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Abstract

Imaging plays a key role in the diagnosis of central nervous system (CNS)
metastasis. Imaging is used to detect metastases in patients with known
malignancies and new neurological signs or symptoms, as well as to screen for
CNS involvement in patients with known cancer. Computed tomography (CT)
and magnetic resonance imaging (MRI) are the key imaging modalities used in
the diagnosis of brain metastases. In difficult cases, such as newly diagnosed
solitary enhancing brain lesions in patients without known malignancy, advanced
imaging techniques including proton magnetic resonance spectroscopy (MRS),
contrast enhanced magnetic resonance perfusion (MRP), diffusion weighted
imaging (DWI), and diffusion tensor imaging (DTI) may aid in arriving at the
correct diagnosis. This image-rich review discusses the imaging evaluation of
patients with suspected intracranial involvement and malignancy, describes
typical imaging findings of parenchymal brain metastasis on CT and MRI,
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specifically in the context of differentiating metastasis from high-grade glioma
and other solitary enhancing brain lesions. Extra-axial CNS involvement by
metastases, including pachymeningeal and leptomeningeal metastases is also
briefly reviewed.
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INTRODUCTION

Imaging is increasingly important in the diagnosis and
management of central nervous system (CNS) metastatic
discase. Imaging may provide initial confirmation of
previously unsuspected malignancy in patients with
neurologic symptoms, may confirm metastatic disease in
the setting of known systemic malignancy, and may be
used to stage and restage CNS involvement during the
course of treatment.

Although magnetic resonance imaging (MRI) is more
sensitive than computed tomography (CT) for detection of
brain metastases, CT remains a vital tool for initial work-up
and perioperative management. Advanced MRI techniques
such as magnetic resonance spectroscopy  (MRS),
magnetic resonance perfusion (MRP), diffusion weighted
imaging (DWI), and diffusion tensor imaging (DT1) may
also be utilized to help distinguish brain metastases from
other pathologies, and also to monitor treatment response.
Nuclear medicine studies including 18 fluorodeoxyglucose
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positron emission tomography (FDG-PET) and other
molecular imaging may play a larger role in the future.

This review discusses imaging features common to
brain metastases, with a focus on CT and MRI. The
role of advanced MRI techniques in the diagnosis and
management of brain metastases is discussed, as is the
utility of these techniques for problem solving in patients
with de novo brain masses.

WHO SHOULD UNDERGO IMAGING?

Brain metastases occur in 15-40% of patients with
cancer, " many of whom are asymptomatic. Certain
malignancies are often associated with brain metastases,
including cancers of the lung, breast, skin, colon,
pancreas, testes, ovary, cervix, renal cell carcinoma, and
melanoma,>"*) although many case reports of intracranial
metastatic disease from various other cancers exist.

The detection of brain metastases is important for initial
staging of patients with systemic malignancy. In some
cases, the presence of brain metastases comes to clinical
attention through new neurological signs and symptoms,
and Imaging is therefore indicated in such patients.[*
Symptoms may include headache, seizure, syncope, focal
neurological deficit, or papilledema.?**! Nonenhanced
CT (NECT) is the first line imaging modality for
patients with new neurological deficits because it is
casily obtained, well tolerated, and can rapidly exclude
life threatening emergencies such as hemorrhage,
hydrocephalus, or significant mass effect.’! Subsequent
evaluation with contrast-enhanced CT (CECT) or MRI
may be indicated, as is discussed later.

Brain metastases are asymptomatic up to 60-75% of the
time.™®! The presence of asymptomatic brain metastases
may alter the staging of certain malignancies, thereby
changing treatment strategy. For example, in nonsmall
cell lung cancer, the presence of brain metastases may
change the treatment paradigm from potentially curative
surgical resection of the primary lesion to palliative
chemotherapy and/or radiation therapy. %!

LOCATION OF CNS METASTASES

Metastatic disease can involve different compartments of
the CNS. Most commonly, metastatic discase affects the
skull and/or brain parenchyma. Metastases can also involve
the leptomeninges and pachymeninges.”! This chapter
primarily focuses on brain parenchymal metastases.

CONVENTIONAL
METASTASES

IMAGING OF BRAIN

Brain metastases display certain cross-sectional imaging
features on both CT and MRI [Figure 1]. They tend to
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Figure I: A 59-year-old smoker with headache and balance
problems. (a) NECT demonstrates a right parietal mass at
the gray-white junction with surrounding vasogenic edema.
PostcontrastT | -weighted MRI (b) demonstrates ring enhancement,
and FLAIR (c) confirms extensive vasogenic edema. (d) DWI
demonstrates no restricted diffusion centrally, helping to
differentiate this lesion from pyogenic abscess. Needle guided
biopsy of a lung mass revealed nonsmall cell lung cancer. The
patient underwent stereotactic radiosurgery of the brain mass for
presumed lung cancer metastasis

be located at the gray-white junction and at border zones
between major arterial vascular territories.*! Up to 80%
of brain metastases occur in the cerebral hemispheres, 15%
in the cerebellum, and 3% in the basal ganglia.**! Certain
cancers may preferentially metastasize to the posterior
fossa, including uterine, prostate, and gastrointestinal
primary tumors!™ [Figure 2]. Occasionally, tumors may
metastasize to the choroid plexus, ventricles, pituitary
gland, or leptomeninges.® Rarely, some malignancies
including lymphoma may spread along or within the
cerebral vessels.**”)

Brain metastases may be solitary or multiple. Brain
metastases are solitary approximately 50% of the time;*!
20% of the time there are two lesions, and 30% of the
time, three or more lesions are identified.”™ Some
tumors, including breast, renal cell, colon, and thyroid
cancers are more commonly solitary, while others such
as lung cancer and melanoma tend to be multiple.P
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Figure 2: A 61-year-old woman with endometrial cancer and new
headache. T I-weighted MRI without (a) and with (b) contrast
demonstrates a ring enhancing lesion causing mass effect on the
fourth ventricle (arrowhead). FLAIR sequence shows surrounding
vasogenic edema (c) and enlarged lateral ventricles (d) without
transependymal CSF flow to indicate acute hydrocephalus.
A second enhancing lesion within the pons (e,T|; f, Tl postcontrast,
arrows) was presumed metastatic,and the patient was treated with
whole brain irradiation. Pathologic evaluation of the cerebellar mass
confirmed endometrial cancer

Nevertheless, the number of metastases is insufficient to
reliably suggest tissue type.

Imaging characteristics of metastases may suggest an
underlying pathologic diagnosis. For example, metastases may
hemorrhage, and certain malignancies are more susceptible
to hemorrhage [Figure 3]. Metastases that classically
hemorrhage include  melanoma,**"  choriocarcinoma,®!
renal cell carcinoma,”" and thyroid cancer. Lung metastases

Figure 3: 44 year-old found down. (a) NECT shows left frontal
hemorrhage (arrow) with additional hyperdense lesions
(arrowheads). (b) CECT shows enhancement, better delineating
some of the masses (arrowheads). Tl-weighted MRI without
(c) and with (d) contrast shows multiple enhancing lesions. FLAIR
(e) shows vasogenic edema surrounding the hemorrhage (arrow),
but little edema associated with other lesions. T2* sequence
(f) redemonstrates left frontal hemorrhage (arrow) but no blood
within with the other lesions (arrowhead). Pathology revealed small
cell lung cancer

are also known to hemorrhage.P!

Of all hemorrhagic

metastases, however, lung and breast cancers are the most
common ctiologies due to their higher overall prevalence.

COMPUTED TOMOGRAPHY

NECT may be the first imaging modality a patient with
brain metastases undergoes, cither in the setting of previously
unrecognized malignancy, or with the development of new
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neurologic findings and a known malignancy. NECT alone
is not sensitive enough to screen for cerebral metastases,!"”!
but findings on NECT can suggest the diagnosis.

Brain metastases on CT appear as solitary or multiple
mass lesions with variable surrounding vasogenic
edema. In the absence of hemorrhage, metastases may
be hypodense, isodense, or hyperdense compared with
the brain.*! Acutely hemorrhagic metastases appear
hyperdense to brain tissue [Figure 3]. Melanoma
metastases tend to be hyperdense to brain on CT even in
the absence of hemorrhage.!'3%

Brain metastases generally do not calcify, although there are
several reports of this in the literature.P® The presence of
calcification may lead to the consideration of alternative
diagnoses, but metastases should remain on the
differential diagnoses in the appropriate clinical setting.

lodinated contrast enhancement is vital to the detection
of metastases on CT, and brain metastases may
demonstrate ring, nodular, or solid enhancement. Several
reports in the literature have found that more metastases
are visible on delayed imaging,*! and the size of a given
metastasis may appear to increase on delayed imaging. /!

CECT may be used to screen for metastases if MRI is
contraindicated or unavailable, and CECT has been
shown to be more sensitive than noncontrast MRI for the
detection of cerebral metastases® [Figure 4]. CECT is
less sensitive than contrast-enhanced brain MRI, however,
as multiple studies have shown.*##0 In some earlier
studies, CECT was found to be equivalent to MRI,
which may be related to volume averaging artifact due to
thicker slices used in earlier MRI imaging.!”!

CECT is recommended on equal footing with MRI
for the detection of asymptomatic nonsmall cell lung
cancer metastases in the 2007 evidence-based ACCP
guidelines,™ in part because no improvement in survival
has been reported based on screening with MRI versus
CT.P If MRI is planned based on the NECT, and is
available in a reasonable time frame, there may be little
added value of giving contrast at the time of CT scanning.
Alternatively, if CECT shows multiple brain metastases,
there may be little added value of obtaining brain MR

CONVENTIONAL MAGNETIC RESONANCE
IMAGING

MRI is a sensitive screening test for brain metastasis. It is
also useful to further evaluate mass lesions found on NECT
in order to refine the differential diagnosis. Additionally,
the 2006 European Lederation of Neurological Socicties
guidelines for the diagnosis and treatment of brain metastases
suggests MRI in cases where surgery or radiosurgery is
planned, in order to detect additional lesions; in cases
where CT is negative but there is a strong clinical suspicion
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Figure 4: A 67-year-old woman with recurrent ovarian cancer and
3 weeks of progressive difficulty walking. Nonenhanced CT (a and b)
was normal. After contrast administration, multiple ill-defined
nodules become evident (e.g., circles in ¢ and d). Innumerable
enhancing nodules are more conspicuous on contrast enhanced
T1-weighted MRI (e and f)

for metastases in patients with known malignancy; and
n patients for whom CT is not conclusive in determining
whether a lesion is neoplastic or nonneoplastic.*’

On MRI, metastases are usually iso- or hypointense on
T1, hyperintense on T2, and exhibit avid enhancement
[Figure 1]. Some metastases, such as melanoma, are
T1 hyperintense due to the paramagnetic effects of
melanin [Figure 3]. Hemorrhagic metastases may also
demonstrate T1 signal hyperintensity, depending on
the age of hemorrhage. DWI usually demonstrates
facilitated diffusion (i.e., bright on apparent diffusion
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coefficient (ADC) map), rather than diffusion restriction.
This is discussed more in depth below.

Vasogenic edema can be substantial, and is unrelated to
lesion size. Some reports found a significantly increased
ratio of vasogenic edema to contrast enhancing lesion
size in metastases compared with high-grade primary
brain tumors,'>?!) although metastases may display
little or no vasogenic edema.! Small cortically based
metastases may not demonstrate any visible edema, and
must therefore be looked for carefully.!!

Gadolinium contrast enhancement is vital to detect small
metastases. Several studies have documented the utility of
contrast in the detection of additional lesions compared with
noncontrast studies!***” [Figure 3]. In these studies, contrast
administration improved diagnostic confidence. Contrast
administration is also important to distinguish nonneoplastic
white matter disease (such as chronic microvascular ischemic
disease, which does not enhance) from metastases.

The standard gadolinium contrast dose for evaluation
for brain lesions is 0.1 mmol/kg based on patient weight.
Several studies have evaluated increasing contrast doses to
improve lesion detection. While increasing contrast dose
may reveal additional metastases, the added value of these
findings has yet to be established. For example, studies
utilizing incremental doses of gadoteridol and gadodiamide
found that 0.3 mmol/kg dose resulted in more lesions
detected and improved lesion visualization compared with
0.1 mmol/kg.>**7 Similarly, a study utilizing incremental
doses of gadobenate up to 0.2 mmol/kg found additional
lesions with increasing contrast dose.!"!

The utility of finding additional lesions in the setting of
multiple brain metastases has not been established. In
the gadoteridol study mentioned above, 31 of the study
patients with additional metastases detected by the
higher contrast dose were reviewed by a neuro-oncologist,
and in only three cases (roughly 10%) would the
additional findings have changed management."’!

Thin slice (24 mm or less) spoiled gradient-recalled
echo (SPGR) postcontrast MRI performed in a head frame
for gamma knife treatment planning has been shown to be
more sensitive for the detection of small metastases than
standard T1 spin echo-weighted imaging,’”! with additional
lesions identified in 34% of patients. Of patients thought
to have single metastases, 16% were found to have multiple
lesions by T1 SPGR. Although some of the increased
detection may be due to rgid head fixation, which is
not feasible for a screening examination, thin section
postcontrast T1 SPGR imaging is likely itself more sensitive.

MR SPECTROSCOPY

Proton MR Spectroscopy is a useful tool to distinguish
whether a brain mass is neoplastic or nonneoplastic, but

has not been shown to reliably distinguish metastasis
from high-grade primary glial neoplasm such as
glioblastomal®** [Figure 5]. Studies have evaluated the
use of both single voxel and multivoxel spectroscopy.
Although either can be useful, advantages of multivoxel
spectroscopy are finer spatial resolution and greater
extent of coverage, which allows evaluation of different
components of heterogeneous masses. Some areas within
a tumor may be more metabolically active than others. For
example, MR spectroscopy of the central nonenhancing
portion of ring-enhancing brain tumors may show
evidence of necrosis and/or anacrobic metabolism, while
the central nonenhancing portions of pyogenic abscesses
may rteveal byproducts of fermentation. Additionally,
spectra  from contrast enhancing tumor tissues and
peritumeral edema can be compared in order to evaluate
the presence or absence of peritumoral white matter
infiltration by nonenhancing tumor.

Metabolites commonly evaluated in brain spectroscopy
include: choline at 3.2 ppm, a marker of cell membrane
turnover; N-acetyl aspartate (NAA) at 2.0 ppm, a marker
of neuronal integrity; lactate at 1.3 ppm, a marker of
anaerobic metabolism; and lipid between 0.9 and 1.4 ppm,
a by-product of necrosis. Creatine (3.0 ppm, a marker for
energy metabolism) is often used as an internal control
against which other metabolite peaks are compared.
Common ratios evaluated in proton spectroscopy of the
brain include the choline/creatine ratio and the choline/
NAA ratio. Ratios may be calculated from either the
maximum height of the peak, or from the area under the
curve of the metabolite peak. Discussion of the relative
merits of these methods is beyond the scope of this paper.

The enhancing components of both brain metastases
and high-grade gliomas demonstrate increased choline/
creatine peak ratios compared with normal brain.P515.17]
Although some studies report statistically significant
differences in choline/creatine ratios between high-grade
gliomas and metastases, the values are often variable
and there is overlap among tumors of cach group, so
this ratio alone is not reliable in differentiating the two
entities.’**! In fact, studies vary on whether the choline/
creatine ratio is higher or lower in metastases compared
with high-grade glial neoplasms.

Other metabolites have also been evaluated in the quest
to distinguish metastases from high-grade gliomas.
Lipid and lactate may be elevated in brain tumors due
to necrosis. While brain metastases have been reported
to demonstrate clevated lipid and lactate peaks,® these
peaks have not been found reliable in distinguishing the
brain metastases from high-grade gliomas, which may
also be necrotic. 517263081 High-grade gliomas tend to
have elevated myoinosital peaks, and this has not been

reported in brain metastases.[*!”! Both tumor types may
have depressed NAA.PP!
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Figure 5:A 59-year-old with pulmonary TB and word finding difficulty. Post-contrast MRI demonstrates two lesions, right frontal (a), and
left parietal (d). Multivoxel MRS (b and c) demonstrates decreased NAA (red arrowhead) and elevated Cho/Cr ratio (Blue arrowhead) in
the tumor (b) compared to normal white matter (c). Additionally, lactate is observed in the tumor (yellow arrowhead) but not in normal
brain. Single voxel MRS at intermediate TE (e) and shortTE (f) demonstrates abnormal metabolite ratios (e and f). Lipid peaks are evident
on short TE spectra (green arrowhead) within the lesion. These findings indicate the lesions are metastases rather than tuberculomas

While no clear means of differentiating metastases from
high-grade gliomas by spectroscopy of the enhancing
component of the tumor has become evident, evaluation
of the nonenhancing T2-hyperintense areas around the
enhancing mass has shown promise for differentiating
primary glial tumors from metastases. The pathologic
basis behind this lies on the infiltrative nature of
gliomas compared with metastases.®*" Specifically, the
T2-hyperintense region surrounding enhancing brain
metastases represents pure vasogenic edema, while in glial
tumors, this often represents a combination of vasogenic
edema and infiltrative neoplastic cells.

Multiple studies have shown that the metabolite profile
of the T2-hyperintense, nonenhancing arca surrounding
the enhancing mass of high-grade gliomas demonstrates
significantly elevated choline/creatine ratios compared
with metastases. Spectra of the T2-hyperintense area
around enhancing metastases demonstrate spectra more
similar to normal white matter,>”! or a pattern of
depressed metabolites. !
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Fven if the peak ratios on spectroscopy are significantly
different between cohorts of metastases and high-grade glial
neoplasms, it is important to recognize there may be overlap
between values for individual tumors, rendering diagnosis
in specific cases difficult. Server et al. compared metabolite
ratios between 53 high-grade gliomas and 20 metastases.*”!
This study compared metabolic peak area ratios obtained
using a two-dimensional  chemical = shift
imaging (2D CSI) technique at an echo time of 135 on
a 1.5 Tesla magnet. With this technique, spectroscopic
evaluation of the peritumoral areca was the most accurate
method for distinguishing metastasis from high-grade glial
neoplasms by receiver—operator curve analysis using cut-off
values of choline/creatine ratios of 1.24 in the peritumoral
region, and choline/NAA ratios of 1.11. Please note that the
exact ratio values may vary depending on magnet strength,
acquisition technique, echo time and other local technical
factors, and therefore a specific numerical cut off threshold
is best interpreted as a general guideline in complement to
other imaging findings.

multivoxel,
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MR PERFUSION

MR perfusion may be performed using a variety of
methods. Most commonly, perfusion imaging is acquired
during administration of gadolinium-based contrast
while repeatedly sampling signal from brain tissues of
interest. This may be performed using T2-weighted or
T2*-weighted dynamic susceptibility contrast (DSC)

or Tl-weighted dynamic contrast-enhanced (DCE)
technique.  Technical  differences  between  these
techniques are beyond the scope of this review.

Additionally, newer methods of evaluating brain perfusion
using arterial spine labeling (ASL), which do not require
contrast administration, are rapidly being developed. The
studies described in this section predominantly utilize
DSC perfusion techniques, unless otherwise noted.

A commonly reported perfusion parameter obtained from
both DSC and DCE techniques is the relative cerebral
blood volume (rCBV). This is calculated by comparing
the cerebral blood volume in a region of interest drawn
over the lesion of concern to the CBV of an identical
region of interest placed over the normal-appearing
white matter in the contralateral cerebral hemisphere.
Additional parameters may be calculated from perfusion
studies, including evaluation of time to peak contrast
level, estimation of cerebral blood flow, and estimation of
capillary permeability.

Brain metastases are often highly vascular lesions that
tend to exhibit elevated rCBV compared with contralateral
normal white matter, as do many high-grade glial
neoplasms, and most glioblastomas in particular. Thus,
comparison of rCBV of the enhancing component of
the tumor is not able to accurately differentiate between
these two groups.*1%321 More detailed evaluation of the
perfusion data may yield additional information that can
distinguish between the two entities, including evaluation
of signal recovery DSC perfusion imaging, a proposed
measure of capillary permeability.!'!

As in MR spectroscopy, evaluation of the T2-hyperintense
region around the contrast-enhancing tumor has shown
promise in differentiating primary glial neoplasms from
brain metastases. High-grade gliomas demonstrate
elevated rCBV or elevated peak height (a proposed
measure  of capillary volume) in the peritumoral
T2-hyperintense component of the lesion, compared with
metastases. "33 Again, this is felt to be in keeping
with the infiltrative nature of glial neoplasms compared
with metastases. A cut-off value of rCBV of 0.46 in the
peritumoral nonenhancing T2-hyperintense component
of lesions has been proposed, with a sensitivity and
specificity of 77.3% and 96.2%, respectively, derived from
a series of 48 tumors.*!

While differentiating metastases from primary brain tumors
using MR perfusion imaging 1s difficult, perfusion imaging

may help differentiate between brain metastases and
cerebral abscesses, which can appear identical on anatomic
imaging. Unlike metastases, cerebral abscesses demonstrate
reduced rather than elevated rCBV.?" Additionally, perfusion
MRI may help distinguish CNS lymphoma from metastasis
and high-grade glioma, as lymphoma demonstrates lower
rCBV compared with these two entities.[®?

Perfusion characteristics of brain tumors depend on
the nature of the capillaries within them. In the case
of metastases, this will depend on the primary tumor
as well as relative differentiation of the tumor cells.
Thus, hypervascular metastases such as renal cell
carcinoma and melanoma may show markedly elevated
relative cerebral blood flow compared with less vascular
metastases.? While limited reports comparing perfusion
characteristics of different metastatic lesions have not
yielded significant differences,”” this is an intriguing
area for future research.

DIFFUSION WEIGHTED
DIFFUSION TENSOR IMAGING

IMAGING/

Metastases tend to demonstrate facilitated diffusion in
the form of clevated ADC values,” as do primary glial
necoplasms, compared with normal white matter. Evaluation
of ADC values in the nonenhancing 12-hyperintense areas
surrounding an enhancing tumor may help distinguish
high-grade gliomas from metastasis, with lower ADC values
in infiltrated areas of primary neoplasms compared with
metastases. DWI may also distinguish metastases from
pyogenic abscesses, which demonstrate markedly restricted
diffusion in their central nonenhancing portions.*

ADC  values tend to be higher in  both the
contrast-enhancing portion of the tumor as well as in the
peritumoral area for metastases compared with high-grade
gliomas."*!! While some studies found the ADC values of
the enhancing tumor to be significantly different between
the two entities,'®! others have not.[513%] Evaluation
of ADC values in the nonenhancing surrounding area of
T2-hyperintensity may help distinguish high-grade gliomas
from metastases, with lower values in infiltrated areas of
primary ncoplasms compared with metastases.®!) One
group suggested a cut-off value of the minimum ADC of
nonenhancing T2-hyperintense lesion of 1.3 x 107> mm?/s
to distinguish metastasis from high-grade glioma: Values less
than this indicate high-grade glioma rather than metastasis,
with a sensitivity of 83% and a specificity of 79%.

Other studies aiming to utilize ADC values to distinguish
lymphoma from high-grade glioma or metastasis have not
found this value to be diagnostic.'”’ While lymphomas
tend to exhibit lower ADC values compared with
high-grade glial neoplasms and metastases, this finding
may be suggestive of (rather than diagnostic for)
CNS lymphoma.!'
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A small study evaluating DWI signal intensity and ADC
values of various histologic types of metastases found
lower DWI signal intensity in enhancing portions of
well-differentiated adenocarcinomas as compared with poorly
differentiated carcinomas.”! Additionally, lower normalized
ADC values were correlated with higher tumor cellularity.
Other studies have not found any correlation between
restricted diffusion or ADC values and tumor histology.'®!

DTI is a technique evaluating diffusion measurements in
multiple (at least six) directions, as opposed to the three
directions generally sampled in standard DWI imaging.
This allows more detailed evaluation of diffusivity as well as
evaluation of the integrity of fiber tracts. Comparison of the
mean diffusivity of the enhancing portion of glioblastomas
and metastasis found significantly increased diffusivity in
glioblastomas.”! Interrogation of the peritumoral region of
metastases and high-grade glial neoplasms found increased
mean diffusivity in both, although that of metastases
was significantly greater than high-grade gliomas.[**
Physiologically, this finding is similar to the finding of
increased ADC values in peritumoral region of metastases
compared with high-grade gliomas.

Fractional anisotropy, a measure of the directional
organization of tissue architecture, is decreased in the
peritumoral region of both tumor types compared with normal
white matter. While one study found fractional anistropy
to be significantly elevated in the enhancing component of
glioblastoma compared with metastasis,” others have found
no significant difference between the two.”” One study
reported significantly lower fractional anisotropy within the
peritumeral region of metastases compared with high-grade
gliomas,” but others have not.***!

To summarize, many studies have attempted to differentiate
enhancing parenchymal lesions, particularly metastasis and
high-grade glioma, based on advanced MRI techniques.
While several individual parameters have potential to
differentiate the two entities, heterogencity of the tumor
components of high-grade gliomas, and differences in
histologic subtype of metastases likely limits the utility of
any particular measure. Rather, careful consideration of a
combination of findings from MRS, MRP, DWI, and DTI
is likely the best approach to accurately diagnose the nature
of a solitary enhancing parenchymal mass."!

ANGIOGRAGHY

At present, catheter angiography plays no role in the
diagnosis of brain metastases.

FDG-PET
FDG-PET and PET-CT are increasingly utilized
tools in the staging of cancers, particularly in lung

cancer.””  Although FDG-PET plays an important
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role in staging elsewhere in the body, it has not been
found to be as sensitive as MRI in the evaluation of
brain metastases.*?*#  Cerebral cortex is  highly
FDG avid, and metastases often appear as focal
arecas of hypometabolism, which may also be seen in
nonneoplastic entities such as infarction. Some lesions
do manifest as focal areas of hypermetabolism, although
this can be difficult to detect in the setting of normal
physiologic gray matter metabolism.

The sensitivity of FDG PET is also limited for
small lesions.[*¥! If performed in conjunction with
contrast enhanced CT, more lesions may be detected
or confirmed by CT. However, in a recent study of
104 patients with lung cancer, PET-CT was only
27% sensitive compared with contrast-enhanced
MRI for brain metastases. In almost all of the cases,
brain metastases detected by PET-CT were evident
only on the CECT portion of the examination, with
FDG-PET only detecting altered metabolism in
1/8 patients with discase detectible by PET-CT.1?]
Similarly, FDG-PET was not as sensitive as whole
body MRI in the detection of brain metastases in a
small study including only 7/90 patients with brain
metastases.’ While more sensitive than FDG-PET,
whole body MRI was not as sensitive as conventional
brain MRI for the detection of intracranial metastases
in this small sample.

NONPARENCHYMAL CENTRAL NERVOUS
SYSTEM METASTASES

Pachymeningeal metastases are based in the dura mater.
While dural involvement commonly results from local
invasion by a skull metastasis, malignant lesions can
also primarily involve the dura. Particular cancers are
associated with dural-based metastases, including breast,
lung, prostate cancers, and lymphoma.>*! Dural-based
metastases appear as focal nodular or diffuse enhancing
dural masses [Figure 6]. Dural-based metastases often
spare the subarachnoid space, but can invade adjacent
brain parenchyma.

Differentiating a  dural-based  metastasis  from
meningioma can be difficult. Both may be hyperdense
on mnoncontrast CT and enhance avidly.™ Known
history of malignancy, presence of both dural-based and
parenchymal lesions, and development of a new dural
lesion compared with prior imaging may be helpful
to suggest a diagnosis of dural metastasis rather than
meningioma.

Leptomeningeal carcinomatosis refers to metastastic
sceding of the pia arachnoid or subarachnoid
space [Figure 7]|. This can occur in a sheetlike or
nodular pattern.’’ Common locations to be affected
by leptomeningeal spread of tumors include the basilar
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Figure 6: A 63-year-old male with known metastatic prostate cancer
who presented with somnolence and word finding difficulty. NECT
(a and b) demonstrates a hyperdense right parietal lesion (arrow)
and equivocal fullness in the right middle cranial fossa. Contrast
enhanced T|-weighted MRI clearly shows dural-based enhancing
lesions in the right middle cranial fossa (c), and right parietal
convexity (d). Lesions were new compared with MRI obtained
7 months prior and are consistent with pachymeningeal metastases

Figure 8: A 57-year-old with recurrent renal cell carcinoma who
presented with headaches. MRI revealed a lesion in the atrium
of the right lateral ventricle, with areas of intrinsic T1 signal
hyperintensity consistent with hemorrhage (a, arrowhead), and
marked enhancement (b). Patient underwent gamma knife
radiosurgery for solitary intraventricular metastasis

cisterns and cerebellar folia. Leptomeningeal involvement
can be difficult to detect by CT, and cytological evaluation
of cerebral spinal fluid is an important component in the
evaluation for leptomeningeal spread.!'*!

Figure 7: A 62-year-old with metastatic ocular melanoma who
underwent staging CT.NECT demonstrates hyperdense material in
a right frontal sulcus (a, arrow), which enhances (b). MRI obtained
within | week demonstrates FLAIR hyperintense material in
the subarachnoid space (c) that enhances (d), consistent with
leptomeningeal carcinomatosis. Subsequent lumbar puncture
confirmed malignant cells in the cerebral spinal fluid

Rarely, metastases can manifest in the ventricles

[Figure 8], often in the choroid plexus.
SUMMARY

CT and MRI remain the primary modalities utilized for
the detection of metastatic tumors of the CNS. CT is
extremely useful in the setting of new neurological signs
or symptoms, with or without a history of malignancy.
MRI is highly sensitive for the detection of brain
metastases, but currently both MRI and CECT are
accepted methods of screening for brain metastases.

Advanced MRI techniques including proton spectroscopy,
perfusion, DWI, and DTT have all been evaluated primarily
in the context of distinguishing brain metastases from
other entities such as high-grade primary glial neoplasms,
CNS lymphoma, and abscess. To date, the best means of
differentiating solitary metastasis from primary high-grade
glioma involves evaluating the peritumeral edema of the two
lesions, either by MRS, MRE. DWI, or DTI. Additionally,
though any individual parameter may not accurately
distinguish the two entities, careful evaluation of the
imaging findings together may lead to the correct diagnosis.
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While certain findings on standard and advanced imaging
are suggestive of a particular diagnosis, to date imaging is not
able to reliably predict the histology of a brain metastasis.
As research in the area advances, and the field of molecular
imaging matures, this may become feasible in the future.
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