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Magnetization Transfer MR Imaging in
CNS Tuberculosis

Rakesh K. Gupta, Manoj K. Kathuria, and Sunil Pradhan

BACKGROUND AND PURPOSE: CNS tuberculosis may simulate other granulomas and
meningitis on MR images. The purpose of this study was to improve the characterization of
lesions in CNS tuberculosis and to assess the disease load using magnetization transfer (MT)
imaging.

METHODS: A total of 107 tuberculomas in seven patients with or without meningitis and
15 patients with tuberculosis meningitis alone were studied. Fifteen patients with cysticercus
granulomas with T2 hypointensity, five patients each with viral and pyogenic meningitis, and
two patients with cryptococcal meningitis were also studied. The MT ratios were calculated
from tuberculomas, cysticercus granulomas, and thickened meninges in tuberculous, viral, pyo-
genic, and cryptococcal meningitis and were compared within each pathologic group and with
the MT ratio of different regions of normal brain parenchyma. Detectability of lesions on T1-
weighted MT spin-echo (SE) images was compared with that on conventional SE and postcon-
trast MT-SE images.

RESULTS: Thickened meninges appeared hyperintense relative to surrounding brain paren-
chyma in the basal and supratentorial cisterns on precontrast MT-SE images in all 18 patients
with tuberculosis meningitis. These meninges were not seen or were barely visible on conven-
tional SE images, and enhanced on postcontrast MT-SE images. The MT ratio from the thick-
ened meninges of tuberculous meningitis was significantly lower than that from the meninges
in cryptococcal and pyogenic disease and significantly higher than the meninges in viral me-
ningoencephalitis. The MT ratio from T2 visible and invisible tuberculomas appeared to be
significantly lower than that of normal white matter. The MT ratio of T2 hypointense cysti-
cercus granuloma was significantly higher than that of T2 hypointense tuberculoma.

CONCLUSION: Precontrast MT-SE imaging helps to better assess the disease load in CNS
tuberculosis by improving the detectability of the lesions. With the use of MT ratios, it may
be possible to differentiate tuberculosis from similar-appearing infective lesions on MR images.

CNS tuberculosis is endemic in certain regions of the
world, and, recently, the prevalence of tuberculosis
has been on the rise worldwide as a result of the
increased number of AIDS cases (1). Because
prompt diagnosis may result in earlier treatment,
recognition of this disorder on radiologic images
may play a critical role in patient management. CT
and MR imaging are the main imaging techniques
used in its localization and characterization (2–4).
The imaging features overlap with other intracra-
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nial diseases, such as cysticercosis, metastases, and
primary brain neoplasm. Recently, in vivo proton
MR spectroscopy has been found to be helpful in
better characterizing such lesions (5, 6); however,
it may not always be possible to evaluate lesions
smaller than 10 mm with in vivo spectroscopy ow-
ing to its sensitivity constraints.

The magnetization transfer (MT) technique has
recently received attention as an additional se-
quence by which to improve image contrast and
tissue specificity on MR studies (7–18). Abnormal
MT properties of white matter have been described
in patients with inflammatory CNS diseases that
appeared normal on conventional spin-echo (SE)
MR images (8, 14, 16, 17). We performed MT-SE
imaging in patients with CNS tuberculosis to as-
certain the relationship between location, signal in-
tensity, and visibility of lesions seen on T2-weight-
ed and MT-SE images; to better define the disease
load; and to differentiate CNS tuberculosis from
other, similar-appearing infective lesions.
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TABLE 1: Summary of the tuberculous lesions, location and MT ratios

Lesion
MT Ratio

(mean 6 SD) Location

Tuberculous meningitis (n 5 18)* 19.49 6 1.22 Basal, supratentorial

Thick meninges

T2 hyperintense rim with isointense/
hypointense core (n 5 44)

Rim
Core

23.8 6 1.76
24.2 6 3.10

Cortex (n 5 8),
subcortical (n 5 13),
deep white matter (n 5 23)

T2 Hyperintense (n 5 32) 26.6 6 1.94 Subcortical (n 5 18) and
deep white matter (n 5 14)

T2 invisible/barely visible (n 5 26) 26.04 6 1.90 Subcortical (n 5 15) and
deep white matter (n 5 11)

* n 5 number of lesions.

TABLE 2: Summaries of MT ratios in meningitis with different
origins

Meningitis
MT Ratios

(mean 6 SD)

Tuberculous
Viral
Pyogenic
Fungal

19.49 6 1.22
08.2 6 0.8

30 6 0.17
27.2 6 1.7

Methods
The study population consisted of 22 patients with CNS tu-

berculosis. Twelve patients were women and 10 were men;
ages ranged from 14 to 22 years. Tuberculous meningitis was
present in 15 patients, three had associated tuberculomas with
meningitis, and four had multiple tuberculomas only. Fifteen
patients with neurocysticercosis in different stages had a total
of 50 lesions showing T2 hypointensity; five patients with viral
and pyogenic meningitis and two with cryptococcal meningitis
also were included in the study to compare the MT ratios of
the meninges of these lesions with those of tuberculosis. The
final diagnosis of tuberculosis was based on typical CSF fea-
tures (cellularity and biochemistry): positive enzyme-linked
immunosorbent assay (ELISA) for tubercular antigen; response
to specific therapy in 18 patients (19); typical radiologic fea-
tures of miliary pulmonary tuberculosis; Mycobacterium tu-
berculosis findings on bronchial lavage culture (n 5 2); and
response to antituberculosis drugs in the remaining four pa-
tients (1, 3). In addition, CSF cultures revealed M. tuberculosis
in three of 18 patients with tuberculosis meningitis. The di-
agnosis of cysticercosis was based on the presence of scolex
in a cyst on MR images and the presence of cysticercus antigen
in CSF demonstrated by an ELISA. Cryptococcal meningitis
was confirmed by demonstration of the yeast on India ink in
CSF and a culture of the organism; pyogenic meningitis was
confirmed by CSF culture of the organisms; and viral menin-
gitis was confirmed by demonstration of antigen in the CSF
for the specific virus. Five patients had viral meningoenceph-
alitis (Japanese meningoencephalitis in four, herpes simplex
meningoencephalitis in one). Of the five patients with pyogenic
meningitis, three had pneumococcal meningitis and two had
meningococcal meningitis.

All MR examinations were performed with 1.5-T system.
Each patient’s head was fixed to prevent movement during and
in between acquisition of images. Conventional SE T1-weight-
ed (1000/14/3 [TR/TE/excitations]) and T2-weighted (2200/20,
80/1) MR images were obtained. All images were acquired in
the axial plane with 5-mm-thick sections, a 0.5-mm intersec-
tion gap, and a 192 3 256 matrix. The pulse sequence used

for MT contrast consisted of an off-resonance saturation pulse
immediately before the 908 excitation pulse to saturate the
magnetization of protons with restricted motion. The band-
width of the saturation pulse was 250 Hz, and a frequency
offset of 1.5 kHz. For T1-weighted MT images, only a satu-
ration pulse was added, the other parameters were identical to
the conventional SE T1-weighted images. The TR/TE param-
eters were chosen to minimize T1 and T2 effects (12). Written
consent allowing performance of an additional MT sequence
was obtained from every patient or nearest relative. A postcon-
trast MT-SE sequence was also performed in all cases after
intravenous injection of 0.1 mmol/kg gadopentetate dimeglu-
mine per body weight. Postcontrast SE non-MT T1-weighted
imaging was not done, as it has been shown that postcontrast
T1-weighted MT-SE images are better for visualizing enhanc-
ing lesions (9–12).

The tuberculous lesions were grouped on T2-weighted im-
ages as those with a T2 hypo- or isointense core and a hyper-
intense peripheral rim and those that were hyperintense, when
these were visible on the images. When the lesions were not
visible or barely visible on T2-weighted images and became
visible on MT-SE T1-weighted images, they were called con-
ventional SE–invisible or isointense with parenchyma (3, 4).
Lesions visible only on postcontrast MT-SE studies were la-
beled as postcontrast MT-SE–visible granulomas. The granu-
lomas seen after contrast administration were considered nod-
ular or rim-enhancing when the signal of the lesions increased
on postcontrast MT-SE images as compared with precontrast
MT-SE images (20).

MR images were evaluated and MT ratios were indepen-
dently calculated by two radiologists. Signal intensity from the
same region of interest (ROI) was measured from the conven-
tional T1-weighted image without (S0) and with (Smt) an off-
resonance pulse. The MT ratio was calculated using the for-
mula (S02Smt/S0) 3 100 (8). There was no disagreement
between the two radiologists with respect to classification of
the lesion or the MT ratios. The ROIs were obtained with a
single pixel in different regions of the lesion and included the
core and the rim. The MT ratio from the patients with men-
ingitis was calculated by placing multiple ROIs with single
pixels and calculating the mean and standard deviations from
all ROIs for the type of meningitis. The T2-invisible lesions
and meningeal abnormalities were quantitated using the MT
T1-weighted images for measuring the signal (Smt) and then
going back to the T1-weighted SE images to measure the (S0)
signal. Consistency and reliability of the measurements were
confirmed by obtaining the values repeatedly.

The MT ratios from scalp fat, CSF, and cortical and deep
gray matter and white matter of the brains of 25 healthy control
subjects between the ages of 12 and 50 years as well as from
the normal-appearing parenchyma of the 22 patients were also
obtained. ROIs with a single pixel were obtained from 10
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FIG 1. Tuberculous meningitis with
tuberculoma.

A, T2-weighted image through the mes-
encephalon shows a hyperintense lesion
on the left side, along with a hyperintense
region with central hypointense specks
(arrow) in the right perimesencephalic cis-
tern, merging with the lateral margin of the
midbrain.

B, On T1-weighted image, the cisternal
lesion appears isointense relative to white
matter, with central hypointensity; the left
midbrain lesion also appears isointense.

C, MT-SE T1-weighted image shows
the left midbrain lesion and the right cis-
ternal lesion as hyperintense, with central
hypointensity extending to the remaining
margins of the midbrain (arrow).

D, Postcontrast MT-SE T1-weighted im-
age shows these meningeal and paren-
chymal lesions with marked enhancement.

regions of the cortices of the frontal, parietal, occipital, and
temporal lobes or from the normal cortices. Similarly, 10 ROIs
were selected from the white matter. For deep gray matter,
ROIs from the basal ganglia and thalami were included. Back-
ground noise was measured and was divided by the square root
of p (13).

Statistics

The MT ratios from the lesions and the normal regions with
topospecific locations were compared with one-way analysis
of variance using a commercially available program.

Results

The location, type of lesion, and MT ratios of
the different groups of tuberculomas and tubercu-
lous meningitis are summarized Tables 1 and 2.

Tuberculous Meningitis (n 5 18)

Routine SE T1- and T2-weighted imaging did
not show any obvious meningeal thickening in any
of the 18 patients. Precontrast MT-SE images in all
these patients showed mild to moderate hyperin-
tense signal around the brain stem in the basal cis-
terns and supratentorial subarachnoid space, con-
sistent with thickened pia-arachnoid, and
enhancement after contrast administration (Figs 1
and 2). The MT ratio of these hyperintense menin-
ges was 19.49 6 1.22 and was significantly lower
than that of gray and white matter (P , .001).

Nontuberculous Meningitis (n 5 12)
The MT ratio in viral meningitis (Fig 3) mea-

sured 8.2 6 0.8; in pyogenic meningitis (Fig 4), 30
6 0.17; and in cryptococcal meningitis (Fig 5),
27.2 6 1.7. The MT ratio of the inflamed meninges
in viral meningitis was significantly lower than that
in tuberculous meningitis (P , .001), whereas it
was significantly higher in pyogenic and fungal
meningitis than in tuberculosis meningitis (P ,
.001). Viral meningitis had a significantly lower
MT ratio than did fungal and pyogenic meningitis
(P , .001); however, there was no significant dif-
ference in the MT ratio between fungal and pyo-
genic meningitis (P . .05).

Tuberculomas
A total of 107 tuberculomas were seen in seven

patients. All except five of these lesions were vis-
ible on MT-SE precontrast images. The size of the
lesions varied from 2 to 10 mm. Postcontrast MT-
SE images showed nodular or rim enhancement in
90 lesions. Five of the 90 lesions were visible only
on postcontrast MT-SE images; these lesions were
located in the cortex (Figs 2 and 6). Only 76 lesions
were visible on routine SE images; 32 were hyper-
intense, 44 showed a central hypointense/isointense
core with a hyperintense rim on T2-weighted im-
ages. All the lesions visible on T2-weighted images
appeared isointense on T1-weighted images. Of the
32 T2 hyperintense lesions, 18 were located in the
subcortical white matter and 14 were in the deep



AJNR: 20, May 1999870 GUPTA

FIG 2. Multiple tuberculomas with
meningitis.

A, T2-weighted image through the lat-
eral ventricles show lesions with hypoin-
tense core and peripheral hyperintensity in
left parietal region (arrow).

B, On T1-weighted image, these are not
visible.

C, On MT-SE T1-weighted image, the
lesions have a hyperintense rim with subtle
central hypointensity. A focal area of men-
ingeal hyperintensity is apparent in the left
parietal region (arrow).

D, Both lesions show enhancement on
postcontrast MT-SE T1-weighted image. A
cortical enhancing lesion is only visible on
this sequence (arrow).

white matter. Of the 44 lesions with a T2 hypoin-
tense core, eight were located in the cortex, 13
were in the subcortical white matter, and 23 were
in the deep white matter. T2 hyperintense lesions
appeared hyperintense relative to white matter on
MT-SE images (Figs 2 and 3). The lesions with a
T2 hypointense core showed a slightly hypointense
core with a thick hyperintense rim on MT-SE im-
ages (Figs 2 and 6). The 26 lesions that were not
visible or barely visible were termed T2 isointense
and appeared as hyperintense masses on T1-
weighted MT-SE images (Figs 2 and 6). All the 26
SE-invisible lesions were located in the white mat-
ter. All the 76 lesions visible on SE images were
discernible on MT-SE images. A total of 85 of the
102 lesions visible on precontrast MT-SE images
showed dot or rim contrast enhancement.

The MT ratio from the cortical and deep gray
matter, white matter, CSF, and fat of the healthy
control subjects measured 27.8 6 0.55 and 24.8 6
1.03, 36.3 6 1.27, 23.54 6 1.27, and 8.7 6 1.06,
respectively. The MT ratios from the different
regions in the control subjects were not signifi-

cantly different from the images of normal paren-
chyma in the patient group (P . .5). The data from
the control group was taken for comparison with
tuberculomas, thickened meninges, and T2 hypoin-
tense cysticercus granulomas. The tuberculous le-
sions with a hypointense core on T2-weighted im-
ages had MT ratios of 23.8 6 1.76 in the rim and
24.2 6 3.1 in the core. There was no significant
difference between the MT ratios in the core and
the rim of these lesions (P . .5). In the lesions
that were isointense or invisible on SE images, MT
ratios from the granulomas measured 26.04 6 1.9.
T2 hyperintense lesions showed an MT ratio of
26.6 6 1.94. The MT ratio was significantly lower
than that of white matter (P , .001) for all tub-
erculomas located in the subcortical and deep white
matter. The tuberculomas with a hypointense core
on T2-weighted images also showed a significantly
lower MT ratio as compared with even the cortical
gray matter (P , .01). However, the MT ratios of
T2 hyperintense and invisible lesions were not sig-
nificantly different from that of cortical gray matter
(P . .5).
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FIG 3. Viral meningoencephalitis.
A–D, T2-weighted (A), T1-weighted (B),

MT-SE T1-weighted (C), and postcontrast
MT-SE T1-weighted (D) images. In A, an
image through the region of the pons
shows a poorly defined T2 hyperintense
parenchymal lesion in the dorsal aspect of
the pons. In D, there is meningeal en-
hancement (arrow) in the basal cisterns.
In A and B, there is no suggestion of men-
ingeal thickening/involvement. ROIs
placed for calculation of the MT ratio at
same positions in B, C, and D are shown
as black dots (arrowheads).

FIG 4. Pyogenic meningitis.
A–D, T2-weighted (A), T1-weighted (B),

MT-SE T1-weighted (C), and postcontrast
MT-SE T1-weighted (D) images. In D, im-
age through the basal cisterns shows en-
hancing meningeal thickening. In C, there
is hyperintensity in the region that is en-
hancing in D. This hyperintensity is not vis-
ible in A and B.
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FIG 5. Cryptococcal meningitis.
A–D, T2-weighted (A), T1-weighted (B),

MT-SE T1-weighted (C), and postcontrast
MT-SE T1-weighted (D) images. In C, im-
age through the pons shows periparenchy-
mal hyperintensity that enhances in D.
These are not visible in A and B.

FIG 6. Multiple tuberculomas.
A–D, T2-weighted (A), T1-weighted (B),

MT-SE T1-weighted (C), and postcontrast
MT-SE T1-weighted (D) images. In A, im-
age through the supraventricular region
shows subtle areas of hypointensity with a
hyperintense rim (arrow) in the cortex and
subcortical white matter. In B, these le-
sions are isointense with the parenchyma.
In C, the lesions seen in A have a hyper-
intense rim with subtle or no hypointense
core. The other lesions seen as hyperin-
tense dots in the subcortical and deep
white matter (arrow) are not visible in A. In
D, the hyperintensity is increased in some
of the lesions (black arrow); however, one
lesion in the right occipital cortex, which
shows enhancement (white arrow), was
not visible on A, B, or C.
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FIG 7. Cysticercus granulomas.
A–D, T2-weighted (A), T1-weighted (B),

MT-SE T1-weighted (C), and postcontrast
MT-SE T1-weighted (D) images. In A, im-
age through the supraventricular part of
the cerebrum shows multiple T2 hypoin-
tense granulomas (arrows) along with oth-
er lesions in different stages of evolution.
In B, the T2 hypointense lesions are not
visible; in C, they are barely visible; and in
D, they show rim enhancement.

Cysticercus Granuloma
The MT ratio from the 50 T2 hypointense cys-

ticercus granulomas (Fig 7) in 15 patients measured
32.1 6 1.2.

Discussion
SE postcontrast T1-weighted imaging is essential

for the MR diagnosis of tuberculous meningitis (4).
Recently, postcontrast MT-SE imaging has im-
proved the sensitivity of detection of meningitis
with injection of a single dose of contrast agent
compared with what is achieved using a triple dose
with conventional SE T1-weighted imaging (10,
15, 16). Runge et al (16) found that the inflamed
meninges were not visible on precontrast T1-
weighted MT images in experimental animals in
whom pyogenic meningitis had been introduced,
and early meningitis could be seen only on post-
contrast studies. In our study, the periparenchymal
hyperintensity was distinctly visible on precontrast
MT-SE T1-weighted images in all the cases of tu-
berculosis meningitis and showed enhancement in
those regions after contrast administration. The dif-
ference in the visibility of inflamed meninges on
precontrast MT-SE images was probably due to the
difference in the causative agent of meningitis in
two studies. In tuberculous meningitis, tuberculo-

mas along with exudates are found in the meninges,
which are composed of cellular infiltrate, degen-
erated and partly caseated fibrin, tubercles, and,
rarely, bacilli (21). These were probably responsi-
ble for the differential MT ratio between brain pa-
renchyma and inflamed meninges, and hence its
visibility on precontrast MT-SE images. The MT
ratio of inflamed meninges with exudates in tuber-
culosis meningitis was significantly lower than that
of pyogenic and fungal meningitis and was signif-
icantly higher than that of viral meningitis. Pyo-
genic and fungal meningitis exudates are very rich
in protein and amino acids, whereas exudate in vi-
ral meningitis shows a mild elevation of proteins.
Inflamed meninges and exudate from the viral men-
ingitis showed significantly lower MT ratios than
those of pyogenic and fungal meningitis. There
was, however, no significant difference between the
MT ratios of the inflamed meninges of fungal and
pyogenic meningitis. Transfer of magnetization de-
pends on the concentration of proteins. The higher
the concentration of proteins, the greater the MT
(22). The difference in the MT ratio of meningitis
stemming from different causative agents is prob-
ably due to the amount of protein in the exudates.

Precontrast T1-weighted MT-SE images detected
the maximum number of tuberculomas as com-
pared with routine SE images and postcontrast T1-
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weighted MT-SE images. The lesions not well de-
tected on SE images were those that were
isointense relative to brain parenchyma. Visibility
of the lesion on MT-SE images depends on the dif-
ference in contrast between brain parenchyma and
the lesion due to differential transfer of magneti-
zation (17). Detection of conventional SE–invisible
tuberculomas on MT-SE images is the result of the
lower transfer of magnetization in granulomas as
compared with surrounding brain parenchyma. Dis-
ruption of the blood-brain barrier depends on the
activity of the lesion and whether the lesion is in-
active; it may not enhance after contrast adminis-
tration (20). Precontrast MT-SE images help in
judging the enhancement of the lesion on postcon-
trast MT-SE images by allowing a comparison be-
tween the increase in signal intensity. Postcontrast
MT-SE images alone may give a false impression
of contrast enhancement of all the lesions, even
when there is no breach in the blood-brain barrier
(20). Detectability of more lesions on precontrast
MT-SE images that do not enhance after contrast
injection suggests a lack of breach of the blood-
brain barrier in some of the lesions. In a patient
with multiple tuberculomas, the lesions may re-
spond to medical therapy differently from one an-
other (that is, resolve at different rates), and simi-
lar-appearing lesions in different patients may
respond to medical treatment differently (4). The
improved estimate of the disease load on precon-
trast MT-SE images may help to better assess the
response to specific therapy.

The lesions with a T2 hypointense central core
showed significantly lower MT ratios than those of
white and gray matter. Lesions not visible or ap-
pearing hyperintense had higher MT ratios than the
lesions with a T2 hypointense core. Although these
lesions showed significantly lower MT ratios than
white matter, these were insignificant compared
with the MT ratios of the cortex, suggesting that
such lesions may not be visible when located in the
cortex. Five of the 90 lesions were seen only on
postcontrast MT-SE images, and all were located
in the cortex. It is probably because of the insig-
nificant difference in the MT ratios between the
cortex and T2-invisible lesions that these lesions
were not visible on precontrast MT-SE images.

The T2 hypointense lesions had the lowest MT
ratios relative to the other two groups. Pathologi-
cally, the hyperintense and isointense (invisible) le-
sions are the solid granulomas with minimal or no
caseation (5). With increased caseation, lesions
tend to appear hypointense on T2-weighted images
(5). The caseation in a tuberculoma is composed
predominantly of lipids and amino acids, as has
been documented with proton MR spectroscopy
(6). Lipids are not known to show MT (7). The
presence of lipids as the major macromolecular
constituent of the caseating granulomas as com-
pared with noncaseating granulomas is probably re-
sponsible for the lower MT ratios in the former.

Cysticercus granulomas are the major cause of
seizures in inhabitants of developing countries. The
late degenerating and healing stages of cysticercus
granuloma simulate tuberculoma on conventional
pre- and postcontrast MR images (4). T2 hypoin-
tense cysticercus granulomas have a significantly
higher MT ratio than do similar-appearing tuber-
culomas, and are of low visibility, especially when
located in the white matter (23). T2 hypointense
tuberculomas have shown much lower MT ratios
as compared with gray and white matter, and are
prominent on precontrast MT-SE images. We be-
lieve that quantitation of the MT ratios may help
differentiate these similar-appearing infective gran-
ulomas and thus aid in the lesion-specific targeting
of appropriate therapy.

Conclusion
Precontrast MT-SE imaging helps to better as-

sess the disease load in CNS tuberculosis owing to
improved lesion detection. Quantitative MT may
differentiate T2 hypointense lesions of tuberculous
origin from similar-appearing lesions of neurocys-
ticercosis. Inflamed meninges in tuberculous men-
ingitis show significantly different MT ratios than
those of inflamed meninges in meningitis of non-
tuberculous origin. We believe that quantitative MT
imaging may provide additional information in
cases of suspected CNS infection.
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