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PURPOSE: To compare the MR signal intensity patterns and enhancement pattern of intracranial
tuberculomas with their histopathologic features. METHODS: MR images of six patients with
surgically proved intracranial tuberculoma were reviewed retrospectively and were compared with
histologic findings of the resected specimen. Detailed histologic examination was performed to
look for the extent and characteristics of caseation necrosis, fibrosis, and inflammatory cellular
infiltrates at each area of different signal intensities and at the enhancing areas on MR. Signal
intensities for T1- and T2-weighted images were compared with normal gray matter. RESULTS:
On T1-weighted images, the granulomas showed a slightly hyperintense rim surrounded by a
complete or partial rim of slight hypointensity and central isointensity or mixed isointensity and
hyperintensity in five patients and homogeneous isointensity in one patient. Histologically, the zone
of central isointensity or mixed intensity corresponded to caseation necrosis plus adjacent cellular
infiltrates. The hyperintense and hypointense rims corresponded to the layers of collagenous fiber
and the layers of the inflammatory cellular infiltrates, respectively. On T2-weighted images, the
entire portion of the granuloma showed slightly heterogeneous isointensity or hypointensity with
small markedly hypointense foci in five patients, and a hyperintense center surrounded by a
hypointense rim in one patient. Histologic layers were not discriminated on T2-weighted images.
On postcontrast T1-weighted images, there were single or multiple conglomerate ring enhance-
ments within a tuberculoma in all six patients, corresponding to the layers of both collagenous and
inflammatory cells. CONCLUSION: Combination of the described signal intensity patterns and
conglomerate ringlike enhancing appearance of the lesion is characteristic of tuberculoma, and
may play an important role in differentiating intracranial tuberculomas from other ring-enhancing

brain lesions.
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Central nervous system tuberculosis is an in-
fectious disease process that continues to be a
prevalent endemic problem in certain world
regions. In recent times, the incidence of tuber-
culosis has been on the rise because of the
increased incidence of acquired immunodefi-
ciency syndrome (1, 2). Intracranial tuberculo-
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mas are space-occupying masses of granulo-
matous tissue that result from hematogenous
spread from a distant focus of tuberculous in-
fection. Histologically, the mature tuberculo-
mas are composed of a necrotic caseous center
surrounded by a capsule that contains fibro-
blasts, epithelioid cells, Langhans giant cells,
and lymphocytes (3). The magnetic resonance
(MR) appearances of intracranial tuberculoma
have been well documented in the literature (4 -
7); tuberculoma has been known to be usually
isointense relative to gray matter on both T1-
and T2-weighted images and to appear as a
conglomerated ring-enhancing mass on gado-
linium-enhanced T1-weighted images. Even
though comparison of the MR signal intensity
with histopathology has been reported in the
literature (7), this study has not compared all

1903



1904 KIM

MR-observed layers of different signal intensi-
ties. The purpose of this study was to compare
MR features of intracranial tuberculomas in a
series of six surgically proved cases with corre-
sponding histopathologic features.

Subjects and Methods

Six female patients, 21 to 45 years of age, with surgi-
cally proved intracranial tuberculomas were retrospec-
tively included in this study. Pulmonary tuberculosis also
was present in all six, and spinal tuberculosis was present
in one.

MR imaging was performed with a 2.0-T scanner in five,
and with a 1.5-T scanner in one. With a head coil (diam-
eter, 30 cm), all images were obtained by using spin-echo
pulse sequences and a two-dimensional Fourier transform
image reconstruction. T1-weighted spin-echo (500-600/
20-30/2-4 [repetition time/echo time/excitations]),
proton- and T2-weighted spin-echo (2500-3000/30, 80/
1), and postcontrast T1-weighted images after intravenous
injection of gadopentetate dimeglumine (0.1 mmol/kg
body weight) were obtained in all patients. The section
thickness/gap was 8 mm/2 mm in T1-weighted images,
and 5 to 6 mm/1 to 2 mm in proton- and T2-weighted
images. The images were acquired on a 256 X 256 matrix,
with field of view of 25 cm.

The MR studies were retrospectively reviewed and eval-
uated for the signal intensity of the granuloma compared
with cerebral gray matter on T1- and T2-weighted images
and the extent of enhancement.

All pathologic specimens were obtained from open ex-
cisional biopsy. The resected specimens were 10 to 30
mm and had a slightly lobulated contour. Histologically,
they consisted of coalescent granulomas containing cen-
tral caseation necrosis surrounded by a zone of fibrosis and
inflammatory cells. On microscopic examination, each tu-
berculoma was arbitrarily divided into three layers, which
appeared to conform to different signal intensities on MR
by consensus of one pathologist (C.J.K.) and two radiol-
ogists (K.H.C., T.K.K.). The inner layer was composed of
central caseation necrosis with a variable amount of nu-
clear debris and adjacent inner inflammatory cellular infil-
trates. The middle layer was composed of hyaline collag-
enous connective tissue. The outer layer was composed of
outer inflammatory cellular infiltrates of epithelioid cells
and lymphocytes.

Results

The tuberculoma was located at the subcor-
tical area of the cerebral hemisphere in five
patients, and in the cerebellum in one. The tu-
berculomas were approximately 12 X 12 to
23 X 25 mm in size and showed a lobulated
contour of varying degrees on MR. Grossly,
theses appearances dgenerally matched the
gross specimens.
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On the T1-weighted images, the lesions had a
thick rim of slight hyperintensity compared with
normal gray matter with surrounding complete
(n = 2) or partial (n = 3) rim of slight hypoin-
tensity. The central portion of the lesion dis-
played isointensity (n = 3) or mixed isointensity
and slight hyperintensity (n = 2) in five patients
(Figs 1 and 2), and showed homogeneous isoin-
tensity in one patient (Fig 3). Histologically, the
hyperintense rim corresponded to the layer of
collagenous fibers, and the hypointense rim
corresponded to the layer of outer inflammatory
cellular infiltrates, which was composed of epi-
thelioid cells and lymphocytes. The central
isointense or mixed intense portions reflected
the caseation necrosis with lining of inflamma-
tory cellular infiltrates. In one patient, in whom
no discernible layering appearance is shown on
MR, the specimen consisted of aggregates of
multiple variable-sized tubercles, each contain-
ing all three layers on microscopic examination
(Fig 3).

On T2-weighted images, the entire portion of
the lesions, including central caseation necro-
sis, showed slightly heterogeneous isointensity
(n = 3) or hypointensity (n = 2) in five patients
(Figs 1 through 3), and had central hyperinten-
sity surrounded by a hypointense rim in one
patient. Within the hypointense or isointense
granulomas, multiple small markedly hypoin-
tense foci were found in five patients. The het-
erogeneous hypointense or isointense portions
histologically corresponded to all three layers. It
was impossible to separate each of the three
layers on T2-weighted images. The hyperin-
tense center seen in one granuloma was felt to
correspond to mature liquefied caseating mate-
rial or tuberculous abscess, but histologic con-
firmation was impossible in this case, because
this portion in the microscopic slides was
sloughed during the preparation of the slides.
No areas of focal hemorrhage or other specific
histologic findings corresponding to the multi-
ple small markedly hypointense foci were iden-
tified on the microscopic examination in any
patient.

After contract enhancement, there was ring-
like enhancement, either single ring or multiple
conglomerate rings, that corresponded to the
rims seen on nonenhanced T1-weighted images
and correlated histologically with both the inner
collagen and the outer cellular layers in all six
patients. The nonenhancing portions corre-
sponded to central caseation necrosis (Figs 1
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Fig 1. Case 1. A, T1-weighted coronal image (600/20/2) shows two rims of slight
hyperintensity (long arrows) relative to cerebral gray matter with surrounding partial
rim of slight hypointensity (short arrow) and central isointensity (arrowhead) in the
right frontal lobe.

B, T2-weighted axial image (3000/80/1) shows heterogeneous isointensity con-
taining multiple scattered markedly hypointense foci (arrows) in the mass. Adjacent
hyperintense edema also is seen.

C, Gadolinium-enhanced T1-weighted coronal image (600/20/2) shows multiple
conglomerated ring enhancement at the areas of slight hyperintense and hypointense
rims on precontrast T1-weighted image.

D, Photomicrograph of the resected granuloma shows two ovoid-shaped tubercu-
lomas that consist of central caseation necrosis surrounded by a thick layer of
collagen fiber (arrows) and thin layer of inflammatory cellular infiltrates (arrow-
heads). The layers of collagen fiber and inflammatory cellular infiltrates correspond to
rims of slight hyperintensity and hypointensity on T1-weighted MR images, respec-
tively.
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Fig 2. Case 2. A, T1-weighted axial image (500/30/3) shows a thick rim of slight
hyperintensity (arrow) with central isointensity partially surrounded by a slightly hypoin-
tense rim (arrowhead) in the right temporal lobe.

B, T2-weighted axial image (2500/80/1) shows a round slightly heterogeneous isoin-
tense and hypointense mass (arrow) and adjacent multiple small conglomerate hypoin-
tense nodules (arrowheads). Diffuse surounding edema also is seen.

C, Gadolinium-enhanded T1-weighted axial image (500/30/3) shows ring-shaped
homogeneous enhancements in the round lesion and adjacent conglomerate nodules
seen on T2-weighted images, respectively.

D, Photomicrograph of the resected specimen consists of variable-sized multiple
conglomerated tuberculomas. The largest one contains retracted central caseation ne-
crosis (arrow) surrounded by a thick rim of collagen fiber (arrowhead), which corre-
sponds to a slightly hyperintense rim on T1-weighted MR.
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Fig 3. Case 3. A, T1-weighted sagittal image (500/30/2) shows an ill-

defined isointense mass (arrows) with surrounding edema of slight hypointen-

sity in the right frontal lobe.

B, T2-weighted axial image (3000/80/1) shows a slightly heterogeneous

hyperintense mass containing hypointense foci (arrows).

C, Gadolinium-enhanced T1-weighted coronal image (500/30/2) shows a
round enhancing mass containing unenhancing foci (arrows) corresponding to

areas of caseation necrosis of conglomerate tubercles.

D, Photomicrograph of histologic examination demonstrated multiple vari-
ous-sized conglomerated tubercles. Each tubercle contains central caseation
necrosis (long arrow) surrounded by layers of collagen fiber (short arrow) and

inflammatory cellular infiltrates (arrowhead).

through 3). There was a lot of vascularity in the
cellular and collagen fiber layers on micro-
scopic examination.

MR and histopathologic findings of tubercu-
lomas in six patients are summarized in the
Table.

Discussion

Intracranial tuberculomas originate as a con-
glomerate of small tubercles that join to form a
mature tuberculoma composed of a central ca-
seation necrosis surrounded by a zone of fibro-
blasts, epithelioid cells, Langhans giant cells,
and lymphocytes. In the early stage of tubercu-
loma formation, there is a predominate inflam-
matory reaction with an abundance of giant
cells and a capsule poor in collagenous tissue.
Later, the capsule becomes richer in collagen,
and the surrounding inflammatory reaction may
disappear. The central portion of the lesion is
transformed into caseous material by a necrotic
process (1, 6).

It has been shown that intracranial tuberculo-
mas usually are isointense to cerebral gray mat-
ter on T1- and T2-weighted images (4-7). In a
previous study correlating histologic appear-

ance with MR findings of intracranial tuberculo-
mas (7), the tuberculomas were described as
containing more macrophages, fibrosis, gliosis,
and fewer inflammatory cellular infiltrates ap-
peared hypointense on T2-weighted images. In
this series, the tuberculomas showed isointen-
sity with or without central hypointensity or hy-
pointensity on T1-weighted images, unlike the
cases in the present series. However, direct
comparison between MR signal intensity and
histopathology at the corresponding area was
not performed, and detailed histopathologic
correlation with multiple rims frequently seen
on MR was not described in this report. In our
series, we found a slightly hyperintense rim with
surrounding complete or partial rim of hypoin-
tensity and central isointensity or mixed isoin-
tensity and hyperintensity was usually present
on T1-weighted images (Figs 1, 2). Multiple
markedly hypointense foci scattered in isoin-
tensity or hypointensity on T2-weighted images
(Figs 1 through 3) frequently were seen.

On T1-weighted images, histologic correla-
tion revealed that the central isointensity or
mixed isointensity and hyperintensity corre-
sponded to caseation necrosis with adjacent in-
flammatory cellular infiltrates. Surrounding
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MR and histopathologic findings of intracranial tuberculoma in six patients
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Sex/ ) MR Findings ) o
Case A Location Histologic Findings
gey T1 T2 Gd-T1
1 F/23 R frontal 10 to 23-mm Heterogeneous isointensity Conglomerated rim Two conglomerated
conglomerated thick containing multiple enhancement of tubercles with
rims of slight markedly hypointense foci slightly caseation necrosis
hyperintensity with hyperintense and surrounded by thick
isointense center and surrounding slightly fibrous capsule and
partially surrounding thin hypointense rims thin inflammatory
rim of slight cellular infiltrates
hypointensity each
2 F/21 R temporal 11-mm-thick rim of slight 11-mm heterogeneous Solitary rim 11-mm tuberculoma
hyperintensity with isointensity and enhancement of with caseation
isointense center and hypointensity containing hyperintense rim necrosis surrounded
partially surrounding thin multiple markedly and diffuse solid by thick fibrous
rim of slight hypointense foci and enhancement of capsule and scanty
hypointensity adjacent small (1 to 3 adjacent small inflammatory cell
mm) conglomerated nodules layers and adjacent
isointense and small (1 to 3 mm)
hypointense nodules conglomerated
tubercles with
caseation necrosis in
some tubercles
3 F/25 R frontal lll-defined isointensity 23-mm slight heterogeneous Conglomerated rim Numerous
hyperintensity containing enhancement of conglomerated
hypointense foci variable sizes (2 to tubercles with
8 mm) caseation necrosis in
some tubercles
4 F/23 L temporal 20-mm-thick rim of slight Heterogeneous isointensity Solitary rim Tuberculoma with
hyperintensity with containing multiple enhancement of caseation necrosis
central mixed markedly hypointense foci slightly surrounded by thick
isointensity and hyperintense and fibrous capsule and
hyperintensity and surrounding slightly thin inflammatory cell
partially surrounding thin hypointense rims layers
rim of slight
hypointensity
5 F/28 R 15-mm-thick rim of slight Heterogeneous hypointensity ~ Solitary rim Tuberculoma with
cerebellar hyperintensity with containing multiple enhancement of caseation necrosis
central mixed markedly hypointense foci slightly surrounded by thick
isointensity and hyperintense and fibrous capsule and
hyperintensity and surrounding slightly thin inflammatory cell
surrounding thin rim of hypointense rims layers
slight hypointensity
6 F/45 R occipital 12-mm-thick rim of slight Hypointense rim with central ~ Solitary rim Tuberculoma with
hyperintensity with bright hyperintensity enhancement of caseation necrosis
central isointensity and slightly surrounded by thick

surrounding thin rim of
slight hypointensity

hyperintense and
surrounding slightly
hypointense rims

fibrous capsule and
thin inflammatory cell
layers

slight hyperintense and hypointense rims corre-
sponded to a layer of collagenous fibrosis and a
layer of outer inflammatory cellular infiltrates,
respectively. The variable signal intensity of
central caseation necrosis might be related to
the variable protein concentration, because the
variety of macromolecular protein concentra-
tion can have varied T1 relaxation time (8). The
hyperintensity of the fibrotic layer may be re-
lated to the relatively high protein concentration

and low water content compared with adjacent
tissue. In one patient who did not show a layer-
ing appearance on T1-weighted images, histo-
logic examination demonstrated multiple con-
glomerated tubercles of varying size, each
containing all three layers. Poor discrimination
of the histologic layers on T1-weighted images
was probably caused by the small size of each
of the tubercles and the limit of spatial resolu-
tion of MR.
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On T2-weighted images, the MR appear-
ances of intracranial tuberculomas may vary
according to the stage of evolution of the lesion.
In the immature stage, tuberculomas appear as
multiple scattered areas of isointensity or hy-
pointensity surrounded by hyperintense edema.
Pathologically, these scattered hypointense
nodules represent small tubercles composed of
inflammatory cells and a collagen-poor cap-
sule. In the mature stage, the signal intensity of
tuberculomas usually is heterogeneously hy-
pointense or isointense throughout the entire
portion of the granuloma, regardless of the
presence of caseation necrosis. The isointense
or hypointense portion of the granuloma histo-
logically matches with caseation necrosis, in-
flammatory cellular infiltrates, and collagenous
capsule. Therefore, T2-weighted images cannot
distinguish the various histologic layers in the
mature granuloma. The hypointensity or isoin-
tensity on T2-weighted images may reflect re-
stricted mobile protons within high protein con-
tents in organized caseation, cellular and
collagenous layers, the presence of heteroge-
neously distributed free radicals produced by
macrophages during active phagocytosis,
and/or highly immobile saturated fatty acids
(7). Additionally, we found multiple markedly
hypointense foci within the tuberculomas.
There was, however, no evidence of hemor-
rhage within the tuberculomas that could result
in T2 shortening on microscopic examination. It
is possible that these markedly hypointense foci
within the tuberculomas in our series were
caused by irregularly distributed free radicals.
Sometimes, the caseous center may show hy-
perintensity on T2-weighted images, as in one
case (case 6) of the present series. This finding
might be caused by more water content in the
central caseation necrosis, such as loose lique-
fied caseation or tuberculous abscess. But, it
was not possible to prove this explanation, be-
cause the central portion in the granuloma in
case 6 was lost during the preparation of the
microscopic slides.

Postcontrast T1-weighted images usually
showed ring enhancement, either single ring or
multiple conglomerate rings that corresponded
to the rims seen on nonenhanced T1-weighted
images and correlated histologically with both
the inner collagen and the outer cellular layers.
This finding might be caused in part by promi-
nent vascularity seen on microscopic examina-
tion. The conglomerate ring-enhancing appear-
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ance may sugdest a dgranulomatous lesion
rather than a neoplasm.

A slightly hyperintense rim on T1-weighted
images also was described in pyogenic ab-
scesses and is known to correspond to mature
abscess capsules containing fibrous collagen
(9). These findings are similar to those of tuber-
culomas. However, hypointensity or isointensity
frequently seen in the central portion of tuber-
culomas on T2-weighted images can differenti-
ate them from pyogenic abscesses, which usu-
ally have central hyperintensity on T2-weighted
images.

In conclusion, the outer enhancing portion of
the tuberculoma histologically consisted of lay-
ers of inner collagenous fibers and outer inflam-
matory cellular infiltrates; the former usually
correlated with a rim of slight hyperintensity and
the latter correlated with complete or partial rim
of slight hypointensity on T1-weighted images.
On T2-weighted images both layers showed
heterogeneous isointensity or hypointensity no
separable from each other. Central caseation
necrosis of the tuberculoma was seen mostly as
isointense or hypointense on all pulse se-
quences, particularly on T2-weighted images.
The signal intensity and ring-enhancing pattern
of the lesion may play an important role in dif-
ferentiating an intracranial tuberculoma from
other ring-enhancing lesions in the brain.
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