

     

CT
 fi

nd
in

gs
 

Ca
ps

ul
e 

- + + 

M
ar

gi
n 

Ill
 

W
el

l 

W
el

l 

Pa
tt

er
n 

H
et

er
o 

H
et

er
o 

H
om

o 

At
te

nu
at

io
n 

H
yp

er
 

H
yp

o 

H
yp

o 

Ca
se

 

N
o.

 

5 8 9 

T
ab

le
 3

-3
 

Co
m

pa
ri

so
n 

be
tw

ee
n 

CT
 im

ag
es

 a
nd

 h
is

to
pa

th
ol

og
ic

al
 fi

nd
in

gs
 



 96 

Figure 3-1 

 
Transverse CT images of a patient with insulinoma (case 9). (A) Pre-contrast: the right lobe 

of the pancreas (arrowhead) was observed at the dorsal area of the duodenum (arrow). A 

mass lesion is not evident. (B) Arterial phase: a hypo-attenuating mass lesion with marginal 

ring enhancement is distinctly observed (arrowhead). The description of the margin was 

well-defined with a capsule. (C) Pancreatic phase: the hypo-attenuating mass lesion was 

still found in this phase, but gradually became equivocal. (D) Later phase: the mass lesion 

became more equivocal than in the early phases. 
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Figure 3-2 

 
Transverse CT images of a patient with insulinoma (case 3). (A) Pre-contrast: the right lobe 

of the pancreas (arrowhead) was observed at the dorsal area of the duodenum (arrow). A 

mass lesion is not evident. (B) Arterial phase: a hyper-attenuating mass lesion is distinctly 

observed (arrowhead). The description of the margin was well-defined without a capsule. (C, 

D) Pancreatic and Later phases: the mass lesion became equivocal. It is difficult to 

distinguish the mass lesion from the pancreatic parenchyma. 
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Figure 3-3 

 
Transverse CT images of a patient with insulinoma (case 4). (A) Pre-contrast: the left lobe of 

the pancreas (*) was observed at the dorsal area of the stomach (stm). A raised lesion was 

seen, but is not evident (arrowhead). (B) Arterial phase: the mass lesion is not enhanced in 

this phase (arrowhead). (C) Pancreatic phase: the mass lesion is more distinctly enhanced 

than the pancreatic parenchyma (arrowhead). (D) Later phase: the lesion is still evident, but 

more equivocal than in the pancreatic phase. 
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Figure 3-4 
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Legend for Figure 3-4 

A comparison between the CT and histopathological findings. (A) Case 5. A 

hyper-attenuating and heterogeneous lesion is observed in the pancreatic left lobe in the 

arterial phase. The margin is ill-defined without capsule formation. (B) A Masson’s 

trichrome stain of the same lesion. Connective tissue proliferation was considered severe. 

Tumor invasion into the surrounding tissue is observed. Histopathological capsule 

formation is not present. (C) Case 7. A hypo-attenuating and heterogeneous lesion is 

observed in the pancreatic left lobe in the arterial phase. The tumor margin is well-defined 

with capsule formation (arrowheads). (D) A Masson’s trichrome stain of the same lesion. 

Connective tissue proliferation was considered mild. The tumor has a thin capsule, and 

invasion into the surrounding tissue was not observed. (E) Case 9. A hypo-attenuating and 

homogenous lesion is observed in the pancreatic right lobe in the arterial phase. The tumor 

margin is well-defined with capsule formation. (F) A Masson’s trichrome stain of the same 

lesion. Connective tissue proliferation was considered severe. The tumor has a capsule, and 

invasion into the surrounding tissue was not observed. 
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Conclusion  
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Among several imaging modalities available in small animal 

medicine, CT has a potential to obtain comprehensive, objective and precise 

images in a relatively short time. Therefore, CT takes important part of 

diagnosis and classification of several hepatic and pancreatic diseases in 

human medicine. Although CT examination is indispensable for diagnosis 

and treatment planning of diseases addressed in this thesis, information 

regarding CT characteristics of these diseases is lacking. Therefore, I 

evaluated CT findings in dogs with portosystemic shunt, hepatic tumors and 

pancreatic insulioma to figure out the information that are useful to improve 

diagnostic accuracy of these diseases in this thesis. 

 In Chapter 1, canine extrahepatic congenital portosystemic shunts 

(EH-cPSS) were classified into several anatomic types, depending on their origin and 

termination of the shunt vessel. The aim of the study in this chapter was to determine 

the proportion and clinical features of each anatomical shunt type in a population of 

dogs presented to the VMC-UTokyo. Dogs diagnosed with EH-cPSS using CT 

portography were included (n = 172) and shunts were classified based on previous 
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reports. Clinical data were collected from case records and analyzed statistically. The 

most common anatomical type was the spleno-phrenic shunt (n = 64), followed by the 

spleno-azygos (n = 38), right gastric-caval (n = 29), spleno-caval (n = 21), right 

gastric-caval with caudal loop (n = 9), right gastric-phrenic (n = 6), colono-caval (n = 3), 

spleno-phrenic and azygos (n = 1), and porto-caval shunts (n = 1). Spleno-phrenic and 

spleno-azygos shunts were diagnosed significantly more frequently in older dogs than 

right gastric-caval and spleno-caval shunts (P < 0.05). The portal vein/aortic (PV/Ao) 

ratio was significantly larger in dogs with spleno-phrenic shunt than in dogs with the 

spleno-azygos, right gastric-caval or spleno-caval shunts (P < 0.05). The PV/Ao ratio 

was significantly larger in dogs with spleno-azygos shunts than in dogs with right 

gastric-caval shunts. Dogs with spleno-phrenic shunts had significantly lower serum 

alkaline phosphatase activities than those with right gastric-caval or spleno-caval shunts. 

Dogs with spleno-phrenic shunts had significantly lower fasting ammonia 

concentrations than those with spleno-caval shunts. Since several clinical features 

evaluated in this chapter were significantly different depending on shunt types, 
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thorough evaluation of shunt morphology by using CT portography is essential for the 

diagnosis of EH-cPSS in dogs. 

 In Chapter 2, the utility of triple-phase CT in differentiating hepatic 

mass forming lesions was described. Little information is available on the 

relationship between CT imaging findings and the pathologic diagnosis of canine 

hepatic tumors. The purpose of the study in this chapter was to clarify the characteristic 

features of CT findings in hepatic tumors in dogs. Data from 43 dogs with either a 

hepatocellular carcinoma (n = 14), hepatocellular adenoma (n = 14), nodular 

hyperplasia (n = 5), or other malignancies (n=10) were summarized from medical 

records. CT features for each hepatocellular tomor were characterized and analyzed 

statistically. Common findings in hepatocellular carcinoma included central (79%, P = 

0.036) and marginal enhancement (93%, P = 0.00043) in the arterial phase, cyst-like 

lesions (93%), capsule formation (93%), and hypoattenuation in the portal (86%, P = 

0.043), and in the equilibrium phases (93%, P = 0.013). Hepatic adenoma was 

characterized by a characteristic diffuse enhancement pattern during the arterial phase 

(57%, P = 0.0013), which was also found in nodular hyperplasia (60%), but never in 
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hepatocellular carcinoma. Nodular hyperplasia was less likely to have a capsule 

structure (20%, P = 0.0087). Mass size was significantly smaller in nodular hyperplasia 

than in hepatocellular carcinoma and hepatic adenoma (P = 0.0033 and 0.038, 

respectively). Hyperattenuation in the arterial and the portal phase i.e. contrast retention, 

was more frequent in hepatic adenoma than in the other groups (P = 0.032 and 0.032, 

respectively). Nodular hyperplasia was more frequently isoattenuating in the 

equilibrium phase (P = 0.043). In other malignancies group, all hemangiosarcoma (n=4) 

cases showed cyst-like lesions and hypo-attenuation in all phases. The patients with 

hepatic carcinoid tumor (n=2) showed contrast enhancement in the margin of the tumors 

in the arterial and portal phases. These findings will help to differentiate mass 

lesions in the canine liver on triple-phase CT examination. 

 In Chapter 3, characteristics on triple-phase CT in canine 

pancreatic insulinoma were described. No information regarding 

triple-phase CT of canine pancreatic insulinoma was available before this 

study. A few case reports indicated that hyper-attenuation in the arterial 

phase was a common finding on multi-phasic CT in dogs with insulinoma. 



 106 

The aim of the study in this chapter was to clarify the characteristic findings 

of dogs with insulinoma on triple-phase CT. Nine dogs with insuolinoma that 

underwent triple-phase CT were included in the present study. Attenuation 

patterns in the arterial phase indicated hypo-attenuation in 4 cases and 

hyper-attenuation in 2 cases. In the remaining 3 cases, 1 case showed 

hypo-attenuation and 1 case showed hyper-attenuation in the pancreatic 

phase, and 1 case presented hyper-attenuation in the later phase. Altogether, 

5 cases showed hypo and 4 cases showed hyper-attenuation in at least one 

phase. The enhancement pattern was homogenous in 7 cases and 

heterogeneous in 2 cases. Tumor margins were well-defined in 5 cases and 

ill-defined in 4 cases. Capsule formation was present in 5 cases and absent in 

4 cases.  

 For the further evaluation, histopathological features including 

condensation of connective tissue, vascular distribution, invasiveness to 

surrounding tissue, and capsule formation were evaluated in comparison 

with CT characteristics in 3 cases. While correlation between attenuation 
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patterns (hyper or hypo attenuation) in CT and connective tissue or vascular 

distribution was not observed, findings of tumor margin (well or ill 

demarcated) and capsule formation (present or absent) in CT corresponded 

to their histopathological features.  

 The study in chapter indicated that hypo-attenuation was as common 

as hyper-attenuation in dogs with insulinoma in triple-phase CT at least one 

phase. Additionally, mass lesions were most conspicuous not only in the 

arterial phase but in the pancreatic and later phases in some cases. 

Therefore, it is important to perform triple-phase CT and notice about 

variable findings for the detection of canine pancreatic insulinoma. 

 In summary, I described in this thesis a series of clinically important 

CT findings for classification as well as detection and differentiation of 

hepatic and pancreatic diseases in dogs. The study in the Chapter 1 revealed 

that spleno-phrenic and spleno-azygos shunts are common types of canine 

EH-cPSS in Japan and they had specific clinical features such as being 

diagnosed at relatively older age and having sustained PV/Ao ratio. It is 
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important for the clinicians to notice about these facts. Since sustained 

PV/Ao ratio makes it difficult to detect EH-cPSS by using WSAVA 

standardized US procedure, novel US procedures that can detect these types 

of EH-cPSS are needed especially in Japan. By analyzing the CT 

portographic images in this chapter, it may be possible to develop new 

ultrasonographic diagnostic procedures for EH-cPSS consequently 

improving diagnostic accuracy of EH-cPSS in dogs. The study in the Chapter 

2 revealed CT imaging characteristics to differentiate hepatic tumors in dogs. 

Since similar research results have been accumulated in recent years, it may 

be possible to make a differential algorithm for canine hepatic tumors by 

combining the results in this chapter and reported results of multi-phasic CT. 

I am convincing that these results are helpful to ameliorate accuracy of 

differential diagnosis of hepatic tumors in triple-phase CT prior to surgical 

intervention. Finally, the study in the Chapter 3, I described novel CT 

findings in the pancreatic insulinoma such as hypo-attenuation of the lesions 

of pancreatic insulinoma in triple-phase CT. Although I could not clarify the 
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mechanism of this finding histopathologically, it is important for 

veterinarians to notice about this finding when evaluating CT findings in the 

dogs with insulinoma.   

 One of the biggest disadvantages of CT examination in small animal 

practice is need for anesthesia to keep the patients immobile. Recently, the 

development of multi-detector low CT brings high-speed imaging into reality. 

This technical innovation allows veterinarians to choose unanesthetized CT. 

Since the sharpness of the images obtained from unanesthetized CT is 

inferior to that from anesthetized CT, diagnostic utility is dependent on the 

quality of the images. As I described some specific findings of the hepatic and 

pancreatic diseases in dogs, these information will contribute for 

interpretation of images from unanesthetized CT in seriously ill dogs 

suffering from these diseases in near future. 

 In conclusion, a series of studies on CT examination for the hepatic and 

pancreatic disorders in dogs will contribute to accurate diagnosis and most 
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suitable therapeutic strategies in each patient, providing clinically useful 

progress in the field of veterinary diagnostic imaging.
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