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Neoplasia should be a primary differential diagnosis for most space-occupying lesions of 

the brain with an appropriate corresponding clinical presentation.  The ability to formulate a 
reasonable diagnosis or list of differential diagnoses based on imaging criteria is crucial because 
brain biopsies are often problematic in the small animal patient. Intracranlal tumors can be 
distinguished by many features using advanced imaging modalities, such as computed 
tomography (CT) and magnetic resonance imaging (MRI), which are now readily available in 
veterinary medicine.  Imaging characteristics such as number, origin or anatomic site, shape, 
margination, CT density or MRI signal intensity, contrast enhancement, and associated 
pathology. A systematic evaluation of these features on CT or MRI images may help to identify 
specific tumor types.  A diagnostic approach to primary intracranlal neoplasms based on careful 
examination of CT and MRI characteristics will be reviewed, after a brief discussion of imaging 
choices (CT versus MRI) and protocols. Characteristics of extraaxial (arising from outside the 
brain axis) and intraaxial (arising from within the brain axis) tumors will be given to aid in 
distinguishing tumor type and grade.  

CT and MRI imaging are currently the most readily available techniques with good 
specificity and sensitivity for evaluating intracranial disease.  Both provide cross-sectional 
images based on differing physical principles. The choice between CT and MRI imaging is 
largely based on economics and availability because MRI imaging is generally accepted as being 
superior for visualizing brain disease.  MRI imaging provides the best chance of detecting a brain 
mass and characterizing it because of its extreme sensitivity to soft tissue aberrations.  With MRI, 
soft tissue contrast is based on tissue water content, but also on other subtle biochemical and 
biophysical tissue properties that may be altered early in the advent of brain disease.  Abnormal 
cell infiltrates alter the signal intensity and appear as a different shade of gray from the 
surrounding normal brain tissue.  MRI is extremely sensitive to increased tissue water content, so 
even small amounts of brain edema are quite visible as areas of high signal intensity.  
Nevertheless, some tumors may be isointense or have the same signal intensity as surrounding 
normal brain on the various pulse sequences. Therefore, administration of contrast medium is 
always recommended to maximize detection of lesions. The extent of associated pathology and 
potential complicating factors, such as hydrocephalus, brain edema, hemorrhage, or cystic 
degeneration, are best visualized on MRI images. 

A change in density on CT images depends on a physical abnormality that is severe 
enough to alter the x-ray attenuating properties of that tissue.  Cell infiltrates rarely alter brain 
density enough to be distinguished from normal brain.  Most brain tumors are isodense (same 
density as normal brain tissue) before contrast enhancement, which is essential to enable 
detection of most animal brain tumors with CT.  A slow-growing intracranial mass (such as 
infiltrative glioma) may go undetected by CT if it is poorly enhancing or non-enhancing because 
of relatively normal (impermeable) vasculature and if other noticeable pathology is lacking.  In a 
CT study of 50 dogs with brain tumors, three tumors were not identified due to lack of contrast 
enhancement and one was not detected due to its small size (Turrel et al.).  Associated pathology 
can be detected with CT, but not with the soft tissue detail provided by MRI.  An additional 
disadvantage of CT is that evaluation of the brainstem and cerebellum is confounded by beam 
hardening artifact associated with the relatively thick petrous temporal bones near the base of the 
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skull.  CT or MRI can detect tumors of the skull or nasal passages that arise from or extend 
through bony structures.  CT provides excellent evaluation of cortical bone structures, so the 
extent of osteolysis of the cribriform plate or calvarium and bony landmarks are easily 
recognized.  This is one of the rare occasions where CT is preferred over MRI because normal 
cortical bone structures are displayed as a signal void and bony landmarks are less obvious. Bone 
marrow infiltration and soft tissue extension of disease through bone cortices, however, is easily 
seen with MRI. 

Clearly, MRI is the preferably advanced imaging modality for diagnosing most 
intracranial tumors.  Typical pulse sequences to diagnose brain tumors are: T2-weighted (T2 WI), 
T1-weighted (T1 WI) pre-contrast and T1-weighted after intravenous administration of a 
gadolinium-based contrast agent acquiring images in three planes.  Additional sequences that are 
helpful in distinguishing further more subtle features are fluid attenuation inversion recovery 
(FLAIR) for fluid suppression, short tau inversion recovery (STIR) for fat suppression, gradient 
recalled echo (GRE), diffusion-weighted or diffusion tensor imaging (DWI or DTI), T2*, and 
proton density mapping.  DWI and ADC are particularly useful in distinguishing gliomas from 
cerebral vascular accidents (CVA).  CVAs tend to be smaller lesions compared to gliomas and 
can be ovoid or wedge-shaped, whereas gliomas are rarely, if ever, wedge-shaped.  Most CVAs 
are hyperintense on DWI and hypointense on ADC maps, consistent with cytotoxic edema and 
reduced Brownian motion of the water molecules, and this pattern is never seen with gliomas.  
The majority of gliomas, and an occasional CVA, are hyperintense on both DWI and ADC maps 
(Cervera et al.). 

Most primary intracranial tumors are solitary lesions. Distant metastasis is unusual for 
primary intracranial tumors, although they may extend locally or seed other brain regions.  Extra-
axial tumors such as meningioma, pituitary tumors, and choroid plexus papilloma arise from 
extra-neuronal tissues and usually arise peripherally, whereas intra-axial tumors or tumors of 
glial origin spread out from an origin in the brain parenchyma usually within the cerebrum.  
Meningiomas can arise anywhere along the dura within the calvarium including the falx.  
Meningiomas are often broad-based or plaque-like masses and can have a dural tail extending 
from the main mass.  Glial tumors may be round or ovoid or have a more amorphous shape with 
poorly defined margins.  Slower-growing, more benign neoplasms such as meningiomas displace 
or compress adjacent normal brain structures that will still be well delineated from the tumor.  
Aggressive, high-grade astrocytomas tend to invade and replace normal brain parenchyma and 
cause disruption of the normal signal pattern.  Most primary tumors are isointense and/or 
hypointense on T1WI and hyperintense or of mixed intensity on T2WI.  More aggressive tumors 
tend to be particularly hypointense on T1WI.  Some benign tumors such as meningiomas and 
low-grade astrocytomas may be isointense and difficult to see on pre-contrast images even with 
MRI.  A mass effect is a region of edema or of displacement, compression, or destruction of 
normal anatomic boundaries.  Edema on MRI is hyperintense on T2WI and hypointense on 
T1WI.  The amount of edema is not consistent within any tumor type or grade, however 
astrocytomas tend to have moderate to extensive peri-tumoral edema relative to 
oligodendrogliomas.  Any tumor that obstructs ventricular structures can cause hydrocephalus 
and low-grade astrocytomas are less likely to cause ventricular distortion compared to high-grade 
tumors.  Cysts appear as focal fluid-intense regions on MRI and are occasionally associated with 
meningiomas and higher-grade astrocytomas.  Finally, hemorrhage will vary in signal pattern on 
MRI from hypo- to hyperintense on T1WI and T2WI depending on chronicity. 

Contrast enhancement is recommended with CT and MRI to maximize detection of 

214



primary brain tumors.   The intensity and pattern of contract enhancement can generally assist in 
differentiating among tumor types and grades, although a wide range of variation exists within 
tumor types.  Intravascular gadolinium-based contrast agents enter brain tumors due to abnormal 
permeable of tumor-associated vasculature, whereas an intact blood-brain barrier restricts it from 
entering the normal brain. Meningiomas tend to exhibit strong, homogenous enhancement 
because they are not subject to the blood-brain barrier.  The intensity and pattern of enhancement 
varies more for intra-axial tumors but tends to parallel their biological behavior.  Low-grade 
intra-axial tumors are more likely to have no enhancement, whereas all grade VI gliomas 
contrast enhance to some extent.  Partial or complete ring enhancement is more likely to be seen 
in high-grade tumors that have central necrosis that does take up the gadolinium.  Ring 
enhancement is not specific to brain neoplasms and has been reported with non-neoplastic 
lesions such as CVAs. 

MRI characteristics assessed systematically are useful for a tentative diagnosis of a 
primary brain tumor, but the inherent limitations should be recognized.  Our knowledge and 
database for these features will continue to expand and refine as we get histological confirmation 
of our tentative MRI diagnoses.  Tissue biopsy remains the necessary gold standard for a 
definitive diagnosis and is becoming more commonplace in veterinary neurosurgery. 
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