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Magnetic resonance imaging (MRI) is the imaging modality of choice in the diagnosis
of brain diseases in human patients and is increasingly available in veterinary prac-
tice.1,2 Advantages of MRI over computed tomography (CT) include improved contrast
resolution, capabilities in multiplanar image acquisition, availability of specialized
sequences, and use of nonionizing radiation. Disadvantages include longer acquisition
time and less spatial resolution compared with CT. Although CT might be preferred to
MRI in cases of acute head trauma where evaluation of small bony structures and
minimization of anesthesia time are crucial, MRI is the superior imaging modality in
the evaluation of most intracranial disorders.

BASIC MRI PRINCIPLES

In-depth review of MR physics is beyond the scope of this article. A short overview of
basic principles is provided as a basis for understanding pulse sequences and
appearance of pathologic changes on MR images. Diagnostic MRI images hydrogen
protons, which are ubiquitous in biologic tissues.3,4 As most pathologic processes
result in the alteration of content, distribution, and ambient environment of hydrogen
protons of tissues, MRI is an appropriate and sensitive modality for imaging of
disease. When a patient is placed in an MR scanner, the hydrogen protons align along
the main magnetic field. An excitation radiofrequency pulse is applied, which changes
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the energy state of the protons and results in their misalignment with the main
magnetic field. As the protons return to their original energy level and realign with
the main magnetic field, radiofrequency energy is emitted, creating a signal that is
detected by a receiver coil. From its highest initial intensity immediately following
excitation, the signal fades because of 2 simultaneous processes: The hydrogen
protons align again with the main magnetic field (spin-lattice relaxation; T1 relaxation),
and protons interfere with each other resulting in loss of transverse magnetization
(spin-spin relaxation; T2 relaxation).5,6 Differences in relaxation times of different
tissues create differences in signal intensity emitted by tissues, resulting in tissue
contrast. In general terms, water (pure fluid) has long relaxation times, various soft
tissues have intermediate relaxation times, and fat has short relaxation times. Other
contrast parameters intrinsic to individual tissues are the proton density, flow, and
apparent diffusion coefficient (ADC).3,4

MRI SEQUENCES

MRI sequences are designed to acquire information by exploiting differences in
behavior of hydrogen protons in varied tissues in changing magnetic fields.4 MRI
technology is constantly evolving, and more and varied sequences are becoming
available. Commonly used MRI sequences for brain imaging include T1-weighting
(T1-W, pre- and postcontrast), T2-weighting (T2-W), fluid attenuated inversion
recovery (FLAIR), and T2*-weighting (T2*-W). Proton density weighting (PD-W),
diffusion-weighted imaging (DWI), perfusion-weighted imaging (PWI), fat suppression
techniques (short tau inversion recovery [STIR] and chemical fat suppression [fat
saturation (FatSat)]), and ultrafast spin echo (SE) sequences. Magnetic resonance
angiography (MRA), high-resolution sequences, and dynamic studies are less
commonly performed but may be considered for certain indications. At the time of
writing, functional MRI, diffusion tensor tractography, magnetization transfer imaging,
and MR spectroscopy are not routinely performed in veterinary patients and are
discussed elsewhere.3,4,7,8

T1-W

On T1-W images, contrast between tissues depends predominantly on differences in
T1 relaxation times. Fat has short T1 relaxation time and is hyperintense, whereas fluid
has long T1 relaxation time and appears hypointense. Soft tissues have somewhat
variable intermediate T1 relaxation times and have medium intensity. After uptake of
administered paramagnetic contrast agents, physiologically, contrast-enhancing
tissues (eg, pituitary gland) and contrast-enhancing pathologic lesions (eg, certain
brain tumors) are hyperintense (Fig. 1).3,4

T2-W

On T2-W images, contrast between tissues depends predominantly on differences in
T2 relaxation times. Fluid and tissues with increased fluid content (‘‘juicy tissues’’)
appear strongly hyperintense.9 Intensity of fat is variable. A T2-W image can be
considered a ‘‘pathology’’ scan, because abnormal fluid collections and tissues with
abnormal increased fluid content (edema, inflammation, neoplasia, and so forth) will
appear hyperintense (Fig. 2).3,4,10

FLAIR

FLAIR images are useful in conjunction with T2-W images in evaluating and character-
izing T2 hyperintense lesions. Using FLAIR, pure fluid (cerebrospinal fluid [CSF] and



Fig. 1. Transverse T1-W images of a 9-year-old golden retriever pre- (A) and postadministra-
tion (B) of contrast medium. Fat associated with the subcutaneous tissues and bone marrow
is hyperintense, and fluid (cerebrospinal fluid [CSF] within ventricles) is hypointense. A large
intracranial mass (meningioma) is present, which is isointense to brain parenchyma on
precontrast image and hyperintense on postcontrast image. Note mass effect (midline shift
and compression of right lateral ventricle) on precontrast image.
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fluid in cystic lesions) is suppressed and becomes hypointense, whereas solid lesions
remain hyperintense, facilitating differentiation (Fig. 3). Additionally, this sequence
increases conspicuity of small lesions bordering a fluid-filled ventricle or subarachnoid
space (Fig. 4).2,11,12 Without modification of acquisition parameters, FLAIR is unable
to suppress the signal from fluids containing high protein, cell components, or blood
by-products, a potential pitfall when interpreting images.9,13 FLAIR images were
initially exclusively acquired before contrast administration. However, postcontrast
FLAIR images are very sensitive in the detection of contrast-enhancing lesions and
may be used as an alternative to postcontrast T1-W imaging.14

T2*-W

A T2*-W sequence is very susceptible to external magnetic field inhomogeneities. Gas
interfaces, soft tissue mineralization, fibrous tissue, and certain blood degradation
products (eg, methemoglobin) cause magnetic field inhomogeneities, which appear
Fig. 2. Transverse T2-W image (same dog as in Fig. 1). CSF and mass are hyperintense to
brain parenchyma.



Fig. 3. Transverse FLAIR image (same dog as Figs. 1 and 2). The mass remains hyperintense,
whereas CSF is attenuated, now appearing as a signal void.
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as a signal void (susceptibility artifact) on T2*-W images.15 T2*-W is most commonly
used to identify intracranial hemorrhage and differentiate it from other intracranial
lesions (Fig. 5).16 Additional indications include identification of intracranial mineraliza-
tion (eg, in meningiomas) or abnormal gas pockets (eg, in brain abscesses).

PD-W

PD-W images are acquired by minimizing T1 and T2 relaxation effects on image
contrast. Although this sequence is used extensively in musculoskeletal MRI, it only
plays a minor role in brain imaging.2

DWI and PWI

DWI and PWI are important sequences in imaging of brain tumors17 and especially, in
imaging of cerebral ischemia.18 DWI is able to demonstrate ‘‘Brownian motion’’
(ie, random movement) of water molecules in brain tissue. As diffusion in biologic
Fig. 4. Transverse T2-W (A) and FLAIR (B) images in a 9-year-old Labrador retriever with an
ischemic infarct as a sequel to intravascular lymphoma. The T2-hyperintense area ventral to
the left lateral ventricle is more conspicuous on FLAIR than on T2-W image.



Fig. 5. Transverse T2-W (A) and T2*-W (B) images in a 13-year-old Yorkshire terrier with
presumptive small hemorrhagic infarcts secondary to chronic renal disease and hyperten-
sion. On T2-W image, there is a subtle hypointensity associated with the right occipital
lobe immediately dorsal to the right lateral ventricle (arrow). The lesion is more conspicuous
on T2*-W image because of increased sensitivity of this sequence to susceptibility artifacts
created by the presence of hemoglobin degradation products.
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tissues is not truly random because of the presence of physiologic boundaries (cell
membranes and so forth) it is referred to as ‘‘apparent diffusion,’’ disturbance of which
will appear as abnormal signal intensity on DWI.19 In acute cerebral ischemia,
restricted diffusion occurs secondary to failure of the cell membrane ion pump and
subsequent cytotoxic edema. An acute stroke is characterized by marked hyperinten-
sity on a DWI and hypointensity on a synthesized ADC map derived from 2 or more
DWI (Fig. 6). PWI allows estimation of blood volume passing through the capillary
bed per unit of time. This is most commonly accomplished by tracing the passage
of a bolus of contrast agent through the cerebral vasculature.19 Perfusion imaging is
often used in combination with DWI in patients with acute ischemic stroke, where
the difference between diffusion and perfusion abnormalities provides a measure of
the ischemic penumbra (area of reversible ischemia that can be salvaged if blood
flow is re-established promptly).

STIR and FatSat

Both techniques result in suppression of signal from fat, which makes them highly
valuable in orthopedic and spinal imaging.4,20 They are not commonly used in brain
Fig. 6. Transverse FLAIR image (A), DWI (B), and ADC map (C) of a 5-year-old Shi Tzu with
a presumptive ischemic infarct. There is a small wedge-shaped hyperintensity within the
cerebellum dorsal to the fourth ventricle on FLAIR image, which remains hyperintense on
DWI and appears hypointense on the ADC map indicating restricted diffusion. Hyperintense
material in the dependent part of the right tympanic bulla is consistent with otitis media
(Courtesy of Dr Andrea Matthews, University of Tennessee, Knoxville, TN).
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imaging but may be considered in select cases, for example, to differentiate
a contrast-enhancing lesion from normal tissue, such as bone marrow fat.

Ultrafast SE Techniques

These sequences are heavily T2-W and can be used to image noncirculating liquid
structures (eg, pancreatobiliary tract, CSF-filled spaces) (Fig. 7).21,22 ‘‘Quick-brain’’
MR imaging was initially introduced as an alternative technique to CT scanning for
assessing children with hydrocephalus. Other indications in humans include macroce-
phaly, Chiari malformation, intracranial cysts, screening before lumbar puncture,
screening for congenital anomalies, and trauma.23

MRA

Evaluation of the intracranial circulation in humans provides valuable information in the
diagnosis and prognosis of various abnormalities, such as aneurysms, arterial and
venous steno-occlusive diseases, inflammatory arterial diseases, and congenital
vascular abnormalities.24 Conventional MRA is usually performed by demonstrating
flow-related enhancement (time-of-flight MRA) or demonstrating phase shifts of
moving spins (phase shift MRA). Contrast-enhanced MRA is considered superior to
conventional MRA.25 Although intracranial vascular abnormalities are infrequently
reported in the veterinary literature, MRA might be considered as a quick and
low-risk procedure to evaluate intracranial vessels.15,26

High-resolution Sequences

Acquisition of high-resolution images can be helpful in select cases, for example,
when detailed evaluation of the inner ear27 or pituitary gland28 is required (Fig. 8).
Specific 3-dimensional (3D) sequences allow acquisition of slices less than 1 mm
thick, and they have the added advantage of providing a dataset for 2D and 3D
reconstructions without needing to acquire additional imaging planes.

Dynamic Studies

In human medicine, dynamic MRI studies of the brain are performed for assessment of
cerebral perfusion19 and evaluation of brain tumors.29 A protocol for dynamic MRI of
Fig. 7. Sagittal ultrafast heavily T2-W SE image of the caudal head/cranial cervical spine in
a Cavalier King Charles Spaniel with mild Chiari-like malformation. There is attenuation of
the subarachnoid space caudal to the cerebellum (arrows), indicating crowding of the
caudal cranial fossa. Mild ventriculomegaly and mild dilation of the quadrigeminal cistern
(*) are also noted.



Fig. 8. High resolution 3-dimensional image of the inner ear (arrows) in a normal 11-year-old
Jack Russell terrier.
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the pituitary gland in dogs has been described,30 which may aid in the diagnosis in
pituitary microadenomas.
CONTRAST MEDIA IN MRI

MRI contrast agents most commonly used in veterinary medicine are gadolinium-
based.31 Contrast medium is administered at a dose of 0.1 mmol/kg, which may be
increased to improve detection of poorly enhancing lesions. Enhancement is seen if
a lesion is vascularized and has disrupted the blood-brain barrier. Gadolinium-based
contrast media mostly affect T1 relaxation and therefore enhancing lesions appear
hyperintense on T1-W images. Certain normal intracranial structures outside of the
blood brain barrier, such as the pituitary gland, choroid plexus, and blood vessels,
show physiologic contrast uptake. Although nephrogenic systemic fibrosis has been
reported as a serious complication after administration of gadolinium-based contrast
agents in humans,32 adverse systemic effects have not been described in cats33 or
dogs.34
APPROACH TO THE MR EXAMINATION OF THE BRAIN

Many disorders of the brain can result in similar MR findings, and some intracranial
abnormalities can be detected as incidental findings unrelated to a patient’s clinical
presentation. Therefore, familiarity with signalment (species, breed, sex, and age)
and pertinent history (clinical signs, time of onset of clinical signs, course of disease,
and concurrent or previous diseases) are crucial when evaluating brain MRI scans.
Intracranial lesions may be extra-axial (ie, originating outside actual brain parenchyma)
or intra-axial (originating from brain parenchyma).16,35,36 Differential diagnoses for
extra-axial lesions include certain neoplastic (eg, meningioma, nasal tumor, and so
forth), inflammatory (eg, meningitis), and traumatic lesions (eg, epidural/subdural
hematoma). Differential diagnoses for solitary intra-axial lesions include neoplasia,
hematoma, cyst, abscess/granuloma, and infarct. Although inflammatory brain
diseases usually manifest as multifocal lesions, solitary masses may be encountered
on occasion. Masses in specific locations may allow a presumptive diagnosis of
certain tumor types (eg, pituitary tumors, nerve sheath tumors, medulloblastoma,
and so forth). Differential diagnoses for multifocal brain lesions include metabolic/toxic
brain disease, inflammatory brain disease, infarcts, and certain intracranial neoplasms
(lymphoma, disseminated histiocytic sarcoma, metastases, and occasionally,
meningiomas).
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ASSOCIATED FINDINGS IN INTRACRANIAL DISEASE

Various pathologic sequelae can be associated with various brain diseases, including
hydrocephalus, vasogenic edema, mass effect, brain herniation, and hemorrhage.
Hemorrhage will be covered in the second companion article.

Hydrocephalus

Hydrocephalus is defined as abnormal accumulation of cerebrospinal fluid within the
cranium.37 It is a multifactorial disorder that can be classified in various ways:

1. Location:
� Ventricular system (internal hydrocephalus) versus subarachnoid space (external

hydrocephalus)
2. Etiology:
� Congenital versus acquired
� Obstructive versus nonobstructive
B

B

B

Obstructive hydrocephalus: blockage of CSF flow, for example, secondary to
an intracranial space-occupying lesion or congenital stenosis of mesence-
phalic aqueduct or lateral apertures
Compensatory hydrocephalus: decreased volume of brain parenchyma, for
example, following trauma or infarction (Hydrocephalus ex vacuo)
Decreased resorption (secondary to inflammatory processes or due to under-
development of arachnoid villi) or increased production (seen in choroid plexus
tumors) of CSF (very rare)
3. Morphology:
� Communicating (communication between the ventricular system and

subarachnoid space) versus noncommunicating (no communication between
the ventricular system and subarachnoid space)

4. Pressure:
� Hypertensive (increased pressure within dilated CSF-filled space, for example,

secondary to obstruction) versus normotensive (eg, hydrocephalus ex vacuo)

MRI findings in hydrocephalus include dilation of one or more ventricles or dilation of
the subarachnoid space.36,38 In most cases, abnormal CSF accumulation appears
hyperintense on T2-W images, hypointense on T1-W images, and attenuated on
FLAIR. If CSF contains abnormal cells or protein (eg, in cases of inflammation or
intraventricular hemorrhage), altered signal intensity may be observed. Hypertensive
hydrocephalus may be associated with periventricular edema characterized by
periventricular T2 hyperintensity,39 which is most obvious on FLAIR images
(Fig. 9).40 Depending on cause, potential concurrent findings in cases of hydroceph-
alus include other congenital anomalies, an intracranial mass, and trauma. Imaging
diagnoses of pathologic hydrocephalus can be challenging. In one study describing
ultrasound evaluation of canine lateral ventricles, normal lateral ventricular height
was reported to be 0% to 14% of dorsoventral height of the cerebral hemisphere,
moderate ventricular enlargement was defined as 15% to 25% of ventricular height
to the cerebral hemisphere, and more than 25% was considered consistent with
severe ventricular enlargement.41 However, ventriculomegaly and ventricular
asymmetry are common findings in asymptomatic animals and may or may not
represent a clinically significant change.42–46 Progressive dilation of ventricles and
subarachnoid space are also anticipated findings with increasing age.47,48 Therefore,
imaging diagnosis, especially of mild ventricular or subarachnoid space dilation,
should be judged in light of clinical presentation.



Fig. 9. Transverse FLAIR image of a dog with obstructive hydrocephalus demonstrating
periventricular T2 hyperintensity (edema).
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Vasogenic Edema

Vasogenic brain edema may be seen concurrently with several intracranial diseases.
Under normal circumstances, exchange of substances between the blood and the
brain is limited by the blood-brain barrier. Damage to brain capillaries results in
leakage of fluid into the extracellular space (vasogenic edema). The edema migrates
along the white matter fiber tracts and may create a mass effect. Vasogenic edema
appears hyperintense on T2-W MR images and hypointense on T1-W images, and it
often has the same signal intensity as the lesion causing the edema (Fig. 10A). After
contrast medium administration, gadolinium leaks out of damaged capillaries, result-
ing in increased signal intensity of the lesion responsible for the edema, whereas the
edema remains hypointense on postcontrast T1-W images (Fig. 10B).2,9

Mass Effect

Space-occupying lesions within the cranial vault (eg, tumor, abscess/granuloma,
edema, hydrocephalus) are commonly associated with a mass effect, which is
indicated by displacement of the falx cerebri or compression of the ventricular
system.49

Brain Herniation

Increase in intracranial pressure (eg, due to an intracranial mass) can lead to compres-
sion and displacement of brain parenchyma.50–52 Foramen magnum herniation (herni-
ation of the caudal portion of the cerebellum into and through the foramen magnum)
and caudal transtentorial herniation (displacement of portions of the cerebral cortex
ventral to the tentorium cerebelli) are most common and are best evaluated on sagittal
images (Fig. 11).

Seizures and Cerebral Necrosis

The relationship between seizures and brain injury remains diagnostically chal-
lenging.37 In human patients, it has been shown that severe seizure activity causes
reversible changes in certain areas of the brain, such as the neocortex, hippocampus,
and amygdala.53,54 Brain parenchymal changes, including edema, neovascularization,
reactive astrocytosis, and acute neuronal necrosis, have been reported in dogs with



Fig. 10. Vasogenic edema in a dog with an intracranial mass, presumptive meningioma. On
T2-W image (A) there is extensive hyperintensity associated with the white-matter tracts of
the right cerebral hemisphere. On T1-W postcontrast image (B) there is homogenous
enhancement of a plaque-like mass extending ventral to the right frontal bone and coursing
ventrally with the falx cerebri. Edematous brain parenchyma appears hypointense on this
image, and mass effect is indicated by leftward displacement of the falx.
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seizures.55 These lesions appeared as unilateral or bilateral T2 hyperintense and T1
hypointense foci, with variable contrast enhancement associated with piriform or
temporal lobes (Fig. 12). Changes resolved on recheck examination, indicating that
they most probably represented sequelae to seizures rather than their underlying
cause. Cerebral cortical necrosis (polioencephalomalacia) appearing as increased
T1 and T2 signal intensity of the gray matter of temporal and parietal lobes with
mild contrast enhancement has been reported in a dog with seizures.56 Signal charac-
teristics were attributed to large numbers of fat-containing macrophages found within
these areas on histopathologic examination. Necrosis of hippocampus and piriform
lobes in cats with seizures has been described as bilaterally symmetric T2 hyperinten-
sity of hippocampus and piriform lobes with variable contrast enhancement.57,58 In
these studies, structural brain damage was thought to be the underlying cause of
seizures. In some cases, it may not be possible to determine whether brain changes
Fig. 11. Sagittal T1-W post contrast image of the brain in an 8-year-old cat with a large
intracranial mass and secondary foramen magnum (arrowhead) and subtentorial (arrow)
brain herniation.



Fig. 12. Transverse FLAIR image of a 9-year-old boxer presented with seizures. There are
asymmetric T2 hyperintense areas associated with the piriform lobes and hippocampus
bilaterally.
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found on MRI or histopathology represent the underlying cause or the result of
seizures.37,56

CONGENITAL BRAIN DISORDERS
Forebrain (Telencephalon and Diencephalon)

Imaging findings in congenital abnormalities of the cerebrum are infrequently reported
in the veterinary literature. Congenital hydrocephalus is most commonly seen in toy
and brachycephalic breed dogs and appears as dilation of the ventricular system of
variable severity.59 In hydranencephaly, there is near complete destruction or lack
of development of the neocortex.37 MRI findings have been described in 2 kittens
with hydranencephaly attributed to intrauterine parvovirus infection.60 Affected
animals showed reduction of size of one or both cerebral cortices to a thin mantle
surrounding a large, centrally located cavity. Porencephaly appears as cystic cavities
in the cerebrum due to cell destruction or failure of development.37 These cavities
show signal typical of CSF on MRI and may communicate with ventricles or the
subarachnoid space.40 Lissencephaly is a brain malformation characterized by
a paucity of hypoplastic gyri and thickening of the cerebral cortex. MRI findings in 2
Lhasa Apso dogs with lissencephaly included a smooth cerebral surface and a thick
neocortex with absence of the corona radiata.61 Agenesis of the corpus callosum
has been reported to result in abnormal appearance of the cingulate gyrus.40 Holopro-
sencephaly is characterized by an absence or reduction in size of midline prosence-
phalic structures (corpus callosum, septum pellucidum, septal nuclei, fornix, and
optic nerves), incomplete separation of normally paired forebrain structures (lateral
ventricles, cingulate gyri, and caudate nuclei), and hydrocephalus.62 Protrusion of
meninges and meninges along with brain tissue through a calvarial defect are termed
meningocele and meningoencephalocele, respectively.37 MR diagnoses of a fron-
toethmoidal meningoencephalocele in a German shepherd dog63 and an ethmoidal
encephalocele in a mixed-breed dog64 have been reported. Rathke cleft cysts are
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pituitary cysts containing mucoid or, less commonly, serous fluid and cellular debris,
and they appear as cystic lesions in the middle cranial fossa, which are hypointense on
T1-W images, hyperintense on T2-W images, may show mild ring enhancement, and
may not suppress on FLAIR because of composition of fluid.40,65

Midbrain and Hindbrain (Mesencephalon, Metencephalon, Myelencephalon)

Intracranial intra-arachnoid cysts are considered developmental anomalies that arise
from splitting/duplication of the arachnoidea in early embryonic development and
occur in close association with an intracranial arachnoid cistern. Quadrigeminal
cistern cysts dorsal to the quadrigeminal plate are most common, but cerebellomedul-
lary cistern cysts have also been reported.66,67 Intracranial intra-arachnoid cysts
contain fluid isointense to CSF, with attenuation on FLAIR and no evidence of contrast
enhancement (Fig. 13). Hemorrhage into intracranial intra-arachnoid cysts may
change the signal intensity.68 Quadrigeminal cysts are of variable significance and
are frequently incidental.69 In one study, occipital lobe compression greater than
14% by the cyst on median-sagittal image was always associated with clinical signs,
whereas no association was found between degree of cerebellar compression and
clinical signs.66

Chiari malformations are a group of structural defects involving brainstem,
cerebellum, upper spinal cord, and surrounding bony structures in humans.70

Secondary formation of a cystic cavity within the cervical spinal cord parenchyma
or dilation of the central canal (syringohydromyelia) are common. A disorder similar
to Chiari type I malformation in humans termed ‘‘Chiari-like malformation and syringo-
myelia’’ has been reported in dogs.71–73 Cavalier King Charles spaniels are most
commonly affected, but the disease is seen in various breeds and can be found in
symptomatic and asymptomatic animals.74 The condition is characterized by crowd-
ing of the caudal fossa, resulting in attenuation of the subarachnoid space surrounding
the cerebellum, compression and, in severe cases, herniation of the cerebellum into or
through the foramen magnum, best demonstrated on T2-W median-sagittal image.
Additional findings include a focal bending of the cranial aspect of the spinal cord,
hydrocephalus and syringohydromyelia (Fig. 14).75,76

Cerebellar hypoplasia can occur as a primary developmental defect or secondary to
in utero or perinatal viral infection, most commonly parvovirus.37,77 MRI diagnosis is
Fig. 13. Sagittal T2-W image of the brain in a 10-year-old Pekingese presented with cervical
intervertebral disk extrusion, demonstrating an incidental quadrigeminal cistern cyst rostral
to the cerebellum (arrow).



Fig. 14. Sagittal T2-W image of a Cavalier King Charles spaniel with Chiari-like malforma-
tion and syringomyelia. There is crowding of the caudal fossa resulting in attenuation of
the subarachnoid space and compression of the cerebellum, dorsal angulation of the spinal
cord at the level of the foramen magnum and odontoid process of C2 (arrow), mild hydro-
cephalus, and syringohydromyelia (*).
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best made on sagittal T2-W image. The cerebellum may appear small, with increased
CSF signal noted around and extending into the folia.40 Subtotal agenesis of the
cerebellum in a Shi Tzu was characterized by absence of most of the cerebellum
with normal size of the caudal fossa.78 Isolated hypoplasia of the cerebellar vermis
has been reported in a miniature Schnauzer.79 In 2 kittens, MR findings of cerebellar
cyst and the small size of the cerebellum were attributed to intrauterine parvovirus
infection.60 Congenital cerebellar abnormalities may not always be apparent on MRI
examination. No abnormalities were detected in Coton de Tulear dogs with neonatal
cerebellar ataxia.80 Differentiation of true cerebellar hypoplasia from degenerative
disease (cerebellar atrophy, abiotrophy, and degeneration) is not possible solely
based on imaging findings.

The Dandy-Walker malformation complex in human patients refers to a group of
congenital central nervous system anomalies that primarily involve the cerebellum
and adjacent tissues.81 The primary abnormality is partial or complete absence of
Fig. 15. Epidermoid cyst in a 3-year-old dog. Transverse T2-W image (A) of the caudal fossa
shows a heterogeneous mass consisting of a cystic component dorsally and solid component
ventrally, with ring and solid component enhancement present on T1-W image following
contrast medium administration (B).
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the cerebellar vermis and cystic dilation of the fourth ventricle. Additional abnormali-
ties, such as hydrocephalus, stenosis of the mesencephalic aqueduct, and absence of
the corpus callosum, may be present.37 MRI findings in a golden retriever with Dandy-
Walker malformation included generalized ventricular enlargement, extension of the
cystic fourth ventricle into the supratentorial space with displacement of the occipital
lobes, absence of cerebellar vermis, reduced size of the cerebellar hemispheres,
widening and irregular gyrification of cerebral sulci, and absence of the corpus
callosum.82

A case of cerebellar ependymal cyst has been reported in a Staffordshire terrier.83

On MRI, the area of the cerebellum was almost completely replaced by a fluid collec-
tion independent of the fourth ventricle and isointense to CSF.

Intracranial epidermoid and dermoid cysts are benign space-occupying lesions that
originate from remnants of ectodermal tissue because of defects of neural tube
closure.37 They are often located in the cerebellopontine angle or the fourth ventricle.
Signal intensity is variable and dependent on cyst content. Cysts with a high lipid
content appear hyperintense on T1-W and T2-W images,84 whereas cysts with lower
lipid content appear hypointense on T1-W images and hyperintense on T2-W
images.85,86 Dermoid cysts containing adnexa (eg, hair) may show suspended low
intensity foci in all sequences.84 Cysts often contain protein and keratin and therefore,
do not attenuate on FLAIR.86 They usually do not show contrast enhancement,
although ring enhancement may occasionally be noted (Fig. 15).
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