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CT and MR imaging offer superior diagnostic possibilities over radiography because of 

two primary advantages: tomographic nature and increased contrast resolution. As opposed to 
radiographs that represent flat projections of tridimensional (3D) structures, tissues are examined 
with CT and MR in thin slices thereby eliminating superimposition. Organs and other structures 
can then be identified more easily and differentiated.  Moreover, CT and MR volume datasets 
can be reformatted in any imaging plane, or as 3D projections, allowing better representations of 
structural anatomic relationships. 

 
Each CT or MR image represents a thin section, or slice, of the body, composed of a 

matrix filled with small cubical sections, known as voxels, which is displayed on a flat monitor 
as a matrix of pixels. (Fig. 1). For both CT and MR imaging, each voxel of the matrix is 
associated with an electronic current that is spatially localized in body and processed by a 
specialized computer system. Variations in electronic current intensity are expressed as variable 
pixel brightness on the monitor. Thus, a voxel associated with greater tissue signal intensity on 
MR or x-ray attenuation on CT will be 
displayed as a brighter, or whiter, pixel, 
whereas lack of signal or x-ray attenuation 
such as with air, will appear dark.  While 
MR images can be acquired in transverse, 
sagittal, dorsal, or oblique plane, CT 
images are acquired along the axis of the 
gantry. Multiplanar reformat is the process 
of building new images along any plane 
that facilitates interpretation (Fig. 2) 
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A CT system mainly comprises a scanning unit, 
i.e. the gantry, with a rotating x-ray emitting tube and a 
detector system, a patient table, and a console equipped 
with a sophisticated computer that allows adjusting 
acquisition parameters and image reconstruction (Fig. 
3). The rotating x-ray tube is powerful enough to 
operate for long periods of time without overheating, 
thus permitting acquisition of large volumes of data. 
With helical CT scanning and particularly with 
multidetector units, an entire body region, or whole-
body, can be imaged without interruption and at great 
speed. Helical scanning is possible because of 
concurrent table advancement into the gantry as the tube 

rotates around the patient, which then traces a helical path around the body and produces a data 
volume. Helical scanning reduces motion artifacts and facilitates angiographic procedures.  

CT images are composed of pixels that represent the mean x-ray attenuation values 
attributed to the corresponding voxels. These values are expressed as Hounsfield units (HU), 
which range from approximately -1000 to +3095 HU, for a total of 4,096 shades of gray. This 
range of values cannot be resolved by the human eye (<90).  To visualize and appreciate all 
tissues composed of variable HU, the window width (W) and level (L) of the image gray scale 
must be adjusted, according to the median and range of HU composing the area of interest. The 
DICOM viewing software allows adjustment of the extent (max-min) of gray shades (W) 
displayed, i.e. the image contrast, and the HU at the center of the window (L) (Fig.4).  W/L must 
be adapted to the tissues evaluated and usually requires several adjustments during an 
examination for all tissues to be evaluated completely.  
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Interpretation of CT images necessitates an understanding of the range of HU found in 

different types of normal and abnormal tissues. While soft tissues share the same opacity on 
radiographs, mild differences can be detected with CT, thanks to its superior contrast resolution! 

(Fig. 5). 
The use of iodinated contrast medium has become standard for several CT procedures in 

veterinary medicine. After intravenous bolus injection, the distribution of this hyperattenuating 
substance can be tracked throughout the body, providing information on the perfusion of tissues 
and integrity of natural barriers, 
such as the blood-brain barrier 
(BBB). Typically, for non-
angiographic procedures, post-
contrast scans are performed a few 
minutes following bolus injection, 
to allow contrast medium to pass 
from its original intravascular 
space into the extravascular space. 
Hence, the HU of a tissue will 
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increase in proportion to the concentration of the contrast medium, the volume of its blood space 
and the permeability of its capillary bed. For instance, cerebral meningiomas are more easily 
detected with contrast medium (Fig. 6). 
 
 
 

Angiography represents another important 
application of CT in veterinary medicine. Such procedure 
requires helical scanning and is optimized with multi-row 
detector configurations and with the use of automated 
contrast medium injectors. Scans are performed rapidly 
after the injection of a contrast medium bolus, and timed 
according to the vascular phase examined and its 
enhancement peak. Precise acquisition timing is required 
to isolate a group of vessels, which is important when, for 
example, looking for portosystemic shunts (PSS) (Fig. 7). 
 
 

Principle applications of CT include detection of PSS and ectopic ureters, whole-body 
imaging for tumor staging, and evaluation of diseases affecting the head (including nose and 
middle ears), joints and bone, thorax, and abdomen. 

While CT generally depicts bone and aerated structures with more accuracy, soft tissues 
are best evaluated with MR imaging, because of its superior contrast resolution. The 
characterization of normal and abnormal soft tissues fundamentally revolves around the 
electromagnetic properties of hydrogen nuclei (protons), which are abundant in body tissues. 
Energy transfer to and from these protons can be localized spatially (i.e. in individual voxels) 
and is the source of image formation. Equipment sophistication and pulse sequence development 
are responsible for the growing applicability and accuracy of this modality. While MR imaging 
is used mainly to investigate neurologic conditions, several other body parts can be imaged 
favorably with MR. 

MR systems constitute the most sophisticated equipment in diagnostic imaging, 
combining electronics, radiofrequency (RF) generators, coils, and gradients that interact with a 
computer. This combination is necessary for proper tissue excitation, and reception and 
localization of tissue signals. The magnet provides the external magnetic field in which the 
patient is placed and its performance is influenced by its field strength, stability and uniformity. 
Several types of systems are available with different configuration and magnetic field. 

Accordingly to Faraday’s law of induction, 
when an electronic current travels along a loop of 
wire, a magnetic field is generated perpendicularly 
in proportion to the strength of the current (Fig. 8). 
Fundamentally, this is how most MR scanner work, 
particularly those of higher fields (>1 T). To 
generate and maintain such high magnetic fields, 
superconducting wires are immersed in liquid 
helium, which serves as cooling agent. 
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Each hydrogen proton is positively charged (H+) and rotates about its axis, like a spinning 
top, or the Earth rotating about its own axis. These spinning protons, or spins, act like tiny 
magnets whose individual magnetization vectors are oriented randomly in the body and cancel 
out under normal circumstances (Fig. 9). When placed in a strong external magnetic field, spins 
are forced to align along the axis of this field (Bo), either in same the direction (parallel) or 
opposite (anti-parallel). The magnetic fields of most of these spins cancel out, but a slight excess 
of these spins, which is proportional to the strength of the magnetic field, will be parallel to Bo, 
producing a net magnetization along that axis. The size of this equilibrium magnetization also 
depends on the proton density of tissues present in the field.  

Then, by applying RF pulses, energy can be transferred through a process known as 
resonance. The absorption of this energy by the spins, called excitation, causes a state of 
imbalance. The excited protons jump to a higher energy state during excitation (from parallel to 
anti-parallel) and the net magnetization vector flips away from the axis of Bo. At the same time, 
spins start rotating (or precessing) synchronously, i.e. phase. As soon as the RF pulse is stopped, 
spins return to their original state of equilibrium in a recovery process called relaxation, and 
transmit their excess energy to the lattice. Two distinct relaxation processes occur 
simultaneously: longitudinal, T1, and transverse, T2 relaxations. T1 refers to the longitudinal 
realignment of spins along Bo, whereas T2 refers to the loss of coherence of spin precession. The 
rate at which T1 and T2 relaxation phenomena occur varies among tissues and the exploitation of 
these differences is the fundamental source of tissue contrast in MR imaging.  

MR images are created once signals arising from excited tissues are detected as echoes by 
receiving coils, localized spatially and processed. Because of the differences in relaxation 
characteristics among tissues, several technical methods, or sequences, can be used to excite and 
receive signals using RF and gradient pulses, with variable timing and duration. Sequences are 
divided into two main groups, i.e. spin echo and gradient-recalled sequences. Image 
interpretation is then based on the evaluation of all sequences obtained in a single exam. 
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Several types of spin echo sequences are available, some used more consistently and 
others used in more specific circumstances (Fig. 10). T1W and T2W spin echo sequences are 
acquired in most patients. Inversion recovery sequences are used to null the signal from specific 
tissues or substances, such as pure fluid (FLAIR) or fat (STIR), which can help confirm the 
presence of such components, or improve the conspicuity of nearby tissues with similar signal 
characteristics.  Fat can also be suppressed with high-field MR units with a process called 
chemical fat suppression. T1W or T2W sequences can be acquired with fat signal being 
suppressed, increasing the conspicuity of lesions or contrast enhancement, respectively. Gradient 
echo sequences are most often used in small animal patients for the detection of hemorrhage 
(T2* or FLASH sequence). Diffusion-weighted imaging is increasingly used at ≥1 T to detect 
brain infarcts. Gadolinium is routinely injected intravenously to assess tissue vascularisation and 
BBB integrity, and its distribution is evaluated in T1W sequences. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The challenge of imaging animals under anesthesia is to achieve the most diagnostic 
examination as quickly as possible. Several parameters are interconnected, making this balance 
very complex.  MR units vary in spatial resolution and signal quality, and therefore influence 
diagnostic accuracy. The presence of artifacts caused by metallic implants may also limit MR 
examinations in some patients. Key points to consider when referring patients for MRI or CT 
will also be discussed. 

Fig. 10. Meningioma in the 
piriform lobe of a dog. In 
T2W images, the mass is 
confluent with edema that 
appears hyperintense, whereas 
both of these abnormalities are 
isointense to the rest of the 
brain in pre-contrast T1W  
images. Following gadolinium 
injection (T1W+C), the mass 
intensely enhances, except for 
a central fusiform area. Note 
the increased intensity of 
vascularized extracranial soft 
tissues including muscles as a 
result of contrast distribution. 
In T2-FLAIR sequence, the 
pure cerebrospinal fluid (CSF) 
is attenuated. 
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