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A B S T R A C T   

Radiography and ultrasonography are the most used techniques in veterinary clinical practice, due to organi-
zational, managerial and, mostly, economic reasons. However, in the last decades, Computed tomography (CT), 
Magnetic Resonance Imaging (MRI) and, to a lesser extent, Nuclear Medicine (MN) are increasingly used. As we 
said in the previous article, all the Diagnostic Imaging techniques are actually “indispensable” in Veterinary 
Medicine, where many patients do not show any symptoms.This second part describes Computed Tomography 
(CT), Magnetic Resonance (MRI) and Nuclear Medicine techniques in Veterinary Medicine are described.   

1. Computed tomography 

Computed tomography (CT) has been one of the most important 
discoveries in diagnostic imaging. As well known, the first clinical CT 
scan in a human being was obtained on 1st October 1971 in England, 
using a prototype EMI head scanner. Veterinary surgeons had to wait for 
ten years before CT scan became available for clinical purposes [1,2]. 

The evolution of the CT in Veterinary Medicine had the same 
development as the human one. Although initially, in small animals, the 
studies mainly focused on the central nervous system (CNS) diseases, 
today the clinical indications are the same to those for humans. The 
introduction of multi detector CT (MDCT) technology has deeply 
transformed the Veterinary Diagnostic Imaging and, nowadays, it is 
routinely used in small animals, in exotic pets and in horses. The reduced 
scan time, a key aspect in Veterinary Radiology, and the increased Z-axis 
resolution allowed studies unimaginable until some decades ago, such as 
real-time angiography, whole-body scan in oncological patients, 3D 
rendering techniques, including virtual endoscopy [3]. 

In Veterinary Radiology, CT scans are “time-consuming” and require 
a good staff, including radiologists, technicians and anesthetists. 

Although, CT is considered a proven and widely used technique in 

Veterinary Medicine, obtaining good-quality images is not always easy. 
Computed tomographic gray scale depends on the linear attenuation 
coefficient and represents how much each tissue absorbs or scatters a 
given X-ray beam and, in other words, the relative density of the tissues 
crossed by the X-ray beam. In the veterinary field, it is challenging to set 
the linear attenuation coefficient of each patients because of the great 
variability of the patient size, ranging from very small animals (e.g. 
hamster) to horses. 

Another great problem is represented by the patient movements that 
cause the streak artifacts and, consequently, a reduction of the image 
quality [4]. For this reason, to avoid any movement and maintain the 
same position, CT scans on animals require a pharmacological restraint. 
Anesthesia guarantees good-quality images but deep sedation is also 
useful in some animals, like traumatized patients or the horses, where 
CT scans can be performed in a standing positioning. 

Control of mechanical ventilation during general anaesthesia is 
preferred, especially in dogs and cats, though an automatic breathing 
device, because apnea is mandatory for obtaining good-quality CT 
images. 

Otherwise, the remaining artifacts observed on Veterinary CT images 
are the same described in humans [4]. 
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Another essential difference between CT in animals and human be-
ings is the positioning used during the scan. Sternal-abdominal re-
cumbency with the forelimbs and hindlimbs pulled forward and 
backward, respectively (Fig. 1) is usually adopted for studying the 
thorax and the abdomen. The same recumbency is used for the skull, but 
the forelimbs are pulled caudally along the thorax (Fig. 2). Especially in 
tumors staging, the sternal-abdominal positioning minimizes the 
occurrence of ground-glass opacities due to the atelectasis in the 

depending lung portions, while it is more pronounced when dorsal re-
cumbency is used [5]. However, in a study on anesthetized Beagles, the 
lateral recumbency did not preclude lung CT examination because 
changes due to the positioning were minimal [6]. In neonatal foals 
submitted to CT of the thorax, manual alveolar recruitment maneuvers 
did not eliminate atelectasis but reduced attenuation in non-dependent 
portions of the lungs [7]. The dorsal recumbency is routenely adopted to 
study of the vertebral column to avoid the movement artifacts to that 
anatomical tract (Fig. 3). Sometime, the patient can be positioned in 
lateral (left or right) recumbency, especially in traumatized animals. 
Other particular positioning has been proposed for the study of the 
vertebral column (positional or dynamic CT), the elbow joints (Fig. 4) 
and the hip joints [8–10]. 

The so-called “VetMouse Trap™” can be used as an alternative to 
anesthesia. Even if this device was thought for very small animals, as 
laboratory animals (mice, rats, etc.), it could be customized to accom-
modate cats [9]. However, in our opinion, the use this device is rec-
ommended only in reptiles or in very quiet patients which do not require 
the administration of contrast medium. Computed tomography of 
avians, as well as of reptiles, usually requires general anesthesia while in 
chelonians anesthesia is necessary only for the studying the head, neck 
and legs (Figs. 5 and 6) [11]. 

Due to the hefty weight, CT in horses is challenging since the couch is 
a critical item of the procedure. This problem can be resolved using 
special CT devices in which the couch is able to support the horses in 
different recumbency, in order to include the skull and the neck or the 
limbs within the gantry [12] or using a special custom-built horse table, 

Fig. 1. – Dog undergoing to CT of the abdomen positioned in sternal- 
abdominal recumbency. 

Fig. 2. – Lateral (A) and frontal (B) photos of a dog undergoing to skull CT positioned in sternal-abdominal recumbency with caudally extended forelimbs.  

Fig. 3. – Dorsal recumbency for dogs undergoing to CT of the vertebral column. A) Positioning for the thoraco-lumbar tract: the forelimbs are cranially extended. B) 
Positioning for the cervical tract: the forelimbs are caudally extended. 
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able to support a weight up to six hundred kilograms, linked to the 
standard CT couch drive. At the Veterinary Hospital of the Department 
of Veterinary Medicine and Animal Sciences of the University of …, a CT 
air-cushion technology table it is available for scanning horse in general 
anesthesia or sedated. The table is placed on the ground and connected 
to the couch by a neodymium magnet. After the horse has been posi-
tioned, using a compressor that maintains a film of air between the table 
and the floor, the table is lifted a few millimeters. This way a push of 
1 kg can move up to 1 ton. This special device allows CT of the head and 
the cranial neck on sedated horses (Figs. 7 and 8). 

In Veterinary Radiology, the current terminology used to define CT 
image anatomical planes is quite different compared to that of human 
beings: transversal instead of axial, dorsal instead of coronal, for axial 
skeleton, the thorax and the abdomen, and frontal, instead of coronal, 
for the appendicular skeleton; sagittal is used as for human beings [13]. 

Generally, the slice thickness and the dose index are set according to 
the size of the patient and the suspected diagnosis, avoiding unnecessary 
X-ray over-exposure. Usually, the adopted pitch is equal to one. When 
high-definition or post-processing procedures are required (i.e. 3D 

reconstruction or virtual endoscopy) sub-millimetric slices with a pitch 
lesser than one are used. 

Contrast media used in Veterinary CT are the same used for human 
beings. In small animals, a non-ionic iodinated contrast media are usu-
ally administered at 400–600 mgI/kg of body weight. Nevertheless, in 
the literature, higher dosages are reported [14]. The contrast medium is 
usually injected into cephalic or saphenous veins (jugular veins in very 
small animals) though manual or automated injection at 1–3 ml/sec 
administration rate, depending on the volume. When a contrast medium 
is administered, a second or further post-contrast CT scans are obtained. 
Scan delay depends on the clinical suspect, the cardiac output and the 
hearth rate. It can range from a few seconds, in case of arterial vascu-
larization of the lesions, to 1–3 min in other cases [14]. Contrast media 
can also be administered through different paths (CT dacryocystog-
raphy, CT myelography, CT gastro-enterography, CT cystography, CT 
sialography, CT vaginography, CT lymphangiography, CT arthrography) 
[14]. 

Severe reactions to the contrast media seem rare in animals and are 
usually linked to the ionic iodinate contrast agents [14,15]. 

Fig. 4. – Special positioning for elbow CT: the dog is in lateral recumbency with both the forelimbs pulled cranially and lodged in a soft device made by polyurethane 
(A and B) that removes the air between the skull, the neck and the limbs, for avoiding beam harderning artfacts. Lastly, skull, neck and forelimbs are wrapped 
together (C), for avoiding streaks artifacts due to respiratory movement. 

Fig. 5. – Computed tomography on awake tortoises. A) Greek tortoise (Testudo greca) undergoing to whole-body CT: in case of very quiet subject, like usually one of 
this species is, no special restraints are needed. B) Red-eared-slider tortoise (Trachemys scripta elegans) undergoing to whole-body CT: the subjects of this species, 
usually quite lively, are positioned on a jar, or another kind of support, to avoid their limbs touching the couch’s surface. 
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Hypersensitivity to iodinated contrast agents should occur without ev-
idence of prior exposure [16]. In horses, contrast medium is limited in 
the study of the distal limbs through local intra-arterial administration 

at the dose of 150–200 mgI/Kg of body weight, with an administration 
rate of 2 ml/sec [14]. 

Less frequently, CT is used in ruminants and swines but positioning 
and protocols are similar to those applied in small animals and horses 
[17,18]. 

In small animals, except for the CNS, CT usually represents a second 
level modality for studying the skeleton, particularly the axial one (skull 
and spine), the thorax and the abdomen [3]. The use of CT is also 
described for equine [19], cattle [20], goat [21], sheep [22], swine [23], 
avian and chelonian [11], reptiles [24], rabbit and rodents [25]. As in 
human medicine, CT can be used as bone densitometer [26]. In sheep 
and swine, CT has also been used to evaluate the carcasses’ fat content 
and meat quality of the [27,28]. 

1.1. Skull 

Although widely replaced by MRI, CT is still used as a first-level 
technique for the diagnosis of the brain’s neoplastic, developmental, 
inflammatory, degenerative or vascular diseases of the brain [3] and for 
planning the radiotherapy of intracranial tumours [29]. 

Meningiomas are the most common neoplasia in dogs and cats, and a 
breed predisposition has been suspected in Golden retrievers, Boxer and 
miniature Schnauzer (Fig. 9) [30,31]. Astrocytoma and 

Fig. 6. – Computed tomography image of the middle body of a Greek tortoise 
(Testudo greca) with egg retention. Two eggs with a thick shell and clearly 
visible yolk are present within the coelomic cavity. Another egg shell is 
partially visible (asterisk). Legend: 1 = lungs; 2 = meteoric intestinal loops; 
3 = fluid filled intestinal loop. 

Fig. 7. - Lateral (A) and frontal (B) aspects of a sedated horse undergoing to skull CT in standing position.  

Fig. 8. – Etmoidal hematoma in an adult Italian trotter horse. A) Transverse scan and B) dorsal MPR of the skull. Relatively hyperdense and inhomogeneous blood 
clots fill the right nasal cavities and the ipsilateral frontal sinus. 
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Fig. 9. – Meningioma in a 14-years old neutered female Domestic Short Haired cat. A) precontrast and B) postcontrast transverse scan of the skull at the level of the 
temporomandibular joints. In the pre-contrast scan, the region of left parietal-temporal cortex is slightly hyperdense and, after the contrast administration, markedly 
enhanced (arrow heads). A “mass effect” is visible to the brain. 

Fig. 10. - Glioma in a 4-years old male Boxer. A) pre-contrast and B) post-contrast transverse scans of the skull at the level of the temporo-mandibular joints. The left 
parietal-temporal cortex of the brain is slightly hypodense and with a high contrast enhancement (arrowheads). A mass effect is visible to the left lateral 
ventricle (asterisk). 
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oligodendroglioma are quite common in dogs but rare in cats [30]. 
Choroid plexus tumours are less frequently in dogs and, even if Golden 
retrievers ore overrepresented, a breed predisposition was not 
confirmed [32]. Ependymomas, neuronal tumours, microglial tumours, 
cerebellar medulloblastomas are rare in pets [30]. Gliomas are over-
represented in brachycephalic breeds (e.g. Boxer, Boston terrier, Bull-
mastiff, English bulldog, and French bulldogs) (Fig. 10) [33]. Computed 
tomographic features of brain tumours are variable and sometimes 
common to multiple diseases: they are isodense or hypodense, with a 
mass effect from mild to severe, due to oedema and lesion itself, char-
acterized by midline shift and ventricular system compression. Contrast 
enhancement is quite variable depending on the type of disease: it can be 
weak or strong, homogeneous (uniform) or heterogeneous, solitary, 
multiple, widespread, with or without ring effect, complete or incom-
plete [34,35]. 

Pituitary tumours are generally represented by adenomas (micro and 
macro) characterized by uniform strong contrast enhancement (Fig. 11) 
[36]. 

The most frequent secondary brain tumours are hemangiosarcoma, 
lymphoma and carcinoma (mammary, prostatic and pulmonary) [3,30]. 
The presence of multiple nodules with a “ring effect” enhancement is 
commonly seen in metastatic tumours (Fig. 12) although metastatic 
carcinoma can also appear also as a single mass. 

Hydrocephalus is a common abnormality affecting especially toy 
breed dogs, brachycephalic dogs and Siamese cats (Fig. 13) [37]. 

Computed tomography is also used in case of brain vascular 

Fig. 11. – Pituitary gland macroadenoma in 13-years old neuterd female Yorkshire terrier. A) transverse scan and B) sagittal MPR post-contrast CT images. On the 
pituitary fossa, a large and homogeneously contrast enhanced extra-axial mass is visible. 

Fig. 12. – Breast cancer metastasis in a 8-years old female mixed breed dog. Post-contrast transverse CT scans at the level of posterior fossa (A) tympanic bullae (B) 
and temporo-mandibular joints (C). Multiple round nodules of different dimensions and with “ring” enhancement are visible (asterisks). Another metastasis is visible 
within the right temporal muscle (arrowhead). 

Fig. 13. – Congenital hydrocephalus in an 8-months old male Cavalier King 
Charles spaniel. Both the lateral ventricles are severely dilated (asterisks). The 
brain tissue is thin and compressed toward the calvarial bones and the 
falx cerebri. 
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disorders (i.e. ischemic or haemorrhagic infarction) [38–40]. Inflam-
matory diseases of the brain are usually challenging to detect using CT. 
When recognizable, meningoencephalitis is characterized by multifocal 
slightly hyperdense lesions with homogenous contrast enhancement 
[41]. In dogs and, rarely, in cats, a granulomatous meningoencephalitis 
(GME) is described and characterized by focal or disseminated foci, from 
isodense to hyperdense, with ill-defined contrast enhancement [42]. 

Computed tomography is the best technique for evaluating nasal 
neoplasia, generally represented by adenocarcinomas [43]. The pattern 
includes sclerosis and lysis of the nasal conchae. In severe cases, the 
neoplasia destroys the nasal, maxillary, palatine, lacrimal, frontal and 
ethmoidal bones and extends to the ipsilateral retrobulbar space. In 
some instances, the nasal tumors, after the lysis of the cribriform plate, 
reaches the anterior fossa of the brain with associated oedema and 
heterogeneous contrast enhancement (Fig. 14) [44,45]. In cats, previ-
ously described features are usually associated with adenocarcinoma 
and lymphoma, although the destruction of the nasal conchae is less 
prominent in case of lymphomas [46]. 

Recently, CT findings of primary and/or secondary retrobulbar space 
diseases have been described [47,48]. Among primary retrobulbar dis-
orders, the most frequent are neoplastic or septic lesions, including 
fungal infections in cats [49,50]. Secondary retrobulbar diseases were 
highly associated with neoplasia [47]. 

Computed tomography is widely used in small animals to study 
external, middle and inner ear abnormalities. These are characterized by 
increased attenuation of the tympanic cavity, thickening and/or lysis of 

the bulla walls (Fig. 15) [51,52]. 

1.2. Spine 

For the evaluation of the spinal cord and nerve roots diseases, MRI 
has a higher diagnostic sensitivity. Therefore, CT is preferably used in 
case of injuries of the spine, due to trauma, congenital bone malfor-
mations (Fig. 16), discospondylitis, etc. However, since the shorter time 
of acquisition and the diffusion in veterinary practice, CT is also used for 
other pathological conditions such as degenerative diseases of the 
intervertebral disc in chondrodystrophic dogs. Non-contrast CT, intra-
venous contrast CT, CT-myelography and positional or dynamic CT have 
been reported (Fig. 17) [8,53–57]. Computed tomographic findings of 
intervertebral disc extrusion include hyperattenuating material, usually 
represented by fragments of the degenerated calcified nucleus pulposus 
within the spinal canal, epidural fat loss, and spinal cord compression 
(Fig. 18) [53]. Usually, the intervertebral disc extrusion can be 
demonstrated with non-contrast CT but, if it cannot demonstrate the 
lesion, CT-myelography can be used (Fig. 19) [55]. After the adminis-
tration of i.v. contrast medium, enhancement of the compressed tract of 
the spinal cord could be visible [56]. 

1.3. Skeleton 

Despite the high spatial resolution, in veterinary medicine, CT does 
not have the same outcomes as in human medicine for assessing osteo-
articular abnormalities. Of note, one of the most frequent CT indications 
is canine elbow dysplasia. This condition is inherited, overrepresented in 
many large dog breeds and characterized mainly by four diseases: the 
ulnar medial coronoideal process fragmentation, the ununited anconeal 
process, the osteochondrosis dissecans of the humeral condyle and the 
articular incongruence (Fig. 20) [9,58,59]. When radiography is 
inconsistent, CT is also indicated for the osteochondrosis of the stifle and 
tarsus. Computed tomography has also been proposed to investigate 
canine hip dysplasia [10,60,61]. 

1.4. Thorax 

As in humans, CT is considered the second level technique, after 
radiography, to evaluate thoracic diseases. However, still today, there 
are no standardized protocols. This lack of standardization is most likely 
due to several factors that may coexist: type of CT device employed, 
patient size and its clinical status, the conditions in which the scan is 
performed (awake vs. anesthetized patient), the administration of the 
contrast medium (manual vs. automatic injection), etc. [62]. 

Dogs and cats have a cranial and a caudal lobe on both lungs (the left 
cranial lobe is divided into cranial and caudal parts by an intralobar 

Fig. 14. – Adenocarcinoma of the left nasal cavities in a 12-years old female mixed breed dog. A) transverse post-contrast CT scan at the level of the orbitae; B) Dorsal 
MPR post-contrast image; C) Transverse post-contrast CT scan at the level of tympanic bullae. A severe bone lysis of the septum (1), the palatine bone (2) and the 
lacrimal bone (3). The mass invades the retro-orbital space, dislocating dorso-laterally the left eyeball, and the anterior fossa dislocating the olfactory lobes (ar-
rowheads). A metastatic lesion is visible in a mandibular lymph node (asterisk). 

Fig. 15. – Chronic right otitis media in a 9-years old male Beagle. Transverse 
CT scan at the level of tympanic bullae. The right bulla is filled by material 
isodense to the surrounding soft tissue and a small bone lysis (arrow) and 
periosteal reaction (arrowheads) are visible. 
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fissure), a middle (cardiac) and an accessory lobe on the right lung [63]. 
Regarding the ultrastructural organization, the lung parenchyma in dogs 
and cats differs from that of humans. In fact, in these animals, the sec-
ondary pulmonary lobule is not recognizable [64]; therefore, the ter-
minology used for humans could not fit animals. For these reasons, 
recently, a new systematic approach for evaluating of the pulmonary 
parenchymal abnormalities, including three main topics (distribution, 
lung pattern, and anatomic localization) each divided into subclasses, 
has been proposed [63]. 

Computed tomography indications for clinical use in animals are 
similar to those in human beings, although it is mainly used for cancer 
patient staging. In dogs, primary lung tumours have a relatively low 
incidence [65] and usually involve elderly animals. In contrast, breast 
cancer metastases, from mammary gland carcinoma, are the most 
frequent neoplastic disease (Fig. 21) [66]. It has been estimated that up 
to 50 % of female dogs had metastases at clinical presentation [67]. In 
dogs and cats, CT is also used in thoracic trauma, pulmonary vascular 
embolic diseases, including infarction, and lung lobe torsion [68]. An 
important indication of CT, especially in dogs, is the search for vegetable 
foreign bodies, usually represented by inhaled grass-awn [69]. 

Computed tomography is also indicated in case of mediastinal 
masses [70–73]. The most common are lymphoma and thymoma 
(Fig. 22), while neurogenic, paraspinal, tumor, ectopic thyroid or 
parathyroid, heart-base tumours and idiopathic mediastinal cysts are 
rare [74–76]. 

There are few reports on the use of CT for the study of pleural dis-
orders in dogs and cats [77] and usually circumscribed to pneumothorax 
and pleural effusion when ultrasonography and radiography are 
inconsistent. Irregular thickening of parietal pleura, masses and nodular 
lesions are common findings [78]. In dogs and cats, pleural spaces 
communicate through several fenestrations. This anatomical features 
explain why pleural effusion and pneumothorax are often bilateral [78]. 

1.5. Abdomen 

Computed tomography is mainly used for the characterization of 
large masses or pelvic diseases, where radiography and ultrasonography 
are usually inconsistent, for assessing their spatial relationships, in case 

of surgical or radio-therapeutical planning, and for their staging [79]. 
Hepatocellular carcinoma exhibit a central and marginal contrast 

enhancement in the arterial phase, while in the portal and late phases is 
hypoattenuating and cyst-like. Hepatic adenoma shows diffuse contrast 
enhancement during the arterial and portal phases and isoattenuating 
during the late phase [80]. Triple-phase CT can provide information to 
distinguish different focal liver lesions and establish clinical decisions 
(Fig. 23). Evaluations of the maximal transverse diameter of focal liver 
lesions and the post-contrast enhancement pattern could predict liver 
malignancy [81]. Of note, in a study on hepatic lymphoma, the appli-
cation of CT in suspected cases of hepatic lymphoma, the mean 
Hounsfiled unit values obtained in all the phases were significantly 
lower than in the control cases. Furthermore, a periportal “collar sign” 
was observed in 60 % of the affected patients [82]. 

Portosystemic communications are relatively common in dogs and 
cats [82]. Congenital intrahepatic and extrahepatic shunts, arterioportal 
fistulae, and multiple acquired portosystemic shunts are well recogniz-
able on post-contrast CT (Fig. 24) [83,84]. However, protocols are not 
always unique and easily repeatable, as they vary according to vascular 
anomaly, the patient size and the CT scanner used. 

Computed tomography is used in dogs to evaluate gastrointestinal 
diameter and wall thickness [85]. Gastrointestinal tumours are un-
common in dogs and cats [86,87]. Adenocarcinoma exhibits the highest 
incidence in dogs (Fig. 25), while lymphoma is the most common 
tumour in cats [88–90]. Gastrointestinal stromal tumours, mast cell 
tumour (mastocytoma) and fibrosarcoma are rare [87]. Since 40 % of 
dogs affected by gastrointestinal neoplasia showed metastasis at the 
diagnosis, CT is reccomended for complete staging [85,90]. Adenocar-
cinoma appears on CT as a thickening and hyperattenuating wall with 
strong contrast enhancement. On the other hand, lymphoma is hypo-
attenuating and exhibits low contrast enhancement [91,92]. Concurrent 
intra-oral administration of water increases the accuracy of CT in 
detecting gastric neoplasia [92,93]. Among the non-neoplastic abnor-
malities, recently, CT has recently been proposed for diagnosing 
gastrointestinal obstruction in dogs and cats, as it has demonstrated a 
strong correlation between CT and surgical findings (100%) [94]. 

Canine pancreatitis is a common and underestimated disease [95, 
96]. A triple-phase CT study has been recently considered a valuable tool 

Fig. 16. - Multiple vertebral congenital malformation in a 5-years old female English bulldog. Sagittal (A) and dorsal curve (B) MPR of the vertebral column. Multiple 
hemivertebrae and “butterfly” vertebrae at the thoraco-lumbar tract are visible. The first vertebra of each tract is marked, in order to identify the malformed 
vertebrae, considering that vertebral formula in dog and cat is: 7 cervical, 13 thoracic, 7 lumbar and 3 sacral vertebrae. 
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in diagnosing acute pancreatitis in dogs [97]. Portal vein thrombosis, 
biliary duct dilatation, biliary mineralization, gastrointestinal wall 
thickening, fat stranding, peritoneal effusion, and lymphadenomegaly 
have often been associated [97]. Feline pancreatitis was also indagate 
using radiolabeled leukocytes (99mTc-HMPAO) and computed tomog-
raphy [98]. 

The computed tomographic features of adrenal gland disorders, 
particularly in dogs, are well characterized [99–101]. An excellent 
correlation between CT findings and surgery or necropsy, in dogs in dogs 
affected by primary adrenal neoplasia (adenoma, adenocarcinoma and 
pheochromocytoma), was found (Fig. 26) [102]. 

Recently, the CT features of focal splenic lesions, which are very 
common in dogs, were proposed. Marked enlargement and cyst-like 
appearance with low enhancement are the typical features of splenic 
sarcomas [103]. Nodular hyperplasia is generally characterized by small 
and multiple mass of small size, with strong contrast enhancement [3, 
104]. 

The most common renal tumours, renal cell carcinoma, lymphoma 

Fig. 17. – Degenerative lumbosacral stenosis in a 7-years old male Beagle. Positional (dynamic) CT: A) Sagittal MPR obtained in neutral position; B) Sagittal MPR 
obtained in extended position; C) Sagittal MPR obtained in flexed position (at the bottom of each, the respective lateral scout image). The vertebral canal stenosis, 
due to the protruding and partially mineralized disc (asterisk) gets worse in the extended position while it flattens in flexed position. Notice that in the flexed 
position, a small vacuum phenomenon appears (arrowhead). 

Fig. 18. – C4-C5 acute intervertebral disc herniation (Hansen type I) in a 12- 
years old male mixed breed dog. The degenerated and mineralized disc (*) is 
dorsally extruded. The dura mater is partially mineralized (arrowheads) and, 
close to the lesion, dorsally lifted due to the compression exerted by the her-
niated disc. 
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and hemangiosarcoma, do not significantly differ on CT except for the 
frequent bilateral presentation of the lymphoma (Fig. 27) [105]. 

The bolus tracking technique can be used to establish the moment to 
start the scan for evaluating the uretero-vesicular junction in dogs [106], 
and 4D-CT excretory urography has been proposed as an accurate and 
reliable diagnostic technique to investigate canine ureteral ectopia 
(Fig. 28) [107]. 

In dogs, CT is indicated for diagnosing and staging different 
neoplasia of the female genital tract [108]. Ovarian tumours in dogs 
appear as large soft-tissue masses located in the mid-ventral abdomen, 
with moderate or marked contrast enhancement [109]. Computed 
tomographic findings of mesenchymal tumours of the uterus and vagina 
have recently been described, but except for the greater dimension of 
malignant neoplasms compared to the benign ones, no other distinctive 
characteristics have been identified (Fig. 29) [110]. 

Computed tomography is not widely used to study of the male genital 
system. Its use is mainly confined to the study of the prostatic gland in 
the dogs [111]. Recently the prostatic volume in dogs was determined 
by CT [112]. Finally, CT shows a greater sensitivity compared to 

ultrasonography in demonstrating inhomogeneity of the prostate gland 
parenchyma [111]. 

2. Magnetic resonance imaging 

Veterinary institutions started installing their own Magnetic Reso-
nance Imaging (MRI) scanners only in the 1990 s [113] Initially, most 
veterinary MRI studies involved the dog’s head and brain [113–115], 
and were thereafter employed to investigate spinal and orthopedic pa-
thologies [116]. 

As well known, MRI scanners are classified into three categories: 
low-field (0.2–0.4 T), medium-field (0.5–1 T), high-field strength (>
0.1 T) [117]. High-field systems improve the quality of images. They are 
preferred for studying the brain, and permit the application of advanced 
sequences. Unfortunately, those systems have high costs for purchasing, 
running and maintenance. The low-field MRI open scanners are the most 
diffuse in Veterinary practice for their low cost, ease of installation and 
maintenance [117,118]. Veterinary systems tend to be cheaper and offer 
vet-specific software. They have coils optimized for veterinary anatomy 
but feature lower technology standards. 

The main disadvantage of low-field MRI is a lower signal-to-noise 
ratio (SNR) compared to high-field devices. This disadvantage leads to 
lower spatial and temporal resolution (i.e. longer acquisition times). For 
some conditions, such as meniscal tears in dogs, high-field imaging 
appears to work better than low-field imaging with regard to sensitivity 
[118]. Therefore, due to the low SNR, it can be challenging to obtain 
diagnostic studies of the spine, particularly in small patients [117] 
Additionally, imaging of the caudal cervical or cranial thoracic spine 
may not be possible in larger dogs [118]. 

Conventional MRI-compatible anesthesia and monitoring equipment 
are used in veterinary MRI. For the preparation of the patient, Veteri-
nary MRI studies require, beyond general anesthesia, the removal of 
metallic objects (e.g. collars, tags, etc.). Microchips implanted near the 
cervical spine or the brain are usually associated to susceptibility arti-
facts. However, no malfunctioning of devices is generally observed using 
MRI from 0,5–3 T. Straight positioning of the patient in sternal or dorsal 
recumbency is generally required for brain MRI. After the localizers 
plans, a slice thickness of 3–4 mm is ideal for small animal MRI [115, 
117,118]. 

Chemical displacement artifacts, susceptibility artifacts, and motion 
/current artifacts are reduced or less noticeable with low-field imaging. 
The small field of view of the low-field units may require repeated 

Fig. 19. – Multiple chronic intervertebral disc herniation (Hansen type II) in a 
10-years old male German shepherd. Sagittal MPR of CT-myelography. Two 
intervertebral discs protrusion (asterisks) with a moderate spinal cord 
compression are visible at level of T12-T13 and L1-L2. The vertebrae are 
affected also by spondylosis with ventral enthesophytes (arrows). 

Fig. 20. – Normal (A) and fragmented medial coronoid process (B) of the ulna. 3D volume rendering images. The ulnar medial coronoid process (arrows) is clearly 
fragmented in the elbow imaged in B. 
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patient repositioning to obtain images of the entire region of interest, 
particularly for the thoracolumbar spine [117,118] Furthermore, the 
difference in processional frequency between fat and water is too small 
in low-field MRI to allow selective chemical saturation (spectral sup-
pression of fat), so this method cannot be used [118]. Of note, the vis-
ibility of gadolinium-enhanced lesions is lower with low-field imaging, 
and some authors have proposed increasing the gadolinium dose when 
using low-field scanners to compensate for this relatively reduced visi-
bility. Low SNR in low-field systems can, to some extent, be compen-
sated by increasing the slice thickness, reducing the resolution of the 
plan, increasing the number of acquisitions and, finally, decreasing the 
bandwidth. These adjustments reduce image resolution, image acquisi-
tion time and, consequentely, anesthesia duration time that, potentially, 
can lead to patient’s hypothermia [117,118]. 

Despite in Human medicine, where the use of gadolinium is corre-
lated to adverse effects related to the renal function, in Veterinary 
medicine there are only a few reports about anaphylactoid reactions 
[119]. Consequentely, the administration of contrast agents is encour-
aged, especially in patients with chronic neurological signs. Clinicians 
have no agreement regarding the exact timing for the MRI acquisition 
after contrast media administration. Usually, images are acquired 
immediately post-contrast injection, while in some conditions, images 
are obtained in a more delayed phase [120,121]. 

In dogs and cats, MRI is mainly used for assessing the CNS, while in 
athlete horses it is mainly used for the appendicular muscolo-skeletal 
system. 

Neverthless, in Veterinary medicine, MRI has become the technique 
of choice to evaluate brain parenchyma [122–124]. Clinical signs such 
as seizures, ataxia, cranial nerve abnormalities, paresis, and paralysis 
are indications for using MRI. The administratin of Gd-DTPA during 
intracranial imaging could highlight damage to the blood–brain barrier 
[122]. Intracranial structures that lack a blood–brain barrier, including 
the choroid plexus, pituitary gland, infundibulum, dura mater, 
cavernous sinuses, cortical veins, and sinus mucosa, will be ever well 
visible [123,125]. Magnetic Resonance Imaging can also depict in-
flammatory and other non-neoplastic conditions of the CNS as menin-
goencephalitis caused by viruses (Fig. 30) (e.g., distemper), bacteria, or 
fungi (e.g., cryptococcosis), granulomatous meningoencephalitis in dogs 
[126,127], necrotizing encephalitis [128], and in the presumptive 
diagnosis of neurocysticercosis [129]. 

Haemorrhage of the CNS can be assessed by MRI [130]. T1- and 
T2-weighted images are necessary to characterize and stage the hem-
orrhage. Cerebral infarction can also be diagnosed using MRI [131,132]. 
Metabolic and degenerative hepatic encephalopathy results from severe 
liver dysfunction or portosystemic shunt (PSS) (Fig. 31). Deposition of 
manganese in the basal ganglia with hyperintensity on T1-weighted 
images, brain atrophy and cerebral edema are observed. These brain 
MRI findings may help distinguish neurological disorders associated 
with liver disease (including PSS) from other neurological disorders 
[132,135]. 

In case of CNS tumors MRI is a valuable tool in their diagnosis. 
Indeed, MRI can show the primary mass and the extent of any sur-
rounding brain edema. As previously reported, meningioma (Fig. 32), 
astrocytoma, oligodendroglioma, ependymoma, mixed glioma, dermoid 
cyst, choroid plexus papilloma, carcinoma and meningeal carcinoma-
tosis are the most common brain tumors in dogs and cats. [133,134, 
136]. 

Intervertebral disc herniation (IVDH) is the most common cause of 
paralysis in dogs (Fig. 33 and Fig. 34), and MRI is considered the gold 
standard for imaging the intervertebral disc disease. Of note, the 
different chemical characteristics of tissues allow distinguishing multi-
ple anatomical structures within the vertebral column (i.e. the 

Fig. 21. – Breast cancer metastasis in a 15-years old female Pug. High- 
resolution dorsal MPR CT. Three regularly shaped lung nodules (asterisks) 
with different dimensions are visible. 

Fig. 22. – Timoma in a 8-years old neutered male Dwarf rabbit. Dorsal MPR 
post-contrast CT. The cranial mediastinum is occupied by a mass (asterisks) 
poorly enhanced. Legend: 1 = heart; 2 = lungs; 3 = liver; 4 = right kidney; 
5 = left kidney; 6 = spleen; 7 = caudal vena cava. 
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intervertebral disc, ligamentous structures, synovial joints, bone 
marrow, nerve roots, spinal cord parenchyma, cerebrospinal fluid, 
epidural fat). Images can be acquired in multiple planes without repo-
sitioning the patient,but the examination is more time consuming than 
CT. On the other hand, whereas myelography might be required in 
conjunction with CT, this is not necessary with MRI [137]. 

Magnetic Resonance Imaging is considered superior to CT for 
studying the eyeball, the optic nerve and the optic chiasm. Magnetic 
Resonance Imaging clearly visualizes the palpebral region, the anterior 
and posterior segments of the eye, the retrobulbar structures, and the 
zygomatic salivary glands [137]. Abnormalities of the optic nerve, such 
as optic neuritis, are readily identified. Due to the large amount of fat in 
the orbital region, MRI fat-suppression sequences, such as Short Tau 

Inversion Recovery (STIR), are particularly useful to demonstrating the 
extent of an orbital neoplasms [138,139]. 

Magnetic Resonance Imaging is complementary to CT or radiography 
to evaluate the non-osseous components of the shoulder, elbow and knee 
joints. However, MRI has been used to assess the extent and severity of 
inflammatory changes within the subchondral bone in dogs with 
shoulder osteochondrosis (OCD) [140]. Furthermore, MRI demonstrated 
to be more accurate than radiography in detecting small fragments and 
cartilaginous flaps (joint mice) within shoulder joint in case of OCD and 
can provide diagnostic images in canine elbow dysplasia [140]. 
Regarding the stifle joint, MRI was useful in detecting changes in the 
cartilage thickness, osteophytosis, and intra-articular loose bodies in 
experimental osteoarthritis in dogs [141,142]. Magnetic Resonance 

Fig. 23. = Hepatocarcinoma in a 13-years old neutered male Mixed breed dog. Dorsal MPR of pre-contrast (A) and post-contrast (B) CT. In the left hepatic lobes, a 
large slightly hypodense mass is visible with a post-contrast irregular enhancement, mainly peripheral (arrowheads). Legend = 1 = heart; 2 = lungs; 3 = gallbladder; 
4 = stomach; 5 = spleen. 

Fig. 24. – Extra-hepatic left porto-caval shunt in a 1.5- 
years old female Yorkshire terrier. 3D Volume Rendering 
CT-angiography. A) Ventral aspect. B) Left lateral aspect. A 
large and tortuous shunting vessel (arrows), starting from 
the portal vein, travels toward the left and connects to the 
left side of enlarged caudal vena cava (arrowhead) just 
cranial to the celiac artery emerging from the abdominal 
aorta. Legend: 1 = caudal vena cava; 2 = abdominal aorta; 
3 = portal vein; 4 = celiac artery; 5 = cranial mesenteric 
artery; 6 = right kidney; 7 = left kidney.   
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Imaging showed cranial cruciate ligament injury in dogs with no or 
minimal cranial drawer signs [142,143]. The normal MRI anatomy of 
the canine stifle [143] and carpal ligaments has also been described 
[144]. 

MRI plays a key role in studying the musculoskeletal system of the 
athlete horses. It is used as a third-level technique to supplement the 
information obtained with radiography and ultrasonography [145]. 
Magnetic Resonance Imaging allows visualizing soft tissues, tendons, 
and ligaments, even those in the hoof. Furthermore, it provides image 
scans in different anatomic planes without repositioning the horse. This 
feature has allowed significant progress in the diagnostic and thera-
peutic field, particularly regarding foot pathologies. 

The main pathologies diagnosed in athlete horses are tendinopathies 
of the deep digital flexor tendon, degenerative arthropathies of the distal 
interphalangeal joint, lesions of the sagittal throat of the proximal 
phalanx, enthesopathies and desmopathies of the suspensor ligament of 
the fetlock [146]. 

Until a few years ago, MRI in horses had to be performed in general 
anesthesia and in lateral recumbency. Recently, MRI devices that can 
scan the foot, fetlock, knee or hock of sedated horses in standing position 

have been developed [146]. 
In conclusion, MRI is the modality of choice for diagnosing brain 

diseases in dogs and cats and for chronic foot lameness in horses. The 
main advantage of MRI is related to the excellent soft tissue contrast 
useful for distinguishing between white and grey matter or articular 
structures (cartilage, ligaments, menisci). It has a high sensitivity since 
most pathologies confer tissue modifications (inflammation, edema, 
etc.). Moreover, MRI does not use ionizing radiations, unlike radiog-
raphy and CT. The disadvantages are mainly related to the duration of 
the sequences: the veterinary magnetic resonance examination can have 
a variable duration (up to two hours) depending on the number of se-
quences to be acquired and the body regions under investigation. 
Furthermore, paient preparation, especially horses, could require 
several hours. 

3. Nuclear medicine 

Nuclear Medicine (NM) imaging techniques are not frequently used 
in Veterinary Medicine because they have high costs and heavy regu-
lations. However, the most used NM imaging techniques are 

Fig. 25. – Jejunal carcinoma in a 9.5-years old male Siberian husky. A) Dorsal MPR post-contrast CT. B) Left para-sagittal MPR post-contrast CT. Caudally to the left 
kidney, a short jejunal tract, with circumferential and asymmetrical thickening of the walls, is visible (arrowheads). Legend: 1 = liver; 2 = stomach; 3 = left kidney; 
4 = right kidney; 5 = caudal vena cava; 6 = spleen; 7 = urinary bladder. 

Fig. 26. – Right adrenal carcinoma in a 9-years old male Mixed breed dog. A) pre-contrast and B) post-contrast transverse CT scans of the liver at the level of the 9th 
thoracic vertebra. C) post-contrast transverse CT scan at level of 11th thoracic vertebra. The lumen of caudal vena cava is invaded by a fairly enhancing thrombus 
directly originating from the severely enlarged right adrenal gland (arrowheads). Legend: 1 = caudal vena cava; 2 = aorta; 3 = suprahepatic veins; 4 = gallbladder; 
5 = right kidney; 6 = left kidney. 
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Scintigraphy and the Positron Emission Tomography (PET), this last 
often combined with Computed Tomography (CT) [147]. The usefulness 
of NM techniques is related to the possibility of making an early diag-
nosis. Still, due to the functional quality of their images, they should be 
performed combined with other morphologic modalities such as CT or 
MRI. Unfortunately, this is not always achievable in veterinary practice 
[148–150]. 

Scintigraphic images are not morphological but represent physio-
logical or pathological processes of the body that other diagnostic 
techniques cannot provide. Therefore, they are difficult to interpret for 
most of clinicians. Access to the radiotracers is high costs and requires a 
radioactive materials license not always easy to achieve in small animal 
practice [149]. Furthermore, specific training is necessary for correctly 
interpreting the images [149]. 

In veterinary scintigraphy, the metastable Technetium-99 (99 mTc) is 
the most used radionuclide, although radioisotopes of Iodium, Indium 
and Thallium are used in specific instances [150,151]. Radioisotopes 
can be administered orally, trough injection or by inhalation. It is 

possible to perform a static or a dynamic studies to follow radiotracer 
biodistribution over time, following its affinity. 

In small animals, scintigraphy is mainly used for oncological prob-
lems or to diagnose portal shunts. In athlete horses, the most common 
use of scintigraphy is for muscoloskeletal pathologies [152,153]. 

Thyroidal scintigraphy was one of the first used in Veterinary Med-
icine and it remains one of the most common scintigraphic study. 
Thyroidal scintigraphy is mainly used to treat feline hyperthyroidism, 
the most common endocrine disease of the cat. However, it is also used 
to diagnose thyroid carcinoma and evaluate hypothyroidism in dogs. 

Cat hyperthyroidism is secondary to adenomatous hyperplasia, 
usually of both thyroid lobes or rarely with a unilateral involvement 
(Fig. 35). Radioiodine administered as a subcutaneous injection repre-
sents an easy and effective treatment for feline hyperthyroidism [150, 
151]. 

Thyroid scintigraphy performed using pertechnetate or radioiodine 
is characterized by a uniform distribution of radioactivity throughout 
both lobes of the thyroid gland. Traditionally, thyroid imaging is 

Fig. 27. – Right renal carcinoma in an 8- years old male Boxer. A) Dorsal MIP post-contrast CT. B) Right para-sagittal MIP post-contrast CT. The right kidney is 
markedly enlarged with a “hour-glass” shape, mainly peripheral and irregularly enhanced, with a central septum. Legend: 1 = right kidney; 2 = left kidney; 3 = left 
ureter; 4 = liver; 5 = spleen; 6 = urinary bladder. 

Fig. 28. – Right ureteral ectopia in a 7-months old female Labrador. A) Dorsal MIP post-contrast CT. B) Left para-sagittal MIP post-contrast CT. The left ureter is 
slightly dilated, as well as the left renal pelvis, and ends caudally to the urinary bladder within the urethra (arrowhead). Legend: 1 = right kidney; 2 = left kidney; 
3 = dilated left renal pelvis; 4 = normal right ureter; 5 = dilated left ureter; 6 = urinary bladder. 
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performed 20 min after pertechnetate injection. Some Authors have 
recommended imaging an hour after injection [151]. Unlike human 
patients, animals have to be hospitalized for one week after the scinti-
graphic exam to avoid radiation exposure to their owner. After this 
period, in cat scintigraphy, a further two-week isolation is recom-
mended to limit adults exposure to up to twenty per day. Thyroid 
scintigraphy can hardly distinguish between hyperthyroidism and thy-
roid carcinoma. Certainly, in the latter there is usually a higher radio-
active uptake. Furthermore, due to associated multifocal lesions, there is 
an irregular pattern and, often, foci of uptake outside the thyroid lobes, 
indicating the presence of metastasis. The concomitant use of CT facil-
itates te detection of intrathoracic metastasis. 

It is essential to avoid the use of iodine CT or radiographic contrast 
agents when performing a schintigraphy in dogs and cats because the 
iodine contrast agents interfere with thyroid uptake. Dog with hypo-
thyroidism usually displays a low thyroid uptake [151]. 

The Bone Scan is a great resource for diagnosing obscure lameness 
issues and localizing orthopedic conditions in horses (Fig. 36), such as 
bone microfractures, joint inflammation and osteoarthritis (Fig. 37). 

The patient is injected diphosphonate bound to radionuclide, 
99 mTechnetium, which is then distributed throughout the body over two 
hours. The radioisotope is localized in bone based on osteoblastic ac-
tivity and therefore is an excellent and sensitive marker of bone disease. 
The bone that is stressed or is remodeling, due to an injury, will absorb a 
disproportionate amount of the radioisotope. The portions of involved 
bone will then appear as an area of increased radioisotope uptake, or a 
“hot spot”, on the gamma camera (Fig. 37). The use of the bone scan to 
diagnose horse lameness is controversial. A recent study demonstrated 
that scintigraphy is more useful when used combined with other imag-
ing techniques. The high potential for missed diagnoses makes skeletal 
scintigraphy unreliable as a diagnostic screening tool for sports or 
pleasure horses with lameness or poor performance [152,153]. Those 
authors assessed a high proportion of false-negative and false-incidental 
results and that scintigraphy has a poor sensitivity in identifying the 
lesion causing lameness in poor-performing athlete horses. They suggest 
the use in athlete horses after proper clinical investigation and 
loco-regional anesthesia [152]. 

Interestingly, scintigraphy with intraosseous injection of technetium 
99 mTc pertechnate labelled to allogenic mesenchymal stem cells has 
been used to safely track allogenic mesenchymal stem cells in healthy 
and diseased horses [153]. 

One of the most common veterinary applications of liver scintig-
raphy is the diagnosis of congenital or acquired porto-systemic shunts 
(PSSs). The diagnosis of PSSs is achieved with trans-splenic portal 
scintigraphy (also called portal scan). To date this technique, in small 
animals, involves the use of 99 mTc pertechnetate or 99 mTc-Mebrofenin. 
It is essential to distinguish between congenital and acquired shunt 
because the last one is treated preferably with medical treatment [154]. 

Fig. 29. – Uterine and cervix uteri hemangiosarcoma in a 10-years old female 
chow. Sagittal MPR post-contrast CT. A large mass involving the body and the 
cervix of the uterus (arrowheads) with a discrete and irregular enhancement 
and severe mass effect on the colon and the rectum. Legend: 1 = urinary 
bladder; 2 = caudal colon; 3 = rectum. 

Fig. 30. - Meningitis and meningomyelitis secondary to FIP in a young cat. T1- 
weighted post-contrast MRI sagittal images. Severe thickening and increased 
enhancement of the meninges, mainly around the ventral border of the cere-
bellum, the pons and the medulla oblongata (arrowheads). 

Fig. 31. - Hepatic encephalopathy in an adult dog. T2-weighted (A) and T1-weighted post-contrast (B) MRI transverse images. There is a discrete increased signal 
intensity in the caudate nuclei (white arrowheds) and internal capsula (black arrowheads). No contrast enhancement is visible. 
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Per-rectal scintigraphy technique with 131I-iodoamphetamine (131IMP), 
has the disadvantages of high cost and longer half-life of radiotracer 
[155]. To date, pertechnetate is preferred, even per-rectal, since the 
shorter half-life, lower cost, ready availability, unchanged absorption 
and ideal photon energy [156]. Because of some limitation regarding the 
absorption, the high dose needed, the exposition and the poor differ-
entiation between the intra- and extra- hepatic shunts, other imaging 
techniques, such as CT, are often required. The trans-splenic portal 
scintigraphy is performed by administrating a small dose of radioisotope 
into the spleen under ultrasound guidance [157]. The passage of the 
radioisotope is evaluated in real-time to determine if a macroscopic 
shunt is present and if the pattern of uptake supports a single congenital 

shunt or multiple acquired shunts. An abdominal CT often accompanies 
this procedure to evaluate the intra-abdominal organs further and better 
delineate the shunting vessel(s). Trans-splenic portal scintigraphy can 
also be performed with 99 mTc-mebrofenin, which has higher absorption, 
a better morphologic evaluation and no complications [157–159]. The 
use of 99 mTc-mebrofenin also reduced the proportion of non-diagnostic 
studies. Today, for diagnosing PSSs, Doppler ultrasonography is 
considered the first imaging technique, followed by CT angiography 
and, eventually, scintigraphy. 

Positron Emission Tomography (PET) and Single photon emission 
computed tomography (SPECT) are widely used in human medicine for 
the detection and staging of many diseases, particularly for the detection 

Fig. 32. – Meningioma in an adult cat. T2-weighted (A) and T1-weighted post contrast (B) MRI transverse images. A large extra-axial space occupying lesion, broad 
based at the level of the left temporal and parietal lobes, is visible. The lesion has an overall hyperintense, slightly heterogeneous enhancement. There is severe mass 
effect with midline shift, compression and dislocation of the lateral ventricles and deformation of the white and gray matter surrounding the lesion. 

Fig. 33. – Acute disc herniation (Hansen type I) at L4-L5 in an adult dog. T2-weighted MRI sagittal (A) and transverse (B) images. In the spinal canal, a discrete 
amount of disc material, with heterogeneous signal intensity, causes a severe left ventro-lateral spinal cord compression (asterisk). Cranial to it, there is a slight 
dilation of the ependymal canal (arrow). Multiple degenerated discs with loss of the normal signal intensity of the nucleus pulposus are visible too (arrowheads). 

Fig. 34. – Low-volume-high-velocity disc herniation at C2-C3 in an adult dog. T2-weighted MRI sagittal (A) and transverse (B) images. It is visible a degenerated disc 
with partial loss of the normal signal intensity of the nucleus pulposus (arrowhead), and a hyperintense tract through the annulus fiibrosus that continues as a linear 
and marked hyperintensity into the spinal cord dorsal to it (arrows), that is compatible with spinal contusion. 
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of primary tumors and metastasis but also for the diagnosis of neuro-
degenerative diseases. Those techniques are even more sensitive than 
the morphological techniques in the early detection of many diseases. 
However, they are often combined with CT or Magnetic Resonance 
(MRI) to provide morphological reference points to the PET or SPECT 
functional images [160]. 

One of the most used radiotracers in human medicine is Fluorine 18 
fluorodeoxyglucose (18F-FDG), a glucose analogue up taken by cells with 
high metabolic activity, like the heart, brain, inflammation cells and 
cancer cells [161,162]. 

Like in Human Medicine, in veterinary medicine 18F-FDG PET/CT 
has been used for staging mammary adenocarcinoma, lung tumors, 
lymphoma, gastrointestinal stromal tumor, histiocytic sarcoma [162], 
splenic hemangiosarcoma [163], feline oral squamous cell carcinoma 
[164] and canine oral melanoma [165]. 

In a study on dogs with appendicular osteosarcoma, the authors 
correlated the Standardized Uptake Value to the progression of the 
cancer for assessing dogs’ survival [166]. PET is also more advantageous 
than CT in detecting hypervascularized tumor areas. Indeed, PET 
highlights areas with higher metabolic activity, while contrast-enhanced 
CT highlights areas of increased perfusion. Furthermore, CT cannot 
distinguish between increased tumor blood perfusion and highly vas-
cularized tumor background. 

18F-Sodium Fluoride (18F-NaF) has proven to be an excellent osseous 
tracer, and it is used to assess primary bone tumors or bone metastasis. 
This tracer has an interesting role in staging canine nasal adenocarci-
noma [167]. Recently, Manfredi et al. demonstrated the usefulness of 
preoperative scintigraphy with Technetium-99 m labelled nanocolloids 
for detecting the sentinel lymph node and the associated lymphatic 
pathway in dogs with spontaneous malignancies (Fig. 22) [168]. 

However, the use of PET/CT in evaluating non-oncologic small ani-
mals is still limited. Few reports have been available since now. 18F-NaF 
has been used to diagnose dog lameness [169,170] and to assess 
temporomandibular joint disorders [170], as well as for active bone 
remodelling in horses [171–174]. 

SPECT imaging is relatively unused in Veterinary medicine. First, 
this technique always requires general anesthesia. Second, it is necessity 
to have gamma cameras suitable for both horses and small animals. 
Finally, species-related software is necessary. SPECT imaging is widely 
used in Human medicine to diagnose heart ischemia, but this pathology 
is rare in small animals. Furthermore, in Veterinary medicine there is not 
a great interest about the study of neuroreceptors, or brain perfusion, 
thus raising the main interest of SPECT: the study of neurological dis-
eases [139–175]. Fig. 38. 

SPECT has been used in Veterinary Medicine for the diagnosis of 
thyroid carcinoma and to screen thoracic metastasis in the dog (Fig. 39) 
[176,177]. Due to owners’ increasing interest in studying of the owners 
on studying their dogs’ behavior, SPECT with 123I-FP-CIT is widely used 
for in vivo assessment of the dopamine transporter (DAT) availability. 
Alterations in dopamine are associated with behavioral disturbances in 

Fig. 35. - Bilateral thyroid adenoma. 22 mTc- pertechnetate thyroid scintig-
raphy in an adult cat. Ventro-dorsal projection. There is a marked uptake in 
both thyroid lobes, but more evident in the left one. No ectopic thyroid tissues 
are detectable. 

Fig. 36. - Bone scan on a sedated horse in standing position undergoing to 
pelvis and sacroiliac joints study. 

Fig. 37. - Osteocondrosis of the astragali in a foal. Planar bone scan in plantar, right and left lateral images of the hock region. There is an increased focal uptake of 
the subchondral bone of the astragali (arrows) more pronounced to the right. A discrete uptake is visible also at the level of epiphyseal growth cartilages of the distal 
tibia and the top of calcaneus (arrowheads). 
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dogs [178]. 
In conclusion, the use of Nuclear Medicine in Veterinary practice is 

still challenging. If it is true that these techniques are used in many 
Veterinary academic institutions, there are many difficulties with their 
application in clinical practice, mainly related to the high cost, the 
regulations and the operators specific training. 
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Fig. 39. - SPECT in a dog undergoing to thyroidal study.  
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