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Preface
As an academic neuroradiologist who has had the
privilege of working at a university medical center
for the past twenty-five years, I have had many
opportunities to continuously learn and be involved in
the education of medical students, as well as residents
and fellows in radiology, neurosurgery, neurology,
otolaryngology, and orthopedics. During my training,
I had the opportunity to work with outstanding
professors who served as role models for teaching and
research. I learned from them that excellent teaching
cases are invaluable in the education of our specialty.
For the past three decades, I have been collecting and
organizing a large teaching file for lectures, as well
as an educational resource that can be utilized at the
workstation. It is from this large data base that I began
writing this three-volume series in my specialty of
neuroradiology ten years ago.
The goal of these books is to present the imaging
features of neuroradiological abnormalities in an easyto-use resource, with extensive utilization of figures for
illustration. This first volume of the series—Differential
Diagnosis in Neuroimaging: Brain and Meninges—covers
lesions involving the brain, ventricles, meninges, and
neurovascular system in both children and adults.
The second volume of this series—Differential
Diagnosis in Neuroimaging: Head and Neck—contains
chapters describing lesions located in the skull and
temporal bone, orbits, paranasal sinuses and nasal cavity,
suprahyoid neck, infrahyoid neck, and brachial plexus.
The third volume—Differential Diagnosis in Neuro
imaging: Spine—includes differential diagnosis tables,
such as congenital and developmental abnormalities,
intradural intramedullary lesions (spinal cord lesions), dural and intradural extramedullary lesions,
extradural lesions, solitary osseous lesions involving

the spine, multifocal lesions and/or poorly-defined
signal abnormalities involving the spine, traumatic
lesions, and lesions involving the sacrum.
The organization of these books focuses on lists of
differential diagnoses of lesions based on anatomic
locations in a tabular format. Brief introductory
summaries with illustrations are provided at the
beginning of most chapters to succinctly provide relevant
information, after which the tables are presented.
Each of the lesions listed in the tables has a column
summarizing the pertinent Imaging findings associated
with images for illustration, and a Comments column
summarizing key clinical data. References are provided
in alphabetical order at the end of each chapter. For the
reader’s convenience, some of the diagnoses are listed in
two or more tables. The purpose of this is to minimize
or eliminate the need to page back to the same entries
in other tables in order to find the desired information.
These books’ unique organization helps the reader
obtain information efficiently and quickly. Because of
the heavy emphasis on providing illustrative images
over text, this book’s format can be an effective guide
in narrowing the differential diagnoses of lesions
based on their locations and imaging findings.
I hope these texts will be a valuable resource for
practicing radiologists, neurosurgeons, neurologists,
otolaryngologists, and orthopedic spine surgeons.
They are intended to become a “well-thumbed text”
at the PACS station and clinics. They should also serve
as a useful review and teaching guide for trainees
in radiology, neurosurgery, neurology, orthopedics,
otolaryngology, and other medical specialties
preparing for board examinations.
Steven P. Meyers, MD, PhD, FACR
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Prologue
Intracranial Abnormalities
Brain, Ventricles, Meninges, Skull,
and Vascular Structures
Major advantages of magnetic resonance imaging (MRI) include
excellent soft tissue contrast resolution, multiplanar imaging
capabilities, dynamic rapid data acquisition, and the available contrast agents. MRI has proven to be a powerful imaging
modality in the evaluation of congenital anomalies of the brain;
disorders of histogenesis; neoplasms of the central nervous
system, cranial nerves, pituitary gland, meninges, and skull
base; traumatic lesions; intracranial hemorrhage; ischemia and
infarction; infectious and noninfectious diseases; metabolic
disorders; and dysmyelinating and demyelinating diseases.
Computed tomography (CT) has been used in the
evaluation of neoplasms of the central nervous system,
meninges, calvarium, and skull base; traumatic lesions;
intracranial hemorrhage; ischemia and infarction (particularly using CT perfusion studies); infectious and noninfectious diseases; and metabolic disorders. Because of its
widespread availability and rapid imaging capability, CT
plays an important role in the evaluation of acutely injured
patients in emergency departments. Multidetector CT is
an excellent imaging modality for evaluation of the skull
base, orbits, nasopharynx, oropharynx, and floor of the
mouth. CT is a useful method for imaging the location and
extent of osseous lesions at the skull base, such as metastastic tumors, myeloma, chordomas, and chondrosarcomas.
MRI and CT data can also be used to generate images of
arteries and veins (MR angiography and CT angiography)
in displays similar to conventional angiography. Other
options with clinical MRI scanners include the acquisition
of spectral data to characterize the biochemical properties
of selected regions of interest in the brain (magnetic resonance spectroscopy), detection of water proton diffusion
in brain and meninges (diffusion-weighted imaging and
mapping of apparent diffusion coefficients), and evaluation of differing ratios of deoxyhemoglobin to oxyhemoglobin at sites of brain activation (functional MRI).

 ppearance of Normal Brain Tissue
A
on CT and MRI
The appearance of brain tissue depends on the CT technique and MRI pulse sequences used, as well as the age
of the patient. Myelination of the brain begins in the fifth
fetal month and progresses rapidly during the first 2 years

of life. The degree of myelination affects the appearance
of the brain parenchyma on MRI and CT. In adults, the
cerebral cortex has an intermediate signal on T1-weighted
images and is lower or hypointense relative to normal
white matter. On T2-weighted images, gray matter has an
intermediate signal that is higher in signal (hyperintense)
relative to white matter. For infants less than 6 months old,
the MRI pattern is reversed due to the immature myelination of their brain tissue. Maturation or myelination of the
brain tissue, as seen on T1-weighted versus T2-weighted
images, occurs at different rates. The myelination proceeds
in a predictable and characteristic pattern with regard to
location and timing. The changes on T1-weighted images
become most evident during the first 6 months of postnatal life, whereas the changes on T2-weighted images are
most apparent from 6 to 18 months. At around 6 months
of age, the adult MRI signal pattern of the gray and white
matter begins to progressively emerge. After 18 months,
the brain has a mature MRI appearance with regard to the
gray and white matter signal patterns.
On CT, the appearance of brain tissue depends on the
mAs and kVp used. Immature myelin in neonates and
infants has lower attenuation than myelin in older children. In adults, the cerebral cortex has an intermediate
attenuation that is slightly higher relative to normal white
matter. The imaging changes seen with myelin maturation
are more optimally seen with MRI than with CT.
In addition to the commonly used standard fast spin
echo sequences for evaluation of brain parenchyma, other
MRI pulse sequences or imaging options are commonly
used, such as inversion recovery (short TI inversion recovery
[STIR] for fat suppression, T1-weighted or T2-weighted fluid
attenuated inversion recovery [FLAIR], etc.), gradient recall
echo T2* imaging, spoiled gradient recall echo T1-weighted
imaging, steady-state free precession imaging, magnetic
transfer, diffusion/perfusion MRI, and frequency selective
chemical saturation. Detailed discussions of these sequences
and options can be found elsewhere.

 ppearance of Abnormal Brain
A
Parenchyma on MRI and CT
Most pathologic processes decrease the CT attenuation
values of the involved tissue and increase the MRI T1 and
T2 relaxation coefficients, resulting in decreased signal on
T1-weighted images and increased signal on T2-weighted
images relative to adjacent normal tissue. Such processes
include ischemia, infarction, inflammation, infection,
demyelination, dysmyelination, metabolic or toxic encephalopathy, trauma, neoplasms, gliosis, radiation injury, and
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encephalomalacia-related changes. Other processes that
can result in zones of low attenuation on CT include dermoids (intact or ruptured), teratomas, lipomas, and cystic
structures with high protein concentration or cholesterol,
as well as Pantopaque.
Areas where there is breakdown of the blood–brain barrier can be also evaluated with iodinated intravenous contrast on CT and with gadolinium-based intravenous contrast
agents on MRI. Leakage of contrast agents through the blood–
brain barrier results in increased attenuation on CT (contrast
enhancement) and high signal on T1-weighted images. The
high signal seen on MRI after contrast administration results
from reduction of the T1 and T2 values of the hydrogen nuclei
in brain tissue adjacent to the intraparenchymal contrast that
leaked through the damaged blood–brain barrier. Contrastenhanced CT and MR images are important portions of most
imaging examinations of the head. In addition to the contrast
enhancement in pathologically altered intracranial tissues, CT
and MRI contrast enhancement can be seen normally in veins,
the choroid plexus, the anterior pituitary gland, the pituitary
infundibulum, the pineal gland, and the area postrema.

Intracranial Hemorrhage on MRI
Intraparenchymal hemorrhage on MRI can have varying
appearances in the brain depending on the age of the hematoma, oxidation states of the iron in hemoglobin, hematocrit,
protein concentration, clot formation and retraction, hemorrhage location, and hemorrhage size. Oxyhemoglobin in a
hyperacute blood clot has ferrous iron and is diamagnetic.
Oxyhemoglobin does not significantly alter the T1 and T2
values of the tissue environment, other than causing possible localized edema. After a few hours during the acute
phase of the hematoma, the oxyhemoglobin loses its oxygen
and forms deoxyhemoglobin. Deoxyhemoglobin also has
ferrous iron, although it has unpaired electrons and becomes
paramagnetic. As a result, deoxyhemoglobin shortens the T2
value of the acute clot but does not significantly change the
T1 value. On MRI, deoxyhemoglobin in the clot will have an
intermediate T1 signal and a low signal on T2-weighted spin
echo or gradient echo images. Later, in the early subacute
phase of the hematoma, deoyxhemoglobin becomes oxidized
to the ferric state, methemoglobin, which is strongly paramagnetic. Methemoglobin shortens the T1 value of hydrogen nuclei, resulting in high signal on T1-weighted images.
While the red blood cells in the clot are intact, with intracel-

lular methemoglobin, the T2 values will also be decreased,
resulting in a low signal on T2-weighted images. In the late
subacute phase, breakdown of the membranes of the red
blood cells results in extracellular methemoglobin, which
causes high signal on both T1- and T2-weighted images. In
the chronic phase, methemoglobin becomes further oxidized and broken down by macrophages into hemosiderin,
which has a prominent low signal on T2-weighted images
and a low-intermediate signal on T1-weighted images.
The MRI features of subdural hematomas are variable,
although the appearances can progress in patterns similar
to those for intraparenchymal hematomas. Chronic subdural hematomas often have a low-intermediate signal
on T1-weighted images and a high signal on T2-weighted
images. Subarachnoid hemorrhage is often difficult to see
on T1- and T2-weighted images, although it can be sometimes identified on long TR/short TE (proton densityweighted images) or FLAIR images.
In the differential diagnosis of intracranial hemorrhage,
other processes that can result in zones of high signal on
T1-weighted images are fat, dermoids (intact or ruptured),
teratomas, lipomas, and cystic structures with high protein concentration or cholesterol, as well as Pantopaque.

Intracranial Hemorrhage on CT
An intraparenchymal hemorrhage on CT can have varying appearances in the brain depending on the age of the
hematoma, hematocrit, protein concentration, clot formation and retraction, hemorrhage location, and hemorrhage
size. In the first week, intraparenchymal hematomas typically have high attenuation.
In the late subacute phase (>Â€7 days to 6 weeks) intracerebral hematomas decrease 1.5 Hounsfield units (HU) per
day and become isodense to hypodense. Chronic hematomas have low attenuation with localized encephalomalacia. The CT features of subdural hematomas are variable,
although the appearances can progress in patterns similar
to those for intraparenchymal hematomas. Acute subdural
hematomas often have high attenuation. CT is the optimal exam in the diagnosis of acute subarachnoid hemorrhage and is more reliable than MRI. Also, CT is the optimal
exam to diagnose acute epidural and subdural hematomas
because of wide scanner availability and fast imaging
acquisition, as well as capability for the evaluation of commonly associated skull injuries and fractures.
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Introduction
Overview of Embryonic and
Fetal Brain Development
Neural Plate and Neural Tube Formation
A. Neural Plate Formation
a. At 5 to 15 days’ gestation, proliferating ectodermal
cells on the dorsal surface of the embryo form the
primitive streak (Fig.Â€1.1).

b. A group of proliferating cells at the cephalic end of
the primitive streak form a pit called Hensen’s node.
c. At 15 to 16 days’ gestation, cells enter Hensen’s
node and migrate rostrally toward the cephalic end
of the embryo to form the notochord process and
eventually the notochord.
d. The notochord induces the overlying dorsal
ectoderm into forming neuroectoderm, which
becomes the neural plate (this is the process of
neurulation).
e. At 17 days’ gestation, the lateral portions of the
neural plate thicken to produce the neural folds. The
neural folds elevate laterally and contract centrally
to form the neural groove.

Fig.Â€1.1â•… (a) Dorsal and (b) coronal
diagrams of the developing embryo.

4

a

b

1â•… Brain (Intra-Axial Lesions) 5

B. Neural Tube Formation
a. At 20 days’ gestation, the mesenchyme adjacent
to the neural folds expands, in association with
progressive approximation and eventual merger
of neural folds in the midline dorsally to form the
neural tube (Fig.Â€1.2). Progressive closure of the
neural tube begins at two or three sites.
		 The neuroectoderm of the developing neural
tube is covered by cutaneous ectoderm. Separation
(disjunction) of the neuroectoderm and cutaneous
ectoderm occurs as the neural folds fuse to
form the neural tube. The neural tube forms
the central nervous system, and the cutaneous
ectoderm becomes the skin. Mesenchyme migrates
between the separated cutaneous ectoderm and
neuroectoderm to eventually form the meninges,
vertebrae, and paraspinal muscles.
b. At 25 days’ gestation, closure of the neural tube
occurs at the cephalic end (anterior neuropore).
c. At 27 to 28 days’ gestation, closure of the neural
tube occurs at the caudal end (posterior neuropore).
d. Neuroectodermal cells at the lateral dorsal margins
of the closing neural tube separate to form the
neural crest cells.
Abnormalities of neural tube closure include cephaloceles,
myeloceles, and Chiari malformations.

Vesicles
a. At 35 days’ gestation, three fluid-filled primary
expansions or vesicles form at the cephalic (rostral)
end of the neural tube: the prosencephalon,
mesencephalon, and rhombencephalon (Fig.Â€1.3).
The prosencephalon (forebrain) will bend and
constrict to form the telencephalon (cerebral

a

b

hemispheres, basal ganglia, and lateral ventricles)
and diencephalon (thalamus, hypothalamus, and
third ventricle). The mesencephalon (midbrain)
will form the midbrain and cerebral aqeduct and
the rhombencephalon (hindbrain) will eventually
become the metencephalon (pons, cerebellum,
and upper portion of the fourth ventricle) and
myelencephalon (medulla and lower portion of the
fourth ventricle).
b. At 42 days’ gestation, lateral protrusions of the
prosencephalon begin formation of the cerebral
hemispheres (Fig.Â€1.4 and Fig.Â€1.5).
Abnormal formation of the vesicles causes the congenital
cleavage anomalies, such as holoprosencephalies (alobar
holoprosencephaly, semilobar holoprosencephaly, lobar
holoprosencephaly, syntelencephaly), septo-optic dysplasia, and arrhinencephaly.

Neuronal Migration
a. At 49 days’ gestation to 22 weeks, neuronal
progenitor cells and stem cells arise at the
innermost layer of the fetal cerebral hemisphere,
which is referred to as the ventricular zone or
germinal zone. At the basal (ventral) portions of
the ventricular zone, neurons of the basal ganglia,
some thalamic neurons, and GABAergic cortical
interneurons develop at regional thickening of
the ventricular zone, referred to as the ganglionic
germinal zone (ganglionic eminence). This region of
the ventricular germinal zone is referred to as the
subpallium. The caudate nucleus develops at the
rostral end of the ganglionic eminence. GABAergic
cortical interneurons are produced in the medial
ganglionic eminences of the subpallium and
migrate tangentially.
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Fig.Â€1.2â•… (a) Dorsal view of the embryo shows closure of the neural tube, except at the rostral and caudal neuropores. (b) Coronal view
shows infolding of the neural folds at the neural groove that eventually close to form the neural tube (c).
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Fig.Â€1.3â•… Coronal diagram of the rostral neural tube shows initial formation of the primary vesicles, followed by the secondary vesicles and
corresponding mature neural structures.

Fig.Â€1.4â•… Lateral diagram shows the CNS at 50 days’ gestation.

