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ABSTRACT

The present study was undertaken to standardizesaftographic examination
protocol in dogs and generation of reference imagbs study was conducted in two parts.
Part | of the study was conducted on 18 appardwhjthy dogs, divided into three groups of
six animals each namely, Group | comprising of atinof 01 to 09 months of age, Group |l
comprising of animals of more than 09 months ty@érs of age and Group Il comprising of
animals above six years of age. Part Il comprisegatients reporting to the VCC with
symptoms like lack of appetite, weight loss, acuwtmmiting, diarrhoea, dehydration,
abdominal pain, tucked-up belly were enrolled teeas echoarchitecture and size.

Ultrasonographic examination was done in lateralim@dency in all the dogs, but in
some cases ultrasonography was also done in doesalmbency without using any
anaesthesia or sedatives. In all the dogs (exaegtmot all the regions of the pancreas were
visualized by ultrasound, only the thickest portioh the pancreas was identified by
ultrasound and was measured by in-built calipghefultrasound machine.

Ultrasonographic images of pancreas were recondlezhgittal plane and transverse
plane.The right limb of pancreas was visualized in agxense view in right cranial abdomen
by placing the transducer just behind the lastRipect visualization of the pancreas was not
possible. The right limb of the pancreas could éensdorsomedial to the duodenum, ventral
to the right kidney and lateral to portal vein.

The left limb of pancreas could be identified insagittal plane in left cranial
abdomen by keeping transducer midway between thi@isternum and last rib beneath the
subcostal arch. The left pancreatic lobe was \iselin a triangular region cranial to the left
kidney, caudal to stomach, and medial to the spleéaft cranial abdomen.

The pancreas appeared to be hypoechoic to ismeab@ompared to the surrounding
structures in all the groups. The echoarchitectafe both limbs of pancreas were
homogeneous in the animals of all the groups acicethcapsular marginations.

The mean width of right limb of pancreas was 12@3 cm in Group I, 1.31 + 0.06
cm in Group Il and 1.5 £ 0.06 cm in Group lll, bgihighest in Group Ill and least in Group
in I. The mean width of left limb of pancreas wa471+ 0.16 cm in Group I, 1.77 £ 0.10 cm
in Group Il and 1.92 + 0.15 cm in Group llI, me&ickness of left limb of pancreas was 1.17
+ 0.06 cm in Group I, 1.35 £ 0.09 cm in Group lidah.5 = 0.10 in Group Ill. The mean
width of left limb of pancreas was maximum in GrdUgand minimum in Group I.

In the second part of the study, the echoarchiteabf both limbs of pancreas were
different from those of part | of the study. In pHrthe pancreas were larger, with irregular
demarcation and appeared hypoechoic whereas; thermeey adjacent to it was hyperechoic.
In one animal the width and thickness were 3.22acimh 2.31 cm respectively, which were
considerably higher than group Il (mean width #4¥.1 cm, mean thickness 1.35 + 0.09 cm)
and in another case the width and thickness wéé &n and 2.62 cm respectively, which
were considerably higher than the values of anifmadgoup Il (mean width 1.92 + 0.15 cm,
mean thickness 1.5 + 0.1 cm). These ultrasonographanges corroborated the clinical
findings and suggested pancreatic inflammation.

On the basis of this study it can be concluded plaaicreas in dogs can be scanned
without sedation and anaesthesia. Subcostal agptiegbe best approach to scan right and
left limb of pancreas, using a 7.5 MHz curviliné@nsducer in lateral recumbency by placing
the probe caudal to the last rib and ventral toltimebar process. The dimensions and the
echoarchitecture of the pancreas may assist idilgmosis of pathologies of the pancreas or
other organs.






CHAPTER-1

INTRODUCTION

The pancreas is a complex exocrine-endocrine orgaponsible for the
manufacture of enzyme-rich digestive secretions d&eodmones which aid in
regulating carbohydrate metabolism. It is a pikulated glandular mass situated in
the dorsal aspect of the epigastric and mesogastgions of the abdominal cavity,
caudal to the liver. It accounts for approximat@l22% of the total body weight and
averages 25 cm in length for a 30 pound dog (Méfeal., 1964). In the human the
length of the pancreas averages 12.5 to 15 cm (@&80) and averages 85 grams
(Morris, 1942), or approximately 0.12% of the totaddy weight. There are no
apparent significant differences between the hupsrcreas and that of the dog with
reference to the blood supply, duct system and rgérnestology. The pancreas is
yellowish gray when preserved and pinkish gray ifa. It is a rather coarsely
lobulated and elongate gland. The lobules, as REV@#)?2) has pointed out, produce a
nodular surface with irregularly crenated margifike pancreas is located in the
dorsal part of both the cranial and right latetadl@minal regions, caudal to the liver.
The pancreas is a small, v-shaped organ dividexthree portions: right lobe, left
lobe and body. The left lobe lies between the greairvature of the stomach and the
transverse colon and the right lobe lies in the adesdenum, between the medial
surface of the duodenum and the lateral surfatleeofscending duodenum. The body
of the pancreas connects the two lobes in the asfglee pylorus and the duodenum
(Webster, 2008). Ultrasonographically, the nornaigreas is a small, inconspicuous
organ of comparable echogenicity to surroundingeniesy and may be difficult to
identify. Therefore, knowledge of anatomic landnsarkuch as portal vein and
contributing vessel, duodenum, and stomach is sacgdo facilitate identification

and examination (Hecht and Henry, 2007).

The weight of the pancreas averaged 31.3 g in #,dwith an average
weight of 13.8 kg. The pancreas weighs approximdtelunce in a dog whose weight
is approximately 30 pounds. These data comparerdalyowith Mintzlaff's (1909)
findings in 30 dogs, although his specimens wereaweerage, larger. The average

total length of the pancreas in a 30-pound dogpm&imately 25 cm, or 10 inches.



Introduction

The pancreas, when hardened in situ, is in the fafra V that lies in a dorsal plane
with the apex pointing cranially and to the righhe gland is basically divided into a
thin, slender right lobe, and a shorter, thicked svider left lobe. The two lobes are
united at the body, formerly called the pancreaftigle, which lies caudomedial to the
pylorus. The endocrine pancreas of the dog hasdexg the classic model for the
exploration of insulin-deficiency diabetes by Bagtiand Best (1922). The endocrine
pancreas is a composite of many thousands of semalbcrine racemi (insulae

pancreaticae) scattered randomly among the exopenereatic acini. Each racemus
is composed of several endocrinocyti, the normiattioning of which is essential for

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

maintaining life.

While abdominal radiographs are of little use, ahoh@l ultrasonography is a
highly specific diagnostic procedure when stringatieria are used, but the highest
reported sensitivity for dogs is only 68% (Hesalet1998). Veterinary sonography is
utilized in many different instances. In generalgtice veterinary clinics, sonography
is usually indicated for any chronic disease pred¢esvhich the cause is unknown, as
it serves as a comprehensive screening tool. Thet commmon indication for ordering
an ultrasound in general veterinary practices mormbally elevated liver enzymes
(Tyrrell and Beck, 2006).

Ultrasound is a very important modality for the lexaion of pancreas in the
small animal patient. The advantages of ultrascaquyy include the ability to image
both normal and abnormal pancreas, the ease aitlityays the procedure, the lack of
the need for anesthesia, and the availability thsbund to practitioners. However,
the challenge of imaging the pancreas should natnioerestimated. Radiography is
also a modality of diagnostic imaging for the organ the abdominal cavity.
However, under normal circumstances, the pancresasat visible on plain
radiographs (Simpson and Lamb, 1995; Bischoff, 2003

It is of utmost significance to underline the fabat the performance of
abdominal ultrasonography in the diagnosis of peatdis is highly dependent on the
expertise of the ultrasonographer and the qualityhe equipment used. In most
reported studies, abdominal ultrasonography has pedormed at teaching hospitals
by board certified radiologists, and therefore, tperformance of abdominal

ultrasound for pancreatitis is expected to be amrably lower when less experienced
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clinicians are performing the ultrasound examimatemd the equipment used is of
lower quality. In addition, the lack of standardiseriteria for the ultrasonographic
evaluation of the pancreas in dogs and cats leadgréat variation in the

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

specialised ultrasonographers even greater (Xend0il5).

Specific indications for examination of the pansraaclude, but are not
limited to, vomiting, anorexia, weight loss, abdoalipain, icterus, therapy-resistant
diabetes mellitus and hypoglycemia. Pancreaticads® may be associated with
concurrent disorders of other organs such as hejiaty system, gastrointestinal
tract, or kidney. Also, pancreatic disease mayltesicomplications affecting other
organs (e.g, metastatic disease or extrahepai@rbibbstruction). Therefore, the
ultrasonographic examination should not be limttethe pancreas but should include
the entire peritoneal cavity (Hecht and Henry, 2007

Larson (2013) has suggested that the canine panigesoechoic or slightly
hypoechoic to surrounding mesenteric fat, with stidct margins, and is not usually
visualized as a discrete organ. Due to edema, pancrswelling and peri-pancreatic
fat necrosis, the inflamed pancreas is easier talike than the normal pancreas
(Watson, 2004). The most common ultrasonographiseation is a loss of
echodensity that is compatible with edema. Otheastbnographic findings include:
increased echodensity suggestive of fibrosis, nomgeneous masses, and less
commonly, fluid filled cyst-like structures (Burrew2002).

Pancreatic diseases and abnormalities frequentgstigated by means of
ultrasonography include pancreatitis, pseudocysdiscesses, neoplastic lesions and
nodular hyperplasia. Disorders less commonly seetude exocrine pancreatic
insufficiency, pancreatolithiasis, congenital anbesa and pancreatic edema.
Unfortunately, ultrasonographic findings in variquancreatic disorders overlap, and
incidental findings or age-related changes may mipancreatic disease (Hecht and
Henry, 2007).

French et al. (2019) have opined that the currezthods of diagnosing acute
pancreatitis in dogs include a combination of abaairultrasound (US) examination,
clinical history, physical examination, and serurmchemistry, including the Spec
cPL® assay for canine pancreatic lipase (cPL).
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Pancreatic ducts are not typically visualized soaplically, but the
pancreaticoduodenal vein can usually be seen inrighe limb in a dog. Small
animals can be affected by pancreatitis just likmans, causing marked enlargement
and a hypoechoic appearance in the acute stage @ies., 1998); (Jaeger et al.,
2003) and (Nyland and Mattoon, 2014).

Albury (2015) has found that sonographically paattis presents as an
enlarged hypoechoic gland. Two recent pathologtadlies of pancreatic lesions in
dogs favour the human definition of chronicity asldssed all dogs with fibrosis as
chronic pancreatitis (CP), even if they had suppdsed acute inflammation
(Newman et al. 2004, Watson et al. 2007). A follogv-study by Newman et al.
(2006) suggested a histological grading systemctorine pancreatitis in which a
number of histological features were graded on duastological section between O
and 3 where grade O=none of the section affecteatjegl was up to 10% of the
section affected; grade 2 was 10-40% of the sedctifacted and grade 3 was over
40% of the section affected. The histological fesdugraded were: neutrophilic
inflammation; lymphocytic inflammation; pancreahecrosis; fat necrosis; oedema,;
fibrosis; atrophy and nodules. This grading systeas subsequently been used by
others in canine studies (Watson et al. 2011, Meldset al. 2012, Bostrom et al.
2013) but is yet to be extensively validated byepehdent pathologists.

Schrope et al. (2014) noted that evaluating theras is part of the standard
diagnostic ultrasound examination of the abdomehuman being. While CT, MRI
and EUS are perhaps preferred modes of imagingp#rereas, transabdominal
ultrasound remains an indispensible tool as amlniéxamination, in a sense acting
as a gateway to the more invasive and / or expensioedalities. Furthermore,
ultrasound in all its forms is invaluable in imageided procedures, where CT or
MRI may prove to be unwieldy. Very little effortsearequired to scan the pancreas,

while abdominal ultrasound is already underwayanice patients.

Ultrasonographic examination of the pancreas id pesformed in fasted
animals to prevent interposition of gas and ingéB&l gastrointestinal tract with
resultant artifacts due to its close proximity ttmnsach and duodenum. Most
commonly, a ventral abdominal approach with theepatin dorsal recumbency is
used. Thorough evaluation of the pancreas shouldodré of every abdominal
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ultrasonographic examination, even if there is tioiaal suspicion of pancreatic
disease (Hecht and Henry, 2007).

OBJECTIVES

The present study is being proposed to be undertakth the following
objectives:

1. To standardize a protocol for ultrasonographic eération of the pancreas in
apparently healthy dogs and generation of referemeges of pancreas for
comparison with those of pathological pancreas.

2. To measure the dimensions and study the echoartihriéeof the pancreas of
apparently healthy dogs for obtaining referenceesl

3. Ultrasonographic evaluation of clinical cases w#ymptoms of potential
pathology of the pancreas.






CHAPTER-2

REVIEW OF LITERATURE

The exocrine part of the pancreas develops fronthelml outgrowths of
foregut endoderm. The origin of pancreatic isldisdeas been described as either or
both foregut endoderm and neural crest ectoderm.iglats are distributed randomly
among the exocrine acini, but there are differemedbe cellular components of the
endocrine islets. The pancreas develops from aabargl ventral pancreatic anlage.
These two differing sites of origin may play a detming role in the cytogenesis of
the alpha endocrine cell (endocrinocytus alphajid@eme and Liepa (1955) reported
that the ventral pancreas in the dog, the righ¢ |ab devoid of alpha endocrine cells.
The alpha endocrine cells produce glucagon ando#ite endocrine cells produce
insulin. The endocrine islets vary in size from @xmately 1500 to 20,000 um2 and
are composed of from 10 to 120 epithelioid celledsta et al., 1969; Saladino and
Getty, 1972). Davis et al. (1988) reported dogsehan average volume fraction of
endocrine parenchyma of 1.8% but that it varieswitgions of the pancreas. The
number and size of the islets increase progressix@n the right lobe to the left lobe

of the pancreas.

The right lobe of the pancreas (lobus pancreatigtede lies in the
mesoduodenum near or in contact with the dorsaiquoof the right abdominal wall,
the paralumbar fossa. It extends from a transvplaee through the middle of the
ninth intercostal spaces to one through the foluthbar vertebra. The right lobe
varies in width from 1 to 3 cm and in thicknesstod cm. Its length is approximately
15 cm, or 6 inches, in a Beagle-type dog. The rilghe is positioned in the
mesoduodenum in such a way that its round, flajdak extremity lies in the
concavity of the duodenal loop. By traction thengladan be separated for a distance
of approximately 3 cm from the various parts of theddenum that form the loop,
because the mesoduodenum at this site is loosahé\sight lobe runs obliquely
cranially toward the pylorus it becomes narrow #attened dorsoventrally, so that
dorsal and ventral surfaces are formed. On comigthie initial part of the descending
duodenum, it becomes molded to this organ. Theategatt of the right lobe of the

pancreas is related to the sublumbar fat containiveg ureter and to the ventral
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surfaces of the right kidney and the caudate psooéthe liver. The right lobe of the
pancreas is related ventrally to the ileum and recaudally, and to the ascending
colon cranially. Loops of the jejunum contact thpsetions of its ventral surface that
are not already in contact with more fixed viscémasome specimens the right lobe of
the pancreas and the adjacent descending part ofuibdenum have gravitated lateral
and even ventral to the jejunal coils. The bodyth& pancreas (corpus pancreatis)
unites the two lobes of the pancreas in an angéppfoximately 45 degrees, which is
open sinistrocaudally. Cranially, it lies closelypéied to the caudosinistral portion of
the pyloric region, which forms a large concave rieggion on the cranial portion of
the body. Caudal to this impression, the pancreapproximately 1 cm thick and 3
cm wide. The portal vein crosses the dorsal portmnthe body. As the
pancreaticoduodenal artery and gastroduodenal disappear into the pancreas at
this place, they are crossed on their right sidéhleybile duct, which lies adjacent to
the duodenum. The left lobe of the pancreas (I@aungreatis sinister) lies in the deep
wall of the greater omentum. It begins at the badg runs caudosinistrally. It is
approximately two-thirds as long and half agaimade as the right lobe, measuring
10 cm, or 4 inches, in length, and 4 cm, or 1.6hés¢ in width. Its dorsal surface
(facies dorsalis), on the right, is related to ¢hedate process of the liver and then, in
succession on the left, to the portal vein, caveala cava, and aorta. It ends in the
left part of the sublumbar region in close relatiorthe cranial pole of the left kidney
and the middle portion of the spleen. A full stomatters these relations. The ventral
surface (facies ventralis) of the left lobe of fhencreas is related ventrocaudally to
the transverse colon and ventrocranially to thesaomall of the stomach. An
accessory pancreas (pancreas accessorium) isaeaidsiound in the dog. Baldyreff
(1929) cites cases in which the aberrant gland lsaated in the wall of the
gallbladder and in the caudal part of the mesenteancreatic bladders have been
described by various authors as occurring in theled none have been recorded in
the dog (Boyden, 1925).

The pancreas nearly always has two excretory ductspnformity with the
dual origin of the gland, one anlage arising ddydabm the duodenum and the other
ventrally at the termination of the bile duct (REv&902). Within the pancreas, these
two ducts usually intercommunicate, or they mayssrwithin the gland, because the

parenchyma of the whole gland is elaborated aratwed. In the adult, the two
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portions of the gland are fused without any dentarosao indicate their dual origin.
Revell, however, points out that, when the two guwld not communicate within the
gland, the pancreatic duct drains the right lobembryonic ventral pancreas, and the
accessory pancreatic duct drains the left lobepdsryonic dorsal pancreas. Although
this is the basic pattern by which the pancreatictgl form in the domesticated
mammals, great variations exist among the diffesgdcies and within the same
species. The largest excretory duct of the pancneathe dog is the accessory
pancreatic duct (ductus pancreaticus accessovitiglh opens into the duodenum on
the minor duodenal papilla. The pancreatic ducttigsl pancreaticus) is the smaller
duct in the dog and may occasionally be absent. [@tter is associated with the
opening of the bile duct and usually enters theddnom on the major duodenal
papilla alongside the bile duct. From its formateirnthe union of the ducts from the
two lobes in the dog to the site where it perfadtee intestinal wall, the accessory
pancreatic duct is approximately 3 to 4 mm long amtim wide. The union of the
two lobar ducts to form the main duct (accessonycpzatic duct) may occur at any
level up to the intestinal wall, or rarely, the thabar ducts may open separately
(Revell, 1902). According to Bottin (1934), the pesatic and the accessory
pancreatic duct open separately into the duodenmurapproximately 75% of dog
specimens, and they always communicate with eabtleroin the gland. Other
variations of the ducts of the canine pancreast,eass Revell (1902) and Mintzlaff
(1909) have shown. The main duct from each lobe&ges the approximate center of
the lobe and is joined at right angles by trib@sirfrom the adjacent parenchyma.
Because the gland is ribbonlike, the small duamfthe adjacent parenchyma enter
largely on opposite sides, the openings being spat®.5 to 1.5 cm intervals. The
opening of the pancreatic duct is closely assodiatéh that of the bile duct. In two
out of three specimens Eichhorn and Boyden (1986)d the slitlike orifice of the
pancreatic duct located distal to that of the hilect; others have described this
opening as proximal to that of the bile duct. Tlreessory pancreatic duct usually
opens into the duodenum 28 mm from the openinpebile duct into the duodenum,
or approximately 8 cm from the pyloric sphincteriglden and Bishop, 1954). Its
entry into the duodenum resembles that of the dhilet in that a ridge of mucosa is
formed, with a slight elevation at its distal end which the opening is located. The
accessory pancreatic duct, like the pancreatic, dugt unlike the bile duct, runs

through the duodenal wall rather directly. The apgrthrough the mesenteric wall of
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the proximal portion of the descending duodenuriteguently located to the left of
the cranial pancreaticoduodenal vessels, whereasilthand pancreatic ducts open to
the right of these vessels. Eichhorn and BoydebX)L@escribed and illustrated the
musculature of the pancreatic and bile ducts ofdibg (sphincter of Oddi). Kydsola

and Rechardt (1974) described its innervation.

The main vessels to the right lobe of the pancaeaghe pancreatic branches
of the cranial and caudal pancreaticoduodenaliestéhat anastomose in the gland.
The left extremity of the left lobe of the pancreassupplied primarily by the
pancreatic branch of the splenic artery. It alsceirees small branches from the
hepatic artery, as this vessel may groove the tewséace of the organ, and the left
lobe regularly receives, near the pancreatic bashg or two branches from the
gastroduodenal artery. Small pancreatic branchesttli from the celiac artery may
supply a small portion of the left lobe of the paas near its free end. The caudal
pancreaticoduodenal vein, a satellite of the artérthe same name, is the principal
vein from the right pancreatic lobe. It is the ldgbutary to enter the cranial
mesenteric vein and, unlike the intestinal veiret #mpty into it, it enters the larger
vessel from the cranial side. The left lobe of pla@creas is drained primarily by two
veins that terminate in the last 2 cm of the spler@in. The venous satellite of the
small branch of the cranial pancreaticoduodenaathat supplies the left lobe near
the pancreatic body drains this part of the glaftte lymphatics from the pancreas
drain into the duodenal lymph node, if present, arid the hepatic, splenic, and
jejunal lymph nodes. Nerves Most sympathetic axam®e from the celiac plexus
and reach the organ by following the pancreaticndéinas of the cranial
pancreaticoduodenal and celiac arteries. It is givtgbthat the caudal part of the right
lobe receives sympathetic axons from the cranisdemieric plexus that follow the
caudal pancreaticoduodenal artery and its pancrbatinches. McCrea (1924) states
that, in the dog, vagal (parasympathetic) axonshréhe pancreas as fine branches
that run with the splenic branch of the celiac rgri@nd with the cranial mesenteric

artery, presumably along the caudal pancreaticoeheaidranch.

The pancreatic region is examined by scanning tka ast caudal to the
stomach, gastric outflow tract and medial to thedktnum (Walker, 1996; Mattoon et
al., 2002a). Hecht and Henry (2007) have opinetidha to small size of the pancreas

and its indistinct margins, the examination sholbéd performed with the highest
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frequency transducer possible. In small dogs, aalinor curvilinear 8-15 MHz
transducer may be used. In large dogs, use of erléequency transducer 5-8 MHz
may be required to achieve the necessary penetragpth. Webster (2008) has
suggested a frequency of 5 MHz for large dogs at@ ®Hz for medium dogs and
cats. Mekkawy et al. (2012) have used 8-12 MHz,NHz, 4-7 MHz and 9-12 MHz
transducers in their study on dogs and cats. SipilRobben et al. (2005) have used

5-3 and 7-4 MHz frequency transducers in theirgfiod scanning pancreas in dogs.

Hecht and Henry (2007) have further added that mostmonly, a ventral
abdominal approach with the patient in dorsal rdmemey is used. Especially in deep
chested dogs, examination in left lateral recumipevith a right intercostal approach
is occasionally helpful to visualize the right lobkthe pancreas and the duodenum.
Similarly, Mekkawy et al. (2012) have also scanmpeshcreas with dogs in dorsal
recumbency, whereas, Robben et al. (2005) perfotiredltrasound examination in

dogs in dorsal as well as lateral recumbency.

The left limb of the pancreas is best visualizedekgmining the area of the
cranial left side of the abdomen. The transducgosstioned to visualize the spleen,
stomach and colon in cross section. The left lithe pancreas may be found within
the area of the triangle formed by these structudEntification of the duodenum
allows identification of the right limb of the paeas. The duodenum may be
examined from the left or right side depending oafgrence. However, with the
animal in right lateral recumbency and placing sdarcer underneath the animal,
angled upwards towards the left side, will helpgdduce the amount of gas in the
duodenum. The duodenum is examined in both longilidhnd cross section, and the
pancreas is identified slightly medial to the dunda. The body of the pancreas
connects the left and right limbs of tpancreas and is located dorsal to the portal
vein. The pancreas is the most difficult abdomiorglan to image routinely, and in
some patients is not seen at all. Therefore, a Empxamination of the region of the
pancreas should be part of every abdominal ultragoeven if the pancreas itself is

not identified as a discrete organ Webster (2008).

Hecht and Henry (2007) propounded that the normahcpeas is an
ultrasonographically inconspicuous organ, which esually be visualized in cats and
small dogs but may be difficult or impossible temtify in large dogs. Indistinct

margins and similar echogenicity and echo textufepancreatic parenchyma
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compared with surrounding mesenteric fat contriiotéhe difficulty in identifying
this organ. Gas or ingesta in adjacent gastroinedssegments may interfere with
ultrasonographic evaluation. Knowledge of the lmratand appearance of relevant
anatomic landmarks is essential for the ultrasceq@gc identification and

examination of the pancreas.

According to Larson (2013) the canine pancreass@edhoic or slightly
hypoechoic to surrounding mesenteric fat, with stidct margins. Because it is not
usually visualized as a discrete organ, it is ébder to be familiar with the anatomy
and anatomic landmarks used to identify the paticreagion. The use of a higher
frequency transducer helps in visualization of peatic tissue. The right pancreatic
lobe is the easiest to visualize in the dog. & Gersomedial to the duodenum, ventral
to the right kidney, and lateral to the portal velime right lobe may be imaged by
scanning longitudinally along the right lateral abuen, using the descending
duodenum and right kidney as landmarks. Crosses®itimages of the duodenum
are very helpful in imaging the pancreas (locatetsamedial to the cross section of
the duodenum). In large or deep chested dogsgeealahtercostal approach may be
needed. Using a right lateral transverse viewutjnathe dorsal aspect of the 10-12th
intercostal space, the right pancreatic lobe wgllldicated ventral to the right kidney,
ventro-lateral to the portal vein, and dorso-medial dorsal to the descending
duodenum. The pancreatic body joins the two lobed ia located immediately
ventral to the portal vein and cranio-ventral te tight kidney. The body lies caudal
to the pyloric region. The left pancreatic lobe nb@ymore difficult to visualize due to
surrounding gas-filled structures (stomach andstrarse colon). It lies dorsal and
caudal to the stomach, extending to the left betvibe stomach and transverse colon.
It may also be located in a triangular region ahbio the left kidney, caudal to the

stomach, and medial to the spleen in the left alaabdomen.

Hecht and Henry (2007) have noted the basic diffes in ultrasonographic
appearance of the pancreas in cats and dogs. &) thagright lobe of the pancreas is
more easily seen than the body or left lobe wheleasats, the body and left lobe of
the pancreas are more easily seen than the rigét Io dogs, the pancreatic ducts are
rarely observed, whereas the ducts are commonlgreéd in the cat. The major
duodenal papilla is the primary connection of tlagreatic duct system in the cat

whereas, in the dog, the minor duodenal papillthés primary connection and is
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infrequently seen. In dogs, visualization of thghtilobe of the pancreas is best
achieved by first identifying the duodenum as aeaidike structure on transverse
image adjacent to right abdominal wall and righdndy. The pancreas is found
adjacent to the medial and ventral aspects of tle@lehum. The right lobe appears
triangular in shape, and isoechoic or slightly hggwic to surrounding mesenteric
fat.

Any insult to pancreas incites inflammatory reactwhich leads to swelling
and hence an increased size of parenchyma. Findinggestive of acute pancreatitis
in dogs include a diffusely enlarged pancreas (nmbesm 2 cm in diameter) with
hypoechoic parenchyma, hyper echoic surroundingentiesy and generalized or
local peritoneal effusion. (Simpson and Lamb, 199&ss et al., 1998; Ruaux, 2003;
Mansfield, 2004; Watson, 2004; Mix and Jones, 200&yasonographic findings in
dogs and cats with pancreatitis include hypoechmas within the pancreas (possibly
indicating necrosis or fluid accumulation), incredsechogenicity of the surrounding
mesentery (due to necrosis of the peripancreat)c dalargement and/or irregularity
of the pancreas, dilation of the pancreatic orabjliduct and abdominal effusion
(Hess et al., 1998; Lamb, 1999b; Swift et al., 2088unders et al., 2002; Ferreri et
al., 2003; Hecht & Henry, 2007). The most commdrasbnographic observation is a
loss of echodensity that is compatible with edef#ner ultrasonographic findings
include: increased echodensity suggestive of fisragonhomogeneous masses, and

less commonly, fluid filled cyst-like structuresyiBows, 2002).

Alteration in size of pancreas resulting from infil@atory changes, therefore,
make it essential to measure the dimensions op#émereas during ultrasonography.
While making measurements on the pancreas, Ev@%3)Iound that the size of the
pancreas is variable and ranges from 1 to 3 cmidithvand up to 1 cm in thickness,
in beagle type dogs. In most dogs, one or two [@rcanechoic structures can be
visualized in the center of the pancreas, whichtabelar on sagittal view and show
flow signal on Doppler examination. These represdmanches of the
pancreaticoduodenal vein and artery. Once the tabe of the pancreas has been
examined, it can be traced to the body and thelddfe. The pancreatic body is
located dorsocaudal to the pylorus in close prawirta the portal vein, and left lobe
is located between stomach and transverse coloch{H&d Henry, 2007). Similarly,

Rajapakshage et al. (2016) found the mean thickoksght pancreatic lobe to be
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14.2 £ 3.3 mm (range, 9.4 to 20.8 mm). They reabitie thickest dimension of 20.8

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

Mekkawy et al. (2012) in their study, found acuéagreatitis in 11 dogs and 5
cats. Ultrasound examination of these cases shoregular hypoechoic mass of
mixed echogenicity ventral to portal vein and méd@ right kidney in close
proximity to the descending duodenum. The size masasured 3.7 x 1.7 cm. The

surrounding fat became more hyperechoic with inmtistedges of pancreas.

Biopsy of the pancreas is considered the mostileli@st for diagnosing acute
pancreatitis in dogs and cats and is often usquubiications as the golden standard
for evaluating the accuracy (sensitivity, spediriof a diagnostic test (Watson,
2004; Mix and Jones, 2006; Zoran, 2006, De Cockakt 2007; Watson,
2007b).While working on abscesses in dogs and &athsbury et al. (1988) have
reported that abscesses were more frequent in thags in cats and appeared as

hypoechoic structure surrounded by hyperechoic amdaechogenic irregular wall.

Larson (2013) concluded thimflammation, edema, necrosis, and hemorrhage
associated with acute pancreatitis result in arnarget, irregular, hypoechoic
pancreas. The affected areas may be diffuse, whyand poorly defined. The
surrounding mesenteric fat is usually hyperech@&cosdary to inflammation and
saponification. Other associated changes occunendescending duodenum, which
can appear thickened, dilated and fluid-filled 8§ or corrugated secondary to
duodenitis. Focal peritoneal effusion often accommgsm acute pancreatitis. In the
dog, the right lobe seems to be the most commdifdégtad portion of the pancreas
with acute disease. Chronic, low grade, or resglyiancreatitis appears as a slightly
more echogenic pancreas (although still hypoecheith better defined, smooth
borders. Occasionally, foci of mineralization magy jpresent, and the echogenicity
may be nonhomogeneous. Pancreatic atrophy mayt iesdecreased size of the
pancreas. Associated changes such as hyperear@ancreatic fat, duodenitis, and
abdominal effusion usually are absent.

Hecht and Henry (2007) have suggested that acutergutitis is a relatively
commom disorder in dogs. On ultrasonographic exatiwn, the pancreas is
enlarged, irregular, hypoechoic and on occasiong apaear mass like. (Nylan et al.,
1983; Murtaugh et al., 1985; Steiner, 1986; Lamid S&mpson, 1995; Hess et al.,

13



Review of Literature

1998). Surrounding hyperechoic mesentery indicatiegipancreatic steatitis, fat
necrosis, and focal abdominal effusion is commosBen. Other potential
ultrasonographic findings include corrugation lvé duodenum, fluid /gas distended,
hypomotile intestines (indicative of paralytic iuand ultrasonographic signs of

extrahepatic biliary obstruction (Hecht and Her2907).

Choi et al. (2012) concluded that endocrine tetd ffam a 13-year old intact
female Maltese was indicative of the presence of iasulinoma, however

ultrasonography identified a pancreatic mass ofllynbnths after the first admission.

Mekkawy et al. (2012) in their study ultrasonogriaplly examined a total
number of 19 dogs and 9 cats and diagnosed paicseagical affection in them. In
dogs, the most commonly encountered cases were pamicreatitis with thickened
irregular hypoechoic tissue of mixed echogenicitythe pancreas. They diagnosed
abscess in 3 dogs with hypoechoic mass surroungethyperechoic area with
echogenic irregular wall. They also diagnosed cierpancreatitis (2 cases), tumour
(2 cases), and cyst (1 dog). Similarly, in catsta¢aflammation was the common
affection while the rest were cysts (2 cases), edsc(l case) and chronic

inflammation (1 case).

Xenoulis (2015) has reported that Pancreatitiseésmhost common disorder of
the exocrine pancreas in dogs. In clinical practceombination of careful evaluation
of the animal’s history, serum PLI concentratiord aabdominal ultrasonography,
together with pancreatic cytology or histopathologlyen indicated or possible, is
considered to be the most practical and reliablammdor an accurate diagnosis or
exclusion of pancreatitis compared with other desgic modalities. In their study,
Moon et al. (2003) found pancreatitis to be the thumsmmon cause of corrugated
small intestine (especially involving the duodenumbpoth dogs and cats. Chang and
Steiner, (2016) could diagnose pancreatitis thmoutirasonography however, in
doing so, they also depended on history, physikaiménation findings, nonspecific
findings on general blood analysis, abnormal patarelipase immunoreactivity
(cPLI), abdominal radiographs, and ultrasonogragdimdings in arriving at this

diagnosis.

Insulinoma is a rare malignant neuroendocrine resoplof theB-cells of the
canine pancreas (Madarame et al.,, 2009). HoweMe, dhd Zerbe (1995) have
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reported that Insulinoma is recognized as the mostmon islet cell tumour of the
endocrine pancreas. Leifer et al. (1986) have #zatl the breeds most commonly
affected with pancreatic neoplasia are German Shdplirish Setter, Boxer, Golden
Retriever and Terrier. Insulinoma occurs most oftemiddle-aged to old dogs with
an average age of nine years (Cohen, 2003; McDeratoal.,, 1999). Recently,
Uwagie - Ero et al. (2017) have successfully diagaoa case of malignant neoplasia

of the pancreas in a female dog.
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CHAPTER-3

MATERIALSAND METHODS

Place of Study:
This study was conducted at the Veterinary Clini@amplex (VCC), (Kothari

Veterinary Hospital), College of Veterinary Scieraemed Animal Husbandry, UP Pt
Deen Dayal Upadhyaya Pashu-Chikitsa Vigyan Vishdgalaya Evam Go
Anusandhan Sansthan, Mathura (UP).

Subjectsof Study:

The study was conducted in two parts namely, ParPart 1.

In Part | of the study, eighteen apparently heattbgs of all age groups were
enrolled to be subjected to ultrasonographic exatin of both limbs of pancreas.

These dogs were divided into three age groups @srun

Group I: animals of 01 month to 09 months of age
Group II: more than 09 months to 6 years of age
Group llI: above six years of age.

There were six animals in each group.

Dogs with fracture, castration, cherry eye, whiagrevotherwise healthy were
assessed ultrasonographically with due consent tr@nrespective owners prior to

surgery.

In Part Il of the study ultrasonographic examinatod both limbs of pancreas
of patients reporting to the VCC with symptoms likkek of appetite, weight loss,
acute vomiting, diarrhoea, dehydration, abdominainp tucked-up belly were
performed to assess the abnormalities, if anyhefgancreatic echoarchitecture and

size.
Ultrasound machine:

In this study, the Esao%Vly 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 exatian without using
any anaesthesia or sedatives with animals restraine lateral and/or dorsal
recumbency.

Site preparation:

The animals were prepared as per the priepararocedure suggested by
Larson (2013) for scanning the right pancreatice|odn area immediately caudal to
last rib (right cranial quadrant of abdomen) armhra vertebral lumbar region
extending caudally up to tuber ischii and vemgrdiom xiphoid process up to
midline (umbilical region) was shaved and cleanath wnild soap. Similarly, for
scanning the left pancreatic limb an area in tht deanial abdomen located in a
triangular region cranial to the left kidney, caluttathe stomach, and medial to the
spleen was shaved and cleaned in a similar mamhersite in question was smeared
with ultrasound gel liberally prior to ultrasounctamination after restraining the
animal in desired recumbent position (dorsal aerkd). Adequate amount of coupling
gel was applied over the transducer as well asutb@ of interest in order to ensure an
intimate contact between skin and transducer hAadnals were left undisturbed
throughout the examination procedure in order toopgimum results. Mattoon et al.
(2014) have suggested that the animal being swojetct an abdominal sonogram
needs the abdomen to be completely shaved, fromxifteoid to the pubis, to
eliminate the effects of air trapped within the fand to increase sound wave
conductivity.

Deep leaf Greater omentum (cut)
Superficial leaf

Stomach
Bile duct

Right limb of pancreas Left limb of pancreas

covering right kidney

Descending Transverse colon

colon

Ascending colon
Spleen

Cecum
Left kidney
Mesenteric lymph node

Descending colon
Caudal duodenal flexure

Fig 1: Schematic representation of canine pancreas.
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Ultrasonography:

The scanning method was adopted from Nyland e28I02) wherein right
limb of the pancreas was located along the mesenfaredial) border of the
duodenum within the mesoduodenum. After identifaatof the duodenum it was
easy to assess the region of the right limb ofptnecreas by directing the plane of the
ultrasound beam medial from the duodenum. Onceubeenum and right pancreatic
lobe region were identified in long axis, the trarsa was rotated counterclockwise
approximately 90° degrees to a transverse bodyepldmerein, the duodenum was
seen in cross section on the left of the scremtierél), the cross-sectional image of
the right kidney medially positioned in the righ¢ldi of view. The right limb of the

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

The area just caudal to the stomach and gastritbautract and medial to the
duodenum was scanned for landmarks, in the sagittdy plane, the stomach and
colon were identified in cross section as two cunesthogenic structures (gas
reverberation artifact) in the near field. A crosst®nal image of the left limb of the
pancreas was observed between these two strudtige6). The length of the left
pancreatic limb may be studied in cross sectiombying the transducer from left to
right along the axes of the stomach and transvaskm. The pancreas appeared as a
poorly marginated hypoechoic organ. It was, someéwiengular in appearance on
this cross-sectional view. The transducer was edt80° to obtain a long axis view of
the left limb of pancreas, just caudal to the stmand cranial to the transverse
colon. It required a gentle fanning of the ultrastdeam cranially and caudally to

view the left pancreatic limb in the area betwdese two structures.

The pancreas could be identified by using the laar#ten surrounding
abdominal organs. Direct visualization of the paasrwas not possible. Animal was
restrained in left lateral recumbency, then thatrigdney was located first by placing
the transducer immediately behind the second llasThereafter, the duodenum was
located by dorsomedially fanning towards the rigjotadrant. The pancreas was

finally identified in between the duodenum and tigidney.

Transverse localization of pancreas requiredathienals to be restrained in
dorsal recumbency. Examinations performed in trars®/ view are few because of

the considerable discomfort and non cooperationammal in this recumbency
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Materials and M ethods

position.For right limb of pancreain transverse viewgastric fundus was visualiz
by placingthe transducer in sagittal vii thereafter, thgprobe was slidetoward the
right lateral quadrant below the subcostal . Then turned to 90° anticlockwise a
consequently the cross section of cenum was achieved resemblingtarget’ like
appearancelhe pancreaticoduodenvein was visualizedh cross section within tr
pancreas.

For the left limt of pancreas, animals were restrainied right lateral
recumbency. Attempt was made locate the left kidimsy. Then the transducer s
slided beneath the subcosarch towards the xiphisternuio, locate the stoma. On
gradual fanning both the caudal part of stomachleft kidney and transverse col
were visualized together in the left side ce screen with in the same field, and
pancreas could be identified as triangular silh@.

Fig. 2: Esaot& MyLab30VetGold Ultrasound machine Fig. 3: Curvilinear transducer (-2.
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Fig. 4. Transverse ultrasogram showing measurements of right pancreatic,|
with help of measuring caliper. +1f caliper is showing the widtltaken of the
limb.+2 of the -caliper is showing the thickness of thangea. The
pancreaticoduodenal vein (white arrow) is ofterualied in cross section within t
pancreas.The duodenum(DUO) and right kidney(RK)yvesas a useful landmarl
for localizing the pancreas (red arrows) evenéfpancreas is poorly se
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Fig. 5. Sagittal view ofultrasonogramof right limb of pancreas, showing t
thickness (red arrow) obtained using th- built calipers.
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In this study, he term thickness was useo represent the heigtof the
pancreasimilar to that described byenninck et al. (2013) that ithe pancreas has
variably amorphous to triangular shape and its tfpwsican shift on the basis
position of dog, the term thickness was consideaedacceptable compromise

describe the measurement obtained perperar to the long axis of the pancr.

French et al. 2019 suggested thahot all regions of the pancreas w
visualized by US in all dogs, the thickest portiointhe pancreas identified on

images was measured.

In this study, he width of the right limb and width and thickneddeft limb
were measured ultrasonographically with tr-built caliper after proper visualizatic

of the target organ.

€ Lab

ginger, Sandeep , NiNo, , ID: 1112, 03 MAY 2019 13:00|
F R G MAX CFM F 2.5 MHz G 64%

TEI D 12 cm Xv¥ C PRF 1.4kHz

PRC 21-4-H PRS 4 PRC 3-L-H PRS 4
PST 5§ WF M

I W,

\%T* -
!

1.65 cm
1.80 cm

-

Fig. 6: Ultrasonogranshowing measurements left limb of pancreas (whitarrow)
using in- built caliperst1 showing the width and +2 showing ttieckness of the lef
limb of pancreas.
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CHAPTER -4

RESULTS

Ultrasonographic examination was done in lateralim@ency in all the dogs,

but in some cases ultrasonography was also domersal recumbency.

All examinations were performed in lateral recumtyein =18). However,
two animals of Group |, four of Group Il and oneraal of Group Il were scanned in

dorsal recumbency also.

The method of scanning pancreas described by Ny&ndl. (2002)was
adopted to scan the pancreas in this study. Uhiagaphic images of pancreas were
recorded in transverse and sagittal planes. Thiet lighb of pancreas could be
visualized in transverse view by keeping transduateright cranial abdomen just
behind the last rib. The left limb of the pancreasld be identified while scanning
the left cranial abdomen in a sagittal plane. Thed&énum was found ventrolateral to
the right kidney in approximately the 11-o’clocksi@mn on the display monitor. The
liver, duodenum and right kidney were useful landmdor localizing the pancreas.
The visualization of pancreaticoduodenal vein hetlipeconfirming the location of the
pancreas. The left limb of the pancreas was fouaddal to the stomach and

extending towards left to the region of the crapile of the left kidney.
Echoarchitecture of the right limb of pancreas:

The ultrasonograms of the right limb of pancreathefanimals of Group | are

presented in Fig. 8 to Fig. 13.

The ultrasonograms of the right limb of pancreashefanimals of Group II

are presented in Fig. 14 to Fig. 19.

The ultrasonograms of right limb of pancreas of ahemals of Group Il are

presented in Fig. 20 to Fig. 25.

The ultrasonograms of the right limb of pancreastransverse view are

presented in Fig. 26 to 31.

The right limb of pancreas appeared hypoechoisdechoic as compared to
the surrounding structures in all the groups. Téteoarchitecture of the right limb of
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pancreas was homogeneous in the animals of ajjrtheps. In cross-sectional view of
right limb of the pancreas, the pancreas was seea sail-like structure medially
(Fig.4). In longitudinal view of right limb of th@ancreas, duodenum was seen
coursing longitudinally across the top of the imagke right limb of the pancreas
was identified as a poorly marginated structure ialetb the duodenum. The
echoarchitecture of pancreas was similar to lived asoechoic to surrounding
peripancreatic fat, while having similar echoaretitire to surrounding mesentery.
The entire length of right limb could not be seexept in one case (Fig. 14). The
pancreaticoduodenal vein (Fig. 4 & Fig. 31) coutd isualized as anechoic round

structure in cross section within the pancreas.
Ultrasonographic measurements of the right limb opancreas

The measurements of the right limb of pancreas,ehgmidth were recorded
using the in-built calipers of the ultrasound maehi The mean + standard error
values of measurement (mean width) are presentdale-1. The mean width of
right limb of pancreas was 1.2 +0.03 cm in Grouf.81 + 0.06 cm in Group Il and
1.5+ 0.06 cm in Group lII.

Table. 1. Mean *= SE values of ultrasonographic measements of right limb of

pancreas in different group of dogs.

Units Mean + SE
Group | Group Il Group 1l
Width of limb 1.2 +0.03 1.31 £ 0.06 1.5+0.06
(cm)

The mean width of right limb of pancreas was higlesroup 11l and least in
Group in 1.

Echoarchitecture of the left limb of pancreas:

The ultrasonograms of the left limb of pancreashefanimals of Group | are

presented in Fig. 32 to Fig. 37.

The ultrasonograms of the left limb of pancreathefanimals of Group Il are
presented in Fig. 38 to Fig. 43.
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The ultrasonograms of left limb of pancreas of amémals of Group Il are

presented in Fig. 44 to Fig. 49.

The left limb of pancreas appeared hypoechoic dedsoic in relation to its
adjacent structures and homogeneous pancreas wad iio all the groups. The left
limb of the pancreas was more difficult to visuali@s compare to the right limb. It
lay caudal or caudodorsal to the stomach and dranieranioventral to the splenic
vein (SV). In cross-sectional view of left limb thife pancreas, the pancreas was seen
as hypoechoic, homogeneous, triangular structune. Bnechoic round structure
dorsal to the pancreas is cross sectionahgénof the splenic vein (Fig.34).
Landmarks include the stomach (ST) which contaisogenic gas, and transverse

colon (TC) in this particular instance (Fig. 34¢ tleft kidney is not in view.
Ultrasonographic measurements of the left limb of pncreas:

The measurements of the left limb of pancreas, hamadth and thickness
were measured using the in-built calipers of thdérasbund machine. The
mean = standard error values of measurement (madth & mean thickness) are

presented in Table - 2.

Table 2: Mean = SE values of various ultrasonograpc measurements of left

limb of pancreas in different group of dogs.

Units Mean + SE
Group | Group Il Group Il
Width (cm) 1.47 +0.16 1.77 +0.10 1.9D45
Thickness (cm) 1.17 £ 0.06 1.35 £0.09 ED.10

The mean width of left limb of pancreas was 1.4D.1%6 cm in Group |,
1.77 £ 0.20 cm in Group Il and 1.92 + 0.15 cm iro@y Ill. The mean thickness of
left limb of pancreas was 1.17 £0.06 cm in Grouf.85 + 0.09 cm in Group Il and
1.5+ 0.10 in Group IlI.

The mean width of left limb of pancreas was maximumGroup Il and

minimum in Group in I.
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Fig 7: Comparison omeanwidth of right and left limb of pancre:

PART —I
Ultrasonograms of thright limb of pancreas of Groupl.

09 APR 2018 17:52

DUO LONG i
3
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e 12l

Fig 8. Ultrasonogram ofthe right limb of Fig 9. Ultrasonogramof the right limb of
pancreas of Animallshowing pancreas lie pancreas of Animal Zhowin¢ pancreas lies
dorsomedial to duodenugDUO) in sagittal dorsomedial to duahum (DUO) in the
view. mesoduodenum area.
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Fig. 1C. Ultrasonogram of right limbof Fig. 11. Ultrasonogram of right limb ¢
pancreas of Animal 3howing pancreas li pancreas of Animal 4.

dorsomedial to duodenum (DUO) in n

field of screen.
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Fig. 12. Ultrasonogram ofright limb of Fig. 13. Ultrasonogramof right limb of
pancreas of Animal 5,hewing pancrea: pancreas of Animal 6.
duodenurand right kidney in viev
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Ultrasonograms of thright limb of pancreas déroup— Il.

14 MAR 2019 12:03

Fig. 14. Ultrasonogram of right limb of Fig. 15. Ultrasonogram of rigl limb of
pancreas of Animal 1,dlineating the entir pancreas of Animal 2,hewing pancrea
silhouette of Ilimb lies dorsomedial duodenum and right kidney in vie
duodenum in view.

11 MAR 2019 13:1%

Fig. 16. Ultrasorogram of right limb o Fig. 17. Ultrasonogram of right limb c
pancreas of Animal 3,hewing pancreas i pancreas of Animal £howing pancreas
sagittal view. dorsomedial to duodenum.
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Fig. 18 Ultrasorogram of right limb o Fig. 19. Ultrasonogren of right limb of
pancreas of Animal 5. pancreas of Animal 6.

Ultrasonograms cthe right limb of pancreas of Groul|.

Fig. 2C. Ultrasonogren of right limb of Fig. 21. Ultrasonogram of rigt limb of
pancreas of Animal 1. pancreas of Animal 2,hewing pancreas i
the area entrapped between the red ar
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RIGHT LIMB PANCREAS

Fig. 22. Ultrasonogram of riht limb of Fig. 23. Ultrasonogram of riht limb of
pancreas of Animal 3,hewing pancreain pancreas of Animal 4,hewing pancreas i
the area entrapped between the red ar the mesoduodenum.

10 APR 2019 14:00
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Fig. 24. Ultrasonogram of right limb ¢ Fig. 25 Ultrasonogren of right limb of
pancreas of Animal 5,hewing isoechoic pancreas of Animal 6,hswing duodenum
pancreatic parenchyma. (DUO) and pancreas in sagittal vie

29



Ultrasonograms cthe right pancreatic limb of do@s transverse viev
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Fig. 26. Ultrasonogram ofright limb of Fig. 27. Ultrasonogram of right limb ¢

pancreas in fransverse section  pancreas in transverse section
pancreaticoduodenal vein (white arrow)

often visualized in cross section within 1
pancreas.The duodenum(DUO) and ri
kidney(RK) serve as a useful landmail
for localizing the pancreas (red arrows) e
if the pancreas is poorly st.
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Fig. 28. Ultrasonogram of right limbof Fig. 2S. Ultrasonogram ofright limb of

pancreas in transverse sec, showing pancreas in transverse sec,
pancreas at 11’0 clock positi pancreas at 11’0 clock positi
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12 MAR 2018 11:58

Fig. 3C. Ultrasonogram of right limb ¢ Fig. 31. Ultrasonogram of right limb c

pancreas in transverse sec. pancreas in transverse sect where
pancreaticoduodenal vein (white arrow)
visualized in cross section within the pancr
shown by colour Doppler.

Ultrasonogramsf the left limb of pancreas of tliogs of Group.

Lab Lab
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Fig. 32. Ultrasonogram of l¢ limb of Fig. 33. Ultrasonogram of left limb ¢
pancreas of animal 1,hewing stomacl pancreas of animal 2 |lustrating stomac

(ST), spleen (SP) and left kidn (LK) in (ST), spleen(SP), left kidney (LK), and
view. transverse colon (TC) in a vie
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Fig. 34. Ultrasonogram of left limb c¢ Fig. 3%  Ultrasonogram of left limb c
pancreas of anim&, showing splenic ve pancreas of animal,4stomach (ST), splee
(SV), stomach (ST), spleen (SP) ¢ (SP) and transverse col@hC) in view
transverse colo(rC) in view
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Fig. 36. Ultrasonogram of left limb c Fig. 37. Ultrasonogram of left limb c
pancreas of animal 5. pancreas of animal 6hswing stomach (ST
spleen (SP) and left kidn€lK) in view.
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Ultrasonogramsf the left limb of pancreas thedogs of Group |

Lab Lab
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Fig. 38. Ultrasonogram of left limb c¢ Fig. 39. Ultrasonogram of left limb c
pancreas of animal 1hewing stomach (ST pancreas of animal 2,hewing stomacl
spleen (SP), left kidne{ K) and transvers (ST), spleen (SP) and left kidr (LK) in
colon (TC) in view. view.

09 APR 2019 11:21 16 MAR 2019 13:43

Fig. 40. Ultrasonogram of left limb c¢ Fig. 41. Ultrasonogram of left limb c
pancreas of animal &howing stomach (ST pancreas of animal 4.
spleen (SP) and left kidn€kK) in view.
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Fig. 42. Ultrasonogram of left limb c Fig. 43. Ultrasonogram of left limb c
pancreas of animal 5. pancreas of animal 6.

Ultrasonogramsf the left limb of pancreas of the dogs@fou Ill.
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Fig. 44. Ultrasonogram of left limb c Fig. 45. Ultrasonogram of ft limb of
pancreas of animal 1hewing stomach (ST pancreas of animal 2hewing stomach (ST
spleen (SP) and left kidn€lK) in view. spleen (SP) and left kidn€lK) in view.
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Fig. 46. Ultrasonogram of left limb ¢ Fig. 47. Ultrasonogram of left limb c
pancreas of animal 3. pancreas of animal 4.
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Fig. 48.  Ultrasonogram of left limb ¢ Fig. 49. Ultrasonogram of left limb c
pancreas of animal 5. pancreas of animal 6.
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RESULTS

PART - Il

In this part of the study, dogs reporting to VCCthwvsymptoms namely,
anorexia, acute vomiting, diarrhoea, pain on abdaimpalpation, tucked-up belly
were enrolled. After medical consult these animase subjected to ultrasonographic
examinations. A total of three cases qualified tlus part of study. The case wise

details of these animals (three) are as under -

R/

% Case 1 was about 12 months old male and had amprdghydration,
diarrhoea, acute vomiting, pain on abdominal pabpat

« Case 2 and 3.Animal 2 was 6 years old and animals38 years old.

The further test couldn’'t be done in case 1 becadfisieficit of facilities in

near by pathology labs of Mathura.
In case of animal 2, test couldn’t be done becatisevners reluctance.

In case of animal 3, the value of serum Amylase &80 U/ L (290- 1125)
and serum Lipase 111 U/L (77- 695) was found.

Echoarchitecture:

Echoarchitecturef all the clinical cases 1, 2 and 3 was diffusgpoechoic
because of oedema , inflammation and necrosiskeurtio those in part - | of the
study. The right limb was homogeneous and anechaiase 1 (Fig.50). The pancreas
in case 2 and 3 showed ill-defined borders alonth wieterogeneous anechoic

pancreatic parenchyma in left pancreatic limb @lig& Fig 52).

Animal 3 is having the serum amylase value beyomel ¢ut off range

suggesting of pancreatic pathology in left limb.
Ultrasonographic measurements:

Table. 3: Values of ultrasonographic measurementsfgancreas in 3 clinical

cases:

Units Width (cm) Thickness (cm)
Rt limb of pancreas case 1 213 -
Lt limb of pancreas case 2 223. 2.31
Lt limb of pancreas case 3 573. 2.62
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The ultrasonographic examination of animalasecl, the width of right
limb was 1.32 cm which was comparable to healthiynbs. Similarly, on
ultrasonographic examination of case 2, thesmements of width and
thickness were found to be 3.22 cm and 2.31crnpertsrely whereas, in case 3 the
measurements of width and thickness were foundetd.57 cm and 2.62 cm,

respectively.

PART- Il

Ultrasonograms of pancreas of part Il of studynf{chl cases).

:No, , ID: 12981,

7.5 HHz G 70% CFM F 2.5 MHz G 64%
10 cm XvV C PRF 1.4kHz
§1-4-H PRS 4 PRC 3-L-H PRS 4

WF M

Fig. 50. The right pancreatic limb of clinical case-1, sy
hypoechoic right pancreatic limb in sagittal view.
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Fig. 51. The affected lel pancreatic limb of clinical case-2howing

diffusely enlarged pancre
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Fig. 52. The left pincreatic limb of clinical case-8howing hypoechoic

enlarged pancreawjth surrounding hyperechoic mesen
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RESULTS

In part 1l of study, echogenecity was found to hgdechoic to anechoic
whereas, echoarchitecture was non uniform parenatwith ill defined border which
was remarkable because in part I, we found isoechomogeneous parenchyma to

the surrounding structure in all groups.

An animal of 10 months age presented with ascitesase 1 of group Il of
part | of study in which entire length and width péancreas was localized. The

echoarchitecture and size of pancreas was foubd tmrmal.

The animal in case 1 of part Il of study which voa® year old. The width of
right limb of pancreas in this animal was 1.32 chich was comparable to the mean
width (1.31 £ 0.06) in group 1l of part | study.

In case 2 and case 3 of part Il of study the hviahd thickness increased,
with respect to group Il and group 11l respectivdly case 2 width and thickness were
3.22 cm and 2.31 cm respectively, which were caraioly higher than the values of
group Il (mean width 1.77 £ 0.1 cm, mean thickne$s + 0.09 cm) whereas, in case
3 width and thickness were 3.57 cm and 2.62 cm eatsely, which were
considerably higher than the values of group lle&m 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 ultrasoaplic evaluation of
pancreas has some limiting factors, such as thenpatbody condition, which may
hinder the identification of the organ due to ims®ed mesenteric fat; localized pain in
patients with pancreatic disorders; gastrointebwoatents, which can impair organ
visualization; and other factors particular to gamcreas such as its small size, poorly
defined borders, and echogenicity similar to th@@eht mesenteric fat, giving it poor
resolution (Penninck and D’anjou, 2011). Avanteakt(2018) have reported that
patients subjected to ultrasonography should fastat least 8 hours prior to the
procedure so there are no interferences from gagintents.

The pancreas of different age groups of apparémhjthy dogs were scanned
in this study in order to have an idea of bestatligt approaches for ultrasonography
of pancreas, to know the echo-structure of pancesas make ultrasonographic

measurements of the dimensions of the pancreas.

Theright limb of pancreas:

In this study, the right limb of pancreas was seahim lateral recumbency in
all the dogs, but in some cases ultrasonographyalgasdone in dorsal recumbency.
All examinations were performed in lateral recunmtyerOnly, two animals of Group
[, four of Group Il and one animal of Group Il veescanned in dorsal recumbency
also. However, after some time of scanning in daeeumbency, the animals grew
restless because of discomfort and inability of diaaer/handler to provide comfort
to the animal in this recumbency. It may therefobe suggested that lateral
recumbency could be preferred over dorsal recumbenc

The right pancreatic limb could be visualized ift lateral recumbency and
the left pancreatic limb in right lateral recumbgnRobben et al. (2005); Webster
(2008); French et al. (2019) performed the ultrasbexamination in dogs in dorsal as
well as lateral recumbency. The ventral or ldtezaumbent position has been used
as needed to avoid bowel gas by Nyland et al. (ROd@wever, Mekkawy et al.

(2012) have also scanned pancreas with dogs iald@sumbency. The examinations
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may be performed with the patients in lateral orsdbrecumbency. Feliciano et al.
(2015) have advocated in most cases, the patiemildhbe in supine position;
however, right and left lateral recumbency can hatpnning. Lim et al. (2013)
positioned the animals on left lateral recumbenagd placed the US probe
longitudinally between 2 ribs to image the transeeriew of the right pancreatic limb

and proximal portion of the descending duodenum.

Hecht and Henry (2007) propounded that especiallgleep chested dogs,
examination in left lateral recumbency with a righttercostal approach is
occasionally helpful to visualize the right lobe tbe pancreas and the duodenum.
Similarly, Brinkman-Ferguson and Biller (2009) hasencluded in their study that
images of the right lobe of the pancreas were pbthin each dog using the right
intercostal window or a right cranioventral appfoagvante et al. (2018) have opined
that trichotomy should be broad, extending to theaBd &' intercostal spaces for
organ visualization. In this study, the approaahbiath right and left limb of pancreas
was subcostal that is, immediately behind the tdstpositioning the transducers
slightly obliquely longitudinally.

In the present study, all the animals were scamwéd the curvilinear
transducer at a 7.5 MHz frequency, which resultedimages of an optimum
resolution. (Hecht and Henry, 2007) have opinetldba to small size of the pancreas
and its indistinct margins, the examination shobél performed with the highest
transducer frequency possible. In small dogs, aalinor curvilinear 8-15 MHz
transducer may be used whereas, in large dogsfuaskwer frequency transducer 5-
8 MHz may be required to achieve the necessarytgaiom depth. Webster (2008)
has suggested a frequency of 5 MHz for large dogs7al0 MHz for medium dogs
and cats. Mekkawy et al. (2012) have used 8-12 MiHz,MHz, 4-7 MHz and 9-12
MHz transducers in their study on 19 dogs and wmets. Similarly, Robben et al.
(2005) have used 5-3 and 7-4 MHz frequency traresdua their study for scanning

pancreas in dogs.

Small dogs and cats can be effectively examined Wib- or 10.0MHz linear
array transducer. Medium-sized dogs do best witlorabination of 7.5-MHz linear
array for more superficial examinations to 5.0 Mbizless curvilinear arrays for
deeper structures. Large breed dogs may requiemaducer to go as low as 3.0 MHz

in frequency for optimal visibility (Mattoon and Nwyd, 2014 andPollard et al.,
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2014). Rademacher et al. (2016) have reportedttiegt scanned the entire abdomen
using an 8-5 MHz curved array transducer to evaltla echogenicity, texture, and

contour of the entire pancreas.

Penninck and D’anjou (2011) found that in dogs, rilgat pancreatic lobe is
usually the more prone foiffactions. Similarly, French et al. (2019) have répobr
that the most commonly affected portion of the paas as determined by US was the
right lobe (16/26 dogs).

Echoar chitectur e of pancreas.

In this study, the right and left limb of pancreggpeared to be hypoechoic to
isoechoic as compared to the surrounding structumesall the groups. The
echoarchitecture of both limbs of pancreas was lygmeous in the animals of all the
groups and lacked capsular marginatidrtee normal canine pancreas is described as
being similar to liver and isoechoic to surroundimgripancreatic fat, while having
similar echoarchitecture to surrounding mesent8gutders 1991; Hecht and Henry,
2007). Similar findings have been reported by Aegaat al. (2018) wherein they
observed that the pancreas is a homogeneous asga&choic to the mesenteric fat
and the caudal lobe and slightly hyperechoic tdities.

Ultrasonographic measurements of the right limb of pancreas:

The width of right limb of pancreas was measuradguthe in-built calipers.
The mean width of right limb of pancreas was 1.2030cm in Group [, 1.31 = 0.06
cm in Group Il and 1.5 = 0.06 cm in Group lll. Nahpancreatic size has been
described in dogs of multiple breeds and weight$ @n measure up to 3 cm in
thickness, depending on the reference; howevelatigest case series reports 1.6 cm
as an upper limit of pancreatic thickness (Milleda&Evans 1993 ; Penninck et al.,
2013).

While making measurements on the pancreas, Ev888)found that the size
is variable and ranges from 1 to 3 cm in width apdo 1 cm in thickness, in beagle
type dogsThe right lobe varies in width from 1 to 3 cm andhickness up to 1 cm.
Its length is approximately 15 cm, or 6 inchesaiBeagle-type dog as described by
Evans and Lahunta (2013). Penninck and D’anjod12@nd Mattoon and Nyland
(2015) have described that the right lobe is land narrow, 1 to 3 cm wide and 1 cm
thick. Similarly, Rajapakshage et al. (2016) foutlee mean thickness of right
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pancreatic lobe to be 14.2 + 3.3 mm (range, 9.2G@ mm). They recorded the
thickest dimension of 20.8 mm in a 28 kg, 8 months Labrador Retriever. In a
study done by French et al. (20Eht of the 26 dogs had a thickened right lobé wit
a mean height of 18.9 mm and mean width of 20.0 mm.

Theleft limb of pancreas:

In this study, the left limb of pancreas was scanimelateral recumbency in
all the animals. Intercostal approach was not prefeto scan the left limb of
pancreas, and all animals were scanned in subcagpabach. The scanning of left
limb of pancreas was not easy because of presdneehogenic gas at the gastric-
mucosal interface, which created acoustic shadogeverberation artifacts. All the
animals were scanned with curvilinear transducexr &b MHz frequency for a better
resolution. Mekkawy et al. (2012) have used 8-1224157 MHz, 4-7 MHz and 9-12
MHz transducers in their study on dogs and catsil&ily, Robben et al. (2005) have
used 5-3 and 7-4 MHz frequency transducers in tteily for scanning pancreas in
dogs. Rademacher et al. (2016) have reported liegt gcanned the entire abdomen
using an 8-5 MHz curved array transducer to evaltla echogenicity, texture, and

contour of the entire pancreas.
Ultrasonographic measurements of the left limb of pancreas:

All the ultrasonograms were taken in sagittal pJdrexause it was difficult to
visualize the left limb in transverse plane. Theam@ements of the left limb of
pancreas, namely, width and thickness were measisied the in-built calipers of
the ultrasound machine. In the present study, Teamwidth of left limb of pancreas
was 1.47 + 0.16 cm in Group I, 1.77 = 0.10 cm iro@r Il and 1.92 £ 0.15 cm in
Group lll. The mean thickness of left limb of pag&s was 1.17 £0.06 cm in Group |,
1.35+£0.09 cmin Group Il and 1.5 £ 0.10 in Gralp

Penninck and D’Anjou (2011); Mattoon and NylandX2phave reported that
the left lobe is shorter and wider as comparedhéoright limb. Similarly, Evans and
Lahunta (2013) advocated a shorter, thicker, am®mleft lobe are united at the body
(pancreatic angle), which lies caudomedial to tlyormps. However, Evans and
Lahunta (2013) has suggested that the left lolieeopancreas is approximately two-
thirds as long and half again as wide as the tigb#, measuring 10 cm, or 4 inches,
in length, and 4 cm, or 1.6 inches, in width. Freetal. (2019)n their computerized
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tomographic study on dogs, have found that ninthef26 dogs had a thickened left

lobe with a mean height of approximately 22.1 mm arean width of 24.6 mm.
Part |1

In part 1l of the study, comprising of clinical ess the pancreatic
measurements and the echoarchitecture of both lwhipancreas were different as
compared to those in normal pancreas of the pat the study. The pancreas
appeared to be enlarged with an irregular demarcadind appeared hypoechoic
whereas; the mesentery adjacent to it was hypeiecHAdese ultrasonographic
changes are suggested to be associated with aeuntzegtitis and are the most
commonly reported pancreatic abnormalities in d¢gecht and Henry, 2007,
Penninck, 2008 and Hess et al., 1998). Unfortupatdtrasonographic findings in
various pancreatic disorders overlap, and inciddmdings or age-related changes

may mimic pancreatic disease (Hecht and Henry, 007

In case 1 the width of right limb of pancreas wa821cm which was
comparable to group Il (similar age group as tHathe animal in case 1) of part |
study. However, in case 2 the width and thicknessew3.22 cm and 2.31 cm
respectively, which were higher than group Il (meadth 1.77 £ 0.1 cm, mean
thickness 1.35 + 0.09 cm) and in case 3 width &nkness were 3.57 cm and 2.62
cm respectively, which were higher than the valoesnimals in group Il (mean
width 1.92 = 0 .15 cm, mean thickness 1.5 £ 0.1.cm)

Rademacher et al. (2016) also recorded B-modesolirad image in long axis
of the right pancreatic limb of a 9-year-old malexed breed dog with pancreatitis.
The pancreas had irregular borders and was enlargedsuring 1.8 x 2.3 cm.
Similarly, Mekkawy et al. (2012) have also recorded enlarged pancreas in their

study, measuring 3.7 x 1.7 cm.

Rademacher et al. (2016) examined eight dogs veititqeatitis and found that
the animals had an irregular, enlarged pancredsanitypoechoic echoarchitecture in
six dogs and heterogeneous in two animals. Theowsumding mesentery was
hyperechoic in six dogs and anechoic free fluid weesent in four dogs. Similarly,
French et al. (2019)n their study,found a hypoechoic, enlarged pancreas with

surrounding hyperechoic mesentery with or withaljaeent free fluid.
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CHAPTER-6

SUMMARY AND CONCLUSIONS

The present study was conducted in two parts. dnt P of the study,
apparently healthy dogs of all age groups were estidfl to ultrasonographic
examination of both limbs of pancreas. These degie divided into three groups
having six animals in each group. Group | comprisednimals of 01 month to 09
months of age, Group Il comprised of animals mbent09 months to 06 years of age

whereas the Group Il comprised of animals aboxe/esars of age.

Dogs reporting to the veterinary clinical complex ffracture, castration,
cherry eye, were assessed ultrasonographically duighconsent from the respective

owners prior to surgery.

In Part Il of the study, ultrasonographic examioatiof both limbs of
pancreas of patients reporting to VCC, Collegé&/eferinary Science and Animal
Husbandry, U.P. Pt. Deen Dayal Upadhyaya Pashut€hiWigyan Vishwavidyalaya
Evam Go Anusandhan Sansthan, Mathura (UP), witipgyms likelack of appetite,
weight loss, acute vomiting, diarrhoea, dehydmtadbdominal pain, tucked-up belly

etc.

The animals of both parts of this study were subpbcto sonographic
examination of left and right limbs of pancreas hwitheir measurements and

echoarchitecture.

Ultrasonographic examination was done in latezaumbency in all the
animals and in dorsal recumbency in seven aniaféds proper restraining and no

anesthetic or sedative was required for scanthi@gancreas, in part | of this study.

The right limb of pancreas was imaged by placing Tt6 MHz curvilinear
transducer in the subcostal area in the dorsakpfalong the body length parallel to
the dorsum of the dog). The pancreas was identifiedhe surrounding abdominal
organs rather than direct ultrasonographic visaibn. The animals were restrained
in left lateral recumbency, then the right kidnempsmocated first by placing the

transducer immediately behind the second last nbcostal arch. Thereatfter,
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duodenum was located by dorsomedially fanning tdw/ahe right quadrant. The

pancreas was finally visualized between the duocheswod right kidney.

For transverse localization of pancreas animalsewestrained in dorsal
recumbency. Few images could be obtained in trassveiew because of the
considerable discomfort and non cooperation of ahifor right limb of pancreas in
transverse view, gastric fundus was visualized plaging the transducer in sagittal
plane, thereafter the probe was slided toward ihiet lateral quadrant below the
subcostal arch, then rotated 90° anticlockwise c¢biexe the cross section of
duodenum resembling a ‘target’ like appearance. pdrereaticoduodenal vein could

be seen in cross section within the pancreas.

In this study the right and left limb of pancregpeared to be hypoechoic to
isoechoic as compared to the surrounding structumesall the groups. The
echoarchitecture of both limbs of pancreas was lygmeous in the animals of all the

groups and lacked capsular marginations.

The width of the right limb of pancreas, was meeduusing the in-built
calipers of the ultrasound machine. The mean wodltiight limb of pancreas was 1.2
+0.03 cm in Group I, 1.31 £ 0.06 cm in Group Il @8 + 0.06 cm in Group llIThe

mean width of right limb of pancreas was highesgmup Ill and least in Group in I.

For locating the left limb of pancreas, the animvak restrained in right lateral
recumbency and the left kidney was located firgte Transducer was then slided
beneath the subcostal arch towards the xiphisternstomach was located. On
gradual fanning both the caudal part of stomachlefikidney and transverse colon

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

The mean width of left limb of pancreas was 1.4Y.3 cm in Group I, 1.77
0.10 cm in Group Il and 1.92 £ 0.15 cm in Group Tlhe mean thickness of left limb
of pancreas was 1.17 £ 0.06 cm in Group |, 1.3508@m in Group Il and 1.5 + 0.10
in Group lll. The mean width of left limb of panasewas thickest in Group Il and
thinnest in Group |.

The Part Il of the study, comprised of clinical €as The pancreatic
measurements and the echoarchitecture of both lwhipancreas were different as
compared to those in normal pancreas of the pafrthe study. In case 2 width and
thickness were 3.22 cm and 2.31 cm respectivelyctwivere higher than those in
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group Il (mean width 1.77 £ 0.1 cm, mean thickne8% + 0.09 cm). whereas, in case
3 width and thickness were 3.57 cm and 2.62 cmexasfely, which were higher than
group Il (mean width 1.92 £ 0 .15 cm, mean thids4.5 + 0.1 cm). In part Il of
study, echogenecity was found to be hypoechoic treclaoic whereas,
echoarchitecture was non uniform parenchyma witldefined border which was
noticeable, because in part | we found isoechoimdgeneous parenchyma to the

surrounding structure in all groups.
CONCLUSIONS:

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

2. Subcostal approach was the best approach to s@iaanié right limbs of
pancreas, using a 7.5 MHz curvilinear transduceilaieral recumbency by
placing the probe caudal to the last rib and vétdrghe lumbar process.

3. The dimensions and the echoarchitecture of therpasowvere similar to the
findings of previous workers and may assist indtagnosis of pathologies of
pancreas or other organs.

4. It requires a great degree of patience to scanrpasdecause of their size and
position. It is difficult to scan left limb of pareas because of the surrounding
gas filled structures (stomach and transverse golon

5. The ultrasonograms collected during this study rbayused as reference
images and the measurements recorded during thdy stan be used as
reference values.

6. It is easy to locate pancreas in thin and geriaanamal because of less
abdominal fat.
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