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ABSTRACT 

The present study was undertaken to standardize ultrasonographic examination 
protocol in dogs and generation of reference images. This study was conducted in two parts. 
Part I of the study was conducted on 18 apparently healthy dogs, divided into three groups of 
six animals each namely, Group I comprising of animals of 01 to 09 months of age, Group II 
comprising of animals of more than 09 months to 06 years of age and Group III comprising of 
animals above six years of age. Part II comprised of patients reporting to the VCC with 
symptoms like lack of appetite, weight loss, acute vomiting, diarrhoea, dehydration, 
abdominal pain, tucked-up belly were enrolled to assess echoarchitecture and size.  

Ultrasonographic examination was done in lateral recumbency in all the dogs, but in 
some cases ultrasonography was also done in dorsal recumbency without using any 
anaesthesia or sedatives. In all the dogs (except one) not all the regions of the pancreas were 
visualized by ultrasound, only the thickest portion of the pancreas was identified by 
ultrasound and was measured by in-built caliper of the ultrasound machine. 

Ultrasonographic images of pancreas were recorded in sagittal plane and transverse 
plane. The right limb of pancreas was visualized in a transverse view in right cranial abdomen 
by placing the transducer just behind the last rib. Direct visualization of the pancreas was not 
possible. The right limb of the pancreas could be seen dorsomedial to the duodenum, ventral 
to the right kidney and lateral to portal vein.   

The left limb of pancreas could be identified in a sagittal plane in left cranial 
abdomen by keeping transducer midway between the xiphisternum and last rib beneath the 
subcostal arch. The left pancreatic lobe was visualized in a triangular region cranial to the left 
kidney, caudal to stomach, and medial to the spleen in left cranial abdomen. 

  The pancreas appeared to be hypoechoic to isoechoic as compared to the surrounding 
structures in all the groups. The echoarchitecture of both limbs of pancreas were 
homogeneous in the animals of all the groups and lacked capsular marginations. 

The mean width of right limb of pancreas was 1.2 ± 0.03 cm in Group I, 1.31 ± 0.06 
cm in Group II and 1.5 ± 0.06 cm in Group III, being highest in Group III and least in Group 
in I. The mean width of left limb of pancreas was 1.47 ± 0.16 cm in Group I, 1.77 ± 0.10 cm 
in Group II and 1.92 ± 0.15 cm in Group III, mean thickness of left limb of pancreas was 1.17 
± 0.06 cm in Group I, 1.35 ± 0.09 cm in Group II and 1.5 ± 0.10 in Group III. The mean 
width of left limb of pancreas was maximum in Group III and minimum in Group I.   

In the second part of the study, the echoarchitecture of both limbs of pancreas were 
different from those of part I of the study. In part II the pancreas were larger, with irregular 
demarcation and appeared hypoechoic whereas; the mesentery adjacent to it was hyperechoic. 
In one animal the width and thickness were 3.22 cm and 2.31 cm respectively, which were 
considerably higher than group II (mean width 1.77 ± 0.1 cm, mean thickness 1.35 ± 0.09 cm) 
and in another case the width and thickness were 3.57 cm and 2.62 cm respectively, which 
were considerably higher than the values of animals in group III (mean width 1.92 ± 0.15 cm, 
mean thickness 1.5 ± 0.1 cm). These ultrasonographic changes corroborated the clinical 
findings and suggested pancreatic inflammation. 

On the basis of this study it can be concluded that pancreas in dogs can be scanned 
without sedation and anaesthesia. Subcostal approach is the best approach to scan right and 
left limb of pancreas, using a 7.5 MHz curvilinear transducer in lateral recumbency by placing 
the probe caudal to the last rib and ventral to the lumbar process. The dimensions and the 
echoarchitecture of the pancreas may assist in the diagnosis of pathologies of the pancreas or 
other organs. 
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CHAPTER-1 

INTRODUCTION  

 

The pancreas is a complex exocrine-endocrine organ responsible for the 

manufacture of enzyme-rich digestive secretions and hormones which aid in 

regulating carbohydrate metabolism. It is a pink, lobulated glandular mass situated in 

the dorsal aspect of the epigastric and mesogastric regions of the abdominal cavity, 

caudal to the liver. It accounts for approximately 0.22% of the total body weight and 

averages 25 cm in length for a 30 pound dog (Miller et al., 1964). In the human the 

length of the pancreas averages 12.5 to 15 cm (Gray, 1930) and averages 85 grams 

(Morris, 1942), or approximately 0.12% of the total body weight. There are no 

apparent significant differences between the human pancreas and that of the dog with 

reference to the blood supply, duct system and general histology. The pancreas is 

yellowish gray when preserved and pinkish gray in life. It is a rather coarsely 

lobulated and elongate gland. The lobules, as Revell (1902) has pointed out, produce a 

nodular surface with irregularly crenated margins. The pancreas is located in the 

dorsal part of both the cranial and right lateral abdominal regions, caudal to the liver. 

The pancreas is a small, v-shaped organ divided into three portions: right lobe, left 

lobe and body. The left lobe lies between the greater curvature of the stomach and the 

transverse colon and the right lobe lies in the mesoduodenum, between the medial 

surface of the duodenum and the lateral surface of the ascending duodenum. The body 

of the pancreas connects the two lobes in the angle of the pylorus and the duodenum 

(Webster, 2008). Ultrasonographically, the normal pancreas is a small, inconspicuous 

organ of comparable echogenicity to surrounding mesentery and may be difficult to 

identify. Therefore, knowledge of anatomic landmarks such as portal vein and 

contributing vessel, duodenum, and stomach is necessary to facilitate identification 

and examination (Hecht and Henry, 2007). 

The weight of the pancreas averaged 31.3 g in 76 dogs, with an average 

weight of 13.8 kg. The pancreas weighs approximately 1 ounce in a dog whose weight 

is approximately 30 pounds. These data compare favorably with Mintzlaff’s (1909) 

findings in 30 dogs, although his specimens were, on average, larger. The average 

total length of the pancreas in a 30-pound dog is approximately 25 cm, or 10 inches. 
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The pancreas, when hardened in situ, is in the form of a V that lies in a dorsal plane 

with the apex pointing cranially and to the right. The gland is basically divided into a 

thin, slender right lobe, and a shorter, thicker, and wider left lobe. The two lobes are 

united at the body, formerly called the pancreatic angle, which lies caudomedial to the 

pylorus. The endocrine pancreas of the dog has served as the classic model for the 

exploration of insulin-deficiency diabetes by Banting and Best (1922). The endocrine 

pancreas is a composite of many thousands of small endocrine racemi (insulae 

pancreaticae) scattered randomly among the exocrine pancreatic acini. Each racemus 

is composed of several endocrinocyti, the normal functioning of which is essential for 

the proper regulation of blood sugar levels. The endocrine pancreas is essential for 

maintaining life. 

While abdominal radiographs are of little use, abdominal ultrasonography is a 

highly specific diagnostic procedure when stringent criteria are used, but the highest 

reported sensitivity for dogs is only 68% (Hess et al., 1998). Veterinary sonography is 

utilized in many different instances. In general practice veterinary clinics, sonography 

is usually indicated for any chronic disease process in which the cause is unknown, as 

it serves as a comprehensive screening tool. The most common indication for ordering 

an ultrasound in general veterinary practices is chronically elevated liver enzymes 

(Tyrrell and Beck, 2006). 

Ultrasound is a very important modality for the evaluation of pancreas in the 

small animal patient. The advantages of ultrasonography include the ability to image 

both normal and abnormal pancreas, the ease and rapidity of the procedure, the lack of 

the need for anesthesia, and the availability of ultrasound to practitioners. However, 

the challenge of imaging the pancreas should not be underestimated. Radiography is 

also a modality of diagnostic imaging for the organs in the abdominal cavity. 

However, under normal circumstances, the pancreas is not visible on plain 

radiographs (Simpson and Lamb, 1995; Bischoff, 2003).  

It is of utmost significance to underline the fact that the performance of 

abdominal ultrasonography in the diagnosis of pancreatitis is highly dependent on the 

expertise of the ultrasonographer and the quality of the equipment used. In most 

reported studies, abdominal ultrasonography has been performed at teaching hospitals 

by board certified radiologists, and therefore, the performance of abdominal 

ultrasound for pancreatitis is expected to be considerably lower when less experienced 



Introduction  

3 

 

clinicians are performing the ultrasound examination and the equipment used is of 

lower quality. In addition, the lack of standardised criteria for the ultrasonographic 

evaluation of the pancreas in dogs and cats leads to great variation in the 

interpretation of imaging results even among radiologists and makes the need for 

specialised ultrasonographers even greater (Xenoulis, 2015). 

Specific indications for examination of the pancreas include, but are not 

limited to, vomiting, anorexia, weight loss, abdominal pain, icterus, therapy-resistant 

diabetes mellitus and hypoglycemia. Pancreatic diseases may be associated with 

concurrent disorders of other organs such as hepatobiliary system, gastrointestinal 

tract, or kidney. Also, pancreatic disease may result in complications affecting other 

organs (e.g, metastatic disease or extrahepatic biliary obstruction). Therefore, the 

ultrasonographic examination should not be limited to the pancreas but should include 

the entire peritoneal cavity (Hecht and Henry, 2007).  

Larson (2013) has suggested that the canine pancreas is isoechoic or slightly 

hypoechoic to surrounding mesenteric fat, with indistinct margins, and is not usually 

visualized as a discrete organ. Due to edema, pancreatic swelling and peri-pancreatic 

fat necrosis, the inflamed pancreas is easier to localize than the normal pancreas 

(Watson, 2004). The most common ultrasonographic observation is a loss of 

echodensity that is compatible with edema. Other ultrasonographic findings include: 

increased echodensity suggestive of fibrosis, nonhomogeneous masses, and less 

commonly, fluid filled cyst-like structures (Burrows, 2002). 

Pancreatic diseases and abnormalities frequently investigated by means of 

ultrasonography include pancreatitis, pseudocysts, abscesses, neoplastic lesions and 

nodular hyperplasia. Disorders less commonly seen include exocrine pancreatic 

insufficiency, pancreatolithiasis, congenital anomalies, and pancreatic edema. 

Unfortunately, ultrasonographic findings in various pancreatic disorders overlap, and 

incidental findings or age-related changes may mimic pancreatic disease (Hecht and 

Henry, 2007). 

French et al. (2019) have opined that the current methods of diagnosing acute 

pancreatitis in dogs include a combination of abdominal ultrasound (US) examination, 

clinical history, physical examination, and serum biochemistry, including the Spec 

cPL® assay for canine pancreatic lipase (cPL). 
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Pancreatic ducts are not typically visualized sonographically, but the 

pancreaticoduodenal vein can usually be seen in the right limb in a dog. Small 

animals can be affected by pancreatitis just like humans, causing marked enlargement 

and a hypoechoic appearance in the acute stage (Hess et al., 1998); (Jaeger et al., 

2003) and (Nyland and Mattoon, 2014). 

Albury (2015) has found that sonographically pancreatitis presents as an 

enlarged hypoechoic gland. Two recent pathological studies of pancreatic lesions in 

dogs favour the human definition of chronicity and classed all dogs with fibrosis as 

chronic pancreatitis (CP), even if they had superimposed acute inflammation 

(Newman et al. 2004, Watson et al. 2007). A follow-up study by Newman et al. 

(2006) suggested a histological grading system for canine pancreatitis in which a 

number of histological features were graded on each histological section between 0 

and 3 where grade 0=none of the section affected; grade 1 was up to 10% of the 

section affected; grade 2 was 10–40% of the section affected and grade 3 was over 

40% of the section affected. The histological features graded were: neutrophilic 

inflammation; lymphocytic inflammation; pancreatic necrosis; fat necrosis; oedema; 

fibrosis; atrophy and nodules. This grading system has subsequently been used by 

others in canine studies (Watson et al. 2011, Mansfield et al. 2012, Bostrom et al. 

2013) but is yet to be extensively validated by independent pathologists. 

Schrope et al. (2014) noted that evaluating the pancreas is part of the standard 

diagnostic ultrasound examination of the abdomen in human being. While CT, MRI 

and EUS are perhaps preferred modes of imaging the pancreas, transabdominal 

ultrasound remains an indispensible tool as an initial  examination, in a sense acting 

as a gateway to the more invasive and / or expensive modalities. Furthermore, 

ultrasound in all its forms is invaluable in image-guided procedures, where CT or 

MRI may prove to be unwieldy. Very little efforts are required to scan the pancreas, 

while abdominal ultrasound is already underway in canine patients. 

Ultrasonographic examination of the pancreas is best performed in fasted 

animals to prevent interposition of gas and ingesta-filled gastrointestinal tract with 

resultant artifacts due to its close proximity to stomach and duodenum. Most 

commonly, a ventral abdominal approach with the patient in dorsal recumbency is 

used. Thorough evaluation of the pancreas should be part of every abdominal 
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ultrasonographic examination, even if there is no clinical suspicion of pancreatic 

disease (Hecht and Henry, 2007). 

OBJECTIVES 

The present study is being proposed to be undertaken with the following 

objectives: 

1. To standardize a protocol for ultrasonographic examination of the pancreas in 

apparently healthy dogs and generation of reference images of pancreas for 

comparison with those of pathological pancreas. 

2. To measure the dimensions and study the echoarchitecture of the pancreas of 

apparently healthy dogs for obtaining reference values. 

3. Ultrasonographic evaluation of clinical cases with symptoms of potential 

pathology of the pancreas. 
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CHAPTER- 2 

REVIEW OF LITERATURE 

 

The exocrine part of the pancreas develops from epithelial outgrowths of 

foregut endoderm. The origin of pancreatic islet cells has been described as either or 

both foregut endoderm and neural crest ectoderm. The islets are distributed randomly 

among the exocrine acini, but there are differences in the cellular components of the 

endocrine islets. The pancreas develops from a dorsal and ventral pancreatic anlage. 

These two differing sites of origin may play a determining role in the cytogenesis of 

the alpha endocrine cell (endocrinocytus alpha); Bencosme and Liepa (1955) reported 

that the ventral pancreas in the dog, the right lobe, is devoid of alpha endocrine cells. 

The alpha endocrine cells produce glucagon and the beta endocrine cells produce 

insulin. The endocrine islets vary in size from approximately 1500 to 20,000 µm2 and 

are composed of from 10 to 120 epithelioid cells (Acosta et al., 1969; Saladino and 

Getty, 1972). Davis et al. (1988) reported dogs have an average volume fraction of 

endocrine parenchyma of 1.8% but that it varies with regions of the pancreas. The 

number and size of the islets increase progressively from the right lobe to the left lobe 

of the pancreas. 

The right lobe of the pancreas (lobus pancreatis dexter) lies in the 

mesoduodenum near or in contact with the dorsal portion of the right abdominal wall, 

the paralumbar fossa. It extends from a transverse plane through the middle of the 

ninth intercostal spaces to one through the fourth lumbar vertebra. The right lobe 

varies in width from 1 to 3 cm and in thickness up to 1 cm. Its length is approximately 

15 cm, or 6 inches, in a Beagle-type dog. The right lobe is positioned in the 

mesoduodenum in such a way that its round, flat, caudal extremity lies in the 

concavity of the duodenal loop. By traction the gland can be separated for a distance 

of approximately 3 cm from the various parts of the duodenum that form the loop, 

because the mesoduodenum at this site is loose. As the right lobe runs obliquely 

cranially toward the pylorus it becomes narrow and flattened dorsoventrally, so that 

dorsal and ventral surfaces are formed. On contacting the initial part of the descending 

duodenum, it becomes molded to this organ. The caudal part of the right lobe of the 

pancreas is related to the sublumbar fat containing the ureter and to the ventral 
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surfaces of the right kidney and the caudate process of the liver. The right lobe of the 

pancreas is related ventrally to the ileum and cecum caudally, and to the ascending 

colon cranially. Loops of the jejunum contact those portions of its ventral surface that 

are not already in contact with more fixed viscera. In some specimens the right lobe of 

the pancreas and the adjacent descending part of the duodenum have gravitated lateral 

and even ventral to the jejunal coils. The body of the pancreas (corpus pancreatis) 

unites the two lobes of the pancreas in an angle of approximately 45 degrees, which is 

open sinistrocaudally. Cranially, it lies closely applied to the caudosinistral portion of 

the pyloric region, which forms a large concave impression on the cranial portion of 

the body. Caudal to this impression, the pancreas is approximately 1 cm thick and 3 

cm wide. The portal vein crosses the dorsal portion of the body. As the 

pancreaticoduodenal artery and gastroduodenal vein disappear into the pancreas at 

this place, they are crossed on their right side by the bile duct, which lies adjacent to 

the duodenum. The left lobe of the pancreas (lobus pancreatis sinister) lies in the deep 

wall of the greater omentum. It begins at the body and runs caudosinistrally. It is 

approximately two-thirds as long and half again as wide as the right lobe, measuring 

10 cm, or 4 inches, in length, and 4 cm, or 1.6 inches, in width. Its dorsal surface 

(facies dorsalis), on the right, is related to the caudate process of the liver and then, in 

succession on the left, to the portal vein, caudal vena cava, and aorta. It ends in the 

left part of the sublumbar region in close relation to the cranial pole of the left kidney 

and the middle portion of the spleen. A full stomach alters these relations. The ventral 

surface (facies ventralis) of the left lobe of the pancreas is related ventrocaudally to 

the transverse colon and ventrocranially to the dorsal wall of the stomach. An 

accessory pancreas (pancreas accessorium) is occasionally found in the dog. Baldyreff 

(1929) cites cases in which the aberrant gland was located in the wall of the 

gallbladder and in the caudal part of the mesentery. Pancreatic bladders have been 

described by various authors as occurring in the cat, but none have been recorded in 

the dog (Boyden, 1925). 

The pancreas nearly always has two excretory ducts, in conformity with the 

dual origin of the gland, one anlage arising dorsally from the duodenum and the other 

ventrally at the termination of the bile duct (Revell, 1902). Within the pancreas, these 

two ducts usually intercommunicate, or they may cross within the gland, because the 

parenchyma of the whole gland is elaborated around them. In the adult, the two 
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portions of the gland are fused without any demarcation to indicate their dual origin. 

Revell, however, points out that, when the two ducts do not communicate within the 

gland, the pancreatic duct drains the right lobe, or embryonic ventral pancreas, and the 

accessory pancreatic duct drains the left lobe, or embryonic dorsal pancreas. Although 

this is the basic pattern by which the pancreatic ducts form in the domesticated 

mammals, great variations exist among the different species and within the same 

species. The largest excretory duct of the pancreas in the dog is the accessory 

pancreatic duct (ductus pancreaticus accessorius), which opens into the duodenum on 

the minor duodenal papilla. The pancreatic duct (ductus pancreaticus) is the smaller 

duct in the dog and may occasionally be absent. The latter is associated with the 

opening of the bile duct and usually enters the duodenum on the major duodenal 

papilla alongside the bile duct. From its formation at the union of the ducts from the 

two lobes in the dog to the site where it perforates the intestinal wall, the accessory 

pancreatic duct is approximately 3 to 4 mm long and 2 mm wide. The union of the 

two lobar ducts to form the main duct (accessory pancreatic duct) may occur at any 

level up to the intestinal wall, or rarely, the two lobar ducts may open separately 

(Revell, 1902). According to Bottin (1934), the pancreatic and the accessory 

pancreatic duct open separately into the duodenum in approximately 75% of dog 

specimens, and they always communicate with each other in the gland. Other 

variations of the ducts of the canine pancreas exist, as Revell (1902) and Mintzlaff 

(1909) have shown. The main duct from each lobe occupies the approximate center of 

the lobe and is joined at right angles by tributaries from the adjacent parenchyma. 

Because the gland is ribbonlike, the small ducts from the adjacent parenchyma enter 

largely on opposite sides, the openings being spaced at 0.5 to 1.5 cm intervals. The 

opening of the pancreatic duct is closely associated with that of the bile duct. In two 

out of three specimens Eichhorn and Boyden (1955) found the slitlike orifice of the 

pancreatic duct located distal to that of the bile duct; others have described this 

opening as proximal to that of the bile duct. The accessory pancreatic duct usually 

opens into the duodenum 28 mm from the opening of the bile duct into the duodenum, 

or approximately 8 cm from the pyloric sphincter (Nielsen and Bishop, 1954). Its 

entry into the duodenum resembles that of the bile duct in that a ridge of mucosa is 

formed, with a slight elevation at its distal end on which the opening is located. The 

accessory pancreatic duct, like the pancreatic duct, but unlike the bile duct, runs 

through the duodenal wall rather directly. The opening through the mesenteric wall of 
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the proximal portion of the descending duodenum is frequently located to the left of 

the cranial pancreaticoduodenal vessels, whereas the bile and pancreatic ducts open to 

the right of these vessels. Eichhorn and Boyden (1955) described and illustrated the 

musculature of the pancreatic and bile ducts of the dog (sphincter of Oddi). Kyösola 

and Rechardt (1974) described its innervation.  

The main vessels to the right lobe of the pancreas are the pancreatic branches 

of the cranial and caudal pancreaticoduodenal arteries that anastomose in the gland. 

The left extremity of the left lobe of the pancreas is supplied primarily by the 

pancreatic branch of the splenic artery. It also receives small branches from the 

hepatic artery, as this vessel may groove the dorsal surface of the organ, and the left 

lobe regularly receives, near the pancreatic body, one or two branches from the 

gastroduodenal artery. Small pancreatic branches directly from the celiac artery may 

supply a small portion of the left lobe of the pancreas near its free end. The caudal 

pancreaticoduodenal vein, a satellite of the artery of the same name, is the principal 

vein from the right pancreatic lobe. It is the last tributary to enter the cranial 

mesenteric vein and, unlike the intestinal veins that empty into it, it enters the larger 

vessel from the cranial side. The left lobe of the pancreas is drained primarily by two 

veins that terminate in the last 2 cm of the splenic vein. The venous satellite of the 

small branch of the cranial pancreaticoduodenal artery that supplies the left lobe near 

the pancreatic body drains this part of the gland. The lymphatics from the pancreas 

drain into the duodenal lymph node, if present, and into the hepatic, splenic, and 

jejunal lymph nodes. Nerves Most sympathetic axons come from the celiac plexus 

and reach the organ by following the pancreatic branches of the cranial 

pancreaticoduodenal and celiac arteries. It is probable that the caudal part of the right 

lobe receives sympathetic axons from the cranial mesenteric plexus that follow the 

caudal pancreaticoduodenal artery and its pancreatic branches. McCrea (1924) states 

that, in the dog, vagal (parasympathetic) axons reach the pancreas as fine branches 

that run with the splenic branch of the celiac artery and with the cranial mesenteric 

artery, presumably along the caudal pancreaticoduodenal branch. 

The pancreatic region is examined by scanning the area just caudal to the 

stomach, gastric outflow tract and medial to the duodenum (Walker, 1996; Mattoon et 

al., 2002a). Hecht and Henry (2007) have opined that due to small size of the pancreas 

and its indistinct margins, the examination should be performed with the highest 
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frequency transducer possible. In small dogs, a linear or curvilinear 8-15 MHz 

transducer may be used. In large dogs, use of a lower frequency transducer 5-8 MHz 

may be required to achieve the necessary penetration depth. Webster (2008) has 

suggested a frequency of 5 MHz for large dogs and 7-10 MHz for medium dogs and 

cats. Mekkawy et al. (2012) have used 8-12 MHz, 5-7 MHz, 4-7 MHz and 9-12 MHz 

transducers in their study on dogs and cats. Similarly, Robben et al. (2005) have used 

5-3 and 7-4 MHz frequency transducers in their study for scanning pancreas in dogs. 

Hecht and Henry (2007) have further added that most commonly, a ventral 

abdominal approach with the patient in dorsal recumbency is used. Especially in deep 

chested dogs, examination in left lateral recumbency with a right intercostal approach 

is occasionally helpful to visualize the right lobe of the pancreas and the duodenum. 

Similarly, Mekkawy et al. (2012) have also scanned pancreas with dogs in dorsal 

recumbency, whereas, Robben et al. (2005) performed the ultrasound examination in 

dogs in dorsal as well as lateral recumbency. 

The left limb of the pancreas is best visualized by examining the area of the 

cranial left side of the abdomen. The transducer is positioned to visualize the spleen, 

stomach and colon in cross section. The left limb of the pancreas may be found within 

the area of the triangle formed by these structures. Identification of the duodenum 

allows identification of the right limb of the pancreas. The duodenum may be 

examined from the left or right side depending on preference. However, with the 

animal in right lateral recumbency and placing transducer underneath the animal, 

angled upwards towards the left side, will helps to reduce the amount of gas in the 

duodenum. The duodenum is examined in both longitudinal and cross section, and the 

pancreas is identified slightly medial to the duodenum. The body of the pancreas 

connects the left and right limbs of the pancreas and is located dorsal to the portal 

vein. The pancreas is the most difficult abdominal organ to image routinely, and in 

some patients is not seen at all. Therefore, a complete examination of the region of the 

pancreas should be part of every abdominal ultrasound, even if the pancreas itself is 

not identified as a discrete organ Webster (2008). 

Hecht and Henry (2007) propounded that the normal pancreas is an 

ultrasonographically inconspicuous organ, which can usually be visualized in cats and 

small dogs but may be difficult or impossible to identify in large dogs. Indistinct 

margins and similar echogenicity and echo texture of pancreatic parenchyma 
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compared with surrounding mesenteric fat contribute to the difficulty in identifying 

this organ. Gas or ingesta in adjacent gastrointestinal segments may interfere with 

ultrasonographic evaluation. Knowledge of the location and appearance of relevant  

anatomic landmarks is essential for the ultrasonographic identification and  

examination  of  the pancreas.  

According to Larson (2013) the canine pancreas is isoechoic or slightly 

hypoechoic to surrounding mesenteric fat, with indistinct margins. Because it is not 

usually visualized as a discrete organ, it is desirable to be familiar with the anatomy 

and anatomic landmarks used to identify the pancreatic region.  The use of a higher 

frequency transducer helps in visualization of pancreatic tissue. The right pancreatic 

lobe is the easiest to visualize in the dog. It lies dorsomedial to the duodenum, ventral 

to the right kidney, and lateral to the portal vein. The right lobe may be imaged by 

scanning longitudinally along the right lateral abdomen, using the descending 

duodenum and right kidney as landmarks. Cross-sectional images of the duodenum 

are very helpful in imaging the pancreas (located dorsomedial to the cross section of 

the duodenum). In large or deep chested dogs, a lateral intercostal approach may be 

needed.  Using a right lateral transverse view through the dorsal aspect of the 10-12th 

intercostal space, the right pancreatic lobe will be located ventral to the right kidney, 

ventro-lateral to the portal vein, and dorso-medial or dorsal to the descending 

duodenum. The pancreatic body joins the two lobes and is located immediately 

ventral to the portal vein and cranio-ventral to the right kidney.  The body lies caudal 

to the pyloric region. The left pancreatic lobe may be more difficult to visualize due to 

surrounding gas-filled structures (stomach and transverse colon). It lies dorsal and 

caudal to the stomach, extending to the left between the stomach and transverse colon.  

It may also be located in a triangular region cranial to the left kidney, caudal to the 

stomach, and medial to the spleen in the left cranial abdomen.  

Hecht and Henry (2007) have noted the basic differences in ultrasonographic 

appearance of the pancreas in cats and dogs. In dogs, the right lobe of the pancreas is 

more easily seen than the body or left lobe whereas, in cats, the body and left lobe of 

the pancreas are more easily seen than the right lobe. In dogs, the pancreatic ducts are 

rarely observed, whereas the ducts are commonly observed in the cat. The major 

duodenal papilla is the primary connection of the pancreatic duct system in the cat 

whereas, in the dog, the minor duodenal papilla is the primary connection and is 
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infrequently seen. In dogs, visualization of the right lobe of the pancreas is best 

achieved by first identifying the duodenum as a target like structure on transverse 

image adjacent to right abdominal wall and right kidney. The pancreas is found 

adjacent to the medial and ventral aspects of the duodenum. The right lobe appears 

triangular in shape, and isoechoic or slightly hypoechoic to surrounding mesenteric 

fat. 

Any insult to pancreas incites inflammatory reaction which leads to swelling 

and hence an increased size of parenchyma. Findings suggestive of acute pancreatitis 

in dogs include a diffusely enlarged pancreas (more than 2 cm in diameter) with 

hypoechoic parenchyma, hyper echoic surrounding mesentery and generalized or 

local peritoneal effusion. (Simpson and Lamb, 1995; Hess et al., 1998; Ruaux, 2003; 

Mansfield, 2004; Watson, 2004; Mix and Jones, 2006). Ultrasonographic findings in 

dogs and cats with pancreatitis include hypoechoic areas within the pancreas (possibly 

indicating necrosis or fluid accumulation), increased echogenicity of the surrounding 

mesentery (due to necrosis of the peripancreatic fat), enlargement and/or irregularity 

of the pancreas, dilation of the pancreatic or biliary duct and abdominal effusion 

(Hess et al., 1998; Lamb, 1999b; Swift et al., 2000; Saunders et al., 2002; Ferreri et 

al., 2003; Hecht & Henry, 2007). The most common ultrasonographic observation is a 

loss of echodensity that is compatible with edema. Other ultrasonographic findings 

include: increased echodensity suggestive of fibrosis, nonhomogeneous masses, and 

less commonly, fluid filled cyst-like structures (Burrows, 2002). 

Alteration in size of pancreas resulting from inflammatory changes, therefore, 

make it essential to measure the dimensions of the pancreas during ultrasonography. 

While making measurements on the pancreas, Evans (1993) found that the size of the 

pancreas is variable and ranges from 1 to 3 cm in width and up to 1 cm in thickness, 

in beagle type dogs. In most dogs, one or two circular anechoic structures can be 

visualized in the center of the pancreas, which are tubular on sagittal view and show 

flow signal on Doppler examination. These represent branches of the 

pancreaticoduodenal vein and artery. Once the right lobe of the pancreas has been 

examined, it can be traced to the body and the left lobe. The pancreatic body is 

located dorsocaudal to the pylorus in close proximity to the portal vein, and left lobe 

is located between stomach and transverse colon (Hecht and Henry, 2007). Similarly, 

Rajapakshage et al. (2016) found the mean thickness of right pancreatic lobe to be 
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14.2 ± 3.3 mm (range, 9.4 to 20.8 mm). They recorded the thickest dimension of 20.8 

mm in a 28 kg, 8 months old Labrador Retriever.  

Mekkawy et al. (2012) in their study, found acute pancreatitis in 11 dogs and 5 

cats. Ultrasound examination of these cases showed irregular hypoechoic mass of 

mixed echogenicity ventral to portal vein and medial to right kidney in close 

proximity to the descending duodenum. The size was measured 3.7 x 1.7 cm. The 

surrounding fat became more hyperechoic with indistinct edges of pancreas.  

Biopsy of the pancreas is considered the most reliable test for diagnosing acute 

pancreatitis in dogs and cats and is often used in publications as the golden standard 

for evaluating the accuracy (sensitivity, specificity) of a diagnostic test (Watson, 

2004; Mix and Jones, 2006; Zoran, 2006; De Cock et al., 2007; Watson, 

2007b).While working on abscesses in dogs and cats, Salisbury et al. (1988) have 

reported that abscesses were more frequent in dogs than in cats and appeared as 

hypoechoic structure surrounded by hyperechoic area and echogenic irregular wall. 

Larson (2013) concluded that Inflammation, edema, necrosis, and hemorrhage 

associated with acute pancreatitis result in an enlarged, irregular, hypoechoic 

pancreas.  The affected areas may be diffuse, or patchy and poorly defined.  The 

surrounding mesenteric fat is usually hyperechoic secondary to inflammation and 

saponification. Other associated changes occur in the descending duodenum, which 

can appear thickened, dilated and fluid-filled (ileus), or corrugated secondary to 

duodenitis. Focal peritoneal effusion often accompanies acute pancreatitis.  In the 

dog, the right lobe seems to be the most commonly affected portion of the pancreas 

with acute disease.  Chronic, low grade, or resolving pancreatitis appears as a slightly 

more echogenic pancreas (although still hypoechoic) with better defined, smooth 

borders. Occasionally, foci of mineralization may be present, and the echogenicity 

may be nonhomogeneous.  Pancreatic atrophy may result in decreased size of the 

pancreas.  Associated changes such as hyperechoic peripancreatic fat, duodenitis, and 

abdominal effusion usually are absent.  

Hecht and Henry (2007) have suggested that acute pancreatitis is a relatively 

commom disorder in dogs. On ultrasonographic examination, the pancreas is 

enlarged, irregular, hypoechoic and on occasions may appear mass like. (Nylan et al., 

1983; Murtaugh et al., 1985; Steiner, 1986; Lamb and Simpson, 1995; Hess et al., 
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1998). Surrounding hyperechoic mesentery indicating peripancreatic steatitis, fat 

necrosis, and focal abdominal effusion is commonly seen. Other  potential 

ultrasonographic findings include corrugation  of the duodenum, fluid /gas distended, 

hypomotile intestines (indicative of paralytic ileus) and ultrasonographic signs of 

extrahepatic  biliary obstruction (Hecht and Henry, 2007).   

Choi et al. (2012) concluded that endocrine test data from a 13-year old intact 

female Maltese was indicative of the presence of an insulinoma, however 

ultrasonography identified a pancreatic mass only 10 months after the first admission.  

Mekkawy et al. (2012) in their study ultrasonographically examined a total 

number of 19 dogs and 9 cats and diagnosed pancreatic surgical affection in them. In 

dogs, the most commonly encountered cases were acute pancreatitis with thickened 

irregular hypoechoic tissue of mixed echogenicity in the pancreas. They diagnosed 

abscess in 3 dogs with hypoechoic mass surrounded by hyperechoic area with 

echogenic irregular wall. They also diagnosed chronic pancreatitis (2 cases), tumour 

(2 cases), and cyst (1 dog). Similarly, in cats acute inflammation was the common 

affection while the rest were cysts (2 cases), abscess (1 case) and chronic 

inflammation (1 case).  

Xenoulis (2015) has reported that Pancreatitis is the most common disorder of 

the exocrine pancreas in dogs. In clinical practice, a combination of careful evaluation 

of the animal’s history, serum PLI concentration and abdominal ultrasonography, 

together with pancreatic cytology or histopathology when indicated or possible, is 

considered to be the most practical and reliable means for an accurate diagnosis or 

exclusion of pancreatitis compared with other diagnostic modalities. In their study, 

Moon et al. (2003) found pancreatitis to be the most common cause of corrugated 

small intestine (especially involving the duodenum) in both dogs and cats. Chang and 

Steiner, (2016)  could diagnose pancreatitis through ultrasonography however, in 

doing so, they also depended on history, physical examination findings, nonspecific 

findings on general blood analysis, abnormal pancreatic lipase immunoreactivity 

(cPLI), abdominal radiographs, and ultrasonographic findings in arriving at this 

diagnosis. 

Insulinoma is a rare malignant neuroendocrine neoplasia of the β-cells of the 

canine pancreas (Madarame et al., 2009). However, Elie and Zerbe (1995) have 



Review of Literature 

15 

 

reported that Insulinoma is recognized as the most common islet cell tumour of the 

endocrine pancreas. Leifer et al. (1986) have said that the breeds most commonly 

affected with pancreatic neoplasia are German Shepherd, Irish Setter, Boxer, Golden 

Retriever and Terrier. Insulinoma occurs most often in middle-aged to old dogs with 

an average age of nine years (Cohen, 2003; McDermott et al., 1999). Recently, 

Uwagie - Ero et al. (2017) have successfully diagnosed a case of malignant neoplasia 

of the pancreas in a female dog. 
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CHAPTER- 3  
 

MATERIALS AND METHODS 

 

Place of Study:  

This study was conducted at the Veterinary Clinical Complex (VCC), (Kothari 

Veterinary Hospital), College of Veterinary Science and Animal Husbandry, UP Pt 

Deen Dayal Upadhyaya Pashu-Chikitsa Vigyan Vishwavidyalaya Evam Go 

Anusandhan Sansthan, Mathura (UP). 

Subjects of Study: 

The study was conducted in two parts namely, Part I & Part II. 

In Part I of the study, eighteen apparently healthy dogs of all age groups were 

enrolled to be subjected to ultrasonographic examination of both limbs of pancreas. 

These dogs were divided into three age groups as under: 

Group I: animals of 01 month to 09 months of age 

Group II: more than 09 months to 6 years of age 

Group III: above six years of age. 

There were six animals in each group. 

Dogs with fracture, castration, cherry eye, which were otherwise healthy were 

assessed ultrasonographically with due consent from the respective owners prior to 

surgery.  

In Part II of the study ultrasonographic examination of both limbs of pancreas 

of patients reporting to the VCC with symptoms like lack of appetite, weight loss, 

acute vomiting, diarrhoea, dehydration, abdominal pain, tucked-up belly were 

performed to assess the abnormalities, if any, of the pancreatic echoarchitecture and 

size. 

Ultrasound machine: 

In this study, the Esaote® My Lab30 with 7.5 MHz transducers C5-2 was used 

for scanning of the pancreas. 
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Restraint and Anaesthetic protocol: 

The animals were subjected to ultrasonographic examination without using 

any anaesthesia or sedatives with animals restrained in lateral and/or dorsal 

recumbency. 

Site preparation: 

       The animals were prepared as per the preparation procedure suggested by 

Larson (2013) for scanning the right pancreatic lobe, an area immediately caudal to 

last rib (right cranial quadrant  of abdomen) and  para vertebral lumbar region 

extending caudally up to tuber ischii  and ventrally from xiphoid process  up to 

midline (umbilical region) was shaved and cleaned with mild soap. Similarly, for 

scanning the left pancreatic limb an area in the left cranial abdomen located in a 

triangular region cranial to the left kidney, caudal to the stomach, and medial to the 

spleen was shaved and cleaned in a similar manner. The site in question was smeared 

with ultrasound gel liberally prior to ultrasound examination after restraining the 

animal in desired recumbent position (dorsal or lateral). Adequate amount of coupling 

gel was applied over the transducer as well as the area of interest in order to ensure an 

intimate contact between skin and transducer head. Animals were left undisturbed 

throughout the examination procedure in order to get optimum results. Mattoon et al. 

(2014) have suggested that the animal being subjected to an abdominal sonogram 

needs the abdomen to be completely shaved, from the xiphoid to the pubis, to 

eliminate the effects of air trapped within the fur and to increase sound wave 

conductivity.  
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Ultrasonography: 

The scanning method was adopted from Nyland et al. (2002) wherein right 

limb of the pancreas was located along the mesenteric (medial) border of the 

duodenum within the mesoduodenum. After identification of the duodenum it was 

easy to assess the region of the right limb of the pancreas by directing the plane of the 

ultrasound beam medial from the duodenum. Once the duodenum and right pancreatic 

lobe region were identified in long axis, the transducer was rotated counterclockwise 

approximately 90º degrees to a transverse body plane wherein, the duodenum was  

seen in cross section on  the left of the screen (lateral), the cross-sectional image of 

the right kidney medially positioned in the right field of view. The right limb of the 

pancreas was located in the tissues between the duodenum and the right kidney. 

The area just caudal to the stomach and gastric outflow tract and medial to the 

duodenum was scanned for landmarks, in the sagittal body plane, the stomach and 

colon were identified in cross section as two curved echogenic structures (gas 

reverberation artifact) in the near field. A cross-sectional image of the left limb of the 

pancreas was observed between these two structures (Fig.6). The length of the left 

pancreatic limb may be studied in cross section by moving the transducer from left to 

right along the axes of the stomach and transverse colon. The pancreas appeared as a 

poorly marginated hypoechoic organ. It was, somewhat triangular in appearance on 

this cross-sectional view. The transducer was rotated 90º to obtain a long axis view of 

the left limb of pancreas, just caudal to the stomach and cranial to the transverse 

colon. It required a gentle fanning of the ultrasound beam cranially and caudally to 

view the left pancreatic limb in the area between these two structures. 

The pancreas could be identified by using the landmarks surrounding 

abdominal organs. Direct visualization of the pancreas was not possible. Animal was 

restrained in left lateral recumbency, then the right kidney was located first by placing 

the transducer immediately behind the second last rib. Thereafter, the duodenum was 

located by dorsomedially fanning towards the right quadrant. The pancreas was 

finally identified in between the duodenum and right kidney. 

  Transverse localization of pancreas required the animals to be restrained in 

dorsal recumbency. Examinations performed in transverse view are few because of 

the considerable discomfort and non cooperation of animal in this recumbency 
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Fig. 2: Esaote® MyLab30VetGold Ultrasound machine.    
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For right limb of pancreas in transverse view, gastric fundus was visualized 

the transducer in sagittal view thereafter, the probe was slided 

right lateral quadrant below the subcostal arch. Then turned to 90º anticlockwise and 

consequently the cross section of duodenum was achieved resembling a ‘

The pancreaticoduodenal vein was visualized in cross section within the 

For the left limb of pancreas, animals were restrained in right 

recumbency. Attempt was made locate the left kidney first. Then the transducer wa

slided beneath the subcostal arch towards the xiphisternum, to locate the stomach

gradual fanning both the caudal part of stomach and left kidney and transverse colon 

were visualized together in the left side of the screen with in the same field, and the 

ancreas could be identified as triangular silhouette. 

MyLab30VetGold Ultrasound machine.            Fig. 3: Curvilinear transducer C5
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Fig. 4: Transverse ultrason
with help of measuring caliper. +1 o
limb.+2 of the caliper is showing the thickness of the pancreas
pancreaticoduodenal vein (white arrow) is often visualized in cross section within the 
pancreas.The duodenum(DUO) and right kidney(RK)  serve as a useful landmarks  
for localizing the pancreas (red arrows) even if the pancreas is poorly seen.

 

Fig. 5: Sagittal view of 
thickness (red arrow) obtained using the in
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Transverse ultrasonogram showing measurements of right pancreatic limb, 
measuring caliper. +1 of caliper is showing the width 

+2 of the caliper is showing the thickness of the pancreas
pancreaticoduodenal vein (white arrow) is often visualized in cross section within the 
pancreas.The duodenum(DUO) and right kidney(RK)  serve as a useful landmarks  
for localizing the pancreas (red arrows) even if the pancreas is poorly seen.

Sagittal view of ultrasonogram of right limb of pancreas, showing the 
thickness (red arrow) obtained using the in- built calipers. 
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pancreaticoduodenal vein (white arrow) is often visualized in cross section within the 
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for localizing the pancreas (red arrows) even if the pancreas is poorly seen. 
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of the target organ. 

 

Fig. 6: Ultrasonogram showing measurements of 

using in- built calipers. +1

limb of pancreas. 
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he term thickness was used to represent the height 

similar to that described by Penninck et al. (2013) that is, the pancreas has a 

variably amorphous to triangular shape and its position can shift on the basis of 

position of dog, the term thickness was considered an acceptable compromise to 

describe the measurement obtained perpendicular to the long axis of the pancreas

2019) suggested that not all regions of the pancreas were 

visualized by US in all dogs, the thickest portion of the pancreas identified on US 

he width of the right limb and width and thickness of left limb 

were measured ultrasonographically with the in-built caliper after proper visualization 

showing measurements of left limb of pancreas (white 

+1 showing the width and +2 showing the thickness of the left 
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CHAPTER -4    

                                                                                                                             
RESULTS 

 

Ultrasonographic examination was done in lateral recumbency in all the dogs, 

but in some cases ultrasonography was also done in dorsal recumbency.  

All examinations were performed in lateral recumbency (n =18). However, 

two animals of Group I, four of Group II and one animal of Group III were scanned in 

dorsal recumbency also.  

The method of scanning pancreas described by Nyland et al. (2002) was 

adopted to scan the pancreas in this study. Ultrasonographic images of pancreas were 

recorded in transverse and sagittal planes. The right limb of pancreas could be 

visualized in transverse view by keeping transducer at right cranial abdomen just 

behind the last rib. The left limb of the pancreas could be identified while scanning 

the left cranial abdomen in a sagittal plane. The duodenum was found ventrolateral to 

the right kidney in approximately the 11-o’clock position on the display monitor. The 

liver, duodenum and right kidney were useful landmarks for localizing the pancreas. 

The visualization of pancreaticoduodenal vein helped in confirming the location of the 

pancreas. The left limb of the pancreas was found caudal to the stomach and 

extending towards left to the region of the cranial pole of the left kidney. 

Echoarchitecture of the right limb of pancreas: 

The ultrasonograms of the right limb of pancreas of the animals of Group I are 

presented in Fig. 8 to Fig. 13.  

The ultrasonograms of the right limb of pancreas of the animals of Group II 

are presented in Fig. 14 to Fig. 19.  

The ultrasonograms of right limb of pancreas of the animals of Group III are 

presented in Fig.  20 to Fig. 25. 

The ultrasonograms of the right limb of pancreas in transverse view are 

presented in Fig. 26 to 31. 

  The right limb of pancreas appeared hypoechoic to isoechoic as compared to 

the surrounding structures in all the groups. The echoarchitecture of the right limb of 
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pancreas was homogeneous in the animals of all the groups. In cross-sectional view of 

right limb of the pancreas, the pancreas was seen as a sail-like structure medially 

(Fig.4). In longitudinal view of right limb of the pancreas, duodenum was seen 

coursing longitudinally across the top of the image. The right limb of the pancreas 

was identified as a poorly marginated structure medial to the duodenum. The 

echoarchitecture of pancreas was similar to liver and isoechoic to surrounding 

peripancreatic fat, while having similar echoarchitecture to surrounding mesentery. 

The entire length of right limb could not be seen except in one case (Fig. 14). The 

pancreaticoduodenal vein (Fig. 4 & Fig. 31) could be visualized as anechoic round 

structure in cross section within the pancreas. 

Ultrasonographic measurements of the right limb of pancreas 

The measurements of the right limb of pancreas, namely, width were recorded 

using the in-built calipers of the ultrasound machine.  The mean ± standard error 

values of measurement (mean width) are presented in Table-1. The mean width of 

right limb of pancreas was 1.2 ±0.03 cm in Group I, 1.31 ± 0.06 cm in Group II and 

1.5 ± 0.06 cm in Group III. 

Table. 1: Mean ± SE values of ultrasonographic measurements of right limb of 

pancreas in different group of dogs. 

Units  Mean  ± SE  

 Group I Group II Group III 

Width of limb 
(cm) 

  1.2 ± 0.03   1.31 ± 0.06   1.5 ± 0.06 

 

The mean width of right limb of pancreas was highest in Group III and least in 

Group in I. 

Echoarchitecture of the left limb of pancreas: 

The ultrasonograms of the left limb of pancreas of the animals of Group I are 

presented in Fig. 32 to Fig. 37.   

The ultrasonograms of the left limb of pancreas of the animals of Group II are 

presented in Fig. 38 to Fig. 43.  
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The ultrasonograms of left limb of pancreas of the animals of Group III are 

presented in Fig. 44 to Fig. 49. 

The left limb of pancreas appeared hypoechoic to isoechoic in relation to its 

adjacent structures and homogeneous pancreas was found in all the groups. The left 

limb of the pancreas was more difficult to visualize as compare to the right limb. It 

lay caudal or caudodorsal to the stomach and cranial or cranioventral to the splenic 

vein (SV). In cross-sectional view of left limb of the pancreas, the pancreas was seen 

as hypoechoic, homogeneous, triangular structure. The  anechoic  round  structure  

dorsal  to  the  pancreas  is  cross  sectional  image of the splenic vein (Fig.34). 

Landmarks include the stomach (ST) which contains echogenic gas, and transverse 

colon (TC) in this particular instance (Fig. 34) the left kidney is not in view. 

Ultrasonographic measurements of the left limb of pancreas: 

The measurements of the left limb of pancreas, namely, width and thickness 

were measured using the in-built calipers of the ultrasound machine. The                   

mean ± standard error values of measurement (mean width & mean thickness) are 

presented in Table - 2. 

Table 2:  Mean ± SE values of various ultrasonographic measurements of left 

limb of pancreas in different group of dogs. 

Units   Mean ± SE  

 Group I Group II Group III 

Width ( cm )   1.47 ± 0.16    1.77 ± 0.10   1.92 ± 0.15 

Thickness (cm)   1.17 ± 0.06    1.35  ± 0.09    1.5  ± 0.10 
 

The mean width of left limb of pancreas was 1.47 ± 0.16 cm in Group I,              

1.77 ± 0.10 cm in Group II and 1.92 ± 0.15 cm in Group III. The mean thickness of 

left limb of pancreas was 1.17 ±0.06 cm in Group I, 1.35 ± 0.09 cm in Group II and 

1.5 ± 0.10 in Group III. 

The mean width of left limb of pancreas was maximum in Group III and 

minimum in Group in I. 
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Fig 8. Ultrasonogram of the right limb 
pancreas of Animal1, showing pancreas lies 
dorsomedial to duodenum (
view. 
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Comparison of mean width of right and left limb of pancreas.

                                                  

PART –I 

Ultrasonograms of the right limb of pancreas of Group –

 

the right limb of 
showing pancreas lies 

(DUO) in sagittal 

 

Fig 9. Ultrasonogram of the right limb of 
pancreas of Animal 2, showing
dorsomedial to duodenum (DUO) in the 
mesoduodenum area. 
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Fig. 10. Ultrasonogram of right limb 
pancreas of Animal 3, showing pancreas lies
dorsomedial to duodenum (DUO) in near 
field of screen. 
 
 
 
 
 
 
 
 
 

Fig. 12. Ultrasonogram of 
pancreas of Animal 5, showing pancreas, 
duodenum and right kidney in view.
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Ultrasonogram of right limb of 

showing pancreas lies 
dorsomedial to duodenum (DUO) in near 

Fig. 11. Ultrasonogram of right limb of 
pancreas of Animal 4. 

 
Ultrasonogram of right limb of 

howing pancreas, 
and right kidney in view. 

Fig. 13. Ultrasonogram of right limb 
pancreas of Animal 6. 
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Ultrasonogram of right limb of 

 

of right limb of 



 

             Ultrasonograms of the 

Fig. 14. Ultrasonogram of right limb of 
pancreas of Animal 1, delineating the entire 
silhouette of limb lies dorsomedial to 
duodenum in view. 
 
 

 

Fig. 16. Ultrasonogram of right limb of 
pancreas of Animal 3, showing pancreas in 
sagittal view. 
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Ultrasonograms of the right limb of pancreas of Group 

 

of right limb of 
elineating the entire 

silhouette of limb lies dorsomedial to 

Fig. 15. Ultrasonogram of right
pancreas of Animal 2, showing pancreas,
duodenum and right kidney in view.
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ogram of right limb of 
howing pancreas in 

 

Fig. 17. Ultrasonogram of right limb of 
pancreas of Animal 4, Showing pancreas in 
dorsomedial to duodenum. 
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Group – II. 

 

Ultrasonogram of right limb of 
howing pancreas, 

duodenum and right kidney in view. 

 

Ultrasonogram of right limb of 
Showing pancreas in 

 



 

Fig. 18. Ultrasonogram of right limb of 
pancreas of Animal 5. 

 

 

 

     Ultrasonograms of 

 

Fig. 20. Ultrasonogram of right limb of 
pancreas of Animal 1. 
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ogram of right limb of Fig. 19. Ultrasonogram of right limb of 

pancreas of Animal 6. 

Ultrasonograms of the right limb of pancreas of Group –

 

m of right limb of Fig. 21. Ultrasonogram of righ
pancreas of Animal 2, showing pancreas in 
the area entrapped between the red arrows.
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m of right limb of 

– III. 

Ultrasonogram of right limb of 
howing pancreas in 

the area entrapped between the red arrows. 



 

Fig. 22. Ultrasonogram of rig
pancreas of Animal 3, showing pancreas 
the area entrapped between the red arrows.
 
 
 
 
 
 
 
 

Fig. 24. Ultrasonogram of right limb of 
pancreas of Animal 5, showing isoechoic 
pancreatic parenchyma. 
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Ultrasonogram of right limb of 
howing pancreas in 

the area entrapped between the red arrows. 

Fig. 23. Ultrasonogram of rig
pancreas of Animal 4, showing pancreas in 
the mesoduodenum. 
 
 
 
 
 
 
 
 
 

 

Ultrasonogram of right limb of 
howing isoechoic 

Fig. 25. Ultrasonogram of right limb of 
pancreas of Animal 6, showing 
(DUO) and pancreas in sagittal view.
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Ultrasonogram of right limb of 
howing pancreas in 

 

m of right limb of 
howing duodenum 

and pancreas in sagittal view. 



 

 

Ultrasonograms of 

Fig. 26. Ultrasonogram of 
pancreas in transverse section The 
pancreaticoduodenal vein (white arrow) is 
often visualized in cross section within the 
pancreas.The duodenum(DUO) and right 
kidney(RK)  serve as a useful landmarks  
for localizing the pancreas (red arrows) even 
if the pancreas is poorly seen
 
 
 
 
 
 

Fig. 28. Ultrasonogram of right limb 
pancreas in transverse section
pancreas at 11’o clock position.
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Ultrasonograms of the right pancreatic limb of dogs in transverse view.

 

Ultrasonogram of right limb of 
pancreas in transverse section The 
pancreaticoduodenal vein (white arrow) is 
often visualized in cross section within the 
pancreas.The duodenum(DUO) and right 
kidney(RK)  serve as a useful landmarks  
for localizing the pancreas (red arrows) even 
f the pancreas is poorly seen. 

Fig. 27. Ultrasonogram of right limb of 
pancreas in transverse section.

 

Ultrasonogram of right limb of 
pancreas in transverse section, showing 
pancreas at 11’o clock position. 

Fig. 29. Ultrasonogram of 
pancreas in transverse section
pancreas at 11’o clock position.
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in transverse view. 

 

Ultrasonogram of right limb of 
. 

 

Ultrasonogram of right limb of 
pancreas in transverse section, showing 
pancreas at 11’o clock position. 



 

Fig. 30. Ultrasonogram of right limb of 
pancreas in transverse section

 

 

 

                 

Ultrasonograms 

 

 

Fig. 32. Ultrasonogram of lef
pancreas of animal 1, showing stomach 
(ST), spleen (SP) and left kidney
view. 
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Ultrasonogram of right limb of 
pancreas in transverse section. 

Fig. 31. Ultrasonogram of right limb of 
pancreas in transverse section,
pancreaticoduodenal vein (white arrow) is 
visualized in cross section within the pancreas. 
shown by colour Doppler.  

 of the left limb of pancreas of the dogs of Group I

 

Ultrasonogram of left limb of 
howing stomach 

spleen (SP) and left kidney (LK) in 

 
Fig. 33. Ultrasonogram of left limb of 
pancreas of animal 2, illustrating stomach
(ST), spleen (SP), left kidney 
transverse colon (TC) in a view.
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Ultrasonogram of right limb of 
pancreas in transverse section, where 
pancreaticoduodenal vein (white arrow) is 
visualized in cross section within the pancreas. 

dogs of Group I. 

 

Ultrasonogram of left limb of 
llustrating stomach 

(SP), left kidney (LK), and 
transverse colon (TC) in a view. 



 

 

Fig. 34. Ultrasonogram of left limb of 
pancreas of animal 3, showing splenic vein
(SV), stomach (ST), spleen (SP) and 
transverse colon (TC) in view.
 
 
 
 

Fig. 36. Ultrasonogram of left limb of 
pancreas of animal 5. 
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Ultrasonogram of left limb of 
3, showing splenic vein 

(SV), stomach (ST), spleen (SP) and 
(TC) in view. 

Fig. 35.  Ultrasonogram of left limb of 
pancreas of animal 4, stomach (ST), spleen 
(SP) and transverse colon (TC) in view.
 
 
 
 
 
 
 
 
 
 
 

 

Ultrasonogram of left limb of Fig. 37.  Ultrasonogram of left limb of 
pancreas of animal 6, showing stomach (ST), 
spleen (SP) and left kidney (LK) in view.
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Ultrasonogram of left limb of 
, stomach (ST), spleen 

(TC) in view. 

 

Ultrasonogram of left limb of 
howing stomach (ST), 

(LK) in view. 



 

Ultrasonograms of the left limb of pancreas of 

Fig. 38.  Ultrasonogram of left limb of 
pancreas of animal 1, showing stomach (ST), 
spleen (SP), left kidney (LK) and transverse 
colon (TC) in view. 
 
 
 
 
 
 
 

Fig. 40. Ultrasonogram of left limb of 
pancreas of animal 3. Showing stomach (ST), 
spleen (SP) and left kidney (LK) in view
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of the left limb of pancreas of the dogs of Group II.

 

 

Ultrasonogram of left limb of 
howing stomach (ST), 

(LK) and transverse 

Fig. 39. Ultrasonogram of left limb of 
pancreas of animal 2, showing stomach 
(ST), spleen (SP) and left kidney
view. 

 

Ultrasonogram of left limb of 
Showing stomach (ST), 

(LK) in view. 

Fig. 41. Ultrasonogram of left limb of 
pancreas of animal 4. 
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dogs of Group II. 

 

Ultrasonogram of left limb of 
howing stomach 

(ST), spleen (SP) and left kidney (LK) in 

 

Ultrasonogram of left limb of 



 

Fig.  42. Ultrasonogram of left limb of 
pancreas of animal 5. 

 

 

Ultrasonograms of the

 

Fig. 44. Ultrasonogram of left limb of 
pancreas of animal 1, showing stomach (ST), 
spleen (SP) and left kidney (LK) in view
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Ultrasonogram of left limb of Fig.  43. Ultrasonogram of left limb of 
pancreas of animal 6. 

of the left limb of pancreas of the dogs of Group

Ultrasonogram of left limb of 
howing stomach (ST), 

(LK) in view. 

Fig. 45. Ultrasonogram of le
pancreas of animal 2, showing stomach (ST), 
spleen (SP) and left kidney (LK) in view

RESULTS  

 

Ultrasonogram of left limb of 

Group III. 

 

Ultrasonogram of left limb of 
howing stomach (ST), 

(LK) in view. 



 

 

Fig. 46.  Ultrasonogram of left limb of 
pancreas of animal 3. 
 
 
 
 

Fig. 48.   Ultrasonogram of left limb of 
pancreas of animal 5.  

 

 

 

 

35 

 

  

 
Ultrasonogram of left limb of Fig. 47.  Ultrasonogram of left limb of 

pancreas of animal 4. 
 
 
 
 
 
 
 
 
 
 

 

Ultrasonogram of left limb of Fig.  49.  Ultrasonogram of left limb of 
pancreas of animal 6. 
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Ultrasonogram of left limb of 
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PART - II:  

In this part of the study, dogs reporting to VCC with symptoms namely, 

anorexia, acute vomiting, diarrhoea, pain on abdominal palpation, tucked-up belly 

were enrolled. After medical consult these animals were subjected to ultrasonographic 

examinations. A total of three cases qualified for this part of study. The case wise 

details of these animals (three) are as under -  

� Case 1 was about 12 months old male and had anorexia, dehydration, 

diarrhoea, acute vomiting, pain on abdominal palpation. 

� Case 2 and 3.Animal 2 was 6 years old and animal 3 was 8 years old. 

The further test couldn’t be done in case 1 because of deficit of facilities in 

near by pathology labs of Mathura. 

In case of animal 2, test couldn’t be done because of owners reluctance. 

In case of animal 3, the value of serum Amylase was 3,580 U/ L (290- 1125) 

and serum Lipase 111 U/L (77- 695) was found. 

Echoarchitecture:   

Echoarchitecture of  all the  clinical cases 1, 2 and 3 was  diffusely hypoechoic 

because of  oedema , inflammation and necrosis  unlike  to those  in  part - I  of the 

study. The right limb was homogeneous and anechoic in case 1 (Fig.50). The pancreas 

in case 2 and 3 showed ill-defined borders along with heterogeneous anechoic 

pancreatic parenchyma in left pancreatic limb (Fig.51 & Fig 52). 

    Animal 3 is having the serum amylase value beyond the cut off range 

suggesting of pancreatic pathology in left limb.           

Ultrasonographic measurements: 

Table. 3: Values of ultrasonographic measurements of pancreas in 3 clinical 

cases: 

              Units             Width (cm)           Thickness (cm) 

Rt limb of  pancreas   case 1                   1.32                    - 

Lt  limb of  pancreas   case 2                   3.22                  2.31 

Lt  limb of   pancreas  case 3                   3.57                  2.62 
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The  ultrasonographic  examination  of  animal in case 1, the  width  of  right  

limb  was  1.32 cm which was comparable to  healthy  limbs. Similarly, on  

ultrasonographic  examination  of  case  2, the measurements  of  width  and  

thickness were  found to be 3.22 cm and 2.31cm, respectively whereas,  in case 3 the 

measurements of width  and thickness were  found to be 3.57 cm and 2.62 cm, 

respectively. 

                                                                        PART- II 

Ultrasonograms of pancreas of part II of study (clinical cases). 

 

 

Fig. 50. The right pancreatic limb of clinical case-1, showing 
hypoechoic right pancreatic limb in sagittal view. 

 



 

Fig. 51. The affected left

diffusely enlarged pancreas.

 

 

Fig. 52. The left pa

enlarged pancreas, with surrounding hyperechoic mesentry.
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affected left pancreatic limb of clinical case-2

diffusely enlarged pancreas. 

The left pancreatic limb of clinical case-3 showing hypoechoic, 

with surrounding hyperechoic mesentry. 

RESULTS  

 

 showing 

 

showing hypoechoic, 
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In part II of study, echogenecity was found to be hypoechoic to anechoic 

whereas, echoarchitecture was non uniform parenchyma with ill defined border which 

was remarkable because in part I, we found isoechoic homogeneous parenchyma to 

the surrounding structure in all groups. 

 An animal of 10 months age presented with ascites of case 1 of group II of 

part I of study in which entire length and width of pancreas was localized. The 

echoarchitecture and size of pancreas was found to be normal. 

The animal in case 1 of part II of study which was one year old. The width of 

right limb of pancreas in this animal was 1.32 cm which was comparable to the mean 

width (1.31 ± 0.06) in group II of part I study. 

 In case 2 and case 3 of part II of study  the width and thickness increased, 

with respect to group II and group III respectively. In case 2 width and thickness were 

3.22 cm and 2.31 cm respectively, which were considerably higher than the values of 

group II (mean width 1.77 ± 0.1 cm, mean thickness 1.35 ± 0.09 cm) whereas, in case 

3 width and thickness were 3.57 cm and 2.62 cm respectively, which were 

considerably higher than the values of group III (mean width 1.92 ± 0 .15 cm, mean 

thickness 1.5 ± 0.1 cm). 
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CHAPTER-5 

 

DISCUSSION  

 

Ultrasonographic examination: 

Feliciano et al. (2015) have opined that ultrasonographic evaluation of  

pancreas has some limiting factors, such as the patient’s body condition, which may 

hinder the identification of the organ due to increased mesenteric fat; localized pain in 

patients with pancreatic disorders; gastrointestinal contents, which can impair organ 

visualization; and other factors particular to the pancreas such as its small size, poorly 

defined borders, and echogenicity similar to the adjacent mesenteric fat, giving it poor 

resolution (Penninck and D’anjou, 2011). Avante et al. (2018) have reported that 

patients subjected to ultrasonography should fast for at least 8 hours prior to the 

procedure so there are no interferences from gastric contents. 

The pancreas of different age groups of apparently healthy dogs were scanned 

in this study in order to have an idea of best suitable approaches for ultrasonography 

of pancreas, to know the echo-structure of pancreas and make ultrasonographic 

measurements of the dimensions of the pancreas. 

The right limb of pancreas: 

In this study, the right limb of pancreas was scanned in lateral recumbency in 

all the dogs, but in some cases ultrasonography was also done in dorsal recumbency. 

All examinations were performed in lateral recumbency. Only, two animals of Group 

I, four of Group II and one animal of Group III were scanned in dorsal recumbency 

also. However, after some time of scanning in dorsal recumbency, the animals grew 

restless because of discomfort and inability of the owner/handler to provide comfort 

to the animal in this recumbency. It may therefore, be suggested that lateral 

recumbency could be preferred over dorsal recumbency. 

The right pancreatic limb could be visualized in left lateral recumbency and 

the left pancreatic limb in right lateral recumbency. Robben et al. (2005); Webster 

(2008); French et al. (2019) performed the ultrasound examination in dogs in dorsal as 

well as lateral recumbency.   The ventral or lateral recumbent position has been used 

as needed to avoid bowel gas by Nyland et al. (2002). However, Mekkawy et al. 

(2012) have also scanned pancreas with dogs in dorsal recumbency. The examinations 
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may be performed with the patients in lateral or dorsal recumbency. Feliciano et al. 

(2015) have advocated in most cases, the patient should be in supine position; 

however, right and left lateral recumbency can help scanning. Lim et al. (2013) 

positioned the animals on left lateral recumbency, and placed the US probe 

longitudinally between 2 ribs to image the transverse view of the right pancreatic limb 

and proximal portion of the descending duodenum. 

Hecht and Henry (2007) propounded that especially in deep chested dogs, 

examination in left lateral recumbency with a right intercostal approach is 

occasionally helpful to visualize the right lobe of the pancreas and the duodenum. 

Similarly, Brinkman-Ferguson and Biller (2009) have concluded in their study that 

images of the right lobe of the pancreas were obtained in each dog using the right 

intercostal window or a right cranioventral approach. Avante et al. (2018) have opined 

that trichotomy should be broad, extending to the 8th and 9th intercostal spaces for 

organ visualization. In this study, the approach for both right and left limb of pancreas 

was subcostal that is, immediately behind the last rib positioning the transducers 

slightly obliquely longitudinally.  

In the present study, all the animals were scanned with the curvilinear 

transducer at a 7.5 MHz frequency, which resulted in images of an optimum 

resolution. (Hecht and Henry, 2007) have opined that due to small size of the pancreas 

and its indistinct margins, the examination should be performed with the highest 

transducer frequency possible. In small dogs, a linear or curvilinear 8-15 MHz 

transducer may be used whereas, in large dogs, use of a lower frequency transducer 5-

8 MHz may be required to achieve the necessary penetration depth. Webster (2008) 

has suggested a frequency of 5 MHz for large dogs and 7-10 MHz for medium dogs 

and cats. Mekkawy et al. (2012) have used 8-12 MHz, 5-7 MHz, 4-7 MHz and 9-12 

MHz transducers in their study on 19 dogs and nine cats. Similarly, Robben et al. 

(2005) have used 5-3 and 7-4 MHz frequency transducers in their study for scanning 

pancreas in dogs.  

Small dogs and cats can be effectively examined with 7.5- or 10.0MHz linear 

array transducer. Medium-sized dogs do best with a combination of 7.5-MHz linear 

array for more superficial examinations to 5.0 MHz or less curvilinear arrays for 

deeper structures. Large breed dogs may require a transducer to go as low as 3.0 MHz 

in frequency for optimal visibility (Mattoon and Nyland, 2014 and Pollard et al., 
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2014). Rademacher et al. (2016) have reported that they scanned the entire abdomen 

using an 8–5 MHz curved array transducer to evaluate the echogenicity, texture, and 

contour of the entire pancreas.  

Penninck and D’anjou (2011) found that in dogs, the right pancreatic lobe is 

usually the more prone for affections. Similarly, French et al. (2019) have reported 

that the most commonly affected portion of the pancreas as determined by US was the 

right lobe (16/26 dogs).  

Echoarchitecture of pancreas: 

In this study, the right and left limb of pancreas appeared to be hypoechoic to 

isoechoic as compared to the surrounding structures in all the groups. The 

echoarchitecture of both limbs of pancreas was homogeneous in the animals of all the 

groups and lacked capsular marginations. The normal canine pancreas is described as 

being similar to liver and isoechoic to surrounding peripancreatic fat, while having 

similar echoarchitecture to surrounding mesentery (Saunders 1991; Hecht and Henry, 

2007). Similar findings have been reported by Avante et al. (2018) wherein they 

observed that the pancreas is a homogeneous organ, isoechoic to the mesenteric fat 

and the caudal lobe and slightly hyperechoic to the liver.  

Ultrasonographic measurements of the right limb of pancreas: 

The width of right limb of pancreas was measured using the in-built calipers. 

The mean width of right limb of pancreas was 1.2 ±0.03 cm in Group I, 1.31 ± 0.06 

cm in Group II and 1.5 ± 0.06 cm in Group III. Normal pancreatic size has been 

described in dogs of multiple breeds and weights and can measure up to 3 cm in 

thickness, depending on the reference; however, the largest case series reports 1.6 cm 

as an upper limit of pancreatic thickness (Miller and Evans 1993 ; Penninck et al., 

2013). 

While making measurements on the pancreas, Evans (1993) found that the size 

is variable and ranges from 1 to 3 cm in width and up to 1 cm in thickness, in beagle 

type dogs. The right lobe varies in width from 1 to 3 cm and in thickness up to 1 cm. 

Its length is approximately 15 cm, or 6 inches, in a Beagle-type dog as described by 

Evans and Lahunta (2013). Penninck and  D’anjou (2011) and  Mattoon and Nyland 

(2015) have described  that the right lobe is long and narrow, 1 to 3 cm wide and 1 cm 

thick. Similarly, Rajapakshage et al. (2016) found the mean thickness of right 
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pancreatic lobe to be 14.2 ± 3.3 mm (range, 9.4 to 20.8 mm). They recorded the 

thickest dimension of 20.8 mm in a 28 kg, 8 months old Labrador Retriever. In a 

study done by French et al. (2019) eight of the 26 dogs had a thickened right lobe with 

a mean height of 18.9 mm and mean width of 20.0 mm.  

The left limb of pancreas: 

In this study, the left limb of pancreas was scanned in lateral recumbency in 

all the animals. Intercostal approach was not preferred to scan the left limb of 

pancreas, and all animals were scanned in subcostal approach. The scanning of left 

limb of pancreas was not easy because of presence of echogenic gas at the gastric-

mucosal interface, which created acoustic shadows and reverberation artifacts. All the 

animals were scanned with curvilinear transducer at a 7.5 MHz frequency for a better 

resolution. Mekkawy et al. (2012) have used 8-12 MHz, 5-7 MHz, 4-7 MHz and  9-12 

MHz transducers in their study on dogs and cats. Similarly, Robben et al. (2005) have 

used 5-3 and 7-4 MHz frequency transducers in their study for scanning pancreas in 

dogs. Rademacher et al. (2016) have reported that they scanned the entire abdomen 

using an 8–5 MHz curved array transducer to evaluate the echogenicity, texture, and 

contour of the entire pancreas.   

Ultrasonographic measurements of the left limb of pancreas: 

All the ultrasonograms were taken in sagittal plane, because it was difficult to 

visualize the left limb in transverse plane. The measurements of the left limb of 

pancreas, namely, width and thickness were measured using the in-built calipers of 

the ultrasound machine. In the present study, The mean width of left limb of pancreas 

was 1.47 ± 0.16 cm in Group I, 1.77 ± 0.10 cm in Group II and 1.92 ± 0.15 cm in 

Group III. The mean thickness of left limb of pancreas was 1.17 ±0.06 cm in Group I, 

1.35 ± 0.09 cm in Group II and 1.5 ± 0.10 in Group III.  

Penninck and D’Anjou (2011); Mattoon and Nyland (2015) have reported that 

the left lobe is shorter and wider as compared to the right limb. Similarly, Evans and 

Lahunta (2013) advocated a shorter, thicker, and wider left lobe are united at the body 

(pancreatic angle), which lies caudomedial to the pylorus. However, Evans and  

Lahunta (2013)  has suggested that the left lobe of the pancreas is approximately two-

thirds as long and half again as wide as the right lobe, measuring 10 cm, or 4 inches, 

in length, and 4 cm, or 1.6 inches, in width. French et al. (2019) in their computerized 
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tomographic study on dogs, have found that nine of the 26 dogs had a thickened left 

lobe with a mean height of approximately 22.1 mm and mean width of 24.6 mm.  

Part II 

In part II of the study, comprising of clinical cases, the pancreatic 

measurements and the echoarchitecture of both limbs of pancreas were different as 

compared to those in normal pancreas of the part I of the study. The pancreas 

appeared to be enlarged with an irregular demarcation and appeared hypoechoic 

whereas; the mesentery adjacent to it was hyperechoic. These ultrasonographic 

changes are suggested to be associated with acute pancreatitis and are the most 

commonly reported pancreatic abnormalities in dogs (Hecht and Henry, 2007; 

Penninck, 2008 and Hess et al., 1998). Unfortunately, ultrasonographic findings in 

various pancreatic disorders overlap, and incidental findings or age-related changes 

may mimic pancreatic disease (Hecht and Henry, 2007). 

In case 1 the width of right limb of pancreas was 1.32 cm which was 

comparable to group II (similar age group as that of the animal in case 1) of part I 

study. However, in case 2 the width and thickness were 3.22 cm and 2.31 cm 

respectively, which were higher than group II (mean width 1.77 ± 0.1 cm, mean 

thickness 1.35 ± 0.09 cm) and in case 3 width and thickness were 3.57 cm and 2.62 

cm respectively, which were higher than the values of animals in group III (mean 

width 1.92 ± 0 .15 cm, mean thickness 1.5 ± 0.1 cm). 

Rademacher et al. (2016) also recorded B-mode ultrasound image in long axis 

of the right pancreatic limb of a 9-year-old male mixed breed dog with pancreatitis. 

The pancreas had irregular borders and was enlarged, measuring 1.8 × 2.3 cm. 

Similarly, Mekkawy et al. (2012) have also recorded an enlarged pancreas in their 

study, measuring 3.7 x 1.7 cm.  

Rademacher et al. (2016) examined eight dogs with pancreatitis and found that 

the animals had an irregular, enlarged pancreas with a hypoechoic echoarchitecture in 

six dogs and heterogeneous in two animals. The surrounding mesentery was 

hyperechoic  in six dogs and anechoic free fluid was present in four dogs. Similarly, 

French et al. (2019) in their study, found a hypoechoic, enlarged pancreas with 

surrounding hyperechoic mesentery with or without adjacent free fluid. 
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CHAPTER-6 

 

SUMMARY AND CONCLUSIONS  

 

 The present study was conducted in two parts. In Part I of the study, 

apparently healthy dogs of all age groups were subjected to ultrasonographic 

examination of both limbs of pancreas.  These dogs were divided into three groups 

having six animals in each group. Group I comprised of animals of 01 month to 09 

months of age, Group II comprised of animals more than 09 months to 06 years of age 

whereas the Group III comprised of animals above six years of age. 

Dogs reporting to the veterinary clinical complex for fracture, castration, 

cherry eye, were assessed ultrasonographically with due consent from the respective 

owners prior to surgery.  

In Part II of the study, ultrasonographic examination of  both limbs of 

pancreas of patients  reporting  to VCC, College of Veterinary Science and Animal 

Husbandry, U.P. Pt. Deen Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya  

Evam Go Anusandhan  Sansthan, Mathura (UP), with symptoms like lack of appetite, 

weight loss, acute vomiting,  diarrhoea, dehydration, abdominal pain, tucked-up belly 

etc.  

The animals of both parts of this study were subjected to sonographic 

examination of left and right limbs of pancreas with their measurements and 

echoarchitecture. 

Ultrasonographic  examination  was  done  in lateral recumbency in all the 

animals  and in dorsal  recumbency in seven animals after proper restraining  and no  

anesthetic  or  sedative was required for  scanning the pancreas, in part I of this study. 

The right limb of pancreas was imaged by placing the 7.5 MHz curvilinear 

transducer in the subcostal area in the dorsal plane (along the body length parallel to 

the dorsum of the dog). The pancreas was identified by the surrounding abdominal 

organs rather than direct ultrasonographic visualization. The animals were restrained 

in left lateral recumbency, then the right kidney was located first by placing the 

transducer immediately behind the second last rib in costal arch. Thereafter, 
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duodenum was located by dorsomedially fanning towards the right quadrant. The 

pancreas was finally visualized between the duodenum and right kidney. 

For transverse localization of pancreas animals were restrained in dorsal 

recumbency. Few images could be obtained in transverse view because of the 

considerable discomfort and non cooperation of animal. For right limb of pancreas in 

transverse view, gastric fundus was visualized  by placing the transducer in sagittal 

plane, thereafter the probe was slided toward the right lateral quadrant below the 

subcostal arch, then rotated 90º anticlockwise to achieve the cross section of 

duodenum resembling a ‘target’ like appearance. The pancreaticoduodenal vein could 

be seen in cross section within the pancreas. 

In this study the right and left limb of pancreas appeared to be hypoechoic to 

isoechoic as compared to the surrounding structures in all the groups. The 

echoarchitecture of both limbs of pancreas was homogeneous in the animals of all the 

groups and lacked capsular marginations. 

The width of the right limb of pancreas, was measured using the in-built 

calipers of the ultrasound machine. The mean width of right limb of pancreas was 1.2 

±0.03 cm in Group I, 1.31 ± 0.06 cm in Group II and 1.5 ± 0.06 cm in Group III. The 

mean width of right limb of pancreas was highest in Group III and least in Group in I. 

For locating the left limb of pancreas, the animal was restrained in right lateral 

recumbency and the left kidney was located first. The transducer was then slided 

beneath the subcostal arch towards the xiphisternum, stomach was located. On 

gradual fanning both the caudal part of stomach and left kidney and transverse colon 

were visualized together in the left side of the screen with in the same field. 

The mean width of left limb of pancreas was 1.47 ± 0.16 cm in Group I, 1.77 ± 

0.10 cm in Group II and 1.92 ± 0.15 cm in Group III. The mean thickness of left limb 

of pancreas was 1.17 ± 0.06 cm in Group I, 1.35 ± 0.09 cm in Group II and 1.5 ± 0.10 

in Group III. The mean width of left limb of pancreas was thickest in Group III and 

thinnest in Group I.   

The Part II of the study, comprised of clinical cases. The pancreatic 

measurements and the echoarchitecture of both limbs of pancreas were different as 

compared to those in normal pancreas of the part I of the study. In case 2 width and 

thickness were 3.22 cm and 2.31 cm respectively, which were higher than those in 
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group II (mean width 1.77 ± 0.1 cm, mean thickness 1.35 ± 0.09 cm). whereas, in case 

3 width and thickness were 3.57 cm and 2.62 cm respectively, which were higher than 

group III (mean width 1.92 ± 0 .15 cm, mean thickness 1.5  ± 0.1 cm). In part II of 

study, echogenecity was found to be hypoechoic to anechoic whereas, 

echoarchitecture was non uniform parenchyma with ill defined border which was 

noticeable, because in part I we found isoechoic homogeneous parenchyma to the 

surrounding structure in all groups. 

CONCLUSIONS: 

1. Anaesthesia or sedation was not required for ultrasonography of pancreas in 

dogs. 

2. Subcostal approach was the best approach to scan left and right limbs of 

pancreas, using a 7.5 MHz curvilinear transducer, in lateral recumbency by 

placing the probe caudal to the last rib and ventral to the lumbar process.  

3. The dimensions and the echoarchitecture of the pancreas were similar to the 

findings of previous workers and may assist in the diagnosis of pathologies of 

pancreas or other organs.  

4. It requires a great degree of patience to scan pancreas because of their size and 

position. It is difficult to scan left limb of pancreas because of the surrounding 

gas filled structures (stomach and transverse colon).   

5. The ultrasonograms collected during this study may be used as reference 

images and the measurements recorded during this study can be used as 

reference values.       

6. It is easy to locate pancreas in thin and geriatric animal because of less 

abdominal fat.    

 

 



 

 

Bibliography 



Bibliography 

i 

 

BIBLIOGRAPHY  

 

Acosta JM, Buceta JC, Pons JE, Prin de Figari LE, Rubio Galli OA, Weinschelbaum 

EE, Soloaga JC. 1969. Distribution and volume of the islets of langerhans in 

the canine pancreas. Association of Physiology in Latin America, 19:175–180. 

Albury K. 2015. An overview of small animal veterinary sonography. Journal of 

Diagnostic Medical Sonography, 31(3):160–167. 

Avante ML, DaSilva PDA, Feliciano MAR, Maronezi MC, Simoes AR, Uscategui R 

AR, Canola JC. 2018. Ultrasonography of the canine pancreas. Revista MVZ 

Córdoba, 23(1):6552-6563. 

Baldyreff EB.1929. Report of an accessory pancreas on the ileum of a dog. 

Anatomical Record, 43:47–51.  

Banting FG, Best CH. 1922. The internal secretion of the pancreas. Journal of 

Laboratory and Clinical Medicine, 7:251–266. 

Bencosme SA, Liepa E. 1955. Regional differences of the pancreatic islet. 

Endocrinology, 57:588–593.                                                                                                     

Bischoff MG. 2003. Radiographic techniques and interpretation of the acute 

abdomen. Clinical Techniques in Small Animal Practice, 18:7-19. 

Bostrom BM, Xenoulis PG, Newman SJ, Pool RR, Fosgate GT, Steiner JM. 2013. 

Chronic pancreatitis in dogs: a retrospective study of clinical, 

clinicopathological and histopathological findings in 61 cases. The Veterinary 

Journal, 195:73-79. 

Bottin J. 1934. Contribution à l’Étude de l’anatomie des canaux excréteurs du 

pancréas chez le chien. Competes Rendus des séances de la Societe de Biologie 

(Paris), 117:825-827.  

Boyden EA. 1925. The problem of the pancreatic bladder. The American Journal of 

Anatomy, 36:151–183.  

Brinkman-Ferguson EL, Biller DS. 2009. Ultrasound of the right lateral intercostal 

space. Veterinary Clinics of North America: Small Animal Practice, 39:761–

781. 

 



Bibliography 

ii 

 

Burrows CF. 2002. Pancreatitis in the dog and cat. WSAVA, congress. 

Apputil/content/defaultadv1.aspx? pId=11147&authorId=1898.  

Chang CH, Steiner JM. 2016. A case of canine acute pancreatitis: From diagnosis to 

treatment. Today’s Veterinary Practice, pp 52-59. 

Choi J, Keh S, Kim S, Lee SH, Kim H, Choi H, Lim Y, Kim H, Kim A, Kim DY. 

2012. Diagnostic imaging of malignant insulinoma in a dog. Korean Journal of 

Veterinary Research, 52(3):205-208. 

Cohen M. 2003. Insulinoma: standard of care. Emergency and Critical Medicine, pp 

5-9. 

Davis DJ, MacAulay MA, MacDonald AS, Estabrooks BL. 1988. Islets of langerhans 

in dog pancreas: volume fraction and relative distribution of diameters. 

Transplantation, 45:1099–1103.  

De Cock HEV, Forman MA, Farver TB, Marks SL. 2007. Prevalence and 

histopathologic characteristics of pancreatitis in cats. Veterinary Pathology, 44: 

39-49. 

Eichhorn EP, Boyden EA. 1955. The choledochoduodenal junction in the dog - a re-

study of Oddi’s sphincter. The American Journal of Anatomy, 97:431–451. 

Elie MS, Zerbe CA. 1995. Insulinoma in dogs, cats and ferrets. Compendium of 

Veterinary Continuous Education, 17:51–59. 

Evans HE, Lahunta AD. 2013. The digestive apparatus and abdomen. In: Millers 

Anatomy of the dog, 4th edition. Saunders, pp 333-334. 

Evans HE. 1993. The digestive apparatus and abdomen. In Evans HE (ed): Miller 

Anatomy of the dog (edn). Philadelphia, PA, WB Saunders Company, pp 385-

462. 

Feliciano MAR, Canola JC, Vicente WRR. 2015.  Diagnostic imaging in dogs and 

cats. São Paulo: Veterinary Medicine, pp 53-57.  

Ferreri JA, Hardam E, Kimmel SE. 2003. Clinical differentiation of acute necrotizing 

from chronic nonsuppurative pancreatitis in cats: 63 cases (1996-2001). Journal 

of the American Veterinary Medical Association, 223:469-474. 

 



Bibliography 

iii 

 

French JM, Twedt DC, Rao S, Marolf AJ. 2019. Computed tomographic angiography 

and ultrasonography in the diagnosis and evaluation of acute pancreatitis in 

dogs. Journal of Veterinary Internal Medicine, 33:79–88. 

Gray H. 1930. Anatomy of the human body. Lea and Febriger, New York, pp 1476. 

Hecht S, Henry G. 2007. Sonographic evaluation of the normal and abnormal 

pancreas. Clinical Technology of Small Animal Practice, 22:115-121. 

Hess RS, Saunders HM, Van WTJ, Shofer FS, Washabau RJ. 1998. Clinical, 

clinicopathologic, radiographic and ultrasonographic abnormalities in dogs 

with fatal acute pancreatitis: 70 cases (1986-1995). Journal of the American 

Veterinary Medical Association, 213:665-670. 

Jaeger JQ, Mattoon JS, Bateman SW, Morandi F. 2003. Combined use of 

ultrasonography and contrast enhanced computed tomography to evaluate acute 

necrotizing pancreatitis in two dogs. Veterinary Radiology and Ultrasound, 

44:72-79. 

Kyösola K, Rechardt L. 1974. The anatomy and innervation of the sphincter of Oddi 

in the dog and cat. The American Journal of Anatomy, 140:497–533.  

Lamb CR, Simpson KW. 1995. Ultrasonographic findings in cholecystokinin induced 

pancreatitis in dogs. Veterinary Radiology and Ultrasound, 36:139-145. 

Lamb CR. 1999b. Recent developments in diagnostic imaging of the gastrointestinal 

tract of the dog and cat. Veterinary Clinics of North America: Small Animal 

Practice, 29:307-342. 

Larson MM. 2013. Imaging of the normal pancreas and pancreatic disease. 

www.delawarevalleyacademy.org/imaging pancreas.pdf. 

Leifer CE, Peterson ME, Matus RE. 1986. Insulin secreting tumor: Diagnosis and 

medical and surgical management in 55 dogs. Journal of American Veterinary 

Medical Association, 188: 60–64. 

Lim SY, Nakamura K, Morishita K, Sasaki N, Murakami M, Osuga T, Ohta H, 

Yamasaki M, Takiguchi M. 2013. Qualitative and quantitative contrast 

enhanced ultrasonography of the pancreas using bolus injection and continuous 

infusion methods in normal dogs. The Journal of Veterinary Medical Science, 

75(12):601–1607. 



Bibliography 

iv 

 

Madarame H, Kayanuma H, Shida T, Tsuchiya R. 2009. Retrospective study of 

canine insulinomas: Eight cases (2005–2008). Journal of Veterinary Medical 

Science, 71:905–911.  

Mansfield CS. 2004. New directions in diagnosing and treating canine pancreatitis. In: 

Proceedings of the 22nd Annual American College of Veterinary Internal 

Medicine Congress, Minneapolis, United States of America, pp 482-484.   

Mansfield CS, Anderson GA, O’Hara AJ. 2012. Association between canine 

pancreatic-specific lipase and histologic exocrine pancreatic inflammation in 

dogs: assessing specificity. Journal of Veterinary Diagnostic Investigation, 24: 

312-318. 

Mattoon JS, Auld DM, Nyland TG. 2002a. Abdominal ultrasound scanning 

techniques. In: Nyland/Mattoon Small Animal Diagnostic Ultrasound, 2nd 

edition. WB Saunders Company, Philadelphia, pp 49–81. 

Mattoon JS, Auld DM, Nyland TG. 2002b. Abdominal ultrasound scanning 

techniques. In: Nyland/Mattoon Small Animal Diagnostic Ultrasound, 2nd 

edition. WB Saunders Company, Philadelphia, pp 63-65. 

Mattoon JS, Berry CR, Nyland TG. 2014. Abdominal ultrasound scanning techniques. 

In: Mattoon JS, Nyland TG, eds. Small Animal Diagnostic Ultrasound. 3rd ed. 

St. Louis, MO: Elsevier Saunders, pp 94-127. 

Mattoon JS, Nyland TG. 2014. Fundamentals of diagnostic ultrasound. In: Mattoon 

JS, Nyland TG, eds. Small Animal Diagnostic Ultrasound. 3rd ed. St. Louis, 

MO: Elsevier Saunders, pp 1-49. 

Mattoon JS, Nyland TG. 2015. Pancreas. Small Animal Diagnostic Ultrasound. 3rd 

edn, St. Luis Elsevier.  

McCrea ED. 1924. The abdominal distribution of the vagus. Journal of Anatomy 

59:18–40.  

McDermott L, Swainson S, Howard M. 1999. Canine insulinoma: A case report and 

review of the current literature. Iowa State University Veterinarian, 61: 60–66. 

Mekkawy, Nefissa H, Gomaa M, Kramer M, Omar MS, Samy MT. 2012. 

Ultrasonographic diagnosis of pancreatic surgical affections in dogs and cats. 

Egyptian Journal of Basic Applied Physiology, 11(2):257-269. 



Bibliography 

v 

 

Miller M, Christensen G, Evans H. 1964. Anatomy of the dog. WB Saunders 

Company, Philadelphia, pp 706. 

Miller ME, Evans HE. 1993. The digestive apparatus and abdomen. In: Evans HE 

(ed): Miller’s anatomy of the dog. Philadelphia: Saunders, pp 385–462. 

Mintzlaff M, Leber, Milz, Magen. 1909. Pankreas des Hundes, Dissertation, Leipzig.  

Mix K, Jones C. 2006. Diagnosing acute pancreatitis in dogs. Compendium on 

Continuing Education for the Practicing Veterinarian, 28:226-234. 

Moon ML, Biller DS, Armbrust LJ. 2003. Ultrasonographic appearance and etiology 

of corrugated small intestine. Veterinary Radiology and Ultrasound, 44:199-

203. 

Morris H. 1942. Morris' Human Anatomy. The Blakiston Company, New York, pp 

14-16. 

Murtaugh RJ, Herrings DS, Jacobs RM. 1985. Pancreatic ultrasonography in dogs 

with experimentally induced acute pancreatitis. Veterinary Radiology, 26:27-

32.    

Newman S, Steiner JM, Woosley K, Barton L, Ruaux C, Williams D. 2004. 

Localization of pancreatic inflammation and necrosis in dogs. Journal of 

Veterinary Internal Medicine, 18:488-493. 

Newman SJ, Steiner JM, Woosley K, Williams DA, Barton L. 2006. Histologic 

assessment and grading of the exocrine pancreas in the dog. Journal of 

Veterinary Diagnostic Investigation, 18:115-118. 

Nielsen SW, Bishop EJ. 1954. The duct system of the canine pancreas, American 

Journal of Veterinary Research, 15: 266–271. 

Nyland TG, Mulvany MH, Stombeck DR. 1983. Ultrasonic feature of experimentally 

induced, acute pancreatitis in the dog. Veterinary Radiology, 24:260-266. 

Nyland TG, Mattoon JS, Herrgesell EJ, Wisner ER. 2002. Pancreas. In: Small Animal 

Diagnostic Ultrasound, 2nd edition. Saunders, pp 144-157. 

Nyland TG, Mattoon JS. 2014. Pancreas. In: Mattoon JS, Nyland TG, (ed) Small 

Animal Diagnostic Ultrasound. 3rd ed. St. Louis, MO: Elsevier Saunders, pp 

438-467. 



Bibliography 

vi 

 

Penninck D. 2008. Pancreas. In: Penninck D, D’anjou M-A (ed): Atlas of small 

animal ultrasonography. Ames: Blackwell, pp 319–337. 

Penninck D, D’anjou MA. 2011. Atlas de ultrassonografia de pequenos animais. Rio 

de Janeiro: Guanabara Koogan. 

Penninck DG, Zeyen U, Taeymans ON, Webster CR. 2013. Ultrasonographic 

measurement of the pancreas and pancreatic duct in clinically normal dogs. 

American Journal of Veterinary Research, 74:433-437. 

Pollard R, Nyland TG, Berry CR, Mattoon JS. 2014. Advanced ultrasound techniques. 

In: Mattoon JS, Nyland TG, eds. Small Animal Diagnostic Ultrasound. 3rd edn. 

St. Louis, MO: Elsevier Saunders, pp 78-93. 

Rademacher N, Schur D, Gaschen F, Kearney M, Gaschen L. 2016. Contrast-

enhanced ultrasonography of the pancreas in healthy dogs and in dogs with 

acute pancreatitis. Veterinary Radiology and Ultrasound, 57(1):58–64. 

Rajapakshage BKW,  Kumara JP, Garuhamilage E, De silva DDN,  Dangolla A. 

2016. Dimensional ultrasonographic relationship of the right lobe of pancreas 

with associated anatomic landmarks in clinically normal dogs. Journal of 

Veterinary Medicine Science, 78(1):1–5. 

Revell DG. 1902. The pancreatic ducts of the dog. The American Journal of 

Anatomy, 1:443–457. 

Robben JH, Pollak WEA, Kirpensteijn J, Boroffka AEB, Teske E, Voorhout G. 2005. 

Comparison of ultrasonography, computed tomography, and single-photon 

emission computed tomography for the detection and localization of canine 

insulinoma. Journal of Veterinary Internal Medicine, 19:15–22. 

Ruaux CG. 2003. Diagnostic approaches to acute pancreatitis. Clinical Techniques in 

Small Animal Practice, 18:245-249. 

Saladino CF, Getty R. 1972. Quantitative study on the islets of langerhans of the 

Beagle as a function of age. Experimental Gerontology, 7:91–97. 

Salisbury SK, Lantz GC, Nelson RW, Kazacos EA. 1988.  Pancreatic abscess in dogs: 

Six cases 1978-1986. Journal of the American Veterinary Medical Association, 

193:1104-1108. 



Bibliography 

vii 

 

Saunders H. 1991. Ultrasonography of the pancreas. Problems in Veterinary 

Medicine, 3:583–603. 

Saunders HM, VanWinkle TJ, Drobatz K. 2002. Ultrasonographic findings in cats 

with clinical, gross pathologic and histologic evidence of acute pancreatic 

necrosis: 20 cases (1994-2001). Journal of the American Veterinary Medical 

Association 221:1724-1730.   

Schrope B, Lavotshkin S, Chabot J. 2104. Ultrasound of pancreas. In: Surgical and 

Interventional ultrasound, Mc Graw Hill. 

Simpson K, Lamb C. 1995. Acute pancreatitis in the dog. In Practice, 17:328-337. 

Steiner JM. 1996. Canine insulinoma .Compendium on Continuing Education for the 

Practicing Veterinarian, 18:13-25.  

Swift NC, Marks SL, MacLachlan NJ. 2000. Evaluation of serum feline trypsin-like 

immunoreactivity for the diagnosis of pancreatitis in cats. Journal of the 

American Veterinary Medical Association, 217:37-42. 

Tyrrell D, Beck C. 2006. Survey of the use of radiography versus ultrasonography in 

the investigation of gastrointestinal foreign bodies in small animals. Veterinary 

Radiology & Ultrasound, 47(4):404-408. 

Uwagie-Ero EA, Awasum CA, Onyejiakor C, Odigie EA, Asemota DO. 2017. 

Insulin-secreting β-cell neoplasia in a 7-year-old female dog, case report and 

review: Cogent Food and Agriculture, 3:2-9. 

Walker MA. 1996. Gross anatomy of the abdomen for the ultrasonologist. In: Green 

RW, Small Animal Ultrasound 1st edn, Lippincott- Raven, Philadelphia, pp 353 

–362. 

Watson P. 2004. Pancreatitis in the dog: dealing with a spectrum of disease. In 

Practice, 26:64-77. 

Watson PJ, Roulois A, Scase T, Johnston PEJ, Thompson H, Herrtage ME. 2007. 

Prevalence and breed distribution of chronic pancreatitis at post-mortem 

examination in first-opinion dogs. Journal of Small Animal Practice, 48:609-

618. 

 



Bibliography 

viii 

 

Watson PJ. 2007b. Pancreatitis in the dog: An update. In: Proceedings of the 50th 

Annual British Small Animal Veterinary Congress, Birmingham, United 

Kingdom, pp 13-15.  

Watson PJ, Roulois A, Scase T, Holloway A, Herrtage ME. 2011. Characterization of 

chronic pancreatitis in English Cocker Spaniels. Journal of Veterinary Internal 

Medicine, 25:797-804. 

Webster N. 2008. Abdominal ultrasonography: Practice makes perfect sense. 

https://www.vettimes.co.uk/article/abdominal. 

Xenoulis PG. 2015. Diagnosis of pancreatitis in dogs and cats. Journal of Small 

Animal Practice, 56:13–26. 

Zoran DL. 2006. Pancreatitis in cats: diagnosis and management of a challenging 

disease. Journal of the American Animal Hospital Association, 42:1-9.           

 

 

                     

 

 






