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Differentiation of Tuberculous from Pyogenic Brain
Abscesses with In Vivo Proton MR Spectroscopy and

Magnetization Transfer MR Imaging

Rakesh K. Gupta, Davender K. Vatsal, Nuzat Husain, Sanjeev Chawla, Kashi N. Prasad, Raja Roy, Rajesh Kumar,
Deepak Jha, and Mazhar Husain

BACKGROUND AND PURPOSE: MR imaging features are nonspecific with respect to the
causative organism for patients with brain abscesses. On the basis of the hypothesis that the
biochemical environment depends on the infecting organism and might be different in tuber-
culous compared with pyogenic brain abscesses, this study attempted to determine whether
pyogenic brain abscesses can be differentiated from tuberculous brain abscesses by use of
magnetization transfer (MT) MR imaging and in vivo proton MR spectroscopy.

METHODS: Twenty-seven patients with a total of 33 pyogenic brain abscesses and three
patients with a total of 12 tuberculous abscesses were evaluated with in vivo MR spectroscopy
and MT MR imaging. The diagnosis in all cases was based on the culture of the causative
organisms and histopathology whenever done as a part of clinical management.

RESULTS: All 27 patients with pyogenic brain abscesses had lipid and lactate levels of 1.3
ppm and amino acid levels of 0.9 ppm with or without the presence of succinate, acetate,
alanine, and glycine, while the three patients with tuberculous abscesses showed only such lipid
and lactate levels. The MT ratio from the wall of the pyogenic abscesses was significantly higher
(P , .001) than that from the tuberculous abscess wall.

CONCLUSION: It might be possible to differentiate tuberculous abscesses from pyogenic
abscesses by using MT MR imaging and in vivo MR spectroscopy, which could be of value in
influencing the management of such cases.

Tuberculous brain abscesses are extremely rare.
They have been observed in immunocompromised
as well as immunocompetent individuals (1, 2).
The true tuberculous brain abscess, according to the
criteria of Whitener (3), lies in macroscopic evi-
dence of abscess formation within the brain paren-
chyma; histologic confirmation that the abscess
wall is composed of vascular granulation tissue,
containing acute and chronic inflammatory cells;
and bacteriologic proof of the tuberculous origin.
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The neuroimaging study is usually nonspecific, and
histopathologic examiniation/fix is the only definite
method for diagnosing tuberculous brain abscesses.

A number of in vivo proton MR spectroscopy
studies that are considered specific for pyogenic
brain abscess and that help in differentiation of
brain abscesses from glioblastoma multiforme have
been done (4–9). Conventional MR imaging find-
ings are nonspecific with respect to the causative
agent for brain abscesses. It is not possible to dif-
ferentiate a tuberculous from a pyogenic abscess on
the basis of conventional MR features (10–12). Re-
cently, magnetization transfer (MT) MR imaging
was used for better tissue characterization in central
nervous system tuberculosis (13). The MT ratio is
influenced by the concentration of proteins and
amino acids and may help in differentiation of tu-
berculous from pyogenic brain abscesses.

We describe the cases of three patients with mul-
tiple tuberculous brain abscesses in which the sug-
gested diagnosis was based entirely on the com-
bined use of MT MR imaging and in vivo MR
spectroscopy. We also compare metabolite levels
and MT ratios between pyogenic abscesses and tu-
berculous abscesses to determine any significant
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Summary of results

Abscess
MT Ratio from

the Wall* Metabolites Seen on In Vivo MR Spectra Metabolites Seen on Ex Vivo MR Spectra

Pyrogenic (n 5 33) 25.56 6 1.61 Succinate, leucine, isoleucine, valine, ace-
tate, alanine, glycine, lipid and lactate

Succinate, leucine, isoleucine, valine, ace-
tate, alanine, glycine, lipid and lactate

Tuberculous (n 5 12)† 19.89 6 1.55 Lipid, lactate, choline‡ Lipid, lactate, glycine, alanine

* P , .001 between MT ratios of the pyogenic and tuberculous wall.
† Spectral data obtained in five of 12 abscesses in three patients.
‡ Choline was seen as a contaminant from the wall of the abscess on spin-echo images (echo time, 135 ms).

→

FIG 1. Pyogenic brain abscess.
A, T2-weighted MR image through the temporal lobe shows a well-defined hyperintense lesion in the right temporal lobe with peripheral

hypointense rim, perifocal edema, and mass effect on the ventricular system.
B, T1-weighted image shows the lesion as hypointense with isointense wall.
C, MT T1-weighted image shows minimal hyperintesity. The MT ratio from the wall is 31.25.
D, Postcontrast MT T1-weighted image shows enhancement of the rim of the lesion.
E and F, In vivo MR spectra obtained using STEAM (E) at 3000/20/30/128 (TR/TE/TM/excitations) and spin-echo (F) at 3000/135/

128 (TR/TE/excitations) show presence of glycine (Gly) at 3.56 ppm; succinate (S) at 2.4 ppm; acetate (A) at 1.92 ppm; alanine (Al) at
1.5 ppm; lipid/lactate (Lip/L) at 1.3 ppm; and leucine, isoleucine, and valine (AA) at 0.9 ppm.

G and H, Ex vivo MR spectroscopy with single-pulse (G) and spin-echo (H) imaging confirm the assignments seen in vivo.

difference. Our hypothesis was based on the fact
that Mycobacterium tuberculosis is rich in lipids
and produces fewer proteins and amino acids com-
pared with the nontuberculous pyogenic bacteria
that produce large amounts of hydrolytic enzymes,
resulting in a high concentration of proteins and
amino acids. The MT ratio is influenced by the con-
centration of proteins and amino acids; thus, MT
ratios and MR spectra of the lesion could help in
establishing the differentiation between a tubercu-
lous abscess and pyogenic brain abscess.

Methods
We performed conventional MR imaging, in vivo MR spec-

troscopy, and MT MR imaging in 30 patients with brain ab-
scesses during a 2-year period. Twenty-five age- and sex-
matched control subjects also were studied with these
techniques for comparison with patients’ data with respect to
MT ratios in different parenchymal locations and normal pa-
renchymal spectral patterns. Three patients had 12 abscesses
of tuberculous origin, and 27 patients had 33 abscesses of pyo-
genic origin (Staphylococcus aureus [n 5 9], Streptococcus
faecalis [n 5 6], Proteus mirabilis [n 5 2], Klebsiella pneu-
moniae [n 5 2], Escherichia coli [n 5 2], sterile [n 5 6]).
There were 21 male and nine female patients, and their ages
ranged from 5 to 54 years. All 30 patients showed negative
serology for human immunodeficiency virus infection. None
of the patients with tuberculous brain abscess had any overt
focus of infection in the lungs.

As a part of research protocol, all suspected brain abscesses
were evaluated by in vivo MR spectroscopy and MT MR im-
aging. The diagnosis of pyogenic abscess was confirmed by
aspiration and culture of the pus. In the remaining three pa-
tients with tuberculous brain abscesses, the diagnosis was con-
firmed by demonstration of acid-fast bacilli in the pus and the
wall of the abscess cavity on Ziehl-Neelsen stain; nonspecific
inflammation of the wall of the abscess cavity on histopathol-
ogy; and subsequent culture of M tuberculosis from the pus.

MR imaging and spectroscopy were performed with a 1.5-T
MR imaging system with a circularly polarized head coil. Each
patient’s head was fixed to prevent movement during and in
between acquisition of images. Conventional spin-echo T1-

weighted axial MR images at 1000/14/3 (TR/TE/excitations)
and proton density– and T2-weighted axial MR images at
2200/12, 80/1 were obtained (section thickness, 5 mm; matrix
size, 192 3 256; intersection gap, 0.5 mm). The pulse se-
quence used for MT contrast consisted of an off-resonance
saturation pulse immediately before the 90-degree pulse (ex-
citation pulse to saturate the magnetization of protons with
restricted motion). The bandwidth of the saturation pulse was
250 Hz, and the frequency offset was 1.5 kHz. For T1-weight-
ed MT images only a saturation pulse was added, and the other
parameters were identical to those used for the conventional
spin-echo T1-weighted images. The TR/TE parameters were
so chosen as to minimize T1-weighted and T2-weighted ef-
fects. Postcontrast MT MR imaging also was performed in 29
patients, after intravenously injecting gadopentetate dimeglu-
mine (0.1 mmol/kg). Conventional postcontrast spin-echo T1-
weighted imaging was not done, as it has been shown that
postcontrast T1-weighted MT MR images are better for visu-
alization of the enhancing lesions (14, 15). Postcontrast study
was not performed in one patient with tuberculous abscesses,
as the patient did not cooperate for the injection of gadopen-
tetate dimeglumine.

The MR images were evaluated and MT ratios were calcu-
lated independently by two authors (R.K.G., R.K.). Signal in-
tensity from the same region of interest was measured from
the conventional T1-weighted image without off-resonance
pulse (S0) and the MT MR image with off-resonance pulse
(Smt). The MT ratio was calculated by using the formula (S02
Smt/S0) 3 100 (16). The two authors did not disagree with
respect to MT ratios. The regions of interest with a single pixel
were obtained in different regions of the rim of the lesion, as
suggested more clearly by T2-weighted images. Consistency
and reliability of the measurements were confirmed by obtain-
ing the values repeatedly. The MT ratios from the scalp fat,
cerebrospinal fluid, and cortical and deep gray and white brain
matter of 25 healthy control subjects between 5 and 50 years
old were obtained. The regions of interest with a single pixel
were obtained from the 10 regions of the cortices of the frontal,
parietal, occipital, and temporal lobes or image-normal cortices
per subject, in the 25 control subjects. Similarly, 10 regions of
interest from the white matter were selected. For deep gray
matter, regions of interest from the basal ganglia and thalami
were included. Background noise was measured and divided
by the square root of p.
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FIG 2. Multiple tuberculous abscesses.
T2-weighted (A), T1-weighted (B), MT T1-weighted (C), and postcontrast MT T1-weighted (D) images through the third ventricle show

abscesses in the right caudate nucleus, right frontal and left periventricular regions. The lesions show hyperintense core and peripheral
hypointense rim along with perifocal edema on T2-weighted image (A). On T1-weighted (B) and MT T1-weighted images (C), these
lesions shown hypointense core with hyperintense rim, more clearly visible on MT T1-weighted images. Postcontrast MT T1-weighted
image shows enhancement of the peripheral rim. Note an additional lesion (arrow) visible on B, C, and D that is not visible in A. The
MT ratio from the wall of these three abscesses varied from 18.3 to 20.4. In MR spectroscopy done from the large right caudate nucleus
lesion using STEAM at 20 (TE) with a voxel of 1.5 cm3, only lipid and lactate (Lip/L) at 1.3 ppm are shown (E); on spin-echo spectrum
at 135, phase reversal along with reduction in signal is seen (F). The presence of choline (Cho) in F results from the larger size of the
voxel (2.0 cm3) selected on spin-echo sequences that included the wall of the lesion. Ex vivo high-resolution, single-pulse (G) and spin-
echo (H) proton MR spectroscopy at 80 ms confirm the presence of Lip/L with no evidence of choline. Histopathology of the wall (I)
shows dense mixed inflammatory infiltrate; no epitheloid granulomas were seen (hematoxylin and eosin stain; original magnification,
3125). Ziehl-Neelsen stain of the wall (J) shows numerous acid-fast bacilli in clusters and individually (arrows) both in the intracellular
and extracellular spaces (original magnification, 3 1250).

Single-voxel MR spectroscopy was performed with stimu-
lated echo acquisition mode (STEAM) (17) and/or spin-echo
(18) localizing sequences with the following parameters:
STEAM, 3000/20/30/128 (TR/TE/TM/excitations); spin echo,
3000/135/128 (TR/TE/excitations). The total time taken for
imaging and spectroscopy ranged from 50 to 60 minutes. The
assignment of metabolites was based on the literature (1–5).
The voxel was set at 1.5 cm3 for STEAM and 2.0 cm3 for
spin-echo sequences and placed in the center of the lesion,
avoiding the wall of the abscess cavity if possible. Abscesses
larger than 2 cm were selected for the in vivo MR spectros-
copy. Only five of the 12 tuberculous abscesses fulfilled the
size criteria for MR spectroscopy. The minimum voxel size of
the spin-echo sequence available on our unit was 8 cm3; hence,
the wall of the lesion was included in spin-echo sequence ac-
quisitions for three of these lesions.

Ex vivo MR spectroscopy of the aspirated pus was per-
formed for all the samples of tuberculous abscess and for 15
of the 27 patients with pyogenic abscesses by using a 300-
MHz Fourier transform nuclear MR spectrometer equipped
with a 5-mm multinuclear inverse probe head with Z-shielded
gradient. Typical parameters for obtaining the single-pulse
spectrum were as follows: flip angle, 90 degrees; relaxation
delay, 3.5 seconds, water presaturation power, 0.5 W; and ac-
quisitions, 128. Spin-echo experiments were performed with
an echo time of 80 ms. Standard correlated spectroscopy at 90
degrees was performed with water presaturation as used in the
single-pulse experiments.

Results
All 25 healthy control subjects showed the fol-

lowing mean MT ratios: from cortical gray matter,
27.8 6 0.55; deep gray matter, 24.81 6 0.03; white
matter, 36.3 6 1.27; scalp fat, 8.4 6 0.6; and ce-
rebrospinal fluid, 23.68 6 1.2 (19). MR spectros-
copy showed major resonances of N-acetyl aspar-
tate at 2.02 ppm, choline-containing compounds at
3.22 ppm, and total creatine at 3.02 ppm from dif-
ferent locations of the normal brain parenchyma.

A summary of the patient data is given in the
Table. The mean MT ratio from the wall of the
pyogenic brain abscesses measured 25.56 6 1.61
(n 5 33). MR spectroscopy in all these pyogenic
abscesses showed the presence of lipid and lactate
levels of 1.3 ppm and amino acids (leucine, isoleu-
cine, and valine) at 0.9 ppm. In addition, succinate,
2.41 ppm (n 5 7); acetate, 1.92 ppm (n 5 9); al-
anine, 1.48 ppm (n 5 11); and glycine, 3.56 ppm
(n 5 15) were seen (Fig 1).

Three patients had a total of 12 tuberculous ab-
scesses. The mean MT ratio from the wall of the
tuberculous abscesses measured 19.89 6 1.55 and
was found to be significantly lower (P , .001) than
the wall of the pyogenic brain abscess, normal cor-
tical and deep gray matter, and white matter. The
MR spectroscopy of five of these 12 tuberculous
abscesses showed lipid and lactate levels of 1.3
ppm; there was no evidence of amino acids at 0.9
ppm. In three of these five abscesses, choline-con-
taining compounds (3.22 ppm) were observed dur-
ing spin-echo imaging at an echo time of 135 mil-
liseconds; this was because the minimal size of the
voxel for spin-echo imaging at 135 milliseconds
was 8 mL whereas that for STEAM at an echo-
time of 20 milliseconds was 3.37 mL, resulting in
contamination from the wall of the abscess cavity
(Fig 2). The results of in vivo study were confirmed
by ex vivo MR spectroscopy in these three cases.

Discussion
The appearance of brain abscesses on MR im-

aging is nonspecific and does not suggest the spe-
cific etiologic agent responsible (10–12). Pyogenic
brain abscesses on in vivo MR spectroscopy usu-
ally show the presence of amino acids at 0.9 ppm
and lipid and lactate at 1.3 ppm, with or without
the presence of acetate at 1.92 ppm and succinate
at 2.4 ppm (Fig 1) (4–9). The amino acids are al-
ways observed in pyogenic brain abscesses, even
when the patient is being treated with antibiotics
and repeated aspiration (4, 5). The conventional
MR imaging and MR spectroscopy in 27 patients
had results consistent with those in the literature,
and subsequently their cases could be confirmed as
pyogenic abscesses. For three patients with imag-
ing features of nonspecific abscesses, we observed
only lipids and lactate on in vivo MR spectra, with
no evidence of amino acids at 0.9 ppm (Fig 2) and,
therefore, ruled out the possibility of pyogenic
brain abscess. A spectral pattern similar to one ob-
served in the present series, in cases of tuberculous
abscess, has also been noted in patients with cystic
glioblastoma multiforme (8, 9); however, on con-
ventional MR images, the lesions in this study ap-
peared like abscesses.
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Pathologically, the pyogenic brain abscesses
contain large amounts of neutrophils and proteins,
which are released in the necrotic cavity. The
breakdown of the neutrophils results in a release of
a large amount of proteolytic enzymes that hydro-
lyze the proteins into amino acids (20). This is the
reason for detecting the amino acids (leucine, iso-
leucine, and valine) at 0.9 ppm at in vivo MR spec-
troscopy in pyogenic brain abscesses. On the other
hand, tuberculous abscesses teem with mycobac-
teria along with lymphocytes and a small number
of neutrophils in the pus and necrotic brain tissue
(3). The mycobacteria are predominantly composed
of lipids (21). There is a relative lack of proteolytic
enzymes in the tuberculous inflammatory exudates
compared with pyogenic inflammation (22). The
nonvisibility of the amino acids at 0.9 ppm in tu-
berculous abscesses probably stems from the pres-
ence of large amounts of mycobacteria and the lack
of proteolytic enzymes, resulting in poor degrada-
tion of the proteins into amino acids. Presence of
choline has been reported in benign inflammatory
conditions, like xanthogranuloma, stroke, and other
nonneoplastic lesions with dense inflammation (23,
24). Presence of choline in cystic lesions, like xan-
thogranuloma, and stroke are attributed to the in-
clusion of the cellular margins of these lesions in
the voxel for MR spectroscopy (24). In this study,
choline was observed in three tuberculous abscess-
es, which probably stems from the inclusion of cel-
lular wall in the volume of interest on MR spec-
troscopy (Fig 2E and F). Absence of choline in
tuberculous pus on ex vivo MR spectra (Fig 2G
and H) further substantiates that the presence of
choline in these three tuberculous abscesses result-
ed from the partial volume effect.

Tuberculomas usually appear hypointense on T2-
weighted images and show lipid resonance at 1.3
ppm, 2.02 ppm, and 3.7 ppm at in vivo MR spec-
troscopy (11, 21, 25). This spectral pattern in a T2
hypointense lesion is considered characteristic of
intracranial tuberculoma (21, 25). Tuberculomas
must be differentiated from pseudoabscesses
formed by the liquefaction of the caseous material
in tuberculoma, which may appear similar to tu-
berculous abscess on conventional MR images. The
wall of the tuberculoma appears hyperintense on
MT T1-weighted images and characteristically
shows the MT ratio from 18% to 22% (13). This
hyperintense wall cannot be separated from edema
on T2-weighted images (13, 26). In the present se-
ries, all 12 tuberculous abscesses in three patients
showed a hyperintense center and hypointense pe-
ripheral rim on T2-weighted images. These lesions
differed from tuberculoma on MT MR images. The
hypointense peripheral rim on T2-weighted images
for tuberculous brain abscess appeared hyperin-
tense on MT T1- and T1-weighted images, whereas
for tuberculomas, the T2 hypointensity is surround-
ed by a hyperintense rim on MT T1- and T1-
weighted images, not visible on T2-weighted im-
ages as this layer merges with edema (13, 27). The

T2, MT T1, and histopathologic correlation in tu-
berculoma has shown that the MT T1 hyperintense
rim is composed of granuloma, cellular infiltrates,
and gliosis (27). It is interesting to note that the
MT ratio of the cellular rim of tuberculoma having
granulomas has matched the nonspecific cellular re-
action of the tuberculous abscess containing a large
number of intracellular and extracellular M tuber-
culosis. The wall of granuloma contains the break-
down products of the tubercle bacilli (21, 25). The
cellular rim of tuberculoma and wall of tuberculous
abscess are rich in lipids and, hence, show MT ra-
tios in the same range.

The MT ratio of tuberculous meningitis has been
described as being significantly lower than that of
pyogenic and fungal meningitis (13). This has been
explained by the fact that pyogenic and fungal
meningitis elicit large amounts of amino acids and
protein, while tuberculous meningitis shows large
amounts of lipids with small amounts of amino ac-
ids. The MT ratio from the wall of the pyogenic
abscess was significantly higher than that from the
wall of the tuberculous abscess. The wall of the
tuberculous abscess contains large numbers of my-
cobacteria inside and outside the cells, along with
chronic nonspecific inflammatory cells (Fig 2I and
J), while the wall of the pyogenic abscess contains
inflammatory cells. The presence of large numbers
of tubercle bacilli is probably responsible for the
lower MT ratio in tuberculous compared with pyo-
genic brain abscesses.

The diagnosis of tuberculous brain abscess is
usually suspected in immunocompromised patients
with or without human immunodeficiency virus in-
fection or in an immunocompetent patient from an
endemic region with a pulmonary focus of infec-
tion. This pulmonary focus of infection is usually
present in only 30% of cases (26). In the absence
of an extracranial focus of infection, it might be
very difficult to suspect tuberculous brain abscess
on the basis of clinical and imaging features, as
these are nonspecific. In the present study, there
were no detectable stigmas of tuberculosis else-
where in the body and conventional spin-echo MR
imaging was unhelpful in detecting the offending
organism. Diagnosis in these cases was objectively
suggested on the basis of MT MR imaging and
spectroscopy findings.

Differentiation of tuberculous brain abscess from
pyogenic abscess is important for management.
Combined medical and surgical treatment (repeated
aspirations) is recommended for the care of patients
with pyogenic brain abscess (28, 29), whereas sur-
gical excision and antituberculous treatment are the
norms for managing these tuberculous brain ab-
scess (30–32). In the present series, seven of 12
tuberculous abscesses were excised, as these pa-
tients were showing clinical deterioration while un-
dergoing antituberculous treatment; pyogenic ab-
scesses were managed with repeated aspiration and
antibiotic therapy.
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Conclusion
Tuberculous brain abscesses show significantly

lower MT ratios compared with those of pyogenic
abscesses with no evidence of amino acids at in
vivo MR spectroscopy, a spectral hallmark of the
pyogenic abscess. We believe that, when MT MR
imaging is combined with in vivo MR spectros-
copy, it might be possible to differentiate tubercu-
lous brain abscesses from pyogenic brain abscess-
es, as both appear similar on conventional MR
images. This differentiation would allow for better
management of these cases.
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