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ABSTRACT

There is a lack of literature on the usefulness of ultrasonography in the diagnosis and prognosis of thoracic and
abdominal neoplasia in domestic ruminants, such as cattle, camels, sheep, and goats. This review aims to shed light
on the current applications and prospects of ultrasonography in the diagnosis of thoracic and abdominal neoplasia in
domestic ruminants. The scientific literature on ultrasonographic evaluation of the thoracic and abdominal neoplasia in
domestic ruminants has been systematically reviewed to verify the potential role of ultrasonography in diagnosing such
neoplasia. Based on the literature results, cattle (71.03%) were the most affected animals by thoracic and abdominal
neoplasia, followed by sheep (11.86%), goats (11.57%), and camels (5.54%). In all included species, the abdominal
neoplasia was more frequent (6.18%) than the thoracic neoplasia (2.97%), and the most frequent neoplasms were
forestomach neoplasia. It is concluded that ultrasonography is not widely used in diagnosing thoracic and abdominal
neoplasia in ruminant practice. Using ultrasonography in conjunction with guided needle aspiration and biopsy can
offer veterinarians the opportunity for more precise diagnosis and treatment decisions guidance of thoracic and

abdominal neoplasia in domesticated ruminants.
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Introduction

Domestic ruminants are an important source of
meat and milk production in the world. The increase
in consumption, along with increased herds and
production, can induce stress and disease, particularly
neoplasms (FAO, 2021). Diagnosis of neoplasia in
ruminants represents a challenge for veterinarians
due to its nonspecific lesions and the limited role of
clinical and laboratory diagnosis. Neoplasms are life-
threatening diseases, and most of them are detected
in slaughterhouses or post-mortem examinations
(Moharram et al., 2019). Thus, the need for an accurate
diagnosis of such affection is very important for animal
survival and productivity maintenance.

In veterinary practice, ultrasonography is an
integral part of contemporary ruminant medicine.
The procedure is used routinely as a simple, safe,
and cost-effective noninvasive diagnostic tool for
the investigation of different ruminant disorders
(Mohamed and Buczinski, 2011; Buczinski et al,
2012; Buczinski et al., 2013; Tharwat, 2020a;
Tharwat, 2020b; Tharwat, 2020c, Tharwat, 2021a,

Sadan et al., 2023; Tharwat et al., 2023; Tharwat,
2024; Tharwat and Al-Hawas, 2024a,b,c; Tharwat
et al., 2024a,b,c,d). Ultrasound technology permits
clinicians to get real-time information on various
body systems. In certain cases, it can also evaluate
the dynamic functions of organs (Braun et al., 2022).
Ultrasound allows performing a detailed repeatedly,
non-invasively imaged study of the thoracic and
abdominal wall’s layers, thickness, and surrounding
organs without discomfort or radiation exposure for
the animal (Mohamed, 2010; Tharwat and Oikawa,
2011). Ultrasonography can be performed at any
location and tolerated in un-sedated animals without
the need for specific safety precautions, making serial
scanning techniques to monitor the progression of the
condition possible (Tharwat and Al-Sobayil, 2016).

The incidence of tumors in cattle is increasing, which
reduces their productivity. Cattle rank second to dogs
in tumor incidence (Shruthi et al., 2018). Thoracic and
abdominal neoplasia in domestic ruminants is resulting
in economic losses of meat, milk, and productivity.
The disease has non-specific clinical presentation and
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laboratory abnormalities, making it challenging to
identify, characterize, and stage. In routine veterinary
practice, imaging techniques are crucial for diagnosing
diseases (Tharwat and Al-Sobayil, 2017). Ultrasound
is a powerful diagnostic tool that can be used to
evaluate not only thoracic and abdominal neoplasia
but also other mass lesions. Additional techniques
such as color Doppler imaging, contrast-enhanced
ultrasound, and ultrasound-guided biopsy can be used
to accurately differentiate unclear mass lesions with
low risk (Tharwat, 2021b). However, the diagnostic
applications of ultrasonography in ruminant practice
were mostly directed at imaging the reproductive
system (Ribadu and Nakao, 1999). This review aims
to discuss the use of ultrasonography in evaluating
abdominal and thoracic tumors in domestic ruminants,
including cattle, camels, sheep, and goats.

Thoracic Neoplasia

Ultrasonography of cardiovascular neoplasms

In cattle, diagnosis of heart disease involves using a
variety of additional tests, with echocardiography
being the most reliable tool due to its high sensitivity
and specificity. The prognosis depends on various
factors, including the disease stage, diagnosis, cow’s
value, and withdrawal losses caused by therapeutic
efforts (Galofaro et al., 2005). In all reported cases
of cardiac neoplasms, the outcome is invariably fatal.
Detecting an illness in its early stages is, therefore,
crucial to avoid unnecessary treatment and minimize
the suffering of animals (Tharwat et al., 2011). The
main heart neoplasia in ruminants includes lymphoma,
fibrosarcoma, and hemangiosarcoma (Tharwat et al.,
2012).

Lymphoma is a type of tumor that can affect multiple
organs in cattle. However, the most prevalent kind of
heart tumor in cattle is the lymphoma. This condition
is often characterized by the infiltration of the right
atrium and pericardial effusion. It is important to note
that treating cardiovascular disturbance alone may not
be enough to improve the animal’s condition, since
many organ systems can be affected simultaneously in
most cases of lymphoma (Van Biervliet ef al., 2006).
During an ultrasonographic examination of a six-
year-old female White Alpine sheep, the following
symptoms of right-sided cardiac insufficiency were
observed: tachycardia, jugular vein engorgement,
brisket edema, and ascites. Ultrasound examination
revealed an echogenic mass in the right atrium, which
may be either a tumor or a thrombus. Abdominal
ultrasonography showed persistent liver congestion and
significant ascites, which may be related to right-sided
cardiac insufficiency. At the post-mortem examination,
the clinical and sonographic results were later verified.
A pedunculated fibrosarcoma was recognized as the
mass found in the right atrium (Braun ef al., 1995).

Ultrasonography of respiratory neoplasms

Ultrasonography is a useful tool for examining and
identifying different lesions of the pleura and lungs.
It is highly accurate and can be used in combination
with radiography to allow see the lesion or to guide
aspiration. The degree and severity of pulmonary
changes affecting the pleura can be accurately assessed
using ultrasonography. However, lower lesions in the
lung tissue are not evident (Babkine and Blond, 2009).
Thoracic ultrasonography is effective in visualizing
intrathoracic masses and pleural effusion. At the same
time, imaging alone may not be sufficient to diagnose
neoplasia (Davis and Rush, 2013). In cattle, small
pulmonary nodules measuring about 1 cm in diameter
may appear in cases of bronchopneumonia (Floeck,
2004). These tiny nodules could be metastases,
tiny abscesses, inflammatory masses, or necrotic
areas. Ultrasonography can guide the aspiration of
these nodules for accurate diagnosis. Main thoracic
neoplasms in ruminants include adenocarcinoma,

lymphosarcoma, osteosarcoma, thymomas, and
mesothelioma (Backer and Smith, 2008).
When the healthy lungs are examined with

ultrasonography, the visceral pleura appears as a
bright white line close to the transducer, along with
many reverberation artifacts visible below it in aerated
parenchyma. If there are any areas consistent with
ovine pulmonary adenocarcinoma (OPA), these can
be identified by a loss of the bright white line. The
areas where the line is missing are known as lung
consolidation areas, which are hypoechoic and well-
demarcated. Additionally, echogenic areas of various
sizes that correspond to neoplastic nodules may also
be noticed. Using transthoracic ultrasonography, small
tumors (i.e., those with a diameter of more than 1
cm) can be detected even before the onset of clinical
symptoms (Quintas et al., 2018). Moreover, the use
of ultrasound scanning enables the follow-up progress
of small superficial lung lesions, which are shown at
necropsy to be OPA (Scott et al., 2018).
Ultrasonography of thymic lymphoma in a 2-year-
old Holstein cow revealed a significant amount of
subcutaneous fluid and a highly echogenic mass at the
thoracic inlet, medial to the left and right jugular veins.
The jugular veins above the thoracic inlet had a diameter
of 3.8 cm and looked significantly enlarged with brisket
edema (Alexander et al., 1996). In another case, a
16-year-old goat underwent an ultrasound examination
of the thorax and heart. The sonogram identified a
minor pleural and pericardial effusion, along with an
11 cm diameter multi-chambered pericardial mass. The
goat was euthanized and necropsied, and a mediastinal
or pleural neoplasia was tentatively diagnosed. A
histological examination of the mass confirms the
diagnosis of thoracic extra-skeletal osteosarcoma in a
goat (Braun et al., 2011).

Thymomas are tumors that develop from thymic
epithelial cells and typically, show mixed cortical
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and/or medullary differentiation (Tharwat and Abd
El-Rahim, 2012). When goats have thymomas,
ultrasonography can detect a well-encapsulated mass
with mixed echogenicity, often containing distinct
anechoic fluid pockets. These masses are consistently
found near the carotid arteries and jugular veins, just
cranial to the thoracic inlet (Hill et al., 2017). In a
six-year-old Holstein cow, ultrasonography showed
an irregular pericardial surface and an intrapleural
effusion, which are signs of pleural mesothelioma. On
ultrasonography, pleural mesothelioma manifests as
several tiny nodules on a thick serosal surface (Davis
and Rush, 2013). Thus, ultrasonography is a valuable
tool for early diagnosis and prognosis of mesothelioma
in cows, and it can help rule out alternative causes of
non-inflammatory ascites (Tharwat et al., 2012).

Abdominal Neoplasia

Ultrasonography of gastrointestinal neoplasms
Abdominal ultrasonography is a highly effective
method used by veterinarians to diagnose and predict
outcomes of abdominal diseases in farm animals. It
helps veterinarians determine whether an animal should
receive medical or surgical treatment or if it is better to
be slaughtered. Ultrasonography is particularly useful
in investigating gastrointestinal neoplasia in ruminants.
This includes tumors such as granulosa cell tumors,
mesothelioma, leiomyoma, squamous cell carcinoma,
adenocarcinoma, and stromal tumors (Braun, 2003).
During an ultrasound examination, a two-year-old
Swiss Braunvieh cow was diagnosed with metastases of
a granulosa cell tumor in the abdomen. The ultrasound
showed a significant accumulation of hypoechoic
fluid in the abdomen and thorax. Abdominal and
thoracentesis procedures were performed, which
yielded red fluid indicating bleeding in the abdominal
and thoracic cavities. The ultrasound examination
revealed multiple nodular lesions in the omentum,
liver, spleen, and lungs. As well as the left ovary
was noticeably enlarged and had nodules. Further
examination of the lesions confirmed the presence of a
granulosa cell tumor in the left ovary, which had spread
to the omentum, liver, spleen, and lungs (Trosch ef al.,
2015).

Mesotheliomas are malignant tumors that develop from
the single layer of cells known as the mesothelium.
This layer lines the pleura, pericardial, and peritoneum
(Dobromylskyj et al., 2011). Mesotheliomas are very
rarein cattle (Tharwatetal., 2012). During an ultrasound
examination of a 6-year-old Holstein cow with
mesothelioma, a significant volume of hypoechogenic
fluid was found in the abdominal cavity. There were
several masses with mixed echogenicity located in the
abdomen, which were attached to the abdominal wall
in different areas. Additionally, smaller masses were
found next to the dorsal part of the spleen and on the
mesentery’s surface. The large amount of abdominal
fluid, along with the tumor masses, could be visualized.

Therefore, ultrasonography is an important technique
for rapid diagnosis and prognosis of mesothelioma in
cattle, and it can help rule out other causes of non-
inflammatory ascites such as right-sided heart failure,
caudal vena cava thrombosis, or portal hypertension
(Fig. 1) (Tharwat et al., 2012).

The most prevalent neoplasms in domesticated
female animals are leiomyomas. Gastrointestinal
leiomyomas are often detected in the small intestine
of cattle (Mohamed et al., 2004; Sadan et al., 2024).
Ultrasonographic examination of a 6-year-old, 534-kg
cow, revealed the presence of a mass within the omasum,
whichis causing intermittent fever, anorexia, depression,
and ataxia. The mass’s edges were asymmetric, and it
was echogenic with a lack of echotexture consistency.
Necropsy findings showed an 18 x 14 cm mass within
the omasum lumen. Histopathologically, interlacing
bundles of well-differentiated smooth muscle cells
with abundant cytoplasm and irregular fusiform
nuclei with vesiculated chromatin were detected (Fig.
2) (Mohamed et al., 2004). Ultrasound is a useful
non-invasive diagnostic technique for identifying
neoplasia in the gastrointestinal tract of bovines.
Other ultrasonographic findings that may indicate the
presence of tumors include uneven reticular shape,
deposits of echogenic material on the reticular wall,
and non-audible biphasic reticular contractions. A
hypoechogenic fluid may cavitate these deposits. These
tumors have a histologic appearance that supports a
leiomyoma diagnosis (Mohamed ef al., 2004; Sadan et
al., 2024).

On ultrasonographic examination of an 8.8-year-old
Simmental cow with squamous cell carcinoma, it was
observed that the liver had multiple, poorly defined,
and heterogeneous echogenic changes. A biopsy of the
affected areas confirmed that it was indeed squamous
cell carcinoma. The cow was euthanized and further
examination revealed that the reticular mass, which had
entered the liver through the portal vein, was the primary
tumor (Braun ef al., 2012). Gastric adenocarcinoma is a
type of cancer that affects both humans and pets. It ranks
third globally in terms of tumor-related fatalities and
is the fifth most frequent type of tumor. However, this
type of tumor is not often diagnosed in large ruminants.
It has been documented in cattle abomasum (Ritchey
et al, 1996). A 15-year-old female dromedary camel
was admitted due to a history of decreased appetite,
weight loss, and colic over the past 6 months. The
transabdominal ultrasonographic examination showed
heterogeneous contents and a significantly thicker,
corrugated omaso-abomasum wall, with suspicion of
neoplasia. During the postmortem examination, it was
found that the abomasum had enlarged and weighed
around 10.5 kg. Its wall was hardened, and filled with
foul-smelling, bloody material. Additionally, there was
thickening in the parietal peritoneum and congestion,
thickening, and ulceration in the abomasal and omasal
folds. Further examination through histopathology
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ventral abdominal wall

gral abdominal wall

Fig. 1. Ultrasonograms in a Holstein cow with mesothelioma (3.5 MHz). Image (A)
shows the ultrasonographic appearance of the greater omentum viewed at the left ventral
abdomen. The greater omentum is surrounded by hypoechoic ascitic fluid and contains
multiple nodules (arrow). Image (B) shows the ultrasonographic appearance of the
lateral aspect of the abdomen taken at the right 11th intercostal space where multiple
coalesced nodules (arrowhead) were scanned floating in hypoechogenic fluid. Image
(C) shows multiple nodules in the greater omentum, varying in size from one to ten
cm. Image (D) shows numerous masses adherent to the epicardium. Image (E) shows
tubular structures lined by neoplastic cells with basophilic cytoplasm and supported by
connective tissue; magnification (HE, x40). Image (F) shows the lumina of the tubular
structures are lined by solitary columnar neoplastic mesothelial cells with basophilic
cytoplasm; magnification (HE, X200) (Tharwat et al., 2012).

confirmed that there was a well-differentiated invasive with a gastrointestinal stromal tumor in the rumen
adenocarcinoma present in the walls of both the with liver metastasis. A diagnostic work-up for
abomasum and omasum (Fig. 3) (Tharwat et al., 2018). respiratory issues showed slight enlargement of the
A nine-year-old castrated pygmy goat buck that had arytenoids, but no other abnormalities were found.
respiratory stertor, fever, and off-food was diagnosed Despite a month of symptomatic treatment with little

1754


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com
M. Tharwat et al.

Open Veterinary Journal, (2024), Vol. 14(8): 1751-1760

T w

Fig. 2. Longitudinal sonogram of an omasal leiomyoma
imaged at the seventh intercostal space in a 6-year-old
Holstein cow. Note the asymmetric, non-homogenous, and
echogenic patterns of the tumor (A). The mass appeared to
project into the omasal lumen. Image (B) shows necropsy
findings in the same cow showing an 18x14 cm mass
in the omasum. Image (C) shows a photomicrograph of
a section of the mass revealing interlacing bundles of
well-differentiated smooth muscle cells with abundant
cytoplasm and irregular fusiform nuclei with vesiculated
chromatin (Hematoxylin and eosin x40). Lt, lateral; Md,
medial, 1, right ventral thoracic wall; 2, sternal part of
the diaphragm and peritoneum; 3, liver; 4, omasal wall, 5,
omasal lumen (Mohamed et al., 2004).

improvement and deteriorated general health, it was
eventually euthanized. During necropsy, fibrinous and
fibrous adhesions were found to attach the diaphragm,
forestomachs, liver, spleen, and ventral and lateral
sides of the cranial third of the abdominal cavity wall.
The liver had several hard, white lumps that measured
about 2 c¢cm in diameter. Moreover, a sizable sessile
mass from the rumen wall protruded into its lumen
(Pesato et al., 2018).

Ultrasonography of hepatic neoplasms
Ultrasonography is a useful diagnostic means
for diagnosing liver disorders. It allows imaging,
aspiration, and biopsy of isolated or diffuse liver
lesions under visual guidance. Aspirating bile from
the gallbladder with this imaging technique can also
be utilized to diagnose liver flukes (Braun, 2009). In
ruminants, hepatic tumors are not commonly found.
These are typically metastatic tumors that travel from
the gastrointestinal tract through the portal vein or the
hepatic artery from the lungs to the liver. However, the
tumor may in a few uncommon cases; have originated
in the liver itself (Mohajeri et al., 2008). Hepatic
neoplasia in ruminants includes carcinoma, adenoma,
and melanoma (Braun, 2009).

On ultrasound, hepatic tumors appear as circumscribed
structures, either singular or numerous (Braun
et al., 2005). This includes hepatocellular adenoma,
adenocarcinoma, and bile duct tumors. Ultrasound
characteristics of liver tumors show modifications to the
liver’s structure and texture as well as the displacement
of bile ducts and arteries. Both homogeneous and
heterogeneous neoplastic alterations may be observed
(Braun et al., 2005). The hepatic contour may appear
to swell due to tumors that are situated on the surface
of the liver. The appearance of most metastases on
ultrasound scans differs from that of the liver tissue.
Certain metastases may give a bulging appearance in
the liver and have the same echogenicity as the liver.
The vascularity and growth rate of metastases can have
a significant impact on their echogenic pattern. Hypo-
echogenicity is common in fast-growing metastases
that contain predominantly tumor cells since these cells
have fewer acoustic surfaces. While, slow-growing
metastases are typically more vascularized and
connective tissue-rich, giving them a high echogenic
appearance. Echogenic thrombi can be visible when a
tumor bursts into a vessel. Sometimes, there can be a
decrease in hepatic perfusion, which causes the portal
vein to become congested (Braun ef al., 2005). In most
cases, percutaneous ultrasound-guided liver biopsy can
identify the kind of tumor and is advised for verifying a
preliminary diagnosis of neoplasia (Braun, 2009).
Typically isolated, hepatocellular carcinoma might
have intrahepatic metastases all around it. Additionally,
the tumors can spread to the rumen, spleen, and portal
vein, leading to portal hypertension. Most cases of
cholangiocellular carcinomas are diffuse or multifocal,
with solitary tumors being rare. Animals that are
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Fig. 3. Intraoperative ultrasonographic findings of the abomasum in a female camel with inappetence
and colic during the past 6 months. In image (A), the abomasal wall appeared thickened, vascularized,
and hyperechoic and the contents appeared heterogeneous (B). At necropsy, the abomasal (C) and
omasal (D) folds were thickened, congested, and ulcerated. The tumor consisted of variable-sized acini
lined by malignant epithelial cells with moderate atypia separated by desmoplastic stroma with dense
mixed inflammatory cell infiltrate. Extensive areas of necrosis with suppuration were also seen (HE:

(E) x200; (F) x400) (Tharwat ef al., 2018).

afflicted often have normal livers (Stalker and Hayes,
2007). During an ultrasonographic examination of a
10-year-old cow, an 8-month-old heifer, and a 3-year-
old sheep with polycythemia, it was observed that
they had a huge liver with a focal echogenic lesion.
The cow and heifer were diagnosed with multifocal
liver neoplasms, specifically hepatocellular carcinoma
and cholangiocellular carcinoma. The sheep, on the
other hand, was diagnosed with cholangiocellular
carcinoma. These diagnoses were confirmed through

histopathological investigation (Braun et al,
1997). In two cases involving miniature goats, an
ultrasonographic examination was performed due to in
case 1, abdominal distension resulted in a pear-shaped
belly, and in case 2, stranguria and pollakiuria. Several
circular echoic structures that were partially encircled
by a hypoechoic zone were noticed throughout the
study. Based on the ultrasonographic findings, a liver
tumor was tentatively diagnosed. However, post-
mortem examination confirmed the final diagnosis of
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Fig. 4. Transrectal ultrasonographic findings in a female camel with renal cell carcinoma of
the right kidney. Image (A) shows a hypoechoic mass involving the right renal parenchyma
while image (B) shows the normal left kidney. Postmortem findings showed that the right
kidney occluded almost the pelvic cavity (C) and a severely enlarged right kidney (18 Kg)
compared to a normal, 1.5 Kg, left kidney (D). Image (E) shows cross section through the
right kidney mass with a hemorrhagic, irregular shaped, and cavitated tumor. Image (F)
shows histopathological results of the tumor revealing tubular differentiation with malignant
epithelial lining and nuclear anaplasia (HE x400) (Tharwat ef al., 2017).

intrahepatic metastatic bile duct carcinoma (Trosch
et al, 2015).

On an ultrasound scan of an §-year-old female Saanen
goat with metastatic melanoma, several ovoid non-
encapsulated structures with varied echogenicity were
found in the liver. These structures contained multifocal
to coalescent hypoechoic spots with about 12 x
11.65 cm in diameter. Additionally, in the mammary

parenchyma, a multilobulated non-encapsulated
round structure was identified in the dorsal area of the
udder. This structure had hyperechoic cores encircled
by hypoechogenic tissue with variant echogenicity
(Conceigdo et al., 2021).

Ultrasonography of urinary neoplasia

Numerous ruminants who suffer from urinary tract
disorders may have a medical history that suggests
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the presence of other illnesses. Despite having
abnormal urine constituents, this often goes unnoticed.
Even though there may be substantial parenchymal
defects. Additionally, serum biochemical profiles are
not frequently performed on cattle because of the
costs involved. Urinary tract abnormalities can be
identified with the help of ultrasonography. However,
a comprehensive and meticulous ultrasound evaluation
scan of the whole urinary tract is necessary to ensure
an accurate diagnosis of urinary tract disease since only
one kidney might be impacted. The limits are diffuse
or tiny parenchymal changes that are invisible due to
the low-frequency transducers’ poor resolution, and
the investigation of the entire urinary tract is time-
consuming (Floeck, 2009). Urinary bladder tumors can
cause hematuria, anemia, weight loss, stranguria, and
secondary cystitis, and they are frequently linked to
bracken poisoning (Radostits et al., 2007). Increased
bladder wall thickness and irregular masses spreading
into the bladder lumen, can be identified with ultrasound
(Hoque et al., 2002).

A 13-year-old female dromedary camel was admitted
for clinical investigation because of emaciation, colic,
and voiding of bloody urea for thirty days. On the trans-
rectal ultrasound scan, a massive, irregularly shaped,
hypoechoic, and cavitated mass was found protruding
caudally and involving the right renal parenchyma. The
left kidney, however, seemed to be functioning normally
as stated. On necropsy, the right kidney harbored a
hemorrhagic, atypically shaped, and cavitated tumor.
The right kidney largely occupies the pelvic cavity and
weighs eighteen kilograms in comparison to the left’s
weight. Based on the histopathological investigation
of the renal samples, renal cell carcinoma with tubular
differentiation, malignant epithelial lining, and nuclear
anaplasia, were identified. There was no evidence of
metastases in the left kidney or other organs (Fig. 4)
(Tharwat et al., 2017).

Conclusion

The use of ultrasonography in conjunction with guided
needle aspiration and biopsy can offer veterinarians the
opportunity for more precise diagnosis and treatment
decisions guidance of thoracic and abdominal neoplasia
in domesticated ruminants. Further studies are required
in abattoirs and farms to learn more about the total
number of animals, the impact of neoplasms on carcass
production and condemnation, and the related risk
factors.
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