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INFLAMMATORY BRAIN DISEASES

Inflammatory brain diseases can affect brain parenchyma (encephalitis), meninges
(meningitis), or both (meningoencephalitis).1 Depending on the underlying causes,
involvement of the spinal cord (myelitis/meningomyelitis) may occur. Encephalitis
may cause no detectable abnormalities on magnetic resonance imaging (MRI), or
may manifest as multifocal (rather than focal or diffuse) lesions associated with brain
parenchyma that typically appear hyperintense on T2-weighted (T2-W) images, and
hypointense on T1-weighted (T1-W) images.2–4 Fluid attenuated inversion recovery
(FLAIR) has higher sensitivity than conventional spin-echo sequences in detecting
subtle brain lesions in dogs with clinical signs of multifocal brain disease, and its
use is encouraged in all of these cases.5 Meningitis may not be detected with MRI,
or may appear as meningeal enhancement following administration of contrast
medium.2–4,6

Infectious Inflammatory Brain Diseases

Canine distemper virus (CDV) and feline infectious peritonitis virus (FIPV) are the most
common causes of viral encephalitis in dogs and cats, respectively. In acute CDV
infection, T2 hyperintense lesions, and loss of contrast between gray and white matter
on T2-W images, may be found in cerebellum or brainstem, corresponding to areas of
demyelination.7 T2 hyperintense areas are occasionally seen in the temporal lobes,
which may be related to infection or postictal edema. MRI findings in chronic
distemper meningoencephalitis include essentially bilaterally symmetric T2 hyperin-
tensity of the cortical gray/white matter junction of the parietal and frontal lobes, T2
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hyperintensity of the arbor vitae of the cerebellum with partial loss of cerebellar cortical
gray/white matter demarcation, subtle focal T2 hyperintensity of the pons, and menin-
geal contrast enhancement.8 In feline infectious peritonitis (FIP), MRI may show T2
hyperintensity and contrast enhancement of ventricular lining, choroid plexus and
meninges compatible with ependymitis, choroiditis, and meningitis (Fig. 1).1,4,9

Concurrent hydrocephalus is common, and herniation of the cerebellum secondary
to increased intracranial pressure is possible.4

Mechanisms of bacterial infection of the central nervous system (CNS) in cats and
dogs include hematogenous spread, contiguous infection from adjacent structures
(inner ears, cribriform plate, sinuses, eyes, and vertebrae), direct inoculation (trauma,
bite wound, and surgery), and migration of foreign bodies or aberrant parasites. In
addition to meningitis (Fig. 2) and meningoencephalomyelitis, CNS infection may
result in focal parenchymal abscesses or empyema in subdural or epidural locations.10

MRI features of intracranial infection secondary to plant foreign-body migration,11 due
to hematogenous spread from a mediastinal abscess,12 secondary to bacterial endo-
carditis,13 secondary to local extension from a retrobulbar abscess,14 and as compli-
cation of otitis media or interna,15 have been described. Intracranial abscesses are
typically hypointense on T1-W and hyperintense on T2-W images, with strong periph-
eral contrast enhancement and associated brain edema. Concurrent meningitis
appearing as meningeal enhancement is common. Presumed rupture of an abscess
into the ventricular system in a dog resulted in failure of cerebrospinal fluid (CSF) to
suppress on FLAIR.16

Fungal infections have been reported to affect the CNS, with varied MRI findings.17

Imaging findings in cats with CNS cryptococcosis include solitary or multifocal mass
lesions that are typically hyperintense on T2-W images and show variable degrees of
contrast enhancement. Diffuse and patchy meningeal, ependymal, and choroid plexus
enhancement are also possible.17–19 In dogs with cryptococcosis, T1 hypointense and
T2 hyperintense lesions with multifocal (ring) enhancement and meningeal enhance-
ment have been reported.17,20,21 Extension of a cryptococcal fungal granuloma through
the cribriform plate was observed in 1 dog.17 Cladophialophora bantiana meningoen-
cephalitis appeared as an irregularly shaped area of increased T2 signal intensity and
Fig. 1. Dorsal T1-W postcontrast image of a 2-year-old cat with presumptive diagnosis of FIP.
There is contrast enhancement associated with meninges and ventricular lining, consistent
with meningitis and ependymitis.



Fig. 2. Meningitis in a 5-year-old pug secondary to otitis media. On transverse T1-W post-
contrast image, extensive enhancement and thickening of the meninges of the right
cerebellum and brainstem are noted, along with enhancement of the external ear canal.
Low-signal material within the right tympanic bulla does not show evidence of contrast
enhancement consistent with exudate.
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mass effect in the cerebral white matter of the parietal and temporal lobes of a dog, with
nonuniform contrast enhancement of mass and meninges observed on postcontrast
images.22 The same organism in a cat appeared as a large uniformly contrast-
enhancing mass involving the cerebellum and pons.23 MRI findings in a cat with histo-
plasmosis included a single high-signal T2/low-signal T1 uniformly contrast-enhancing
intra-axial mass of the frontal lobe with severe concurrent edema.23

Parasitic meningoencephalitis in dogs and cats is caused by aberrant migration of
parasites such as Dirofilaria, Baylisascaris, Cuterebra, Taenia, Ancylostoma, Toxasca-
ris and Angiostronglylus.24 MRI features include focal or multifocal parenchymal
lesions of variable signal intensity, and peripheral parenchymal or meningeal contrast
enhancement.21,25–27 Intraparenchymal hemorrhage is a common feature in parasite
migration, and T2*-W images are useful in establishing a presumptive diagnosis.

Protozoal meningoencephalitis may be caused by Toxoplasma and Neospora infec-
tion in dogs and Toxoplasma infection in cats.24 MRI in a dog with neosporosis
demonstrated T2 hyperintensity of the vermis and cerebellar hemispheres with subtle
contrast enhancement.21 CNS toxoplasmosis in cats appeared as multifocal, indis-
tinct, contrast-enhancing parenchymal lesions which were iso- to hypointense on
T1-W images, hyperintense on T2-W images, and were associated with edema.4

Noninfectious Inflammatory Brain Diseases

Several inflammatory conditions unrelated to infectious agents have been identified in
several different canine breeds.28

Granulomatous meningoencephalitis (GME) is an inflammatory CNS disorder of
uncertain cause that can affect any breed but most often occurs in young to
middle-aged toy-breed dogs.29 The disease can affect the brain or spinal cord. On
MRI, GME lesions can be focal or multifocal, and commonly affect the brain stem.
Although the disease has a predilection for white matter, it is not associated with
distinct topography.28 Lesions are typically hyperintense on T2-W and FLAIR images,
iso- to hypointense on T1-W images, and variably contrast-enhancing, ranging from
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none to intense contrast uptake (Fig. 3).30–32 Meningeal enhancement may6 or may
not30 be observed.

Necrotizing meningoencephalitis (NME) is of uncertain cause and is characterized by
cavitary necrosis in the neuroparenchyma. The disease was initially described in the
pug breed (‘‘pug dog encephalitis’’),33 but similar disorders have since been reported
in other small breeds, including the Maltese,34 Chihuahua,35 Pekingese,36 French
bulldog,37 Shi Tzu,28 and Lhasa apso.28 A distinct form of NME, described mainly in
Yorkshire terriers, has been termed necrotizing leukoencephalitis (NLE).28 Descriptions
of imaging findings in this group of inflammatory brain disorders are not available for all
breeds affected, but there seem to be breed-specific differences.38 In almost all cases
of NLE reported in Yorkshire terriers, lesions were found to be associated with the cere-
brum and brainstem. On magnetic resonance (MR) images, these lesions appear iso- to
hypointense on T1-W images, hyperintense on T2-W and FLAIR images, and show vari-
able contrast enhancement.28,39–42 Concurrent hydrocephalus of variable severity is
possible. Unlike NLE, NME in pugs usually does not involve the cerebellum, brainstem,
or spinal cord. MRI findings include diffuse asymmetric lesions restricted to the fore-
brain, affecting both cerebral hemispheres.28,38,43 Lesions are nonuniformly hyperin-
tense on T2-W, isointense to hypointense on T1-W images, and affect gray and white
matter, resulting in loss of gray/white matter distinction (Fig. 4). Additional MRI findings
include variable degrees of contrast enhancement of brain and meninges, asymmetry
of lateral ventricles, brain herniation, and T2/FLAIR hyperintensity associated with
hippocampus and piriform lobes. MRI of the brain in 2 Chihuahuas with NME demon-
strated multifocal loss of cortical gray/white matter demarcation with hypointensity
on T1-W, hyperintensity on T2-W/FLAIR images, and slight contrast enhancement.35

In 1 dog there was involvement of the medulla, and asymmetric hydrocephalus was
noted in the second animal. A French bulldog had asymmetry of both lateral ventricles,
cerebrum, midbrain, and several distinct T2 hyperintense white matter foci of the fore-
brain and the brain stem, with variable contrast enhancement.37

Other Inflammatory Intracranial Diseases

Idiopathic eosinophilic meningitis/meningoencephalitis in dogs may not show abnor-
malities on MRI, or may have variable findings including patchy regions of T2
Fig. 3. Granulomatous meningoencephalitis in a 2-year-old toy poodle. On transverse T2-W
image, multifocal hyperintense lesions are associated with both cerebral hemispheres.



Fig. 4. NME in an 8-year-old Maltese. Sagittal T2-W image demonstrates multiple poorly cir-
cumscribed hyperintense lesions within the cerebrum, cerebellum, brainstem, and spinal
cord.
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hyperintensity and contrast enhancement in the cerebral cortex, solitary or multiple
masses, meningeal enhancement, and enlargement and contrast enhancement of
cranial nerves.21 A case of lymphocytic meningoencephalitis in a cat was character-
ized by focal T1 isointense and T2 hyperintense contrast-enhancing lesions.4 No intra-
cranial abnormalities were detected on MRI in a cat with histiocytic encephalitis.4

Trigeminal neuritis in dogs is characterized by diffuse enlargement of the nerve
without a mass lesion. Affected nerves are isointense to brain parenchyma on T1-W
and PD-W images, isointense or hyperintense on T2-W images, and show contrast
enhancement.44

CEREBROVASCULAR DISEASE

The term ‘‘cerebrovascular diseases’’ refers to all disorders in which there is an area of
brain transiently or permanently affected by ischemia or bleeding, or in which 1 or
more blood vessels of the brain are primarily impaired by a pathologic process.45

Intracranial Aneurysms and Cerebrovascular Malformations

An aneurysm is an abnormal focal enlargement of an artery of variable cause.46 Patent
aneurysms appear as signal void on T1-W and T2-W images, representing fast flowing
blood. Small aneurysms, and aneurysms with turbulent flow, are unreliably shown on
conventional MRI, and are better demonstrated by magnetic resonance angiography
(MRA).46,47 A case of a presumed aneurysm, most likely the result of traumatic arterio-
venous fistulization, has been described in a dog.48 On computerized tomography
(CT) images, an expansile enhancing mass was present along the intracranial
cavernous sinus and extended through the orbital fissure into the retrobulbar space.
With MRI, the structure appeared as a signal void due to the presence of rapidly flow-
ing blood. The vascular origin of the lesion was confirmed with MRA.

Cerebrovascular malformations are congenital anomalies of brain vasculature.49

Different types include arteriovenous malformations (clusters of abnormal arteries
and veins with direct arterial-to-venous shunts), venous malformations (anomalous
veins separated by normal neural parenchyma), cavernous malformations (masses of
contiguous sinusoidal vessels with no intervening parenchyma), and telangiectasias
(masses of small capillary-type vessels separated by normal parenchyma). Animals
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with cerebrovascular abnormalities usually present with intracranial hemorrhage, and
imaging findings are consistent with hemorrhagic stroke (see later).1,39 Identification
of associated large vessels suggests vascular malformation as the underlying cause
of spontaneous intracranial hemorrhage. However, compression or obliteration of
vessels by hematoma, extremely slow flow, and thrombosis may obscure the abnormal
vessels, and specialized techniques (catheter angiography, repeat MRI or MRA) may be
needed to achieve a diagnosis.46

Stroke (Cerebrovascular Accident, Infarct)

A stroke is a suddenly developing focal neurologic deficit resulting from an intracranial
vascular event.50 In ischemic stroke, blood flow to an area of tissue is compromised
due to intracranial arterial or venous obstruction. Hemorrhagic stroke results from
rupture of intracranial blood vessels.

Ischemic strokes can be categorized according to anatomic site, size, age, type
(pallid or hemorrhagic), pathology (arterial vs venous), mechanism (thrombotic,
embolic, hemodynamic), and etiology.45 Causes of ischemic stroke in dogs include
atherosclerosis associated with primary hypothyroidism,51 hypertension and dia-
betes,52 embolic metastatic tumor cells,51 chronic renal disease,51–53 hyperadrenocor-
ticism,51,53 intravascular lymphoma,54,55 septic thromboemboli,56 fibrocartilaginous
embolism,57 migrating parasite or parasitic emboli (Dirofilaria immitis),58 and a hyperco-
agulable state associated with hyperadrenocorticism, protein losing nephropathy
(PLN), or neoplasia.53 In approximately 50% of dogs with ischemic stroke, no under-
lying medical condition is identified.53 Territorial infarcts occur when one of the main
arteries supplying the brain is occluded. Lacunar infarcts are defined as subcortical
infarcts limited to the vascular territory of an intraparenchymal superficial or deep perfo-
rating artery.59 Small-breed dogs are more likely to have territorial cerebellar infarcts,
and large-breed dogs are more likely to have lacunar thalamic or midbrain infarcts.53

Cavalier King Charles spaniels and greyhounds may be predisposed for infarcts.53,60

Watershed infarcts, defined as infarcts in the boundary zone between large artery terri-
tories,59 do not seem to be common in veterinary patients.53 Diffusion weighted imaging
(DWI) is sensitive to alterations in brain parenchyma following stroke, and is capable of
demonstrating abnormalities within minutes of an event.61 Restricted diffusion (impair-
ment of normal Brownian motion) occurs secondary to failure of the cell membrane ion
pump and subsequent cytotoxic edema. This appears as marked hyperintensity on
DWI, and hypointensity on a synthesized apparent diffusion coefficient (ADC) map
derived from 2 or more DWI.62 On conventional MRI sequences, changes will be
apparent within 12 to 24 hours of onset. Although MRI findings in ischemic stroke
may be similar to changes seen with other brain parenchymal diseases, certain distin-
guishing characteristics exist (Fig. 5).52,53,60,63–65 An ischemic infarct appears as
a homogeneous T2 hyperintense area with sharp demarcation between affected and
nonaffected parenchyma, and minimal to no mass effect. Lesions are typically confined
to gray matter, but may involve white matter in severe cases.65 Faint diffuse or periph-
eral contrast enhancement may be noted and has been reported in patients imaged
between 1 and 45 days postonset of neurologic signs.60 Reperfusion injury of an
ischemic infarct can occur, resulting in hemorrhagic infarction.59

Hemorrhagic stroke can be classified according to anatomic site (intraparenchymal,
epidural, subdural, subarachnoid, and intraventricular), size, age, and cause (eg, intra-
cranial neoplasia,66 von Willebrand factor deficiency67 and other coagulopathies,
parasite migration,25,27 cerebral vascular malformation,39 idiopathic). The appearance
of hemorrhage on MRI changes over time, allowing staging of a hematoma using
conventional MRI sequences (Table 1).68,69 However, there is considerable variability



Fig. 5. Transverse T2-W image of the caudal fossa in a dog, demonstrating a wedge-shaped
hyperintensity associated with the left cerebellar hemisphere consistent with an ischemic
infarct.
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in the appearance of hemorrhage on MRI. Hemorrhage in areas with high ambient
oxygen (ventricles; epidural, subdural, and subarachnoid space) ‘‘ages’’ more slowly
than parenchymal or neoplastic hematomas, with a resultant change in time course of
degradation.68 Deoxyhemoglobin, intracellular methemoglobin, hemosiderin, and
ferritin have high magnetic susceptibility and are depicted with high sensitivity on
T2*-W images (Fig. 6A).70 Intraparenchymal hemorrhage appears as mass lesion(s)
of variable size and intensity,71 and (sub)acute parenchymal hemorrhage is often
associated with brain edema. In the acute stage, there is no contrast enhancement
of the hematoma. However, with time, neovascularization in the surrounding brain
tissue develops, resulting in ring enhancement of the lesion.69 Identification of under-
lying cause of intraparenchymal hemorrhage can be challenging. The signal of hema-
tomas secondary to neoplasms is more heterogeneous and complex than in
spontaneous hematomas because of the presence of hemorrhagic components of
varied age and, therefore, hemoglobin state, presence of nonhemorrhagic areas,
Table 1
Change of appearance of intracranial hemorrhage over time

Stage Time Frame Hemoglobin State Intensity (T1-W) Intensity (T2-W)

Hyperacute <12–24 h Intracellular
oxyhemoglobin

Isointense or
hypointense

Hyperintense

Acute 1–3 d Intracellular
deoxyhemoglobin

Isointense or
hypointense

Hypointense

Early subacute >3 d Intracellular
methemoglobin

Hyperintense Hypointense

Late subacute >7 d Extracellular
methemoglobin

Hyperintense Hyperintense

Chronic >14 d Hemosiderin
and ferritin

Hypointense Hypointense

Data from Bradley Jr WG. MR appearance of hemorrhage in the brain. Radiology 1993;189(1):15–
26 and Parizel PM, Makkat S, Van Miert E, et al. Intracranial hemorrhage: principles of CT and MRI
interpretation. Eur Radiol 2001;11(9):1770–83.



Fig. 6. Acute hemorrhagic stroke of undetermined cause in an 8-year-old boxer. The dog
was positioned in dorsal recumbency for the examination. On T2*-W image (A) a large inter-
ventricular susceptibility artifact, consistent with hemorrhage, is noted. On FLAIR image (B)
a fluid-fluid level between hypointense CSF and hyperintense CSF/blood mixture in the
dependent part of the ventricles is noted.
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and, in some instances, presence of necrotic-cystic components.72 Epidural hemor-
rhage assumes a focal biconvex configuration that may cross dural folds, such as
falx and tentorium, but not sutures, whereas subdural hemorrhage appears as
a peripheral crescent-shaped collection of blood that may cross suture lines but is
limited by the falx cerebri and tentorium cerebelli.1,68,69 Subarachnoid and intraven-
tricular hemorrhages result in admixture of blood and CSF. If massive bleeding has
occurred, separation of intraventricular fluid into hemorrhagic and nonhemorrhagic
strata may be observed (Fig. 6B). Subarachnoid or intraventricular thrombus may
be present.68

Other Vascular Disorders

Feline ischemic encephalopathy (FIE) is a syndrome of cerebral infarction affecting
adult cats, which is attributed to aberrant Cuterebra spp larval migration in the brain
and toxin release by the parasites.50,73 MRI findings in chronic FIE include asymmetry
of the cerebral hemispheres and bilateral symmetric enlargement of the subarachnoid
space over the temporal lobes in areas supplied by the middle cerebral artery.74 MRI-
detectable histopathologic lesions include parasitic tracks, superficial laminar cere-
brocortical necrosis, cerebral infarction, subependymal rarefaction and astrogliosis,
and subpial astrogliosis.73

In global brain ischemia (GBI) the entire brain is affected by a transient period of
complete ischemia, followed by reperfusion.75 MRI findings include bilaterally
symmetric increased T2/FLAIR signal intensity associated with gray matter and, to
a lesser degree, with white matter of the occipital and parietal lobes and caudate
nuclei/thalamus.76,77 Bilaterally symmetric contrast enhancement in these areas
may be observed.77 In a report of a dog with GBI, repeat examination showed that
lesions associated with gray matter decreased in extent and severity, and white matter
changes resolved.76

METABOLIC, NUTRITIONAL, TOXIC, AND DEGENERATIVE ENCEPHALOPATHIES

Lysosomal storage diseases comprise a wide variety of inherited abnormalities that
are characterized by the intracellular accumulation of 1 or more products of an
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interrupted degradative metabolic pathway.24 Globoid cell leukodystrophy (Krabbe
disease) is caused by mutations in the gene for galactocerebrosidase, and has
been described in cairn terriers and west highland white terriers.78 MRI findings
include mild hydrocephalus, increased signal intensity in the corpus callosum on
T1-W images, bilaterally symmetric increased signal intensity of the corpus callosum,
centrum semiovale, internal capsule, corona radiata and cerebellar white matter on
T2-W images, and symmetric enhancement of the corpus callosum, internal capsule,
and corona radiata after administration of gadolinium.79 Gangliosidoses are charac-
terized by excessive neuronal accumulation of ganglioside. MRI findings have been
reported in a golden retriever with GM2-gangliosidoses and included mild cerebral
atrophy and bilaterally symmetric T2 hyperintensity and T1 hypointensity to the
caudate nucleus without evidence of contrast enhancement.80 MRI examinations per-
formed on 2 canine mutants with GM1 gangliosidosis (English springer spaniel and
Portuguese water dog) demonstrated a relative increase in gray matter and an
abnormal signal intensity of cerebral and cerebellar white matter on T2-W images.81

Ceroid lipofuscinosis is characterized by the abnormal accumulation of lipoprotein
pigment within cellular lysosomes. MRI findings include dilation of cerebral sulci and
cerebellar fissures and ventriculomegaly.82,83 In cats affected with a-mannosidosis,
a decrease in ADC values of white and gray matter and an increase in T2 values of
white matter have been reported, corresponding to neuronal swelling, abnormal
myelin, and astrogliosis.84,85 Mucopolysaccharidoses (MPS) are a group of diseases
caused by different specific deficits of metabolism of glycosaminoglycan. No abnor-
malities were detected on MRI examination of the brain in schipperkes with MPS III.86

L-2-Hydroxyglutaric aciduria is an inborn error of metabolism that has been
described in Staffordshire bull terriers.87 MRI findings included bilaterally symmetric,
diffuse regions of gray matter hyperintensity on T2-W images, and T1-W hypointensity
most prominent in the thalamus, hypothalamus, dentate nucleus, basal ganglia, dorsal
brainstem, cerebellar nuclei, and cerebellar gyri. These lesions did not exhibit a mass
effect and did not show evidence of contrast enhancement.

Mitochondrial encephalopathies resembling subacute necrotizing encephalomyel-
opathy (Leigh syndrome) in humans have been described in Australian cattle dogs88

and Alaskan Huskies,89,90 and similar diseases have been suspected in English springer
spaniels, Yorkshire terriers, and cats.24 MRI findings in hereditary polioencephalomyel-
opathy in an Australian cattle dog included bilaterally symmetric abnormalities in areas
corresponding to the interposital nuclei in the cerebellum and the vestibular nuclei in the
medulla, and in areas corresponding to the dorsal nuclei of the trapezoid body, pontine
nuclei, caudal colliculi, and the dorsolateral reticular formation.91 Lesions were isoin-
tense or hypointense on T1-W images, hyperintense on T2-W images, did not have
a mass effect, and did not show evidence of contrast enhancement. MRI examination
in an Alaskan husky with subacute necrotizing encephalopathy revealed bilateral cavi-
tation extending from the thalamus to the medulla, with less-pronounced degenerative
lesions in the caudate nucleus, putamen, and claustrum.90

Failure of the liver to remove toxic substances absorbed from the gastrointestinal
tract may result in hepatic encephalopathy.24 MRI findings in dogs and cats with
congenital portosystemic shunt include brain atrophy, possibly unrelated to shunt,
and bilaterally symmetric hyperintensity to the lentiform nuclei on T1-W images
without contrast enhancement.92

Thiamine deficiency results in insufficient adenosine triphosphate (ATP) production
in the brain, with subsequent neuronal dysfunction.24 MRI findings in dogs include
bilaterally symmetric multifocal T2, FLAIR, and postcontrast T1 hyperintensities in
the red nuclei, caudal colliculi, vestibular nuclei of the brainstem, and the cerebellar
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nodulus,93 or bilaterally symmetric T2 hyperintensities in caudate nuclei and rostral
colliculi.94 In cats, bilaterally symmetric T2, FLAIR, and T2* hyperintense nonenhanc-
ing lesions are observed associated with the lateral geniculate nuclei, caudal colliculi,
periaqueductal gray matter, medial vestibular nuclei, cerebellar nodulus, and facial
nuclei (Fig. 7),95 with the caudal colliculi, medial vestibular nuclei, and facial nuclei
also being hyperintense on T1-W images.

Myelinolysis is a brain disorder most commonly caused by rapid correction of hypo-
natremia in humans, but probably multifactorial.96 Lesions were originally believed to
be limited to the pons, but extrapontine locations including the thalamus, midbrain,
cerebellum, basal nuclei, and cerebrocortical gray and white matter junctions have
been reported. MRI findings in dogs include bilaterally symmetric T2/FLAIR hyperin-
tense nonenhancing lesions within the thalamus,97 caudate nuclei, and along the cer-
ebrocortical gray-white matter junction.

A series of progressive neurologic diseases have been summarized under the term
‘‘spongy degeneration.’’50 These conditions are primarily, but not exclusively,
diseases of white matter, and may be hereditary. MRI findings in spongy degeneration
of the CNS in a Labrador retriever included large, bilaterally symmetric T2 hyperin-
tense and T1 hypointense nonenhancing lesions in the region of the deep cerebellar
nuclei, and smaller lesions within the thalamus ventromedial to the lateral ventricles.98

Neuroaxonal dystrophy is a degenerative disease of the CNS characterized by
degeneration of neurons and axons. MRI features in a papillon included cerebral
and cerebellar atrophy.99

Cerebellar cortical abiotrophy refers to the degeneration of normal neuronal cell
populations within the cerebellar cortex after birth, and has been reported in a variety
of breeds.50 Presumptive diagnosis is best made on sagittal T2-W images, in which
the small size of the cerebellum is indicated by a marked increase in fluid separating
the folia of the cerebellum (Fig. 8).100–104 Differentiation of true abiotrophy from other
causes of small cerebellar size (cerebellar atrophy, cerebellar hypoplasia) is not
possible based on imaging findings.

TRAUMA

MRI findings in head trauma in dogs and cats are infrequently reported. Possible
findings include fractures,74,105 intracranial hemorrhage,106,107 brain edema,105 and
Fig. 7. Presumptive thiamine deficiency in a 7-year-old cat. On transverse T2-W image, there
are bilaterally symmetric T2 hyperintense lesions associated with the thalamus, correspond-
ing to the location of the lateral geniculate nuclei.



Fig. 8. Cerebellar abiotrophy in a 6-year-old Staffordshire terrier. Sagittal T2-W image
demonstrates the small size of the cerebellum, indicated by increase in fluid separating
the folia of the cerebellum.
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parenchymal brain defects with compensatory CSF filling (hydrocephalus ex vacuo)
(Fig. 9).74 MRI appearance of traumatic intracranial hemorrhage corresponds to
imaging features described earlier (see section on Stroke (Cerebrovascular Accident,
Infarct)).

INTRACRANIAL NEOPLASTIC AND NONNEOPLASTIC MASS LESIONS

Numerous intracranial masses have been described in dogs and cats. They can be
characterized by number, origin, location, size, margination, signal intensity, homo-
geneity, contrast enhancement, and concurrent imaging findings (eg, ventriculome-
galy, changes associated with cranium or meninges, hemorrhage, mineralization,
mass effect, edema, cystic or necrotic component).66,108–112 Mass lesions can be sub-
divided based on location into intra-axial (arising from within the brain axis) and extra-
axial.

Malformations, Hamartomas, Cysts, Borderline Tumors, and Tumorlike Lesions

A variety of conditions is included in this group,50 and overlap exists with disorders
described as congenital malformations and cerebrovascular disease. Cystic lesions
Fig. 9. Transverse T1-W image demonstrating skull fractures and hydrocephalus ex vacuo in
an 8-year-old Pomeranian following presumed trauma.
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of the brain (eg, arachnoid cysts, ependymal cysts, dermoid and epidermoid cysts) are
discussed in the companion article elsewhere in this issue, and congenital disorders of
intracranial vessels are discussed in the section on Intracranial Aneurysms and Cere-
brovascular Malformations.

Hamartomas are masses formed by disorderly overgrowth of tissue elements
normally present at that site.50 MRI examination in a cat with cerebellar vascular
hamartoma showed a heterogeneously T2 hyperintense mass lesion with heteroge-
neous contrast enhancement.113

Hemangiomas are borderline tumors with unclear distinction between hamartoma,
malformation, and neoplasia.50 MRI in a 13-month-old golden retriever with cerebral
cavernous hemangioma revealed a large, contrast-enhancing, space-occupying cere-
bral mass.114

Meningioangiomatosis is a rare benign lesion characterized by proliferation of menin-
gothelial cells surrounding small blood vessels.50 MR examination in a 2-year-old Alas-
kan malamute showed a large T2 hyperintense mass associated with the cerebrum.115

Cholesterol granulomas due to progressive cholesterol accumulation in choroid
plexuses are most commonly reported in horses.50 MRI findings have been described
in a cat.116 An extensive, heterogeneous, space-occupying lesion was found in the
area of the falx cerebri, extending from the olfactory bulbs to the tentorium cerebelli,
with compression of both hemispheres and thalamus. The mass was mostly hyperin-
tense on STIR, FLAIR, and T2-W images, and hypointense on T1-W images, with
heterogeneous contrast enhancement. A peripheral hypointense rim was noted on
all sequences, attributed to mineralization, hemorrhage, or cholesterol.

MR diagnosis of intracranial extension of a large nasal mucocele has been reported
in a dog.117 The mass was multilobulated and sharply marginated, hyperintense on
T2-W and FLAIR images, isointense on T1-W images, with peripheral ring enhance-
ment. Concurrent findings included mass effect and brain edema.

Meningeal Tumors

Meningiomas originate from the meningeal lining of the brain and are the most
common brain tumors in dogs and cats.110,118 They are typically single lesions, but
multiple tumors may occasionally be found.119 Meningiomas are typically in broad-
based contact with underlying bone, have round/ovoid or plaquelike shape, are
smoothly marginated, show expansile rather than infiltrative growth pattern, are
hypointense to isointense on T1-W images, hyperintense on T2-W/FLAIR images,
and show strong and homogeneous to heterogeneous contrast enhancement
(Fig. 10).66,108–110,118 Mineralization may be present, which is best demonstrated on
T2*-W images. Possible concurrent findings include hyperostosis or pressure atrophy
of adjacent bone, brain edema, and mass effect.112,120 A ‘‘dural tail sign’’ (thickening
and enhancement of the dura adjacent to an extra-axial mass) is frequently present
and is strongly suggestive of meningioma.121 Cystic meningiomas have been
described and predominantly occur in the rostral cranial fossa.122

Other tumor types such as disseminated histiocytic sarcoma,123 lymphoma,110

granular cell tumor,124 or metastases (meningeal carcinomatosis)125 can affect the
meninges and have variable appearance on MRI.

Glial Tumors

Glial tumors typically appear as single lesions. Astrocytomas are variable in appear-
ance, with shapes ranging from an ovoid or amorphous mass to a diffuse infiltrate, with
distinct to poorly defined margins.66,108–110,112,126 Leptomeningeal involvement has
been reported.127 Lesions are hypointense to isointense on T1-W, and hyperintense



Fig. 10. Plaquelike meningioma in a dog. T2-W (A) and postcontrast T1-W (B) transverse
images demonstrate a mass lesion extending along right temporal and parietal bone that
is heterogeneously T2 hyperintense and shows strong homogeneous contrast enhancement.
Edema is noted along the white-matter tracts. Deviation of the falx cerebri and compression
of the right lateral ventricle are consistent with mass effect. Linear enhancement is noted at
the periphery of the mass (‘‘dural tail’’ sign).
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on T2-W images, with contrast enhancement ranging from none to strong, with
uniform, nonuniform, and ring-enhancing patterns. Concurrent brain edema is
commonly seen.

MRI features of glioblastoma multiforme include heterogeneous increased T2 signal
intensity with iso- to hypointense T1-W signal, sharp borders, necrosis, and peritumor-
al edema (Fig. 11).128 Cyst formation is possible. Irregular margins and a pedunculated
shape have been reported in 1 dog.112 Ring enhancement is commonly seen.

Oligodendrogliomas appear as ovoid, indistinct, smooth to irregular masses, which
are hypointense on T1-W and hyperintense on T2-W images, and are typically ring
enhancing.66,109,129,130 Concurrent edema is uncommon. Associated hemorrhage is
common.112
Fig. 11. Glioblastoma multiforme in a 2-year-old golden retriever. T2-W (A) and postcontrast
T1-W (B) transverse images show a heterogeneously T2 hyperintense and inhomogeneously
enhancing intra-axial mass with minimal mass effect and invasion of the left lateral
ventricle.
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Gliomatosis cerebri is a rare, tumorlike disease of glial cells, characterized by
diffuse, widespread infiltration, with preservation of brain structures. MRI in a
9-year-old flat-coated retriever demonstrated ill-defined T2/FLAIR hyperintense non-
contrast-enhancing areas associated with cerebral hemispheres, brainstem, and
cerebellum.131

Ventricular Tumors

Choroid plexus tumors originate from the choroid plexus located within the ventricular
system, and predominantly occur in the third and fourth ventricle. Choroid plexus
papillomas (CPP) and choroid plexus carcinomas (CPC) are predominantly isointense
to hyperintense on T1-W and T2-W images, typically with intense and homogeneous
contrast enhancement (Fig. 12).108,132 Signal heterogeneity can be observed
secondary to cyst formation,125 mineralization, hemorrhage, or necrosis. The most
important feature in differentiating different tumor types is evidence of intraventricular
or subarachnoid metastases detected in 35% of CPC but not in CPP.132 Concurrent
ventriculomegaly, perilesional, and periventricular edema are common.

Ependymal tumors (ependymomas) are derived from the lining epithelium of the
ventricles and are uncommon in animals.50 On MRI, ependymomas manifest as
well-circumscribed smooth or lobulated tumors associated with the ventricular
system. They are isointense on T1-W and hyperintense on T2-W images, show strong
contrast enhancement, and are typically associated with hydrocephalus.66,109,133

Supraventricular location of meningiomas is common in cats, particularly involving
the tela choroidea.50 They are characterized by smooth margination, homogeneous
contrast enhancement, and frequent hydrocephalus.

Primitive Neuroectodermal Tumors and Medulloblastomas

Primitive neuroectodermal tumors (PNETs) are a group of poorly differentiated
neoplasms derived from primitive neuroectodermal cells.50 MR findings in a dog
with intracranial PNET include an ill-defined intra-axial mass, involving nasal sinus
and frontal lobe, which was hypointense to isointense on T1-W images, hyperintense
on T2-W images, and showed moderate to strong heterogeneous contrast
enhancement.112

Medulloblastomas are malignant tumors occurring in young animals, which are
almost exclusively located in the cerebellum.50 On MRI, a medulloblastoma appears
Fig. 12. CPC in a 4-year-old Labrador retriever. Sagittal (A) and transverse (B) postcontrast
T1-W images show an irregularly marginated, strongly contrast-enhancing mass associated
with the third ventricle and extending into the left lateral ventricle, with associated hydro-
cephalus. An additional smaller mass is observed associated with the third ventricle cranial
and dorsal to the pituitary gland, which likely represents a metastasis.



Fig. 13. Medulloblastoma in a 3-year-old mixed breed dog. Transverse FLAIR image shows
indistinct T2 hyperintensity associated with the cerebellar vermis (arrowheads). No addi-
tional abnormalities were detected on other MR sequences.
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as a heterogeneous cerebellar mass that is predominantly isointense to hypointense
on T1-W images, hyperintense on T2-W images, and shows mild to strong contrast
enhancement (Fig. 13).134–136 Concurrent hemorrhage or cysts are possible.

Other CNS Tumors

MR findings have been reported in CNS lymphoma in dogs112 and cats,110 and
disseminated histiocytic sarcoma in dogs.112,123,137 Lesions can appear as ill- or
well-defined, single or multifocal, intra-axial or extra-axial masses. These are typically
isointense to hypointense on T1-W images and hyperintense on T2-W images, show
moderate to strong contrast enhancement, and may be associated with edema and
mass effect (Fig. 14). In cats with extra-axial lymphoma and dogs with extra-axial
Fig. 14. Disseminated histiocytic sarcoma of the brain in an 11-year-old Norwich terrier.
Transverse T1-W postcontrast image shows extensive meningeal and multifocal parenchymal
enhancement of the right parietal and temporal lobes. (Courtesy of Dr Andrea Matthews,
University of Tennessee, USA).



Fig. 15. Pituitary macroadenoma in a dog. Sagittal T1-W postcontrast image shows a smoothly
marginated, homogeneously enhancing mass extending dorsally from the pituitary fossa.
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histiocytic sarcoma, a ‘‘dural tail sign’’ has been reported after contrast medium
administration,110,123 mimicking a common finding in meningiomas.

Granular cell tumor is a descriptive term for a heterogeneous group of tumors. Intra-
cranial granular cell tumors can be intra- or extra-axial, are typically hyperintense on
T2-W images, and show strong contrast enhancement.124,138,139 Concurrent finding
include mass effect, transcalvarial extension, and meningeal enhancement.

CNS-associated Tumors

Pituitary tumors are characterized by their typical position in the pituitary fossa, which
is best demonstrated on sagittal images (Fig. 15).66,108,109,140 Pituitary microadeno-
mas may not be readily apparent on conventional MR sequences,141 and dynamic
studies or specific thin-slice sections might be necessary to establish a diagnosis.
Pituitary macroadenomas usually appear as well-circumscribed expansile T1 iso- to
hypointense and T2/FLAIR hyperintense masses with strong contrast enhancement.
Fig. 16. Trigeminal nerve sheath tumor in a 6-year-old Labrador retriever. Transverse T1-W
postcontrast image demonstrates a rounded, smoothly marginated, contrast-enhancing
mass associated with the left brainstem. There is atrophy of the left temporalis and masseter
muscles. A small amount of material isointense to soft tissue is present within the left
tympanic bulla.
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Pituitary hemorrhage may occur, resulting in susceptibility artifacts on gradient re-
called echo (GRE) T2*-W images and alteration of signal intensity of the mass on
pre- and postcontrast images. Pituitary carcinomas show more invasive growth
than adenomas, and may invade adjacent basisphenoid bone and pharynx. They
are typically inhomogeneous and show nonuniform contrast enhancement.

Craniopharyngiomas originate from remnants of the craniopharyngeal duct
ectoderm, which are located above the sella turcica and, by expansion, compress
the pituitary gland, optic chiasma, and hypothalamus.50 MRI examination in 2 cats
revealed large masses at the skull base, with extensive bone lysis and cerebral
displacement.142

Trigeminal nerve sheath tumors are not uncommon in dogs.50 MRI features include
an extra-axial solitary or lobulated mass in the middle or caudal fossa which is typically
isointense on T1-W images, isointense or hyperintense on T2-W images, and shows
contrast enhancement (Fig. 16).44,143 Atrophy of the temporalis and masseter muscles
with increase in signal intensity of these muscles on T1-W images is typically present.
Possible additional findings include distortion of the adjacent brain stem and enlarged
skull foramina.

Nasal tumors (eg, adenocarcinoma, squamous cell carcinoma, chondrosarcoma,
neuroesthesioblastoma) may invade the brain through the cribriform plate. Imaging
findings include nasal masses of variable size, intensity, and contrast enhancement,
with destruction of cribriform plate and intracranial extension of nasal mass. Cystic/
necrotic areas associated with the tumor, and brain edema, are frequently present
(Fig. 17).110,144–147

Tumors of the skull, such as multilobular osteochondrosarcoma or masses origi-
nating from adjacent structures, may also extend into the cranial vault.148

Metastatic CNS Tumors

Many primary tumors, including hemangiosarcomas and carcinomas, have the poten-
tial for wide dissemination, including spread to the CNS.50,111 Metastases can appear
Fig. 17. Nasal squamous cell carcinoma in a 10-year-old miniature pinscher. Dorsal postcon-
trast T1-W image shows a heterogeneously enhancing mass within the left nasal cavity, with
turbinate destruction and invasion of the olfactory bulb through the cribriform plate.
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as single or multiple lesions associated with brain parenchyma or meninges, often with
associated brain edema. They are commonly rounded to ovoid, appear iso- to hypo-
intense on T1-W images, and hyperintense on T2-W images.66 Hemangiosarcoma
metastases may be associated with hemorrhage. Strong and homogeneous or ring
enhancement are commonly noted.
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