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adequate acoustic windows and expert operators. Computed tomography is
a reference technique both in human and veterinary oncology for the
identification of primary neoplasms and for metastases searching thanks to
the possibility to scan the whole body and the use of intravenous iodinated
contrast medium for vascular assessment. Specific intraluminal distension
techniques such as Helical-Hydro Computed Tomography and Computed
Tomography Colonography can improve respectively stomach and colon
associated masses. To date, Endoscopic Ultrasonography and Magnetic
Resonance, despite their proven value in human medicine, lack of
literatures that support their usefulness in the diagnosis and staging of
gastrointestinal neoplasms in veterinary medicine and are not widely used
in these pathologies. The purpose of this work is to review the literature on
imaging modalities applied in gastrointestinal tumours diagnosis in dogs
and cats, highlighting advantages and limitations of each technique in order
to choose the proper imaging procedure in everyday clinical practice.
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Introduction diarrhea, gastro-intestinal blood loss (hematemesis, melena
. . L i and/or hematochezia) with weight loss that could result
Gastrointestinal (GI) tract neoplasia is uncommon in fom anorexia, malabsorption and/or maldigestion, loss of
both dogs and cats, but due to the non-specific clinical protein or generalized tumour cachexia. Laboratory

presgntation a_md !aborat.ory abnormalitigs, phese tumours abnormalities may include panhypoproteinemia, microcytic
require a rapid d.lagn05|s and_ characterization (Wlt_hrow, hypochromic anemia related to chronic gastro-intestinal
2007). Adenocarcinoma (AC) is the most common primary blood loss and malabsorption (Willard, 2012:

Gl malignancy in dogs (Terragni et al., 2014a), while Terragni et al., 2014b: Gianella et al., 2017).

lymphoma is the most common in cats (Gieger, 2011; Ad . ic th ; ; i f
Willard, 2012). Other malignancies described in the canine enocarcinoma 1s the most common tumour-type o
the canine stomach, counting the 70-80% of gastric

and feline Gl tract include mast cell tumour,

Gastrointestinal Stromal Tumour (GIST), neoplasias_ (Swzf\nn and HoIt,_ 2002) and the_ second most
leiomyosarcoma, fibrosarcoma, poorly differentiated ~ cOmmon intestinal tumour in the cat (Willard, 2012);
sarcoma and carcinoid. Benign tumour has been reported moreover, it is the most common primary neoplasm of
to occur both in dogs and cats Gl tract which includes ~ dog's rectum and cat's colon (Slawienski et al., 1997).
polyps and leiomyomas (Willard, 2012). Several studies reported a breed-related incidence of AC

Clinical signs depend on which portion of the Gl tract is in German shepherd, Chow-chow, Belgian shepherd,

involved and usually include chronic vomiting and/or Collies and Staffordshire bull terrier dogs and in Siamese
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cats (Scanziani et al., 1991; Penninck, 1998; Bilek and
Hirt, 2007; Lubbes et al., 2009), thus implying a genetic
component predisposition. Regarding the incidence of
age and gender, older dogs are the most affected even if
the age range is large (from 1 to 14 years of age); males
are more frequently affected than females (Paoloni et al.,
2002). It is reported that more than 40% of the dogs and
more than 50% of the cats have detectable metastases at
the time of the diagnosis (Rivers et al., 1997; Paoloni et al.,
2002). At one institution, regional lymph nodes
involvement was present in 14/17 of the dogs with gastric
AC (Penninck, 1998). Common sites for metastases are,
liver, mesentery, omentum and peritoneal surface as
miliary lesions (Rivers et al., 1997; Crawshaw et al.,
1998; Paoloni et al., 2002); other less reported sites are
lungs, spleen, kidneys, pancreas, bladder, testis and
urethra (Paoloni et al., 2002). Survival time in dogs with
confirmed metastasis is approximately 3 months and 1
year in only 20% of patients (Crawshaw et al., 1998).

Lymphoma is the most common Gl-related malignancy
in the cat, representing 30% of all feline neoplasms;
moreover, 70% of cats with lymphoma have Gl
involvement: In this species, the small intestine is the most
commonly affected site and is also the most frequent
tumour of the gastric wall (Willard, 2012; Paulin et al.,
2018). The Siamese breed and the older age (between 10
and 14 years in particular) are correlated to an increased risk
(Griffin, 2019). Lymphoma is less common in dogs than in
cats; furthermore, Alimentary Lymphoma (AL) represents
only 7% of all canine lymphoma (Gieger, 2011). The Gl
tract can be diffusely or focal infiltrated by neoplastic
lymphocytes, with or without involvement of other
abdominal organs such as liver, spleen and mesenteric
lymph nodes (Gieger, 2011; Paulin et al., 2018). According
to different classifications, AL can be divided into several
subtypes depending on the histological characteristics:
Low, intermediate or high histological grade; small or
large cell size; T or B infiltrated neoplastic lymphocytes
(Paulin et al., 2018). The main types of feline AL include
“mucosal lymphoma” which is usually a Low-Grade, small
T-cell forms of Alimentary Lymphoma (LGAL) and
“transmural lymphomas”, commonly a High-Grade,
small or large B- or T-cell type of Alimentary
Lymphomas (HGAL) (Paulin et al., 2018). At one
institution, feline AL was equally divided among those
types (Lingard et al., 2009), but in another study, the
small cell lymphoma occurred three times more often
than the large cell one (Fondacaro et al., 1999). Large
Granular Lymphocytic Lymphoma (LGLL) is the less
common, but the most aggressive, subtype of AL
characterized by the presence of natural killer T
lymphocytes with intracytoplasmic granules (Gieger,
2011; Paulin et al., 2018). Clinically, these types of AL
are distinct entities with different clinical findings,
therapies and outcomes.

90

Mesenchymal tumours such as leiomyomas and
leiomyosarcomas have classically been the connective
tissue tumour diagnosed in the canine and feline Gl tract,
but immunohistochemistry has allowed pathologists to
distinguish Gastrointestinal Stromal Tumours (GIST)
originating from the interstitial cells of Cajal (Russell et al.,
2007). These neoplasms may be indistinguishable
morphologically from smooth muscle tumours or other
spindle cell tumours and routine histologic staining and
immunohistochemistry are required in order to
differentiate these neoplasm types, with GISTs being
characterized by the expression of the protein CD117
and CD34 (Willard, 2012). Colon and cecum seem to be
the most common localizations of GIST, whereas
stomach is more often affected by leiomyomas and
leiomyosarcomas (Hobbs et al., 2015).

Mast Cell Tumour (MCT) of the Gl tract is the third
most common intestinal tumour in cats (Antognoni et al.,
2003). It may occur in any section of the Gl tract with no
association with cutaneous involvement. It is a highly
malignant tumour with a high rate of metastasis and
clinical pathology findings tend to be nonspecific, but
abdominal effusion with mast cells may occur.
Mastocytosis is infrequently seen (as opposed to splenic
mastocytosis, which is more common) and eosinophilia
may be detected in some patients (Willard, 2012).

Imaging Modalities and Techniques

As previously mentioned, neoplasms of the Gl tract can
cause a specific clinical sign that may be the result of
structural alteration of the Gl wall with or without
compromising functionality (motility and
digestion/absorption) and, in most cases, the first diagnostic
line to investigate these clinical manifestations includes, in
addition to laboratory tests, the use of imaging techniques
like survey radiography and ultrasonography.

Survey radiographs and contrast radiography have been
considered the principal diagnostic imaging techniques used
to examine the GI tract for many years. Contrast
radiography studies are useful for the visualization of
intraluminal masses, stenosis point or motility anomalies
but is a potentially time-consuming procedure, often
requiring multiple exposures and expert operator for an
optimal interpretation. Even under optimal conditions, the
sensitivity and specificity of radiography for many Gl
conditions are limited (Lamb and Grierson, 1999).

Ultrasonography (US) of the canine and feline
abdomen is a non-invasive, widely used technique that
allows to assess the Gl tract evaluating wall thickness
and layers, motility and lumen content, getting useful
information of adjacent structures such as lymph nodes
and peritoneum. To perform a complete US assessment
of the GI tract, different types of transducers should be
used: A microconvex transducer (5-10 MHz of frequency
range) allows evaluation of all Gl tract in both dogs and
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cats; in large breeds dogs, a lower frequency (3.5-5 MHz)
may be necessary to visualized the deepest part of the
abdomen; a high frequency linear transducer (7-15 MHz)
allows detailed images acquisition of wall’s layers of all the
Gl tract in small breeds dogs and cats and of the most
superficial portion in larger dogs. (Terragni et al., 2014b).
Whole wall thickness measurements are taken from the
inner mucosal interface to the outer aspect of the serosa.
The motility of the GI tract can be assessed by counting
peristaltic waves that are usually 3-5 min in both healthy
dogs and cats (Larson and Biller, 2009). Peristaltic activity
can routinely be observed in the stomach and small bowel
but not in the colon (Penninck, 1998). Ultrasonography
proved through the years to be a sensitive and versatile
modality for morphological lesions affecting the Gl tract
and in many cases is able to confirm or rule out any
suspected diseases, offering the practical advantages of
being less time-consuming than contrast radiography and
not involving the use of ionizing radiation. Nevertheless,
gas may inhibit complete visualization of the GI wall and
lumen and optimal GI US requires relatively high-
resolution equipment and an expert operator (Lamb and
Grierson, 1999; Larson and Biller, 2009). However,
abdominal radiograph and US are complementary imaging
modalities and each adds useful information.

The technique of Endoscopic Ultrasonography (EUS)
is widespread in human medicine, especially to
investigate the lumen, the wall and the organs close to
the GI tract. In veterinary medicine, current applications
for EUS in GI tract assessment include an examination
of the esophagus, gastric wall, duodenum and jejunum, as
well as detection of regional lymphadenomegaly and the
possibility of performing fine-needle aspiration biopsy of
the Gl wall, adjacent organs and extraluminal structures
(Gaschen et al., 2007). Other potential applications in dogs
and cats include tumours staging and intrapelvic US
(Gaschen et al., 2003). However, in veterinary medicine,
only few publications are present for limited use (Lamb and
Grierson, 1999; Gaschen et al., 2003; 2007).

Computed Tomography (CT) scanners allow whole
body images acquisition with optimal delineation of
primary masses, involved lymph nodes and others organs
metastases in veterinary oncology (Fukushima et al., 2012;
Terragni et al., 2012; Fife et al., 2004; Kutara et al., 2014;
Fukushima et al., 2016; Forrest, 2016; Carloni et al., 2019);
but, only sporadic studies have reported the CT imaging
characteristics of GI’s tumours in veterinary medicine
(Hoey et al., 2012; Terragni et al., 2012; Tanaka et al.,
2019; Yoon et al., 2019).

Radiography

Stomach

For a specific radiographic examination of the
stomach, four projections are needed: Ventrodorsal,
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dorsoventral, left and right lateral. Using these
projections, gas within the lumen can be manipulated to
visualize all the gastric regions. In normal condition, the
axis of the stomach is parallel to the ribs on the lateral
projection. In canine stomach on the ventrodorsal view,
the canine axis is perpendicular to the spine, with fundus
and most of the body located on the left side, while the
pyloric region is on the right; in the feline species, the
axis is parallel to the spine, with the pylorus located at or
near the midline and is more acutely angled with the
stomach (Terragni et al., 2014b). The normal gastric wall
appears smooth and uniform and is a few mm thick when
fully distended. To increase the sensitivity of the
radiographic study in identifying gastric masses, the use
of intraluminal contrast agents may be necessary.
Several contrast techniques have been described through
the years: Positive-contrast gastrography using barium or
iodinated contrast medium; pneumogastrography using
negative-contrast created by filled CO; or air into the
gastric lumen; double-contrast gastrography using a positive
contrast followed by gas; low-volume gastrography
(Terragni et al., 2014b). Each type of contrast radiography
should always be preceded by survey radiographs and any
patient that would perform a contrast study must be fasted
for at least 12 h. After barium or iodinate administration,
each projection is repeated at 0, 15, 30 min and 1, 2 and 3
hours to follow the progression of the contrast medium in
and out of the stomach (Wallack, 2003). Also, the motility
of the organ is contextually evaluated since the times of
gastric emptying have been established in both dogs (30-
120 min) (Miyabayashi and Morgan, 1986) and cats (15-30
min) (Morgan, 1981).

On survey radiographs, findings of gastric lesions
may include masses that protrude into the lumen, but,
if the stomach is not filled with air and or too much
food is present, the lesion may not be detected
(Terragni et al., 2014b; Valentini et al., 2013). On
contrast radiography, gastric neoplasia could be better
visualized as a filling defect within the contrast
medium outlining the lesion protruding into the
lumen. In some cases, large stenotic masses may lead
to outflow obstruction (Teshima et al., 2013).

Gastric AC usually presents as diffuse thickening of
the gastric wall or less frequently, shows a focal wall
thickening at the level of lesser curvature and pylorus.
Gastric leiomyoma and leiomyosarcoma share similar
features: Both tumours tend to present as mass lesion
that extends asymmetrically from the gastric wall and
does not affect the lumen or, less frequently, they appear
as a distinct mass within the stomach lumen. Lymphoma
may also present as a focal mass that extends out from the
gastric wall and does not affect the lumen (Gualtieri et al.,
1999; Willard, 2012; Terragni et al., 2014b). Secondary
signs of a gastric tumour include the presence of a
gastric ulcer, an abnormal pattern of rugal folds, poor
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local or diffuse gastric distension, lack of peristalsis and
delayed gastric emptying. However, radiology of the
stomach is not sensible for the identification of
intramural lesions (Terragni et al., 2014b).

Intestine

Survey radiography and contrast radiography are
useful diagnostic imaging methods used to evaluate the
canine intestine The animal should ideally fast for 12
hours before the radiographic examination and if at the
time of the first survey radiography, too much fecal
material is present in the colon, an enema may also be
necessary. A standard right lateral and ventrodorsal
projection of the abdomen are often used for the
assessment of both small and large bowel. A moderate
amount of gas is physiologically present in the small
bowel of fasted dogs but is considered pathological in
cats; instead, the colon may present moderate dilation by
gas and feces in healthy dogs and cats. In left lateral
recumbency, gas from the stomach often passes into the
proximal duodenum and this is helpful if duodenal
pathology such as neoplasia or foreign body is suspected
(Paoloni et al., 2002). No accurate specific measurement
for the normal diameter of canine and feline bowel exist,
because of the variation in dogs body size and the
magnification effects of radiography (Riedesel, 2017).

Intestinal neoplasia may not create radiographic
abnormalities, especially on survey radiographs.
Possible changes include a soft tissue mass of variable
size with possible partial to complete obstruction
resulting in bowel dilation (Paoloni et al., 2002;
Gieger, 2011; Terragni et al., 2014b). Neoplastic
cellular infiltration within the intestinal wall causes an
increased wall thickness which, however, cannot be
determined reliably from survey radiographs but can
be evaluated with positive contrast studies.
Secondarily, bowel motility may be altered, resulting
in a change in bowel diameter. Some neoplasm like
AC and AL may appear as a protruding or annular
stenotic mass causing signs of total or partial
obstruction, visible on survey radiography as a bowel
dilation or accumulation of radiopaque foreign
material (“gravel sign”) proximal to the lesion
(Paoloni et al., 2002; Gieger, 2011). There are no
unique survey radiographic findings in intestinal
tumour: Wall’s masses may cause smoothly rounded
lumen protrusions or deformation of the serosal
contour and if the mural mass surrounds the lumen,
that becomes enlarged and irregularly shaped
(Riedesel, 2017). Contrast radiography provides a
better definition in the detection of these lesions than
survey radiographs, outlining more precisely the
narrowing of the lumen at the tumour site (Paoloni et al.,
2002). The wall layers cannot be assessed on
radiography, but only on US.
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Ultrasound
Stomach

Ultrasonographic evaluation of the stomach includes
several advantages because of the non-invasive nature of
the examination, other associated structures concomitant
assessment like regional lymph nodes for a better staging
in dogs and cats with gastric masses and the possibility
to perform studies on conscious or only mildly sedated
patients. Every patient undergoing US exam should be
fasted for at least 12 h (Penninck, 1998; Terragni et al.,
2014b), since the food and gas contained in the stomach
will not allow a correct visualization of the gastric wall;
moreover, for a better evaluation of this structure, it’s
possible to administer some water at 10-15 mL/kg which
will enhance wall’s layers definition with optimal
distention of the stomach, overcoming gas artifacts that
may be present also in fasted animals (Penninck, 2002;
Terragni et al., 2014b). Right lateral recumbency is
useful for pyloric examination and left lateral for the
fundus. In the empty stomach, prominent rugal folds are
visible, especially in the cat, where they resemble a
spoked wheel (Larson and Biller, 2009). Normal
gastric wall thickness ranges from 3 to 5 mm
(Penninck, 1998); when gastric wall measurements are
collected, it is important to measure the wall between
rugal folds to avoid artifactual increase in thickness,
especially in the cat where folds are prominent and the
distinction between wall and lumen is not always
simple (Larson and Biller, 2009). The normal gastric
wall consists in five layers: the inner mucosal-luminal
interface (hyperechoic), the mucosal layer (thick and
hypoechoic), the submucosal layer (hyperechoic and
thin), the muscle layer (hypoechoic and thin) and the
outer serosal surface (hyperechoic and thin)
(Penninck, 1998; Newell et al., 1999). The major
features of gastric neoplasia include focal thickening with
loss of definition of normal wall’s layers, with a higher
sensitivity than radiography (Seiler and Mai, 2009). The
thickening of the gastric wall can be generalized or
localized, symmetrical or asymmetrical and associated or
not with significant loss of motility (Terragni et al., 2014b).

The AC in dogs typically shows an asymmetrical,
moderate to severe, heterogeneous gastric wall
thickening. The loss of the normal wall’s layers may be
replaced by three alternating bands that appear as poorly
defined, echogenic lining on the innermost and/or
outermost portions of the gastric wall separated by a
more echoic central zone; this particular finding is
defined “pseudolayering” (Penninck, 1998, Terragni et al.,
2014b). This alteration is typical of gastric AC and
reflects his histopathological structure (Penninck, 1998).
Adenocarcinoma may often spread to regional lymph
nodes (Penninck, 1998; Paoloni et al., 2002; Willard,
2012) and, when it happens, regional lymph nodes may
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present rounded with poorly defined echoic rim and a
highly defined echoic center, also reported as target
appearance (Penninck, 1998). In cats, gastric AC is
extremely rare and only very few cases have been
reported through the years (Gualtieri et al., 1999);
however, the US characteristics of these gastric tumours
have never been described in this species.

Canine and feline gastric lymphoma can show
different presentations. Usually, the US appearance is
described as a circumferential, transmural thickening
associated with diffuse loss of normal wall layering and
reduced wall echogenicity (Fig. 1A), associated with
localized decreased motility and moderate regional
lymphadenopathy (Penninck et al., 1994; Penninck,
2002). Another report described a gastric lymphoma as a
focal hypoechoic eccentric mass (Seiler and Mai, 2009).

The most frequent location of leiomyoma and
leiomyosarcoma is the pyloric region, with submucosal
hypoechoic masses arising from the muscular layer as the
most frequent ultrasonographic appearance. Leiomyomas
usually appear as homogeneous, small, sessile, echoic
masses in dogs (Myers and Penninck, 1994), while
leiomyosarcomas are more often large, complex masses
with an irregular central cavity (representing hemorrhage,
necrosis or cystic degeneration) (Seiler and Mai, 2009);
Leiomyosarcomas can ulcerate leading to wall perforation
(Myers and Penninck, 1994).

Ultrasonographic features of malignant histiocytosis,
malignant fibrous histiocytoma and histiocytic sarcoma
have been sporadically reported (Kaser-Hotz et al., 1996;
Cruz-Ardmbulo et al., 2004) and other tumours, like
carcinoid, neurilemmoma, nerve-sheath tumour, mast cell
tumour and hemangiosarcoma, tend to appear as poorly
defined echoic masses or as a focal thickening with loss of
layering. No specific US features for these tumours have
been described. Gastric wall thickening corresponding to
wall edema and luminal fluid accumulation associated with
reduced gastric motility may be observed in animals with
large lesions, with ulcers as possible complications reported
in the literature (Terragni et al., 2014b).

Intestine

Ultrasonography is useful in assessing intestinal
uniformity in diameter, wall thickness and layers, luminal
contents and peristalsis (Larson and Biller, 2009; Gaschen,
2011). A complete examination of the small intestine is
performed by scanning the abdominal cavity in sagittal and
transverse planes, visualizing the duodenum, the jejunum
and the ileum in each of their portions. The colon may be
scanned in its entirety, including the junction of small
intestine with the colon in cats or cecum in dogs. If the
patient is fasted for at least 12 h, feces and gas may fill only
the colon, but they can be present also in the small intestine,
creating reverberation artifacts and acoustic shadowing
making wall measurements difficult (Penninck, 1998;
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Larson and Billler 2009). In the small intestine, the same
layering of the stomach is observed (see above); colonic
wall has a layered appearance like the small intestine but is
thinner with less obvious layering; it can be easily identified
because of its location and striking acoustic shadow and
reverberation artifacts (Nyland et al., 2016). Normal
small bowel wall thickness ranges approximately from
2 to 5 mm; large bowel thickness, instead, ranges
from 1 to 2,5 mm (Riedesel, 2017). The duodenal wall
tends to be slightly more prominent than the
remaining bowel in dogs, while in the cats, the ileum
appears to be the thickest segment. With a high-
resolution probe, Peyer’s patch (aggregated lymphoid
follicles) may occasionally be seen in the duodenal
portion and may be mistaken for ulcerative lesions
(Penninck, 1998).

Fig. 1: Ultrasonographic images of a cat with gastric and
jejunal high-grade lymphoma: The patient had
multifocal hypoechoic transmural lesions with wall
thickening and complete loss of layering (white arrows)
in the stomach (A) and also a focal hypoechoic
transmural thickening with loss of wall layering
(between the cursors) in the jejunum (B)
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Intestinal neoplasms typically occur with a focal or
multifocal concentric or eccentric, wall thickening with
loss of wall layering. However, US findings in course of
inflammatory diseases of the Gl tract can be very similar
to those of neoplastic infiltration, showing diffuse or
multifocal mild wall thickening, loss of definition of
wall layers and mesenteric lymphadenopathy. Since
neoplasms and Gl inflammation can overlap, parameters
such as degree of thickening, loss of layering, symmetry
and extension of the lesions are considered: As general
rule, the more dramatic the alterations, the greater the
suspicion of neoplasia (Penninck et al., 2003; Larson and
Biller, 2009). However, in many cases, inflammation
cause mild or none US alterations (Larson and Biller,
2009). Penninck et al. (2003) reported that dogs with
neoplastic wall infiltration have a median wall thickness
statistically greater than that of inflammatory disease
(median: 15 mm vs 6 mm, respectively) and that
neoplastic involvement of the small bowel is more often
focal than diffuse, which is more common in
inflammation. Furthermore, the authors reported that loss
of wall layering is 50-times more associated with the
diagnosis of neoplasia than of nonspecific
inflammation (Penninck et al., 2003). Carcinoma,
lymphoma, leiomyoma and leiomyosarcoma are the
most common intestinal wall tumours in dogs
(Gaschen, 2011). One study has described the
sonographic findings of an ileal hemangioma in a dog
(Aita et al., 2010). In cats, AL, AC and mast cell
tumour are the most common intestinal malignancy.
Visceral hemangiosarcoma of the small bowel and
colon has also been reported (Culp et al., 2008).

Intestinal AC in dogs and cats sonographically appear
as a severe wall thickening with complete loss of wall
layers and regional lymph nodes involvement (Willard,
2012). These findings are similar to that of HGAL;
however, the distribution of carcinomas is usually
solitary whereas AL can be focal, multifocal, or diffuse
(Penninck, 1998; Gieger, 2011). Furthermore, intestinal
AC often cause intraluminal stenosis and mechanical
ileus, which is less frequent in lymphomas (Penninck,
1998; Paoloni et al., 2002). In a retrospective study of 21
dogs with intestinal AC, data about localization, length,
wall thickness, echogenicity, regional motility, layering,
regional lymphadenopathy and fluid accumulation
proximal to the lesion site were sonographically
evaluated: In 15 dogs the tumour was identified in the
small bowel (6 had confirmed jejunal lesions) and in the
colon for the other 6 dogs (2 colonic and 2 colorectal
confirmed lesions) and all lesions had transmural
thickening ranged from 7 to 17 mm (median 12 mm)
with complete loss of wall layering. Lesion length
ranged from 23 to 63 mm (median 40 mm). For what
concerned the echogenicity, most intestinal lesions were
hypoechoic with irregular edges at the lumen interface.
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Fluid accumulation proximal to the lesion site was
identified in 17 of 21 dogs. In 13 of 17 dogs the fluid
accumulation was considered moderate to severe and in
12 of 21 dogs had regional lymphadenopathy and/or
carcinomatosis (Paoloni et al., 2002). Another study
reported ultrasonographic findings of 5 cats with
intestinal AC: In all 5 cats a mass was clinically palpable
but radiographically an abdominal mass was detected in
only 1 cat. The ultrasonographic features of the lesions
are a segmental intestinal mural mass (5 of 5 cats)
characterized by circumferential bowel wall thickening
with transmural loss of normal wall layers; in 1 cat, the
circumferential symmetric hypoechoic bowel wall
thickening was similar to what is reported for segmental
lymphoma. In the other 4 cats, the sonographic features
of the thickened bowel wall varied, being mixed
echogenicity and asymmetric in 3 cats and mixed
echogenicity and symmetric in 1 (Rivers et al., 1997).
Alimentary lymphoma can appear with different
features in the GI tract: It can occur as a focal or
multifocal hypoechoic intestinal mass with transmural
loss of wall layering, causing partial stenosis of the
intestinal lumen or it may appear as a normal or
increased intestinal wall thickness with preservation of
intestinal layers (Penninck, 1998; Lingard et al., 2009;
Gieger, 2011; Gaschen, 2011). Furthermore, it is the
most common neoplastic cause of diffuse infiltration and
wall thickening in cats that can appear similar to
Infllammatory Bowel Disease (IBD) (Gaschen, 2011,
Gianella et al., 2017). In cats, AL, as previously told, is the
most commonly encountered form of lymphoma and the
three main histological types, LGAL, HGAL and LGLL,
have different diffusion, aggressiveness and prognosis. The
ultrasonographic aspect seems to change with the different
types of infiltrates (Gieger, 2011; Willard, 2012).
Ultrasonographic aspects of HGAL in cats may
include a localized, hypoechoic, transmural intestinal
thickening with loss of definition of wall’s layers (Fig.
1B), hypomotility and abdominal lymphadenomegaly.
Concurrent alteration of liver, with hyperechoic or
hypoechoic parenchyma, pancreas and spleen, with
diffuse echogenicity changes and/or nodular lesions,
may also be present supporting the possible infiltration
of these organs (Zwingenberger et al., 2010). For what
concern LGAL, several authors reported the
ultrasonographic characteristics of this lymphoma and
the fact that it is, in most cases, clinically and
histologically indistinguishable from IBD (Lingard et al.,
2009; Zwingenberger et al., 2010; Daniaux et al., 2013).
In one study on cats with LGAL, the most common
ultrasonographic finding was normal or mild increased
intestinal wall thickness (mean 4.3 mm, range 3.4-5 mm)
with preservation of layering (Lingard et al., 2009). In a
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further study, 22/27 (81%) cats with LGAL had evidence
of intestinal thickening on ultrasound (Stein et al., 2010).
Another study evaluating differences in ultrasound
findings between cats with LGAL versus IBD reported
that cats with LGAL have thickening of the muscularis
layer 18 times more frequently than those with IBD. In
addition, in the course of LGAL, lymphadenopathy is
present in 47% of subjects and only in 17% of those with
IBD; the combination of muscularis thickening and
lymphadenopathy was present in 26% of LGAL whereas
only 1 of 24 cats with IBD had both findings
(Zwingenberger et al., 2010). Daniaux et al. (2013)
reported that cats affected by LGAL and IBD a had an
increased thickening of the muscolaris propria which
was on average twice the size compared with healthy
cats. Furthermore, the muscularis was the major
contributor to significant overall bowel wall thickening
in the duodenum and jejunum supporting that a
muscularis to submucosa ratio >1 could be indicative of
an abnormal bowel segment (Daniaux et al., 2013). In
another study of 16 cats with LGAL, mesenteric
lymphadenopathy was present on US in 12 cats, diffuse
small intestinal wall thickening in 9, a focal intestinal
mass in 1 and concurrent lymphoplasmacytic IBD was
diagnosed in 4 cases (Lingard et al., 2009). In a recent
study, enzyme Lactate Dehydrogenase (LDH) has been
studied for differentiating between AL from a non-
neoplastic disease such as IBD (Terragni et al., 2016).
Sonographic findings in 71 cats included revealed:
moderate to severe Gl transmural thickening
associated with loss of layering in the 14 cats with
HGAL; mild increased of the muscularis layer with
normal layering in 25 cats (14 LGAL, 73.7%; 11 IBD,
28.9%); normal wall thickening and layering in 5 cats
with LGAL (26.3%) and in 27 with IBD (71.1%).
Mesenteric lymph nodes enlargement was present in
32 cats, 25 with lymphoma (75.8%) and 7 with IBD
(18.4%). Alimentary lymphoma is less common in
dogs than in cats and LGAL is rare in this species
(Gieger, 2011). One study reported that intestinal
lymphoma may be present in bowel with normal or
minimal alteration in wall thickness (highly variable
with approximately equal numbers in the normal to
mild, moderate and severe categories) and layering
(20% of the patient retained normal wall layering),
suggesting that distortion of wall layering and
thickness are poorly sensitive for the diagnosis of
lymphoma also in dogs and 4 patients with
histopathologically confirmed lymphoma showed no
sonographic alterations (Frances et al., 2013). One study
examined duodenal perfusion using Contrast-Enhanced
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Ultrasonography  (CEUS) in dogs with chronic
inflammatory enteropathy (n = 26 dogs classified into: 16
Remission and 10 symptomatic based on clinical scores),
intestinal lymphoma (n = 7 dogs) and a control group with
Gl signs but histopathologically normal duodenum (n =
14) showing no significant differences in perfusion
parameters between the lymphoma and inflammatory
groups or the lymphoma and control groups (Nisa et al.,
2019). Ultimately, the optimal approach to diagnose Gl
lymphoma varies among clinicians: Fine-needle aspiration
and cytology of intestinal masses and enlarged mesenteric
lymph nodes are relatively non-invasive and rapid
diagnostic methods. However, the presence of
inflammation and/or lymphoid reactivity may hinder a
definitive diagnosis and histopathology of endoscopically
or surgically obtained intestinal biopsy may be necessary
to confirm the diagnosis (Gieger, 2011).

Intestinal  smooth  muscle tumours such as
leiomyosarcomas originate intramurally and may bulge out
of the serosa appearing as extraluminal masses. The masses
often become very large and contain hypo/anechoic areas,
representing central necrosis (Myers and Penninck, 1994).
Leiomyomas tend to be small and appear as a focal
intramural hypoechoic thickening with loss of wall layering
(Myers and Penninck, 1994).

Only one retrospective cross-sectional study of 37 dogs
described the ultrasonographic features of canine GISTs (19
dogs) compared with other spindle cell tumours (8
leiomyosarcomas, 6 leiomyomas and 4 no specified
sarcomas). GISTs were significantly more likely to be
associated with the cecum (8/8 of cecum lesions) and with
abdominal effusion (58% of GISTs) than other tumour
types, but no ultrasonographic feature other than this was
helpful in differentiating between Gl spindle cell tumour
types. The only tumour type reported without cavitated
regions was leiomyoma (6/6) (Hobbs et al., 2015).

Intestinal MCT is rare and are more common in cats
than in dogs. The sonographic features of intestinal MCT
were reviewed by Laurenson et al. (2011) in one study
of 14 cats (16 focal intestinal tumours and 1 diffuse
submucosal infiltrate): The most common pattern was
focal, hypoechoic wall thickening that was
noncircumferential and eccentric (9/16 tumours) or
circumferential, asymmetric and eccentric (5/16
tumours); 6/16 tumours had altered but not complete loss
of wall layering and the most commonly affected layer
on ultrasound examination was the muscularis propria.
For what concerned the localization, 9/14 of the cats had
lesions in the jejunum or duodenum, 4/14 were at the
ileo-caeco-colic junction and 1/14 patient had a colonic
mass. Enlarged abdominal lymph nodes were present in
9/14 cats (7 were due to metastatic disease) and
concurrent small T cell lymphoma was present in 4/14
cats (Laurenson et al., 2011).
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Computed Tomography and Magnetic
Resonance

Computed Tomography is one of the most valuable
imaging techniques for diagnosis and staging in
veterinary oncology (Fukushima et al., 2012; Fife et al.,
2004; Kutara et al., 2014; Fukushima et al., 2016;
Forrest, 2016; Carloni et al., 2019). Dogs and cats
usually undergo general anesthesia during CT
examination, placed in sternal recumbency and a
nonionic water soluble iodinated positive contrast
medium, injected into a peripheral vein, is routinely used
in order to perform vascular assessment (Forrest, 2016).
The administration of water as a neutral contrast agent
has been described as Helical-Hydro CT (HHCT) by
Terragni et al. (2012) to improve visualization of the
gastric wall by an optimal distension of the lumen in
dogs and cats with gastric neoplasia. The procedure
consist of the administration of 30 mL/kg of water as a
neutral luminal contrast medium followed by the
intravenous injection of iodinated contrast medium,
obtaining a uniform distension of the gastric lumen and

enhancing visualization of the gastric wall obtaining
uniform distension of the gastric lumen and enhancing
visualization of the gastric wall. Computed Tomography
Colonography (CTC) technique is described in human
medicine as a useful method for the assessment of
colonic wall: The use of CO; as a negative intraluminal
contrast medium may enhance visualization of colonic
wall’s lesions by distension of the lumen and contrast
enhancement between the mucosal surface and the filled
gas (McLaughlin et al., 2013). After colonic preparation,
gas insufflation is performed using an endorectal
positioned foley catheter and image acquisition is
immediately performed once an adequate and stable
rectal pressure is reached. Patients are scanned pre- and
post-administration of intravenous iodinated contrast
medium for an optimal visualization of wall’s
vascularization. No studies describing CTC technique
are currently present in veterinary literatures, but this
manuscript authors have already performed this method
in one dog affected by a histologically confirmed AC of
the descendent colon with good results in term of mass
visualization and lumen distension (Fig. 2).

Fig. 2: Computed Tomography Colonography: Transversal (A) and sagittal (B) planes and volume rendering reconstruction of the gas
filled into the colon lumen (C, D) of a dog affected by colonic AC. After the rectum and colon have been prepared by warm
enemas, a Foley catheter was positioned (grey arrows). Then air was insufflated into the colonic lumen until adequate distension
was obtained (A, B): A focal intraluminal protruding wall thickness with contrast uptake were visualized (white arrows). In
postprocessing examination, the volume rendering of the gas filled into the descendent colon was reconstructed (C, D): This
software elaboration shows clearly the circumferential filling defect present at the mural thickness point (white arrows)
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Only a few studies described CT usefulness in the
assessment of Gl neoplasms. One study described Gl
tract using pre and post-contrast CT through
identification of GI segments, wall layers and thickness
in 19 healthy dogs and 2 dogs with histologically
confirmed Gl neoplasia: In a Labrador retriever, a
gastric Leiomyosarcoma has been described as a
heterogeneously contrast-enhancing mural mass (13.7
mm with disruption, greater than healthy dogs range of
2-3,08 mm) located within the dorsal portion of the
fundic wall; a bulldog crossbreed with a
circumferential focal thickening of the jejunum (wall
thickness between 9 and 10.5 mm, with healthy dogs
range of 3,32-3,87 mm) had histological diagnosis of
AC. However, wall layers were visible only in 24% of
all patients and there was no correlation between wall
thickness in healthy dogs measured in CT and previous
US standards (Hoey et al., 2012). The use of HHCT in
11 healthy animals (9 dogs and 2 cats) and 18 suspected
gastric neoplasia (14 dogs and 4 cats) was assessed in
veterinary medicine in one study (Terragni et al., 2012). In
18 patients with ultrasonographic suspect of gastric
neoplasia, HHCT was able to confirm or exclude the
presence of tumours identifying in detail: 8 Dogs with
AC, described as focal, moderate gastric wall
thickening with heterogeneous contrast enhancement
and hyperattenuating mucosa; 1 dog with low-grade
leiomyosarcoma that appeared as a mass with
peripheral contrast enhancement filling almost all of
the pyloric antrum; 1 dog and 3 cats affected by
lymphoma described as a moderate to severe gastric
wall  thickening with  heterogeneous contrast
enhancement of the lesion (Terragni et al., 2012). A
recent retrospective case series conducted by Tanaka et al.
(2019) reported dual-phase contrast CT findings in 16
dogs with confirmed gastric neoplasia. In addition to
morphological and contrast uptake parameters on the
site of primary gastric neoplasia, possible regional or
peripheral involvement of the lymph nodes was also
evaluated. The final diagnosis based on endoscopically
or surgically obtained biopsy included 6 AC, 5
lymphomas, 3 inflammatory polyps and 2 leiomyomas.
The major findings for the characterization of the
tumour type are described below. A lower mean CT
attenuation value for lymphoma than other gastric
tumours on both postcontrast early and delayed phase
was reported. For what concerned the lymph nodes
pattern and involvement, lymphadenopathy was
regional in AC, widespread in lymphomas and not
detected in leiomyomas. Also, Ilymph nodes
measurements were reported to be larger in dogs with
lymphomas than dogs with AC (Tanaka et al., 2019).
Another recent case-report described the usefulness of
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dual-phase contrast CT in the intussusception
diagnosis of the cecum into the ascending colon with a
concurrent cecal mass with strong enhancement in
arterial phase, in an 8 years old Labrador retriever.
After surgical resection, histology confirmed a
carcinoid tumour of the cecum that worked as a lead
point for the intussusception (Yoon et al., 2019). This
manuscript authors want to report a case of ileo-
caeco-colic AC with peritoneal carcinomatosis
identified in one cat with CT (Fig. 3).

Magnetic Resonance Imaging (MRI) has proved to be
a valuable technique in the assessment and of Gl
neoplasia in human medicine (Kim et al., 2017,
Horvat et al., 2018; Borggreve et al., 2019); however,
regarding the use of MRI in canine and feline Gl
tumours, no studies are present in veterinary literature.

Fig. 3: Computed Tomography’s images in transversal (A) and
sagittal (B) planes of abdomen of a cat with
histologically confirmed intestinal AC: The primary
tumour was a heterogeneous mass involving the ileo-
caeco-colic junction (white arrows); carcinomatosis was
present as postcontrast hyperdense nodular lesions in
the peritoneum (black arrows)
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Conclusion

Diagnostic imaging has continued to be a crucial
part in the assessment of GI tract’s neoplastic diseases
in everyday veterinary practice. Direct and contrast
radiography can provide useful information despite the
lack of sensitivity and reduced practicality. On the
other hand, ultrasound appears to be a widely used and
versatile technique able to identify abnormalities in
wall thickness and layers. Also, CT has shown
promising results in GI’s neoplasia diagnosis and
staging. In human medicine, EUS and MRI have
become reference techniques in the diagnosis and
staging of GI tract’s tumours, but, to date, veterinary
literature is incomplete or even absent. According to
this manuscript authors, the widespread and proven use
of CT, EUS and MRI in human GI neoplastic disease,
should encourage further studies of these imaging
techniques also in veterinary medicine.
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