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Intraaxial brain masses are a significant health problem and present
several imaging challenges. The role of imaging is no longer limited to
merely providing anatomic details. Sophisticated magnetic resonance
(MR) imaging techniques allow insight into such processes as the free-
dom of water molecule movement, the microvascular integrity and he-
modynamic characteristics, and the chemical makeup of certain com-
pounds of masses. The role of the most commonly used advanced MR
imaging techniques—perfusion imaging, diffusion-weighted imaging,
and MR spectroscopy—in the diagnosis and classification of the most
common intraaxial brain tumors in adults is explored. These lesions
include primary neoplasms (high- and low-grade), secondary (meta-
static) neoplasms, lymphoma, tumefactive demyelinating lesions, ab-
scesses, and encephalitis. Application of a diagnostic algorithm that
integrates advanced MR imaging features with conventional MR imag-
ing findings may help the practicing radiologist make a more specific
diagnosis for an intraaxial tumor.
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Abbreviations: ADC = apparent diffusion coefficient, FLAIR = fluid-attenuated inversion-recovery, NAA = N-acetylaspartate, rCBV = relative
cerebral blood volume, rTBV = relative tumor blood volume, WHO = World Health Organization
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Introduction
Intracranial tumors are a significant health prob-
lem. The annual incidence of primary and sec-
ondary central nervous system neoplasms ranges
from 10 to 17 per 100,000 persons. The Ameri-
can Cancer Society and the Primary Brain Tu-
mors in the United States Statistical Report pro-
jected that in 2005 in the United States, an esti-
mated 12,760 deaths from intracranial tumors
would occur, and that an estimated 43,800 new
cases of primary nonmalignant and malignant
central nervous system tumors would be diag-
nosed, respectively.

Imaging plays an integral role in intracranial
tumor management. Magnetic resonance (MR)
imaging in particular has emerged as the imaging
modality most frequently used to evaluate intra-
cranial tumors, and it continues to have an ever-
expanding, multifaceted role. In general, the role
of MR imaging in the workup of intraaxial tumors
can be broadly divided into tumor diagnosis and
classification, treatment planning, and posttreat-
ment surveillance.

In addition to conventional MR imaging tech-
niques, a variety of advanced techniques have
found their place in clinical practice or are the
subject of intense research. These advanced tech-
niques offer more than the anatomic information
provided by the conventional MR imaging se-
quences. They generate physiologic data and in-
formation on chemical composition. The current
advanced techniques include perfusion imaging,
diffusion-weighted imaging (including diffusion-
tensor imaging), MR spectroscopy, blood oxygen
level-dependent (BOLD) imaging, and the
largely experimental molecular imaging. Cur-
rently, the first three techniques are more com-
monly used.

Discrimination of extraaxial and intraaxial
brain tumors is relatively easy with only anatomic
imaging; however, the major diagnostic challenge
is to reliably, noninvasively, and promptly differ-
entiate intraaxial tumors to avoid biopsy and fol-
low-up imaging studies. Integration of diagnostic
information from advanced MR imaging tech-
niques can further improve the classification ac-
curacy of conventional anatomic imaging.

This article focuses on the role of the most
commonly used advanced MR imaging tech-
niques—perfusion imaging, diffusion-weighted
imaging, and MR spectroscopy—for the diagnosis
and classification of the most common intraaxial
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brain tumors in adults. We conclude by present-
ing a practical diagnostic algorithm that integrates
advanced MR imaging features to help the prac-
ticing radiologist make a more specific diagnosis
for an intraaxial tumor.

Advanced MR
Imaging Features of
Common Intraaxial Tumors
In the largest stereotactic brain biopsy series, the
most common intraaxial brain masses were high-
grade primary neoplasms (36% of cases), low-
grade primary neoplasms (33%), metastases
(8%), lymphoma (5%), demyelinating and in-
flammatory conditions (3%), infarcts (2%), and
abscesses (1%) (1). In the largest stereotactic
brain biopsy series, to our knowledge, of nonen-
hancing brain lesions, the following pathologic
conditions were encountered: gliomas, tumefac-
tive demyelinating lesions, and encephalitis (2).
Thus herein, we provide a review of the advanced
MR imaging features of the following common
intraaxial tumors and tumorlike processes in
adults: primary neoplasms (high- and low-grade),
secondary (metastatic) neoplasms, lymphoma,
tumefactive demyelinating lesions, abscesses, and
encephalitis.

The location of advanced imaging interroga-
tion can influence the findings, and, unless other-
wise indicated, the imaging features described are
from solid portions of the lesions. In addition, as
in any imaging study, an understanding of limita-
tions and confounding factors is essential to avoid
misinterpretation. The features described in this
article do not apply for hemorrhagic lesions.

Primary (Non-

lymphomatous) Neoplasms

The most common primary brain neoplasms are
of glial origin. Low-grade glial neoplasms occur
most often in patients aged 20—40 years, whereas
high-grade glial lesions occur in older adults who
tend to have shorter survival. Currently, high-
grade glial neoplasms are differentiated from low-
grade ones by pathologic evidence of increasing
cellular atypia, nuclear pleomorphism, neovascu-
lar proliferation, and necrosis.

MR Spectroscopy.—The typical proton MR
spectroscopic features for primary neoplasms are
elevated peaks of lipid, lactate, choline, and myo-
inositol and reduced NAA signal, summarized in
the Table and illustrated in Figures 1-6.
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Typical Advanced MR Imaging Features of Intraaxial Brain Tumors

Neoplasms Tumefactive
MR Imaging Demyelinating
Feature Primary Secondary Lymphoma Lesion Abscess*  Encephalitis
MR spectroscopy
Lipid signal Elevated at 0.9 Elevated at Elevated at 0.9
(ppm) and 1.3, es- 0.9 and and 1.3
pecially with 1.3
high-grade
lesion
Lactate signal Elevated at Elevated at  Elevated at Elevated Elevated at
(ppm) 1.33, espe- 1.33 1.33 at 1.33 1.33
cially with
high-grade
lesion
NAA signal Reduced at Reduced Reduced at Reduced at Absent at  Reduced at
(ppm) 2.02, more or ab- 2.02 2.02 2.02 2.02
so with sent at
high-grade 2.02
lesion
Choline signal Elevated at Elevated at Elevated at 3.2  Elevated at Absent at  Elevated at
(ppm) 3.2, more so 3.2 3.2, espe- 3.2 3.2
with high- cially with
grade lesion acute lesions
Myoinositol Elevated at Elevated at
signal (ppm) 3.55, more 3.55
so with glio-
matosis and
low-grade
lesion
Diffusion- Variable, Elevated Reduced Reduced Markedly  Variable
weighted im- 0.82-2.73 X (crescent or reduced
aging: ADC 1073 mm?/ concentric
value sec areas) for
acute le-
sions; el-
evated for
chronic le-
sions
Perfusion imag- Tends to in- Elevated Low, com- Low Low Unknown
ing: rTBV crease with pared with
value tumor grade primary
high-grade
neoplasms;
high, rela-
tive to toxo-
plasmosis

3.0 ppm).

*Qther typical MR spectroscopic features include elevated signals for amino acid (at 0.9 ppm), alanine (at 1.47
ppm), acetate (at 1.92 ppm), pyruvate (at 2.37 ppm), and succinate (at 2.40 ppm), and absent creatine signal (at
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Figure 1. Right frontal anaplastic oligoastrocy-
toma (World Health Organization [WHO] grade
IIT) in a 39-year-old man. The diagnosis was proved
at biopsy. (a) Axial postcontrast T'1-weighted MR
image demonstrates a nonenhancing right frontal
mass. (b) On an axial relative cerebral blood volume
(rCBV) map, there is elevated rTBV compared with
contralateral normal brain tissue, especially at the
posterior periphery of the lesion. (¢) Intermediate-
echo MR spectrum shows a decrease in the NAA (at
2.02 ppm) and creatine (Cr) (at 3.0 ppm) peaks and
elevation of the choline (Cho) peak (at 3.2 ppm).

(d, e) These observations are further illustrated
with spectroscopic color maps of the NAA/cre-

atine (d) and choline/creatine (e) ratios.
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Figure 2. Left parietal glioblastoma multiforme
(WHO grade IV) in a 59-year-old woman. (a) Axial
postcontrast T'1-weighted MR image demonstrates
a heterogeneously enhancing, necrotic mass. (b) Ax-
ial diffusion-weighted image shows a mixture of fa-
cilitated and restricted diffusion (a similar appear-
ance was observed on the axial ADC maps, not
shown here). (¢) Axial arterial spin-labeled gener-
ated cerebral blood flow map shows elevated cere-
bral blood flow compared with that in contralateral
normal brain tissue. (d) Single-voxel short-echo
MR proton spectrum of the lesion shows depression
of the NAA (at 2.02 ppm) and creatine (Cr) (at 3.0
ppm) peaks, elevation of the lactate (Lac) and/or
lipid peak (at 1.33 ppm), and elevation of the cho-
line (Cho) peak (at 3.2 ppm). (e) These observa-
tions are further illustrated with intermediate-echo
spectroscopic color maps of the NAA/choline ratio.
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Figure 3. Bifrontal glioblastoma multiforme (WHO
grade IV) in a 79-year-old woman. (a) Axial postcon-
trast T'1-weighted MR image with overlying spectro-
scopic grid demonstrates a heterogeneously enhancing,
necrotic mass. (b, ¢) Multivoxel short-echo MR proton
spectra show depression of the NAA (at 2.02 ppm) and
creatine (Cr) (at 3.0 ppm) peaks, elevation of the lac-
tate (Lac) and/or lipid peak (at 1.33 ppm), and eleva-
tion of the choline (Cho) peak (at 3.2 ppm) within the
enhancing portion of the mass, as seen in voxel 10 (out-
lined with a white frame in a). There is also evidence of
peritumoral infiltration, as voxel 23 (outlined with a
black frame in a)— which is beyond the enhancing por-
tion of the lesion—shows the choline/NAA ratio >1.
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Figure 4. Right frontal low-grade oligodendroglioma
(WHO grade II) in a 35-year-old man. (a) FLAIR im-
age shows a nonenhancing T2 hyperintense mass (simi-
lar appearance observed on postcontrast T1-weighted
MR images, not shown here). (b) Axial ADC map
shows facilitated diffusion. (¢) Short-echo MR proton
spectrum shows an elevated myoinositol (1) peak (at
3.55 ppm). Cho = choline, Cr = creatine.
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Figure 5. Left temporal ganglioglioma in a 32-year-
old man. (a) Fluid-attenuated inversion-recovery
(FLAIR) MR image with overlying spectroscopic grid
shows a T2 hyperintense mass. No enhancement was
seen on postcontrast T'1-weighted MR images (not
shown). (b) Short-echo MR proton spectrum shows an
elevated myoinositol (ml) peak (at 3.55 ppm). Cho =
choline, Cr = creatine. (c) Multivoxel intermediate-
echo MR proton spectroscopic color map of the cho-
line/NAA ratio shows choline/NAA elevation.
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Figure 6. Bihemispheric gliomatosis cerebri in a 53-
year-old woman. (a) FLAIR image shows a T2 hyper-
intense nonenhancing mass involving both hemispheres
(similar appearance observed on postcontrast T'1-
weighted MR images, not shown here). (b) On the
axial rCBV map, the rTBV is lower than that of normal
brain tissue (ratio = 0.83). (c) Short-echo MR proton
spectrum shows elevated levels of creatine (Cr) (at 3.0
ppm) and myoinositol (1) (at 3.55 ppm), a reduced
level of NAA (at 2.02 ppm), and a mildly elevated level
of choline (Cho) (at 3.2 ppm).
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The metabolites responsible for the NAA sig-
nal are predominantly found in neurons. Thus,
reduction in the NAA signal in neoplasms arises
from reduced or absent production of these me-
tabolites because normal neurons have been de-
stroyed or displaced by the neoplastic process.

The prevailing view is that an elevated choline
peak is a surrogate marker of increased cell mem-
brane turnover caused by tumor growth or nor-
mal cell destruction; however, an alternative view
suggests that the choline signal may at least in
part be elevated because of increased production
through phospholipase upregulation.

The relative
anaerobic environment of many neoplasms and
derangements in glucose metabolism result in
incomplete glucose breakdown and likely account
for the elevated lactate signal (Figs 2d, 3b) (3,4).

Unfortunately, there are no unequivocal cutoff
metabolite signal ratios that clearly distinguish
neoplastic from nonneoplastic conditions. Pub-
lished MR spectroscopic results showed a sensi-
tivity of 79% and a specificity of 77% for a cho-
line/NAA ratio of greater than 1 as an indicator of
a neoplastic process (5). A sensitivity of 87% and
a specificity of 85% were achieved by using a lo-
gistical regression model with 10 input MR spec-
troscopic variables (5). In our review of the litera-
ture, we were unable to find a reliable spectro-
scopic feature that distinguishes nonneoplastic
from neoplastic conditions. However, we did find
that a choline/NAA cutoff ratio of 2.2 does reli-
ably separate high-grade neoplasms from low-
grade neoplasms and nonneoplastic conditions
(Figs 1c—le, 2d, 2e, 3b, 4c).

Analysis of other metabolite peaks can also aid
in grading primary neoplasms. High-grade neo-
plasms tend to have elevated lipid signal, which is
often absent in low-grade neoplasms (Figs 2d, 3b,
4c¢, 5b) (6-9). On the other hand, a high myo-
inositol peak is more characteristic of lower grade
neoplasms and gliomatosis cerebri (the latter are
WHO grade III tumors but have advanced MR
imaging features that are more in line with those
of low-grade neoplasms) (Fig 6¢) (7).

Diffusion-weighted Imaging.—The typical
diffusion-weighted imaging feature for primary
neoplasms is variable apparent diffusion coeffi-
cients (ADCs) (Table). The ADC is inversely
proportional to cellular density, presumably be-
cause of tortuousity of the interstitial space and
the resultant limitation in water movement (10—
12). Although the ADC value of high-grade glio-
mas has been shown to be lower than that of low-
grade gliomas (13), there is substantial overlap;
thus, ADC maps alone are insufficient for pre-
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dicting type and grade of glial neoplasms (Figs
2b, 4b) (14). These comments may not apply to
brain masses in children.

Perfusion Imaging.—The typical perfusion im-
aging feature for primary neoplasms is a relative
tumor blood volume (rTBV) that tends to in-
crease with neoplasm grade (Table).

Perfusion imaging allows some insight into
angiogenesis, a process essential for neoplastic
growth. Neoplastic induced angiogenesis results
in structurally abnormal vessels that tend to be
leaky, and thus neoplasms have increased perme-
ability parameters on perfusion MR images. Sev-
eral studies have shown that the grade of the neo-
plasm correlates with tumor blood volume (Figs
1b, 2c, 6b) (6,15-18). An rTBV of 1.75 was sug-
gested as a cutoff threshold to distinguish a high-
grade from a low-grade neoplasm (6), where
r'TBV is measured as a ratio of the maximal tu-
mor blood volume to a region of interest in nor-
mal white matter. An important exception is low-
grade glial neoplasms with oligodendroglial fea-
tures, which may have markedly elevated rTBV
(19). Markedly elevated rTBV has been observed
in particular with low-grade oligodendrogliomas
and oligoastrocytomas with 1p deletion.

Secondary (Metastatic) Neoplasms

MR Spectroscopy.—Typical MR spectroscopic
features for secondary neoplasms include elevated
signals of lipid, lactate, and choline and reduced
or absent NAA signal (Table), illustrated in Fig-
ure 7.

Distinguishing metastases from high-grade
primary neoplasm with spectroscopic interroga-
tion of the enhancing portion of the tumor is un-
reliable, even though it has been shown by some
to be possible by looking for a higher degree of
lipid signal in metastatic lesions (7,8). In contrast,
because primary neoplasms have the propensity
to infiltrate surrounding brain tissue, interroga-
tion of areas outside the enhancing portion of the
lesion has proved to be more promising (20,21).
Various metabolite signal ratios have been sug-
gested for this purpose. In one study, a choline/
NAA ratio of greater than 1 had an accuracy of
100% (20) (Fig 3).

Diffusion-weighted Imaging.—The typical
diffusion-weighted imaging feature for secondary
neoplasms is an elevated ADC (Table). The
ADC values of metastatic lesions are variable and
overlap with those of primary neoplasms (Fig 7b)
(14). However, it is possible to separate metasta-
sis from primary brain neoplasm by measuring
ADC values in the peritumoral regions. Recently,
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it has been shown that, because of neoplastic infil-
tration in primary neoplasms, peritumoral diffu-
sion-tensor imaging tends to show lower ADC
values in regions of peritumoral “edema” com-
pared with those seen with metastatic disease
(22).

Perfusion Imaging.—The typical perfusion im-
aging feature for secondary, metastatic lesions is
an elevated rTBV (Table). As is the case for pri-
mary neoplasms, the ability of metastases to in-
duce angiogenesis is crucial for metastatic lesion
growth. Perfusion parameters of metastatic le-
sions tend to overlap with those of high-grade
neoplasms, probably because of their similarity in
the degree of angiogenesis. One possible feature
that might allow differentiation between second-
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Figure 7. Metastatic renal cell cancer in a 73-
year-old man. (a) Axial postcontrast T1-weighted
MR image demonstrates a heterogeneously enhanc-
ing small mass in the posterior left frontal lobe with
extensive surrounding T2 hyperintensity. (b) Axial
diffusion-weighted map shows predominantly fa-
cilitated diffusion with a small crescent-shaped area
of restricted diffusion that had an ADC value of
1.04 X 1073 mm?/sec). (c) On an axial rCBV map,
the rTBV is elevated (ratio = 6.27).

ary and primary neoplasms is that metastatic le-
sions have lower rTBV measurements outside
their enhancing portion, compared with those of
the more infiltrative primary neoplasms (21,23).

Lymphoma

Primary central nervous system lymphoma ac-
counts for 2% of extranodal lymphomas. The
peak prevalence of primary central nervous sys-
tem lymphoma occurs between the 5th and 6th
decades of life. It is commonly associated with
immunodeficiency states including acquired im-
munodeficiency syndrome (AIDS).

MR Spectroscopy.— T'ypical proton MR spec-
troscopic features for lymphoma include elevated
signals of lipid, lactate, and choline and reduced
NAA signal (Table), illustrated in Figure 8.

MR spectroscopy of lymphoma in AIDS pa-
tients revealed mild to moderately increased lac-
tate and lipid signals, along with a prominent cho-
line peak and decreased NAA, creatine, and myo-
inositol signals (24,25). This pattern can help in
differentiating lymphoma from toxoplasmosis,
which typically has elevated lactate and lipid sig-
nals but absence of the other metabolites in MR
spectra (26).
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Figure 8. Primary central nervous system lym-
phoma in a 50-year-old woman. (a, b) Axial post-
contrast T'1-weighted MR image (a) demonstrates a
homogeneously enhancing mass in the right frontal
lobe, which is isointense on the axial fluid-attenu-
ated inversion-recovery MR image (b), with exten-
sive surrounding T2 hyperintensity. (¢) Axial ADC
map shows restricted diffusion (lowest ADC value

obtained was 0.82 X 1073 mm?/sec).

Diffusion-weighted Imaging.—The typical
diffusion-weighted imaging feature for lymphoma
is reduced ADC (Table). Lymphoma tends to
have a low ADC due to its cellularity. This fea-
ture can help in differentiating lymphoma from
toxoplasmosis, which typically has significantly
greater ADC values than lymphoma lesions (Fig
8¢c) (27). A low ADC value would also favor lym-
phoma over glial tumors.

Perfusion Imaging.—The typical perfusion im-
aging feature for lymphoma is an rTBYV that is low
compared with that of primary high-grade neo-
plasms and high relative to toxoplasmosis
(Table).

Differentiation of lymphoma and primary
high-grade glial neoplasms is feasible because
lymphoma tends to have a lower rTBV (23,28,
29), and the intensity time curves for lymphoma
tend to be substantially below the baseline (29).
However, lymphoma tends to show higher rTBV
compared with toxoplasmosis (30).

Tumefactive Demyelinating Lesions
Multiple sclerosis is an autoimmune demyelinat-
ing disorder characterized by distinct episodes of

neurologic deficits, separated in time and space.
It affects millions of patients worldwide and ap-
proximately 250,000-350,000 in the United
States alone. Symptoms usually begin during
young adulthood. Acute monophasic syndromes
include the Marburg variant of multiple sclerosis,
Bald’s concentric sclerosis, and other focal tume-
factive demyelinating lesions that may simulate
brain tumors. A specific diagnosis that distin-
guishes among these rare syndromes early in the
course of disease has prognostic and treatment
implications.

MR Spectroscopy.—Typical proton MR spec-
troscopic features for tumefactive demyelinating
lesions include an elevated choline peak and re-

duced NAA signal (Table), as illustrated in Fig-
ure 9.
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Figure 9. Periventricular tumefactive demyelinating lesion in a 38-year-old woman. (a) FLAIR image shows
a well-defined T2 hyperintense enhancing lesion (similar appearance observed on postcontrast T'1-weighted
MR images, not shown here). (b) Axial diffusion-weighted image shows restricted diffusion. (¢) Axial arterial
spin-labeled generated cerebral blood flow map shows no elevation of flow compared with contralateral normal
white matter. (d) Single-voxel intermediate-echo MR proton spectrum shows mild depression of the NAA
peak (at 2.02 ppm), absence of the lactate peak (at 1.33 ppm), and elevation of the choline (Cho) peak (at 3.2
ppm). Cr = creatine. (e, f) These findings are further illustrated with spectroscopic color maps of NAA and
the choline/creatine ratios.
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A fulminant tumefactive demyelinating lesion
may show high choline and low NAA signals as
well as presence of lactate (31). Often, it is diffi-
cult to distinguish a tumefactive demyelinating
lesion from neoplastic lesions at MR spectroscopy
(Fig 9d-91) (31,32). In multiple sclerosis, the
spectroscopic abnormalities are not limited to
visible lesions, since normal-appearing areas of
white matter were shown to have reduced NAA
signal (compared with NAA signals in healthy
control subjects). In the early stages of the dis-
ease, an increased myoinositol peak may be more
apparent in normal-appearing white matter than
reduced NAA signal.

Diffusion-weighted Imaging.—The typical
diffusion-weighted imaging feature for tume-
factive demyelinating lesion is variable ADC
(Table). Most tumefactive demyelinating lesions
have elevated ADC values, although occasionally,
acute demyelinating lesions may have areas of
reduced ADC values (Fig 9b) (33).

Perfusion Imaging.—The typical perfusion im-
aging feature for tumefactive demyelinating le-
sions is a low rTBV (Table). In tumefactive de-
myelinating lesions, rTBV values tend to be lower
than those in normal brain tissue (33). High-
grade primary neoplasms and metastatic lesions
have higher rTBV values than do tumefactive de-
myelinating lesions (Fig 9c) (23).

Brain Abscesses

Brain abscesses are rare in immunocompetent
individuals. In adults, ear and sinus infections are
the most common predisposing conditions for
brain abscesses. On the other hand, brain ab-
scesses may develop from hematogenous spread
of infection from a distant site such as a pyogenic
lung process. In addition, pulmonary arterio-
venous malformation is a predisposing condition
for brain abscesses.

MR Spectroscopy.—Typical MR spectroscopic
features of brain abscesses include elevated peaks
of amino acid, lactate, alanine, acetate, pyruvate,
and succinate and absent signals of NAA, creat-
ine, and choline (Table, Fig 10).

Abscesses have a distinct spectroscopic pattern
that allows differentiation from other entities. For
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instance, elevation of choline (34-36) and ab-
sence of signal from a variety of amino acids, ac-
etate, and succinate (11,36—38) are features that
would favor a neoplastic process, whereas the
other peaks listed above—alanine, acetate, pyru-
vate, and succinate—favor abscesses (Figs 1c, 2d,
10¢).

MR spectroscopy may shed light on which or-
ganism is responsible for the abscess, because the
presence of anaerobic bacteria tends to cause el-
evated acetate and succinate peaks (Fig 10c),
whereas absence of acetate and succinate signals
are more likely with obligate aerobes or facultative
anaerobes (39,40).

Tuberculous abscesses typically have high lipid
and lactate peaks. These abscesses have no peaks
for amino acids (leucine, isoleucine, and valine)
at 0.9 ppm, succinate at 2.41 ppm, acetate at 1.92
ppm, and alanine at 1.48 ppm, in contrast to pyo-
genic abscesses, which have peaks for all these
metabolites.

Diffusion-weighted Imaging.—The typical
diffusion-weighted imaging feature for brain ab-
scess is markedly reduced ADC (Table). ADC
maps are of great value in distinguishing neo-
plasms, which more often have facilitated diffu-
sion, from abscesses, which are more likely to
have restricted diffusion, in their necrotic por-
tions (Fig 10b) (11,41,42). However, there are
some reports of overlapping characteristics. Fur-
thermore, the walls of necrotic or cystic tumors
have been shown to have a lower ADC value than
that of an abscess (Fig 2b, 10b) (43).

Perfusion Imaging.—The typical perfusion
imaging feature for brain abscess is low rTBV
(Table). High-grade primary neoplasms and me-
tastases can be differentiated from abscesses with
perfusion MR imaging, in which the wall of ne-
crotic or cystic neoplasms tends to have higher
rTBV compared with the capsule of an abscess
(Figs 1b, 2¢, 10d) (43).

Encephalitis

MR Spectroscopy.—Typical proton MR spec-
troscopic features for encephalitis include el-
evated peaks of lactate, choline, and myoinositol
and reduced NAA signal (Table). Encephalitis
tends to resemble low-grade gliomas, with reduc-
tion of the NAA signal and elevation of the cho-
line and myoinositol peaks (44). A lactate peak is
an inconsistent finding (44). After the initial acute
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Left frontal abscess in a 57-year-old man. (a) Axial postcontrast T'1-weighted MR image demon-

strates a rim-enhancing mass with surrounding edema. (b) Axial diffusion-weighted image shows restricted dif-
fusion with ADC measurements as low as 0.94 X 10~3 mm?/sec, corresponding to the nonenhancing portion of
the abscess. (¢) Short-echo MR spectrum shows depression of the NAA (at 2.02 ppm), choline (Cho) (at 3.2
ppm), and creatine (Cr) (at 3.0 ppm) peaks, as well as elevation of the amino acid (at 0.9 ppm), lactate (Lac)
(at 1.33 ppm), acetate (at 1.9 ppm), and succinate (at 2.4 ppm) peaks. (d) Axial arterial spin-labeled generated
cerebral blood flow map shows no elevation of flow compared with contralateral normal white matter.

phase of encephalitis, there is gradual normaliza-
tion of the MR spectrum in about 1 year (45).

Diffusion-weighted Imaging.—The typical
diffusion-weighted imaging feature for encephali-
tis is variable ADC (Table). Encephalitis typically
has low ADC values. However, this finding is not
as consistent as that seen with infarcted tissue
(46). Diffusion-weighted imaging may also shed
light on the severity of the process, because fulmi-
nant cases are more likely to cause restricted dif-
fusion (44).

Perfusion Imaging.—The typical perfusion im-
aging feature for encephalitis is unknown. To our
knowledge, there has been no report in the litera-
ture on perfusion MR imaging of encephalitis. A
case report of perfusion computed tomography
suggests elevated perfusion in the acute phase
(47). The nuclear medicine literature describes
normal to elevated perfusion initially, followed by
abnormal reduction in the chronic phase (48).
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( Intra axial masses

Question 1
Does the lesion enhance?
No T Yes
Question 7 Question 2
Is there ele;/gtlzon of Cho/Naa? Is diffusion facilitated?
- (>1.1 x 10°*mm?sec ADC)
No ,—l— Yes

Low GN, TDL or

Encephalitis
Question 8
Is perfusion increased?
(>1.75 rTBV)
No Yes
Low GN High GN
Figure 11.

No Yes

Is there rim enhancement ?

Question 3 Question 4

Is perfusion increased?

(>1.75 rTBV)

Lymphoma

No Yes No | Yes
TDL or Abscess High GN
Question 6 Question 5§
Is perfusion increased? Is there infiltration?
(>1.75rTBV) (>1 Peri-lesion Cho/NAA)
Yes No No I_‘ |Yes
High GN TDL or Abscess Metastasis |High GN|

Algorithm for unknown intracranial mass classification. This practical MR imaging algorithm is

composed of a series of nodes or questions that would suggest a diagnosis if the paths are followed to the bot-
tom. Cho = choline, High GN = high-grade neoplasm, Low GN = low-grade neoplasm, 7DL = tumefactive

demyelinating lesion.

Integrated Conventional
and Advanced MR Imaging Diag-
nostic Approach to Intraaxial Masses

Figure 11 shows an algorithm designed to help
classify unknown intraaxial lesions in immuno-
competent adults. Low-grade primary neoplasm,
high-grade primary neoplasm, metastatic neo-
plasm, lymphoma, tumefactive demyelinating
lesion, abscess, and encephalitis are common in-
traaxial masses that represent the diagnostic end-
points of this algorithm.

The algorithm contains several questions
whose answers require information derived from
MR imaging studies.

Question 1: Does the Lesion Enhance at
Conventional MR Imaging?—An assessment
of whether the lesion is intraaxial or extraaxial is
crucial as an initial step. Simple visual inspection
is performed to assess for any perceived enhance-
ment.

The general purpose at this point is to dis-
criminate typically nonenhancing lesions such as
low-grade neoplasms and encephalitis from typi-
cally enhancing lesions such as abscesses, lym-
phomas, tumefactive demyelinating lesions, high-
grade primary neoplasms, and metastatic lesions
(49). Admittedly, contrast enhancement is not
specific, as it represents disruption of the blood-
brain barrier; however, it is commonly used in
clinical practice as an initial discriminator to im-
prove lesion detection and differentiation (49).

Question 2: Is Diffusion Facilitated, as
Determined with Diffusion-weighted Imag-
ing?—At this point, the lowest ADC value (ex-
pressed X 1073 mm?/sec) should be recorded
from several regions of interest within the lesion,
including both enhancing and nonenhancing
parts, regardless of whether that part was solid or
cystic.

The primary purpose is to separate lesions that
typically have reduced diffusion such as lympho-
mas and abscesses from lesions that typically have
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facilitated diffusion such as neoplasms and tume-
factive demyelinating lesions (42). There is no
universally accepted threshold for ADC to deter-
mine whether diffusion is facilitated or not; how-
ever, after a meta-analysis of publications from
different centers, we adopted a value of 1.1 X
1073 mm?/sec (11,27,41,42).

Question 3: Is There Rim Enhancement or
Necrosis at Conventional Postcontrast MR
Imaging?—Presence of necrosis is indicated

by a nonenhancing area, which is dark on T'1-
weighted images, bright on T2-weighted images,
and surrounded by enhancing tissue.

This question helps differentiate lymphomas,
which typically lack rim enhancement in immu-
nocompetent patients before therapy, from tume-
factive demyelinating lesions, abscesses, and high-
grade neoplasms, in which central necrosis and
peripheral enhancement are common.

Question 4: In Lestons with Facilitated Dif-

Jusion, Is Perfusion Increased?—Perfusion
measurements are made from several regions of
interest within the lesion and compared with val-
ues obtained in normal white matter. The highest
rTBV is recorded from several regions of interest,
including both enhancing and nonenhancing por-
tions of the mass, regardless of whether the por-
tion is solid or cystic.

There is no universally accepted single thresh-
old for rTBV that can help discriminate among
the various intraaxial lesions. In a cohort of tume-
factive demyelinating lesion cases, the highest
rTBV was 1.79 (50). As previously indicated,
neoplastic lesions tend to have higher rTBV
(2.90 £ 0.62) compared with abscesses (0.45 *
0.11) (43). In a separate study, the use of an
r'TBV threshold of 1.75 to distinguish high-grade
neoplasm from low-grade glial neoplasms resulted
in the lowest C2 type error and a sensitivity of
95.0% and a specificity of 57.5% (6). Therefore,
this threshold is used at this point in the algo-
rithm.

The purpose here is to differentiate tumefac-
tive demyelinating lesions and abscesses from
high-grade neoplasms and metastases. Primary
high-grade neoplasms and metastases are ex-
pected to have an elevated rTBV (in contrast to
tumefactive demyelinating lesions, abscesses, and
low-grade neoplasms) because of differences in
angiogenesis induction (6,18,43,50).
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Question 5: Is There Infiltration of Sur-
rounding Tissue?—As previously indicated,
metastases tend not to infiltrate surrounding tis-
sue (5,43,44); thus, spectroscopic interrogation of
peritumoral tissue can be more effective for differ-
ential diagnosis than measurements from enhanc-
ing tissue (20). There is no universal discriminat-
ing threshold for the choline/NAA ratio; however,
a ratio of 1.0 was shown to have 100% accuracy
for differentiating between primary and secondary
neoplasms when correlated with results of stereo-
tactic biopsies in one study (20).

Question 6: In Lesions with Reduced Diffu-
sion and Rim Enhancement, Is Perfusion
Increased?—As previously indicated, neoplastic
lesions tend to have higher rTBV compared with
that of abscesses (43). The threshold of 1.75 used
in Question 4 is used at this point for the sake of
simplicity.

Question 7: Is There Elevation of Cholinel
NAA Ratio?—Despite overlap of MR spectro-
scopic ratios for encephalitis, tumefactive demy-
elinating lesions, and gliomas (6,8,20,24,32), we
used a choline/NAA ratio of 2.2 to separate pri-
mary high-grade neoplasms from mimicking le-
sions such as encephalitis and tumefactive demy-
elinating lesions. This value was calculated
through a meta-analysis of published choline/
NAA ratios for high-grade gliomas, tumefactive
demyelinating lesions, and encephalitis (6,8,20,
24,32). Those cases in which the response to this
question is “no” are an imaging challenge, and
clinical and imaging follow-up or a biopsy cer-
tainly has a role for further discrimination.

Question 8: In Nonenhancing Lesions, Is
Perfusion Increased?—The threshold of 1.75
used in Questions 4 and 6 is used at this point in
the algorithm. Perfusion imaging has better accu-
racy than MR spectroscopy and ADC for grading
primary brain neoplasms (6).

Conclusions
Intraaxial brain masses are a significant health
problem and are often a diagnostic imaging chal-
lenge. Knowledge of the most common intraaxial
masses and familiarity with their advanced MR
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imaging characteristics can substantially and non-
invasively improve the accuracy in diagnosis and
classification of these masses.
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Page S180
Reduction in the NAA signal in neoplasms arises from reduced or absent production of these
matabolites because normal neurons have been destroyed or displaced by the neoplastic process.

Page S180

The prevailing view is that an elevated choline peak is a surrogate marker of increased cell membrane
turnover caused by tumor growth or normal cell destruction; however, an alternative view suggests
that the choline signal may at least in part be elevated because of increased production through
phospholipase upregulation.

Page S180
The relative anaerobic environment of many neoplasms and derangements in glucose metabolism
result in incomplete glucose breakdown and likely account for the elevated lactate signal.



