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Abstract
Since its clinical introduction, computed tomography (CT) has revolutionized veterinary medicine and is considered to be one of the
most valuable tools for the imaging work-up of neurological, oncological and orthopaedic canine and feline patients. In small animals
with acute trauma, particularly those involving complex anatomic areas such as the head, spine or pelvis, CT has been established as a
standard imaging method. With the increasing availability of radiation therapy in veterinary medicine, CT has also become the principal
tool to stage a tumour, assess response, and guide radiation therapy. The increasing availability of helical CT in veterinary medicine has
allowed novel techniques such as spiral CT angiography and high-resolution CT. This review provides a brief overview of the historical
and technical development of CT and literature reviews of the major clinical CT applications in small animals such as intracranial and
extracranial lesions, the spine, the appendicular skeleton, and abdominal and thoracic diseases.
Ó 2006 Elsevier Ltd. All rights reserved.
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1. Basic principles
Since the early 1970s (Hounsﬁeld, 1973) computed
tomography (CT) has revolutionized not only diagnostic
radiology but the whole ﬁeld of medicine. CT was the ﬁrst
tomographic technique combining computer calculation
power with medical imaging and thus starting the era of
digital imaging. Computed tomography is based on Xray densitometry and uses the same basic principles as in
conventional radiography. As a collimated high-kV X-ray
beam penetrates the patient’s tissues, fractions of the original beam are absorbed while others pass through. Similar
to conventional radiography, the X-ray intensity behind
the object is measured to form a projection image. This is
achieved with the use of X-ray detectors, either ionization
chambers ﬁlled with xenon gas or scintillation detectors
in the form of crystals or ceramics, usually cesium iodide
or gadolinium oxysulﬁte, respectively. The latter type emits
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visible light when struck by X-rays. By measuring the primary beam intensity and comparing it with the attenuated
beam, the attenuation value along each ray from source to
detector can be calculated.
The absorption of X-rays within the patient is directly
proportional to the linear attenuation coeﬃcient of the tissues through which the beam passes and the thickness of
the object. The linear absorption in high kV beams is
mainly due to tissue density, or, more precisely, electron
density. Therefore high electron density tissues, such as
bone, possess a higher linear absorption compared to low
electron density tissue such as ﬂuids or fat. The attenuation
data obtained from the diﬀerent projections (from as much
as 1000 diﬀerent projection angles) are re-calculated using a
mathematical process called ﬁltered back projection. This
produces a matrix of the average relative X-ray absorptions
in each volume element (short voxel) of the matrix in the
slice of tissue examined (Hathcock and Stickle, 1993).
These mean attenuation values in each element of the
matrix, called Hounsﬁeld Units (HU), are then displayed
as picture elements (short pixels) in shades of grey in a
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two-dimensional digital image matrix. A pixel therefore
represents a two-dimensional image of a three-dimensional
voxel within the patient, the third dimension being the slice
thickness of the examined cross-section of the patient.
Water has the attenuation value of 0 HU since only a
small amount of the X-ray intensity the tube emits is attenuated. The HU of other tissues are displayed as a value relative to the attenuation of water (Table 1), but may vary
little with the change of the X-ray energy (Wegener,
1993; Berry, 2002; Kalender, 2005).
Compared to conventional radiology, CT has superior
tissue contrast. Black, white and diﬀerent shades of grey
(32–64 levels) are assigned to the diﬀerent HU to display
the images. The human eye can only diﬀerentiate 20–30 different levels of grey. Through assignment of groups of HU
to levels of grey the operator selects the highest contrast
resolution displayed for the tissue of interest. The window
width (WW) refers to the range of HU that are represented
by the grey scale, the window level (WL) deﬁnes the central
grey colour and should be set at the level of the tissue of
interest (Tidwell and Jones, 1999). Suggestions of diﬀerent
window settings are listed in Table 2.
Over time diﬀerent generations of scanners have been
developed (Bushberg et al., 2002). The ﬁrst generation
scanners used one X-ray tube that produced a pencilTable 1
The Hounsﬁeld Unit (HU) scale (modiﬁed after Wegener (1993), Berry
(2002), Kalender (2005))
Tissue type

Standard value (HU)

Bone (compact substance)
Bone (spongious bone)
Coagulated blood
Thyroid gland
Liver
Whole blood
Brain grey matter
Muscle
Pancreas
Kidney
Brain white matter
Plasma
Exudates (>30 g protein/L)
Transudates (<30 g protein/L)
Ringer solution
Cerebrospinal ﬂuid
Fat
Lung

>250
50–300
70–90
60–80
50–70
50–60
37–41
35–50
30–50
20–40
20–34
27 ± 2
>18 ± 2
<18 ± 2
12 ± 2
5–10
80 to 100
950 to 550

Table 2
Suggestions of diﬀerent window settings for the application of CT in small
animals (W = window width; WL = window level; HU = Hounsﬁeld
Unit)
Window

WL (HU)

WW (HU)

Reference

Bone
Soft tissue
Brain
Pituitary gland
Mediastinum
Lung

400–500
40–50
ca. 35
80
50
500

>1500
400–500
150
250
400
1500

Hathcock and Stickle (1993)
Bischoﬀ and Kneller (2004)
Hathcock and Stickle (1993)
Auriemma et al. (2005)
Kalender (2005)
Johnson et al. (2004a)
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shaped beam falling on a single detector. Together they
translated through 180 steps in the axial or also called
transverse plane and then rotated 1° at a time through
360° around the patient (two-dimensional XY-plane). In
total this procedure took a scan time of 3–5 min for one
slice. The second generation scanners used a narrow fan
beam falling on a small curved array of detectors. Together
they translated and then rotated through 360° but needed
fewer angular steps to produce the image, thus reducing
the scan time to 20 s per slice. This information could then
be used to reconstruct the images in diﬀerent planes, socalled multiplanar reformatting (MPR). However, the long
scan times led to image noise and artefacts that deteriorated the image quality.
Scanning was more eﬃciently achieved with the development of third and fourth generation scanners. The third
generation scanner used a rotate–rotate conformation
which rotated in the same geometrical relation ﬁxed on a
frame, called gantry, 360° around the patient. The tube
produced a wide fan-shaped X-ray beam that fell on a larger array of many detectors. The fourth generation scanners used a rotate-stationary unit. In this type of machine
the tube alone rotates through 360° around the patient.
The broad fan-shaped X-ray beam falls on a ﬁxed ring of
thousands of detectors that are attached to the housing
of the machine. In both the third and fourth generation
scanners the acquisition time are reduced to 1 s per slice
but due to its conformation the third generation scanners
are prone to ring artefacts from miscalibration or failure
of one or several detectors.
The continuous one-way rotation of the tube only
became possible with the invention of the slip-ring technique in the 1980s reducing the gantry rotation time substantially. Still the relatively long scan time results in a
high sensitivity to motion artefacts that substantially
decreases image quality. Taking into consideration that
the transverse acquisition plane (XY-plane) actually consists of a slice of tissue with a third dimension in longitudinal direction (Z-plane, representing the slice thickness), the
voxels are actually small blocks of tissue with equal length
in XY-direction and unequal length in Z-direction. Therefore this results in a mismatch between in-plane (X–Y)
and longitudinal (Z) spatial resolution which leads to some
misregistration of anatomic detail.
In the early 1990s spiral CT was introduced. The patient
is scanned with a rotating tube-detector system while the
table transports the patient through the gantry in the longitudinal (Z-plane) direction. The X-ray tube takes a helical path around the patient while the detector array
collects the image data. This helical volume data can be
used to reformat images in any plane. The major improvements, compared to conventional CT scanners, were
reduced scan time, increased volume capacity with nearly
isotropic volume registration and improved spatial resolution, mostly in the longitudinal (Z)-axis. Volume data
could be used for three-dimensional (3D)-post-processing
techniques including multiplanar reconstruction (MPR),
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maximum intensity projection (MIP) and volume rendering
techniques.
The ﬁrst helical scanners used one tube-detector array
pair and collimation of the X-ray fan-beam before it fell
on the patient. Multidetector CT or multichannel CT
extends the number of detectors, now being constantly
solid-state type detectors, to several rows. This allows several sections to be measured at a time. With multichannel
CT the section width or slice thickness is determined by
the size of the detectors and not by the collimation of the
X-ray beam. In a 16-section CT system, up to 24 rows of
detectors are installed to measure 16 slices with a collimated section width as thin as 0.5 mm (Flohr et al.,
2005). This machine design allows for substantially reduced
scan times, enabling the examination of debilitated or highrisk (trauma) patients and real-time CT angiography.
The simultaneous acquisition of several detector sections results not only in an increase in speed but also in
an extension of the scan range that could be covered within
a certain time by a factor equal to the number of detector
sections (e.g. m section-acquisition resulted in m-fold speed
and extension of scan range by factor m) (Flohr et al.,
2005). This extended scan range is particularly valuable
for angiographic studies and for large oncological staging
scans of the thorax, abdomen and extremities. The greatly
increased longitudinal (Z-axis) resolution is an important
basis for all reconstructions, most importantly the 3D-rendering techniques such as virtual endoscopy. Also, in multichannel CT the data can be recalculated in every oblique
plane (Flohr et al., 2005).
Due to the detector collimated measurement, the relative dose detected by a single solid-state detector decreased,
but increased overall leading to an increased dose to the
patient. This is partially eliminated by the use of automatic
exposure control, where attenuation values, measured by
special detectors, are used to downregulate the tube current
in thinner parts of the patient in order to reduce the beam
intensity (Flohr et al., 2005).
2. Clinical CT applications in small animals – a review of the
literature
In the late 1970s, CT studies on animals were mostly
experimental (Berninger et al., 1979; Brennan et al., 1979;
Gardeur et al., 1980; Gold et al., 1979; Moss et al.,
1979), and ﬁrst clinical experiences in the ﬁeld of veterinary
medicine were gained in canine patients with neoplasia or
central nervous diseases (Fike et al., 1981b, 1986b; Lecouteur et al., 1981; Marincek and Young, 1980). Several
authors have published detailed anatomical references of
the brain and head (Fike et al., 1980, 1981a; George and
Smallwood, 1992; Kaufman et al., 1981), the orbital region
(Fike et al., 1984) and the nasal region of the dog (Burk,
1992a) and cat (Losonsky et al., 1997). At present, CT
may be considered as one of the most valuable tools for
the imaging work-up of neurological, orthopaedic and
oncological canine and feline patients.

In small animals with acute trauma, particularly in complex anatomical areas such as the head, spine or pelvis, CT
has been established as a standard imaging method (Kraft
and Gavin, 1999). With the increasing availability of radiation therapy in veterinary medicine, CT has also become
the principal tool used to stage a tumour, assess response,
and guide radiation therapy (Ohlerth and Kaser-Hotz,
2001). CT yields a three dimensional, exactly scaled matrix
of quantitative data and can provide important information
on radiation interaction properties correlating directly with
X-ray absorption in the tissues, which is essential for dose
calculations in radiation therapy. The present review focuses
on the major clinical CT applications in small animals
including intracranial and extracranial lesions, the spine,
appendicular skeleton, abdominal and thoracic diseases.
2.1. CT applications for intracranial lesions
Computed tomography may be used to diagnose neoplastic, developmental, inﬂammatory, degenerative or vascular diseases of the brain. The CT appearance of diseases
of the canine and feline brain has been described by several
authors (Fike et al., 1986a; Fuchs et al., 2003; Gandini
et al., 2003; Kraft and Gavin, 1999; Thomas, 1999; Tidwell
et al., 1994; Tipold and Tipold, 1991; Wolf et al., 1995). CT
has been advocated as the standard modality for the planning of radiation treatment of intracranial tumours (Ohlerth and Kaser-Hotz, 2001).
The use of intravenous (IV) iodine contrast medium (600–
900 mg iodine/kg) should be standard for the evaluation of
intracranial lesions, as it has been reported that malignant
versus non-malignant intracranial lesions can be diﬀerentiated by their characteristics of contrast uptake and washout
(Fike et al., 1986a). The basis for the diﬀerent contrast
enhancement behaviour of intracranial lesions is the breakdown of the blood-brain barrier (Fike et al., 1986a; Tidwell
and Jones, 1999). Normal brain tissue may be measured with
a CT number between 26 and 44 HU (Tipold and Tipold,
1991), with a slight diﬀerence in attenuation between white
(20–34 HU) and grey matter (37–41 HU) (Berry, 2002; Thomas, 1999). The attenuation of normal brain tissue increases
after IV contrast medium application only by about 4 HU,
while lesions that cause a disruption of the blood-brain barrier enhance by 20–40 HU (Fike et al., 1986a).
Intracranial neoplasia (Table 3) may be distinguished by
number of lesions, origin, anatomical site, shape, margination, attenuation, contrast enhancement and associated
pathology (Kraft and Gavin, 1999). Primary brain tumours
can be of intra- or extra-axial origin (Kraft and Gavin,
1999). Meningiomas are the most common tumours in
dogs and cats, gliomas such as astrocytomas and oligodendrogliomas are common in dogs but rare in cats (Dewey,
2003). Less common primary brain tumours include choroid plexus tumours and ependymomas, whereas neuronal
tumours, microglial tumours and cerebellar medulloblastomas are considered to be rare in both the dog and the cat
(Dewey, 2003).

Table 3
CT appearance of common intracranial canine and feline neoplasia (modiﬁed after Kraft and Gavin (1999), Troxel et al. (2003), Polizopoulou et al. (2004), Lipsitz et al. (2003), Grasmück et al. (2003),
Bush et al. (2003))
Intra-/extra-axial

Extra-axial

Astrocytoma

Oligodendroglioma

Metastases

Lymphoma

Meningioma

Choroid plexus
papilloma

Pituitary tumours

Nasal tumours

Occurrence

Singular

Singular

Singular or multiple

Singular or multiple

Singular or multiple

Singular

Singular

Site

Rostral, middle and
caudal fossa,
leptomeningeal

Rostral, middle and
caudal fossa

Rostral, middle and
caudal fossa,
leptomeningeal

Ventricular

Hypophyseal fossa

Frontal or
olfactory lobe

Shape

Ovoid to amorphous
to diﬀuse

Ovoid

Round to ovoid

Frontal or temporal
lobe, brainstem
(infratentorial),
leptomeningeal
Round to ovoid to
diﬀuse, broad-based

Round to ovoid

Round to ovoid
(adenoma), broadbased (carcinoma)

Ovoid to
amorphous to
diﬀuse

Margins

Distinct to indistinct

Indistinct, smooth to
irregular

Distinct to indistinct

Distinct, lobulated

Distinct, smooth to
irregular

Density
Enhancement

Iso- to hyperdense
0 to +++, uniform
to heterogenic, ringenhancement

Hypo- to isodense
+++, ringenhancement

Isodense
+++, uniform or
ring-enhancement

Singular or multiple
(cats)
Leptomeningeal,
rostral and
hypophyseal fossa,
falx, ventricular
Round to ovoid,
broad-based,
lenticular or plaquelike
Distinct to
indistinct, smooth to
irregular
Iso- to hyperdense
+++, uniform, ringenhancement, dural
tail

Iso- to hyperdense
+++, uniform

Mass eﬀect
Oedema
Other features

0 to +
+ to +++
Cysts possible

0 to +
0 to +
Cysts possible

0 to +
+++

+
0 to +++
Hyperostosis,
mineralisation, cysts
possible

+
0 to +

Iso- to hyperdense
+ to +++, uniform
(adenoma) to
heterogenic
(carcinoma)
0 to +
0 to +

Indistinct,
smooth to
irregular
Isodense
+ to +++,
heterogenic

Distinct to
indistinct, smooth to
irregular
Isodense
+ to ++, uniform to
heterogenic, dural
tail
0 to +
+ to +++
Hyperostosis

0 to +
+ to +++
Mineralisation,
destruction of
cribriform plate

S. Ohlerth, G. Scharf / The Veterinary Journal 173 (2007) 254–271

Intra-axial
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Fig. 1. Transverse CT images of the brain of a cat. Pre-contrast (left): a shift of the third ventricle to the left is seen (thick arrow) and the right lateral
ventricle is not visible in contrast to the left lateral one (thin arrow). Post-contrast (middle), a broad-based distinct mass (thick arrow) with marked but
inhomogeneous enhancement is noted in the right temporal lobe; the falx cerebri shows dorsally a shift to the left (thin arrow). Bone window (right):
osteopetrosis of the right temporal bone is found (arrows). Findings are consistent with an extra-axial lesion. Histological diagnosis: meningioma.

The imaging features of meningiomas (Fig. 1) include a
broad-based, extra-axial attachment, a distinct margin and
uniform enhancement (Dewey, 2003; Kraft and Gavin,
1999). However, they are usually hyperattenuating and
therefore also visible on non-contrast CT-images. They
tend to displace rather than invade tissue, may show a mass
eﬀect with deviation of the falx cerebri and may be calciﬁed

or cystic (Bagley et al., 1996). In addition there may be
hyperostosis especially in cats, or osteolysis of the adjacent
bone (Kraft and Gavin, 1999; LeCouteur, 2003). Meningiomas may be multiple in cats and meningiomas that arise
from the falx cerebri or the choroid plexus appear intraaxial (Kraft and Gavin, 1999; Lu et al., 2003; Nafe, 1979;
Troxel et al., 2003).

Fig. 2. Transverse brain window CT images of the brain in a Boxer pre-contrast (left) and post-contrast (right). An indistinct mildly inhomogenous
hypodense lesion (thick arrow) is seen intra-axial in the left frontal lobe, which shows ring enhancement post-contrast. The falx cerebri is shifted to the
right (thin arrow). Histological diagnosis: glioma.

S. Ohlerth, G. Scharf / The Veterinary Journal 173 (2007) 254–271

Most other primary tumours are isodense (isoattenuating) to the remaining brain tissue in non-contrast images.
Gliomas (Fig. 2) are more expansile in nature with lack
of distinct margins due to their invasive behaviour. Contrast enhancement is often poor and non-uniform, ring
enhancement may be seen (Dewey, 2003; Kraft and Gavin,
1999). However, ring enhancement is a non-speciﬁc feature
which can also be seen in non-neoplastic disease such as
infarction, granuloma, abscess (Fig. 3) and resolving haematomas (Thomas, 1999; Wolf et al., 1995). Choroid
plexus papillomas are associated with the ventricular system, are distinctly delineated and often spherical and lobulated. They show strong enhancement and cause a
compression of the ventricles (Kraft and Gavin, 1999).
Olfactory neuroblastomas are situated ventrally within
the frontal lobe and extend through the cribriform plate
into the nasal cavity and are therefore diﬃcult to diﬀerentiate from extensions of nasal tumours (Troxel et al., 2003).
Secondary brain tumours include metastatic tumours
such as carcinoma (mammary, prostatic or pulmonary)
(Fig. 4), haemangiosarcoma, malignant melanoma or lymphosarcoma. Local extensions from tumours of the cranial
nerves, in particular trigeminal nerve (Bagley et al., 1998)
(Fig. 4) or optic nerve sheath tumours, as well as pituitary
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tumours or local extension of nasal adenocarcinomas
(Dewey, 2003) may also be seen. Multiple ring enhancing
intra-axial masses are strongly suspicious for metastatic
tumour but especially metastatic carcinoma may also
appear as solitary, well-circumscribed, brain lesions
(Dewey, 2003). Lymphosarcomas are often seen as multiple
masses but extensive meningeal invasion (Kraft and Gavin,
1999) or masses similar to meningiomas (Grasmück et al.,
2003) may also exist. Nasal adenocarcinomas are located
in the olfactory bulb, extending from the nose through the
cribriform plate, and exhibit an invasive pattern, usually
causing extensive oedema and a non-uniform strong
enhancement (Kraft and Gavin, 1999). Optic nerve tumours
may arise from tissue adjacent to the optic nerve such as
myxosarcomas (Richter et al., 2003) or Schwannomas.
Pituitary tumours are situated within the hypophyseal
fossa. Macroadenomas extend beyond the sella turcica,
and microadenomas are contained within the pituitary
gland. Adenomas tend to show uniform mild to strong
enhancement, whereas carcinomas enhance non-uniform
but strong (Kaser-Hotz et al., 2002; Kraft and Gavin,
1999). Several authors have studied the CT angiographic
anatomy of the vascular system of the normal pituitary
gland of cats and dogs (Tyson et al., 2005; van der Vlugt-

Fig. 3. Transverse post-contrast CT images of the brain in a cat. Brain window (left), a hypodense lesion with marked ring enhancement, peripheral
oedema and mild shift of the falx cerebri is noticed in the right temporal lobe. Bone window (right), hyperostosis of the right temporal bone with a focal
lysis is seen (arrow). Diagnosis: a perforating wound, possibly a bite wound, with a secondary intra-axial abscess was conﬁrmed intra-operatively.

Fig. 4. Transverse CT images of the brain in a Swiss Mountain Dog. On both images, severe atrophy/hypotrophy of the right temporal muscle (*) is seen.
Pre-contrast (left) mild asymmetry of the lateral ventricles, an indistinct mildly hyperdense lesion in the area of the right hippocampus (thick arrow) and a
widened thin-walled right trigeminal canal (thin arrow) is noted. Post-contrast (right), the lesions in the hippocampus and in the trigeminal nerve area
enhance. Additional similar lesions were found in other brain areas as well (not shown). Histological diagnosis: right trigeminal Schwannoma and
concurrent metastases of a thyroid carcinoma.
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Meijer et al., 2004). Also the CT features of pituitary adenomas and carcinomas have been described (Bosje et al.,
2002; Meij et al., 2004, 2005; Sato et al., 2001; van der
Vlugt-Meijer et al., 2002, 2003).
Local tumours such as multilobular osteochondrosarcomas (Dernell et al., 1998; Hathcock and Newton, 2000),
other calvarial tumours or soft tissue tumours may extend
into the brain (Mouatt, 2002). All secondary brain tumours
are accompanied by typical clinical symptoms and further
workup is warranted (Dewey, 2003). In particular biopsy
of the lesions, either free-hand (Tidwell and Johnson,
1994a,b) or with the aid of a stereotactic instrument, (Giroux et al., 2002; Koblik et al., 1999a,b; Moissonnier et al.,
2000, 2002) may be extremely valuable in gaining a deﬁnitive diagnosis.
One of the most common developmental pathological
conditions in the brain is hydrocephalus (Fig. 5). It occurs
most commonly in toy and brachycephalic breeds as congenital disease and is less common in cats, although Siamese
may be aﬀected (Dewey, 2003). In hydrocephalus there is
abnormal accumulation of cerebrospinal ﬂuid (CSF) within
the cranium (Thomas, 1999). It can be internal if it involves
the ventricular system and external if it involves the subarachnoidal space. An obstructive hydrocephalus is deemed
communicating if the obstruction is in the subarachnoidal
space and non-communicating if the obstruction is proximal to the foraminae Luschkae. Hydrocephalus can also
be non-obstructive secondary to decreased volume of brain
parenchyma, for example in cases of necrosis or infarction,
when it is referred to as ex vacuo (Thomas, 1999). The ventricular size, a mainstay for the diagnosis of internal hydrocephalus, can be accurately assessed using CT. The
hypodense CSF which usually can easily be detected within
the ventricular system can be seen in enlarged cortical sulci
and subarachnoid space in the case of an external hydrocephalus. Cortical atrophy and focal lesions causing an
obstructive hydrocephalus can be present. A periventricular

Fig. 5. Transverse pre-contrast CT image of the brain in a 2-month-old
mixed toy breed dog (brain window). Severe dilation of the lateral and
third ventricles (*) with cerebral atrophy or hypoplasia most consistent
with an internal hydrocephalus. Post-contrast, abnormal enhancement
was not seen. Note the open fontanella dorsally.

oedema can be detected in some patients particularly with
acute hydrocephalus, characterized by blurred ventricular
margins and hypodense brain tissue around the ventricles
(Thomas, 1999).
Congenital hydrocephalus may be associated with other
malformations, such as Chiari type malformations, hydromyelia or syringohydromyelia and occipital malformation
(Bynevelt et al., 2000; Thomas, 1999). Other developmental
conditions including Dandy–Walker malformations, cerebellar hypoplasia and arachnoid cysts, for example in the
cisterna quadrigemina (Thomas, 1999; Vernau et al.,
1997) or the cerebellopontine area (Galano et al., 2002)
have been described.
Inﬂammatory intracranial disease may be focal, multifocal or generalised. Imaging ﬁndings in meningoencephalitis, whether bacterial, fungal, viral or parasitic, are often
non-speciﬁc and require CSF examination (Anor et al.,
2001; Plummer et al., 1992; Saito et al., 2002; Thomas,
1999). Dogs with granulomatous meningoencephalitis
(GME) may have normal contrast enhanced CT studies
or reveal solitary or multifocal mass lesions, or ill-deﬁned
disseminated areas of contrast enhancement (Dewey,
2003) (Fig. 6). The features of necrotizing meningoencephalitis in Maltese, Yorkshire Terrier and Pug dogs have been
described and may reveal asymmetric ventricular size, hypodense brain tissue and focal enhancement (Beltran and
Ollivet, 2000; Dewey, 2003; Ducote et al., 1999). Focal bacterial infection of the brain is uncommon in small animals
but may lead to the formation of abscesses within 2–3
weeks starting from cerebritis (Thomas, 1999) (Fig. 3).
In bacterial cerebritis an ill-deﬁned area of hypoattenuation with a mild mass eﬀect may be the main ﬁnding. Contrarily, a mature abscess may be detected by the presence of
a capsule which is isodense to brain tissue and is evident on
contrast enhanced CT studies as a smooth and distinct ring
enhancement, depending on the age of the abscess. Concurrently, the surrounding brain tissue may be hypodense representing oedema and the centre may consist of a
hypodense area representing necrosis. Both cerebritis and
abscess formation occur mostly secondary to infections of
the eye, ear, nasal passages or meninges or may spread haematogenously (Thomas, 1999).
The CT appearance of degenerative diseases of the brain
in small animals such as the storage disease ceroid lipofuscinosis (Franks et al., 1999; Kuwamura et al., 2003) or subcortical leukoencephalopathy in puppies (Rentmeister
et al., 2004) have been described but usually require histopathological evaluation of the brain. Recently, a case of a
intracranial mucocele in a cat was published (Adamo,
2005).
CT is very sensitive for identifying acute haemorrhage.
There is a linear relationship between CT attenuation, protein content (mostly haemoglobin) and haematocrit (New
and Aronow, 1976) since attenuation of the X-ray beam
is determined by the electron density of the tissues. The
attenuation of whole blood with a haematocrit of 46% is
approximately 56 HU. Since there is increased attenuation
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Fig. 6. Transverse CT images of the brain in a dog (brain window) pre-contrast (left) and post-contrast (right). Two contrast-enhancing hyperdense
nodules are visible (arrows) which were isodense to the brain parenchyma on the pre-contrast images. Mild diﬀuse enhancement ventrally in both piriform
lobes is also noted. Diﬀerential diagnosis included granulomatous and metastatic disease. Histological diagnosis: granulomatous meningoencephalitis.

compared to the remaining brain tissue, contrast-enhanced
CT is not necessary since it would obscure subtle changes
in attenuation (Thomas, 1999). Within the ﬁrst 72 h after
haemorrhage there is a rapid increase of attenuation up
to 60–80 HU, which is attributable to the formation of a
ﬁbrin-globin meshwork, and a hypodense ‘‘serum’’-phase
in particularly large haematomas (New and Aronow,
1976; Parizel et al., 2001). After a further increase in density in the ﬁrst days, the density then decreases with an
average of 0.7–1.5 HU per day starting at the periphery
(Parizel et al., 2001). After about one month the haematoma may be isodense with a ring enhancing pattern that
persists for 2–6 weeks (Thomas, 1999). Subtle contrecoup
haemorrhages may be diﬃcult to assess with CT since they
can be very peripheral (Parizel et al., 2001). In trauma
patients, the identiﬁcation of haemorrhage and fractures
of the bones is a major application for CT (Platt et al.,
2002).
Other vascular diseases that have been diagnosed with
CT are arteriovenous malformations, capillary malformations (Thomas, 1999), cavernous malformations (Tidwell
et al., 1997b), haemorrhagic infarction (Tidwell et al.,
1994) and non-haemorrhagic infarction (Thomas, 1999).
However, magnetic resonance imaging (MRI) is usually
more sensitive for the diagnosis of these diseases since subdural haemorrhage and parenchymal changes are more
easily detected (Parizel et al., 2001).
2.2. CT applications for extracranial lesions
Contrast-enhanced CT is also used to image any kind of
extracerebral lesions, for example, sinonasal, ear and orbital diseases. Anatomical features, fractures and deformations of the skull (Richtsmeier et al., 1994; Wallner et al.,
2004) may be imaged with the use of 3D-rendering
techniques.
Lesions of the nasal and paranasal cavities, associated
bony destruction and extension through the cribriform
plate are easily assessed using CT (Berry and Koblik,
1990; Burk, 1992b; Lefebvre et al., 2005; Moore et al.,

1991). Compared to radiography, there is higher accuracy
and positive predictive value with CT in the detection of
nasal neoplasia, aspergillosis and rhinitis, whereas foreign
body rhinitis appears to be more diﬃcult to diagnose if
no foreign body can be seen (Saunders et al., 2003). The
CT appearance of malignant nasal disease has been
described for the dog (Codner et al., 1993; Lefebvre
et al., 2005; Park et al., 1992; Thrall et al., 1989) and the
cat (Schoenborn et al., 2003). The basic features of aggressive tumours such as carcinomas and sarcomas is a mostly
unilateral mass with destruction of the turbinates, paranasal bones, septum, frontal sinuses and cribriform plate and/
or extension into the nasopharynx, the orbita or the dorsal
nasal soft tissues (Lefebvre et al., 2005) (Fig. 7). In cats this
has been associated with adenocarcinomas and lymphomas. However, destruction of the turbinates is less pronounced in lymphomas (Schoenborn et al., 2003).
Unfortunately, there is no pathognomonic feature of the
diﬀerent neoplastic conditions, and biopsy is required to
determine the cell type of the tumour (Schoenborn et al.,
2003).
Often at diagnosis the disease is advanced with marked
local aggressiveness, thus radiation therapy alone or in
combination with surgery is commonly used for treatment
(McEntee et al., 1991). Tumour perfusion plays a major
role in the degree of tumour radiosensitivity. CT angiography may be used to determine tumour perfusion as
described recently (Van Camp et al., 2000).
In chronic fungal rhinitis with Aspergillus spp. there is
mostly extensive destruction of the turbinates, hyperostosis
and sometimes lysis of the paranasal bones (Saunders et al.,
2002; Saunders and van Bree, 2003).
The middle ear may be imaged by the use of radiography, ultrasonography, CT and MRI. The diﬀerent modalities were reviewed recently (Bischoﬀ and Kneller, 2004;
Garosi et al., 2003). CT is recommended for evaluation
of the bony part of the ear, whereas the inner ear and its
ﬂuid content are better evaluated by MRI (Garosi et al.,
2003). Nevertheless, the anatomy of the middle and inner
ear can be assessed with CT (Russo et al., 2002). The
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Fig. 7. Post-contrast transverse soft tissue window CT image (left) and bone window dorsal reconstruction (right) of the brain and nasal cavity in a dog. A
large soft tissue mass is seen in the left nasal cavity and frontal sinus, extending into the left orbit and right frontal sinus (thin arrow) with destruction of
the frontal bone, orbita (thin arrow) and the cribriform plate (thick arrow). Mild enhancement of the mass and the meninges (thick arrow) is seen, but the
frontal lobe is not aﬀected. Histological diagnosis: nasal adenocarcinoma.

appearance of otitis media, inﬂammatory polyps and otolithiasis has been described (Cook et al., 2003; Love
et al., 1995; Seitz et al., 1996; Ziemer et al., 2003). An
important feature of chronic otitis media is the presence
of ﬂuid and a thickened wall of the tympanic bulla
(Fig. 8), which should be carefully evaluated since the partial volume averaging artefact may also cause a mock-

thickening of the bulla wall (Barthez et al., 1996). An optimal study requires transverse images acquired with small
slice thickness (1–3 mm) either contiguous or overlapping,
with a small ﬁeld of view and high mAs (Bischoﬀ and Kneller, 2004).
The technique for CT of the orbit, in particular with the
use of multiplanar reconstructions, has been reviewed by

Fig. 8. Transverse post-contrast CT images of the tympanic bullae in a cat. Brain window (left): the right tympanic bulla is ﬁlled completely with
hypodense non-enhancing material; there is focal lysis of the petrous temporal bone dorsomedial with meningeal enhancement (arrow). Further cranial
(middle), a hypodense zone encapsulated by a thin enhancing wall (arrows) is noted ventral to the right tympanic bulla. Bone window (right): the right
tympanic bulla wall appears irregular with multifocal lysis (arrow). In the left tympanic bulla a ﬂuid level is seen. Surgical exploration and bacteriology
revealed a sterile abscess arising from the right middle ear.
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several authors (Boroﬀka and Voorhout, 1999; Daniel and
Mitchell, 1999; Penninck et al., 2001). The CT appearance
of diﬀerent types of orbital neoplasia (Attali-Soussay et al.,
2001; Beltran et al., 2001; Bonder et al., 1983; LeCouteur
et al., 1982; Murphy et al., 1989), extension of nasal aspergillosis (Codner et al., 1993; Halenda and Reed, 1997;
Hamilton et al., 2000; Saunders et al., 2002), vascular malformations (Tidwell et al., 1997b), fungal and inﬂammatory disease (Bissonnette et al., 1991; Miller et al., 2000)
and wooden foreign bodies (Woolfson and Wesley, 1990)
have been described. Deﬁnitive diagnosis requires CTguided biopsy of the lesion (Penninck et al., 2001).
There is also a paper reviewing the anatomy and
pathology of the temporomandibular joint of dogs and
cats with the use of CT (Schwarz et al., 2002). The bony
components of the temporomandibular joint can be easily
examined with the use of high-resolution, thin-slice, transverse CT imaging and the appropriate post-processing
algorithms such as 3D and multiplanar reconstruction,
particularly in the sagittal and dorsal planes. Bony
changes such as temporomandibular joint dysplasia, luxation or subluxation, fractures and ankylosis, degenerative
joint disease and joint infection as well as neoplasia can
be easily diagnosed. Contrast-enhanced CT is recommended to assess the extent of suspected neoplasia or
other mass lesions, the presence of masticatory myositis,
or possible cerebral involvement. Also the extent of temporomandibular joint involvement in craniomandibular
osteopathy, seen mostly in West Highland White, Scottish
and Cairn terriers, is easily evaluated with CT (Hudson
et al., 1994). However, for the imaging of the internal soft
tissue structures of the temporomandibular joint, including cartilage, disc, joint capsule and ligaments, MRI has
been advocated as the imaging modality of choice in
humans (Larheim, 1995) and may therefore be useful also
in small animal patients.
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2.3. CT applications in the spine
CT scans of the spine are particularly useful in detecting
mineralised or non-mineralised discopathies, spinal
tumours (Fig. 9) and cervical spondylomyelopathies (Sharp
and Wheeler, 2005). Anatomical descriptions (Jones et al.,
1995) as well as technical guidelines have been published
(Adams, 1999; Jones et al., 1994; Kneissl and Schedlbauer,
1997).
Subarachnoid iodine contrast medium application at a
quarter of the normal dose for conventional radiographic
studies may be used for CT myelography (Sharp and
Wheeler, 2005). This technique is extremely helpful for the
diagnosis of non-mineralised disk extrusions (Sharp et al.,
1995). The cranial and caudal extent of the contrast column
adjacent to the extruded disc is clearly visible (Olby et al.,
2000) which is important for planning surgery. Subdural
and epidural haemorrhage (Olby et al., 2000) or vacuum
phenomenon (Hathcock, 1994) may also be seen. Cervical
fractures, luxations and the extent of spondylosis are easily
demonstrated due to the excellent spatial resolution of CT
and the ability to apply reformatting techniques including
multiplanar reconstructions and 3D-rendering (Kraus
et al., 1997; Sharp and Wheeler, 2005). Thin slice thickness
allow more exact deﬁnition of bone spurs and soft tissue calciﬁcation (Jones and Inzana, 2000) as well as determination
of the exact outline of the vertebrae and the articular processes (Jones et al., 1995, 1996). Intravenous contrast-medium application may be useful to detect inﬂammation, for
example in compressed tissue (Jones et al., 1999).
Other conditions described in the literature include caudal cervical osteochondromatosis (Caporn and Read,
1996), spinal cord and vertebral body tumours (Drost
et al., 1996; Moore et al., 2000; Pease et al., 2002), discospondylitis (Gonzalo-Orden et al., 2000) and spinal arachnoid cysts (Galloway et al., 1999; Gnirs et al., 2003). CT

Fig. 9. CT myelography in an 8-year-old Boxer with bilateral hind limb paresis. Dorsal reconstruction (left), a large extradural mass isodense to soft tissue
is seen at the level of T3–T5. The spinal cord is markedly displaced to the left (arrows). The contrast medium column is very thin at this level. After IV
contrast medium administration a transverse soft tissue window CT image (right) at the level of T4 shows the non-enhancing extradural mass on the right
(black arrow) and the compressed spinal cord with little contrast medium in the subarachnoid space (white arrow). Histological diagnosis: osteosarcoma.

264

S. Ohlerth, G. Scharf / The Veterinary Journal 173 (2007) 254–271

angiography has been used to describe the cranial cervical
venous plexus (Gomez et al., 2004).
2.4. CT applications in the appendicular skeleton
CT is an excellent tool to evaluate bone. In contrast to
radiography, CT is a sectional imaging technique, imaging
a thin body section free of superimposition. With the development of spiral CT, spatial resolution and image reconstructions have improved drastically. This has opened up
novel perspectives for the imaging work-up of orthopaedic
patients. Since the 1990s, one of the most common indications for CT in the appendicular skeleton in dogs is suspected developmental elbow disease or elbow dysplasia,
in particular if radiographs are inconclusive.
CT provides a detailed assessment of the medial coronoid process (Fig. 10), radial incisure, anconeal process,
trochlear notch of the ulna, humeral condyle, and degree
of osteoarthrosis (Reichle and Snaps, 1999; Reichle et al.,
2000; Rovesti et al., 2002). It has the highest accuracy for
identifying a fragmented medial coronoid process compared to radiography, linear tomography and contrast
arthrography (Carpenter et al., 1993). Further, CT is
unique for the assessment of radio-ulnar incongruence in
dogs, which may be associated with developmental elbow
disease or elbow dysplasia (Gemmill et al., 2005; Holsworth et al., 2005).
CT may conﬁrm the presence of avulsion fractures that
are not clearly identiﬁable radiographically in areas such as
the stiﬂe region (Fitch et al., 1996). It may also provide
more precise information for treatment assessment of medial patellar luxation (Towle et al., 2005), cranial cruciate

Fig. 10. Transverse CT image (bone window) of a left elbow joint in a
Rottweiler. There is marked sclerosis of the medial coronoid process and
an oblique hypodense line running through it (arrow). Arthroscopically, a
fractured medial coronoid process was conﬁrmed.

ligament rupture (Fitch et al., 1996) and for the diagnosis
of osteochondrosis in the tarsus (Fitch and Beale, 1998).
In the early pathogenesis of canine hip dysplasia, hip
joint laxity plays a crucial role. Dorsolateral subluxation
of the hip joint has been successfully determined using CT
(Farese et al., 1998). Further, the acetabular angles and dorsal acetabular rim angles may be successfully acquired with
CT images to assist patient response prior to and following
certain treatment for canine hip dysplasia including juvenile
pubic symphysiodesis surgery (Wang et al., 2005).
2.5. CT for the assessment of thoracic diseases
Detailed anatomic descriptions of the normal thorax in
the dog and cat by means of conventional CT, with or
without the use of IV contrast medium injection, have been
provided by several authors (De Rycke et al., 2005; Henninger, 2003; Rivero et al., 2005; Samii et al., 1998; Zook
et al., 1981). Except for some smaller blood vessels, nerves
and details of the heart, most of the bony and soft tissue
structures of the thorax have been identiﬁed. CT images
of the thorax are used most commonly to improve detection of subtle pulmonary lesions (Fig. 11), to diﬀerentiate
thoracic masses from accumulations of mediastinal or pleural ﬂuid, to evaluate the mediastinum or thoracic wall and
to assess for the presence of foreign material (Burk, 1991;
Henninger, 2003; Prather et al., 2005; Spann et al., 1998).
CT has also been used successfully to guide ﬁne-needle
aspirates and tissue-core biopsies of intrathoracic lesions.
Indications include lesions close to vascular structures,
lesions not well identiﬁed on radiographs or with ﬂuoroscopy, and lesions surrounded by air which would not be
identiﬁed with ultrasonography (Zekas et al., 2005).
The increasing availability of newer CT technologies
such as helical and high-resolution CT in veterinary medicine has promoted its use for the assessment of lung disease
in dogs and cats. Conventional CT is performed with thick
collimation (slice thickness) and therefore, spatial resolution is decreased, examination times are long, inevitably
associated with respiratory motion. The advantage of helical CT is that contiguous images are obtained without
interscan delay obviating misregistration of anatomical
data. Examination time is drastically reduced and spatial
resolution is improved markedly. Moreover, high-resolution CT enables a slice thickness of 1–2 mm in the lung
with maximised spatial resolution by using a tightly collimated X-ray beam, high kVp and mA, a decreased ﬁeld
of view and special reconstruction algorithms.
Protocols for helical CT and high-resolution CT have
been developed for the canine lung (Johnson et al.,
2004a; Morandi et al., 2003). The authors described a mean
value of 846 HU for the normal lung tissue of dogs
obtained during helical CT reconstructed in a sharp algorithm. Values did not signiﬁcantly diﬀer for high-resolution
CT (Morandi et al., 2003). Another group measured a
mean value of 713 HU for the normal canine lung (Johnson et al., 2004b). They also established cross-sectional
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Fig. 11. Transverse CT images (WW: 1500, WL: 500) of the thorax in a cat with a squamous cell carcinoma on the left eye lid. Ventrally in the left
cranial lung lobe a well deﬁned large nodule is seen (left, arrow). Radiographically, this nodule was poorly deﬁned and hardly visible. At the level of the
aortic arch (middle) ground glass opacity, interstitial thickening and parenchymal bands (arrows) were seen in both cranial lung lobes. In the left caudal
lung lobe (right) another small nodule is seen dorsally (arrow). Histological diagnosis: pulmonary metastases of the squamous cell carcinoma.

areas and ratios or the caudal lobar bronchi, pulmonary
arteries and veins. Caudal lobar pulmonary veins were
found to be signiﬁcantly larger than their corresponding
arteries. In man, high-resolution CT has become the best
method for evaluating diﬀuse lung disease, detecting
pulmonary metastasis and further characterizing small
pulmonary lesions (Johnson et al., 2004a).
In contrast to the human lung, where the interlobular
septae demarcate the secondary lobule, the canine lung
lacks interlobular septae. Therefore, a novel classiﬁcation
system for high-resolution CT ﬁndings in the dog was
introduced adapting a system used in man (Johnson
et al., 2004a). The lung was divided into three speciﬁc
zones, which were inspected individually for abnormalities:
Zone 1 was the pleural region, deﬁned as a 1 mm zone at
the periphery of each lung lobe; Zone 2 was the subpleural
region measuring in diameter 5% of the maximum lobar
width; Zone 3 was the peribronchovascular region deﬁned
as the remainder of the lung parenchyma.
The abnormalities were divided into four groups: linear
and reticular opacities, nodules and nodular opacities,
increased lung opacity, and decreased lung opacity. Within
these groups, precise descriptive terms were used for each
speciﬁc change identiﬁed. Lung opacity was also assessed
objectively by comparing HU values with numbers
obtained for normal dog lungs. The novel classiﬁcation
scheme was then used to describe various high-resolution

CT ﬁndings in the lungs of three dogs with recurrent pyrexia of unknown origin and normal thoracic radiographs.
Post-mortem, diagnosis of metastatic carcinoma was made
in all dogs. Lately, the same authors (Johnson et al., 2005)
also described high-resolution CT features of canine idiopathic pulmonary ﬁbrosis using this classiﬁcation scheme.
The normal pulmonary artery tree and various thoracic
vessels in dogs using spiral CT angiography were also illustrated recently in a brief report (Tidwell et al., 2004). After
the injection of contrast medium using a pressure injector,
the time to peak enhancement was determined for various
thoracic vessels and this was considered the optimal scan
delay. Time to peak enhancement varied for diﬀerent vessels and between individuals, therefore, a test bolus technique was recommended. Spiral CT angiography permits
scanning during optimal contrast medium opaciﬁcation,
thus eliminating the need for selective catheterisation.
2.6. Computed tomography for the assessment of abdominal
diseases
The normal cross-sectional CT anatomy of the canine
and feline abdomen has been described in detail and has
been compared to cadaver anatomy (Smallwood and
George, 1993a,b). CT represents a routine diagnostic imaging modality to assess a whole variety of abdominal diseases in humans. In veterinary medicine, a few promising
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Fig. 12. Transverse abdominal post-contrast CT image of a dog with
serologically conﬁrmed alveolar echinococcosis (white thin arrow: aorta).
A mass (+) is present in the right lateral liver lobe adjacent to the caudal
vena cava (thin black arrow) and the portal vein (thick white arrow). The
mass consists of a hypodense, cavitated, non-enhancing part (*) and
multiple microcalciﬁcations in its periphery and ventromedially.

studies have been undertaken during recent years to assess
the liver, spleen, pancreas, adrenal gland and urinary tract
in small animals.
Computed tomography of the liver. During the last few
years, some interesting studies have been published investigating certain diseases of the liver. CT has been used for
the evaluation of liver masses seen with alveolar echinococcosis (Scharf et al., 2004) (Fig. 12). Precise characterisation
of number and localisation of the liver lesions was possible,
and characteristic features such as microcalciﬁcations and
lack of enhancement within the lesions were described.
The availability of helical CT angiography in certain
facilities has enabled the identiﬁcation of the normal hepatic and portal vasculature in dogs (Frank et al., 2003; Zwingenberger and Schwarz, 2004).
For the diagnosis of single intrahepatic or extrahepatic,
and multiple extrahepatic portosystemic shunts, singlephase and dual-phase helical CT angiography has been
used successfully and compared favourably with other
methods (Frank et al., 2003; Thompson et al., 2003; Zwingenberger et al., 2005). Termination of the shunts was more
often determined with CT than with surgery or ultrasound.
The mean time to appearance of contrast medium and to
peak enhancement was reported for normal dogs and for
dogs with a conﬁrmed portosystemic shunt. The advantages are that helical CT angiography is non-invasive, easier
to perform and interpret than Doppler ultrasonography or
conventional angiography, operator variation is minimised, and rapid volumetric data acquisition is possible.
However, portal ﬂow and pressure cannot be measured
and motion artefacts may occur. Other limitations include
inability to resolve two vessels originating very close to
each other, and identiﬁcation of vessels that travel parallel
to the axial image plane.
Computed tomography of the spleen. CT has also been
shown to be a useful diagnostic imaging modality for the
canine spleen. In a recent study (Fife et al., 2004), signiﬁ-

cantly diﬀerent CT characteristics were found between
malignant (haemangiosarcoma, ﬁbrosarcoma, malignant
histiocytoma) and non-malignant (haematoma, nodular
hyperplasia, ﬁbrohistiocytic nodule) splenic masses. Malignant splenic masses had signiﬁcantly lower attenuation values than non-malignant splenic masses, on both pre- and
post-contrast images; a value of 55 HU was suggested as
the best threshold value. On post-contrast images, nodular
hyperplasia had the highest HU (90.3), haematomas had
intermediate HU values (62.5) and malignant splenic masses
had the lowest HU values (40.1). CT also provided a correct
diagnosis of splenic torsion in a dog in which abdominal
radiography and B-mode ultrasonography were inconclusive (Patsikas et al., 2001). The spleen was enlarged, a twisted
corkscrew-like soft tissue mass representing the rotated pedicle was seen and contrast enhancement was missing.
Computed tomography of the pancreas. The pancreas can
be identiﬁed on CT images in both dogs and cats and the
normal appearance has been described (Head et al., 2003;
Probst and Kneissl, 2001) although information on CT
density and architecture in comparison to other organs is
lacking in the dog. Dual-phase helical CT angiography
provided excellent anatomic detail of the canine pancreas
and the peripancreatic tissue and vasculature (Caceres
et al., 2003). The common bile duct was also identiﬁed.
Post-contrast, the canine pancreas appeared hypodense to
isodense compared to the liver (Caceres et al., 2003). Thin,
hypodense, communicating stripes were visible in the left
lobe, most likely corresponding with interlobular connective tissue (Probst and Kneissl, 2001). Another study
reported the usefulness of contrast enhanced CT in two
dogs for the diagnosis and follow-up of acute necrotizing
pancreatitis (Jaeger et al., 2003).
In the cat, the normal pre-contrast pancreas is hypoattenuating relative to spleen and liver; post-contrast it
enhances homogeneously and peaks immediately. In comparison to the spleen, post-contrast HU values of the pancreas were signiﬁcantly lower and cleared less rapidly
(Head et al., 2003). The same authors recently reported
CT ﬁndings in a cat with pancreatitis (Head et al., 2005).
Pre-contrast, irregular margination, increased size and
inhomogenicity of the pancreas were noted. Contrast
enhancement was inhomogeneous with delayed peak
enhancement. Assessment of the arterial supply, parenchymal perfusion and venous drainage was possible. Results
appear promising to evaluate pancreatic vascular abnormalities, inﬂammation, necrosis and neoplasia in the dog
and in particular, in the cat, where diagnosis of pancreatic
disease is more diﬃcult.
Computed tomography of the adrenal gland. The application of CT for the examination of the canine adrenal glands
was described in the late 1980s (reviewed in (Tidwell et al.,
1997a)). In a recent study, pre- and post-contrast HU values were determined for healthy dogs and for dogs aﬀected
by hyperadrenocorticism with a multislice helical CT unit.
Dogs aﬀected by Cushing’s syndrome could be recognized
by diﬀerent HU values, however, precise values were not
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published (Bertolini et al., 2004). Further, in four dogs with
pheochromocytoma, CT was superior to radiography and
ultrasonography to deﬁne the size, shape and margination
of the tumour (Rosenstein, 2000).
Computed tomography of the urinary tract. A few reports
document the use of CT for diseases of the urinary tract in
dogs. These include the early detection of renal cystadenocarcinomas (Moe and Lium, 1997) and diﬀerentiation of
tumoral regions from non-tumoral ones in various renal
tumours (Yamazoe et al., 1994). Recently, a study has
shown that CT using IV administered iohexol proved very
useful for determination of total glomerular ﬁltration rate,
and in comparison to 99mTc-DTPA scintigraphy, which is
considered as the gold standard, the mean relative glomerular ﬁltration rate was not signiﬁcantly diﬀerent (Lipman
et al., 2004). CT using iohexol therefore appears to be a
valuable alternative, especially if scintigraphy is not available or contraindicated, if immediate surgery is warranted,
or anatomical information is needed.
3. Conclusion
Since its introduction, CT has played a substantial role in
veterinary medicine. With the increasing availability of
MRI in the last decade, CT appeared to have become less
important in veterinary as well as in human medicine. Nevertheless, the use and capabilities of CT have escalated over
the past years because of several developments. Increasingly
powerful computers have allowed an improved matrix and
reconstruction algorithms and times. With the development
of spiral or helical CT, scanning times have been drastically
reduced, which is of particular value in veterinary patients
that have to be anaesthetised for CT. Overall image quality
has been improved substantially and IV contrast enhancement may be optimized. The development of high heat
capacity X-ray tubes and multisection scanners allows
decreased acquisition times and increased linear and contrast resolution. These developments have allowed novel
techniques such as high-resolution CT, spiral CT angiography, whole body CT, virtual endoscopy and perfusion studies. Since access to better equipment is improving in
veterinary medicine, the role of CT for diagnostic and investigative studies is likely to progress and interesting studies
may be expected in the future.
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