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Tuberculosis (TB) is a historical disease which
has reemerged and considered as a major world-
wide health problem due to increasing frequency
of immunocompromising conditions such as dia-
betes, alcoholism, cancer, and acquired immuno-
deficiency syndrome (AIDS) in recent decades.
Mycobacterium tuberculosis may involve any
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consists about 5-10% of all patients with TB and
up to 20% of patients with AIDS-related TB [1-3].
CNS TB usually has a distant origin, e.g., the
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Fig.13.1 Miliary tuberculosis (TB). Frontal chest radiograph (a) shows bilateral diffuse fine tiny nodules. Axial high-
resolution chest CT scan (b) demonstrates innumerable randomly distributed fine discrete nodules bilaterally.

may result from direct spread from intra- or extra-
cranial foci [4]. Clinical and imaging manifesta-
tions of CNS TB may simulate other neurological
diseases such as tumors and other infectious and
noninfectious conditions [5]. Since CNS TB has
no unique characteristics on neuroimaging and
clinical manifestation, diagnosis of this disease
remains a challenging issue. Therefore, familiar-
ity with the radiological manifestations of CNS
TB has a key role in timely and precise diagnosis
of this disease. CNS TB may present as tubercu-
lous meningitis (TBM), cerebritis, ventriculitis,
cerebral abscesses, tuberculomas, miliary TB,
and spinal and calvarial involvement [6-8]. In
this chapter, we describe imaging findings of TB
of the brain and its coverings.

13.2 Pulmonary Tuberculosis
as a Diagnostic Clue

Most of patients with CNS TB have a diagnos-
tic clue in their lung imaging, and sometimes a
plain radiograph can help us to make a correct
diagnosis. Therefore, we first briefly describe
the imaging manifestations of pulmonary
TB. Pulmonary TB may be primary or postpri-
mary (reactivation). Primary form is common
in children, and postprimary infection usually
presents in adults.

Primary TB characteristically presents as hilar
(and/or mediastinal) lymphadenopathy which is
typically unilateral but may be asymmetrically
bilateral. Other findings are pleural effusion (typi-
cally unilateral), miliary nodules, and consolidation
(Fig. 13.1). In primary infection, the parenchymal
disease and adenopathy may completely resolve, or
there may be a residual focus of scarring or calcifi-
cation [9, 10].

Postprimary TB typically involves apical and
posterior segments of upper lobes and to a lesser
degree superior segment of lower lobes. The main
manifestations include cavitations, nodular infil-
trations, typically as tree-in-bud appearance, mul-
tifocal patchy opacities, lymphadenopathies, and
pleural effusion. Cavitations usually indicate
active and transmissible disease (Fig. 13.2) [9, 10].

When we encounter patients with CNS TB,
lung radiograph or computed tomography (CT)
may show the sequels of old pulmonary TB,
including parenchymal fibrosis, architectural dis-
tortion, bronchiectasis, and volume loss in the
upper lobes.

13.3 Tuberculous Meningitis

Tuberculous Meningitis (TBM) is the most com-
mon type of CNS TB. It is most frequent in chil-
dren or immunocompromised individuals [11, 12].
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Fig. 13.2 Reactivated pulmonary TB. (a) Frontal chest
radiograph shows typical location of TB involvement in
right upper lobe with cavitary consolidation and volume
loss. There are also some nodular opacities in left upper

TBM results from hematogenous spread of M.
tuberculosis; however, it may also result from
spread of adjacent focus (Rich focus) in cortical
subpial or subependymal into the subarachnoid
spaces or into the ventricular system [13]. Insidious
course of TBM along with its nonspecific manifes-
tations may result from misdiagnosis or delayed
diagnosis of TBM. Hence, high index of suspicion
and early imaging play important role in the timely
detection of TBM and thereby reducing its mor-
bidity and mortality rate.

Radiologically, the most common finding
is enhancing exudate in the basal cisterns. This
is a relatively specific neuroimaging finding of
leptomeningeal TB on CT and magnetic reso-
nance images (MRIs) [14]; however, sometimes
this feature may also be seen in meningitis due
to other infectious including fungal ones and
granulomatous (sarcoidosis) and neoplastic
(Iymphoma; carcinomatosis) diseases [1]. The
tuberculous exudate is composed of bacilli and
the host immune cells.

The most sensitive imaging finding of tuber-
cular meningitis is meningeal enhancement that
has been reported in up to 90% of patients [7, 14,
15]. The subpial exudate is commonly located in
the lateral cerebral fossa and the sylvian fissure,

lobe. (b) Axial chest CT scan of another HIV-positive
patient demonstrates multiple cavities in right upper lobe
associated with clumped nodular and some linear opaci-
ties in both upper lobes

inferomedial surface of the frontal lobes, the
anteromedial surface of the temporal lobes, the
superior aspect of the cerebellum, and the floor
of the third ventricle [16]. Sometimes, extension
to adjacent areas such as suprasellar, pontomes-
encephalic, or interpeduncular cisterns may also
occur [17]. Meningeal enhancement over the
cerebral convexities and the sylvian fissures is
another common finding. Involvement of epen-
dymal surfaces of the ventricles usually occurs
in the later stages of the TBM [1, 17, 18]. In later
stages, also there may be widening of subarach-
noid spaces.

CT images of TBM usually demonstrate oblit-
eration of basal cisterns by exudates of iso- to
mild hyperattenuation [1, 6, 16, 19]. MRI is more
sensitive than CT for detection of the findings,
especially post-contrast MRIs which will demon-
strate the leptomeningeal enhancement and
enhancing cisternal exudates (Figs. 13.3, 13.4,
and 13.5) [6].

Some studies reported that in comparison to
contrast-enhanced T1-weighted images, post-
contrast fluid attenuation inversion recovery
(FLAIR) images show a higher specificity for
discovery of leptomeningeal enhancement [20].
Also, contrast-enhanced magnetization transfer
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Fig. 13.3 Meningeal TB. Axial post-contrast T1-weighted MRIs demonstrate enhancing basilar exudates and lepto-

meningeal enhancement

Fig.13.4 Meningeal TB. Coronal (a) and axial (b, ¢) post-contrast T1-weighted MRIs show leptomeningeal enhance-
ment (white arrows). A small tuberculoma in /eft parasagittal parietal region (black arrow in ¢) is also evident

(MT) imaging is superior to the conventional
post-contrast imaging in detecting meningeal
involvement [11]. As mentioned above, TBM
imaging findings may overlap with other condi-
tions; this form of meningeal enhancement may
be seen in carcinomatous meningitis, other infec-
tive meningitis, and inflammatory diseases such
as rheumatoid arthritis or sarcoidosis [11].
Progressive hydrocephalus, cranial neuropa-
thies, infarction, and vasculitis with their own
imaging features are the complications of TBM
which may alter the face of the disease [8, 12].
Obstruction of cerebrospinal fluid (CSF) flow in
the basal cisterns results to the most common com-
plication of TBM, communicating hydrocephalus
(Fig. 13.6) [1, 4, 8, 11]. Noncommunicating hydro-

cephalus may be seen in some cases which is due
to obstruction by tuberculoma or TB abscess.

Ischemic infarct (Fig. 13.6) secondary to vas-
cular compression and obstruction of perforating
vessels (necrotizing arteritis) [17, 21, 22], espe-
cially the lenticulostriate and thalamoperforating
arteries, is also a common complication with
detection rate of 20—40% of patients. This event
is seen mostly in the basal ganglia or internal
capsule which is enriched by vessels that perfuse
the so-called medial TB zone [19]. Dural venous
sinus thrombosis and secondary hemorrhagic
infarct may be seen in patients with TBM. We
encountered a patient with CNS TB in our insti-
tute in which the only finding was dural venous
sinus thrombosis (Fig. 13.7).
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Fig. 13.5 Meningeal TB. (a) Leptomeningeal (small ~MRIs. (b) A small tuberculoma is seen in right cerebellar
arrows) and dural pachymeningeal (large arrow) enhance-  hemisphere (arrow)
ments are seen in this axial post-contrast T1-weighted

Fig. 13.6 Complications of meningeal TB. (a) Coronal  obstruction of cerebrospinal fluid (CSF) flow in the basal
post-contrast T1-weighted MRI demonstrates leptomen-  cisterns. (b) Axial T2-weighted MRI of another patient
ingeal and pachymeningeal enhancement (arrows). with TBM shows a lesion in right basal ganglia due to
Hydrocephalus is also seen which is secondary to the ischemic infarct
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Fig.13.7 Dural venous sinus thrombosis. (a) Axial post-
contrast T1-weighted MRI demonstrates a filling defect
within left sigmoid sinus (white arrow). (b) MRA reveals
nonvisualization of transverse and sigmoid sinuses in left
side (white arrow). This was the only imaging evidence of

TBM may also complicate by cranial nerve
involvement which occurs in 17-40% of cases.
It occurs secondary to ischemia, vascular com-
promise, or nerve entrapment within basal exu-
dates. Second, third, fourth, and seventh cranial
nerves are the most commonly involved nerves
[16, 18]. MRI is the preferred imaging for eval-
uation of the affected cranial nerves; they usu-
ally appear as thickened enhanced nerves,
particularly in proximal segments. These thick-
ened nerves have high signal intensity on
T2-weighted images.

13.4 Brain Parenchymal
Tuberculosis

The most common form of brain parenchymal
TB disease is tuberculoma. Other forms include
cerebritis, cerebral abscess, miliary TB, or TB
encephalopathy. Parenchymal disease may occur
with or without TBM.

TBM in a man presented with headache. Because the
patient was an immigrant from an endemic area for TB,
we assessed CSF PCR for M. tuberculosis which revealed
a positive result

13.4.1 Cerebritis and Cerebral
Abscess

Some parenchymal TB is associated with con-
comitant TBM, and sometimes it occurs without
accompanying meningitis. Cerebritis refers to
pyogenic inflammation of the brain parenchyma
and may lead to abscess formation in the setting
of inadequate or incorrect treatment. TB cerebri-
tis or abscess may mimic pyogenic bacterial
infection on CT or MRI.

TB cerebritis is infrequent and usually appears
as a single or multiple focal ill-defined hypoat-
tenuated lesion(s) on CT images. These lesions
appear hyposignal on T1-weighted and hypersig-
nal on T2-weighted images. On post-contrast
MRI, areas of patchy enhancement may be seen
(Fig. 13.8) [6, 23].

Tuberculous brain abscess (TBA) (Fig. 13.9)
is also infrequent and consists of a central zone
of pus and liquefied material. The abscess may
be single or multiple and often has multilocu-
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Fig. 13.8 TB cerebritis. (a) Axial post-contrast CT part. (b) Axial T2-weighted MRI in another patient shows
image demonstrates an irregular hypodensity in right tem-  nonspecific hypersignality in left frontoparietal region
poral region with faint peripheral enhancement in anterior

Fig. 13.9 Tuberculous brain abscess (TBA). Axial (a) and sagittal (b) post-contrast T1-weighted MRIs show multiple
TBAs as irregular thick ringlike enhancing lesions in both frontal lobes and left parietal region with peripheral edema
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Fig.13.10 TBA. (a) Axial post-contrast CT image shows
ring-enhancing lesions in /left frontal lobe with marked
peripheral edema. (b) Axial post-contrast T1-weighted

lar appearance [15]. On CT images the TBA
presents as hypodense round or multiloculated
lesion(s) accompanied with peripheral edema.
It may show some mass effect. Since the
abscess contains a central necrotic and lique-
fied zone, it shows an increased signal intensity
on T2-weighted images. Ring enhancement is a
dominant feature in post-contrast CT or MRIs
(Fig. 13.10). This enhancement is often thin
and uniform. However, it may be irregular and
thick, particularly in immunodeficient patients
[1,3,7,8,24,25].

Some studies have shown that application of
MT spine echo images make the CNS TB
lesions more obvious [26-31]. By increasing
the detectability of the lesions, MT images
improve the assessment of extent of CNS
TB. MT ratio measurements on MRI help to
distinguish CNS TB from other infectious brain
lesions; MT ratios in TB are lower than those in
pyogenic infections and higher than those in
viral infections, with the difference related to
variations in protein content [5]. Furthermore,
on MR spectroscopy, unlike the pyogenic
abscess, the peak of amino acids is not a usual
finding in TBA [26, 31].

MRI in another patient also reveals a lesion in /eft frontal
lobe with thick ring enhancement and marked peripheral
edema and mass effect leading to midline shift

13.4.2 Tuberculoma

Tuberculoma is the most common form of paren-
chymal involvement in CNS TB. The lesion may be
single or multiple and may be seen in any part of the
intracranial space. Tuberculoma and TBM may
occur concomitantly (Fig. 13.11).

Unlike the TBA which contains central area of
pus, tuberculoma has a necrotic caseous center. Its
peripheral capsule contains Langerhans cells, epi-
thelioid cells, fibroblasts, and lymphocytes [32].
Tuberculoma in nonenhanced CT images may
be isodense, hyperdense, or of mixed density. On
contrast-enhanced CT, tuberculoma shows a ring-
like enhancement. It may also exhibit irregular or
nodular nonhomogeneous enhancement. Some
studies have shown that presence of a central calci-
fication within a ringlike enhancement (target sign)
is suggestive of tuberculoma [22]. T2-weighted
or FLAIR images show a mixed intensity lesion
(mainly low signal) which contains a central zone
of high signal intensity [33]. The central caseat-
ing necrosis makes high signal intensity zone, and
peripheral collagenous capsule presents as low
signal intensity rim. The capsule is a layer with
low water content and high protein content [33].
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Surrounding edema may be seen as high signal
intensity edema. Post-contrast MRIs often show a
ring enhancement (Figs. 13.12 and 13.13).

SP H3
SL 5.51

Fig. 13.11 Tuberculoma with TBM. Axial post-contrast
T1-weighted image through the lateral ventricles shows a
tuberculoma as a cortical ring-enhancing lesion in left
frontal lobe. There is also another small tuberculoma in
right occipital lobe. Dural and leptomeningeal enhance-
ments in left frontoparietal region indicate associated
TBM

Fig. 13.12 Multiple tuberculomas. (a) T2-weighted
image through the lateral ventricles shows lesions with
hypointense core and peripheral hyperintensity in bilat-
eral frontotemporal regions. Axial (b) and sagittal (c)

Caseating solid granulomas are hypointense
on T1-weighted images and strikingly hypoin-
tense on T2-weighted images. This hypointensity
is due to the granulation tissue and a compact cel-
lularity which is higher than that of brain paren-
chyma. These typical imaging findings are not
seen in noncaseating granulomas; they usually
are hypointense to isointense on TI-weighted
and hyperintense on T2-weighted images. On
post-contrast images homogeneous enhancement
is typical [8].

Evaluation of response to medical treatment
can be performed by follow-up CT or MRI
studies. Regression of the lesions is not a role,
and some patients who receive suitable treat-
ment may show paradoxical enlargement of a
tuberculoma. Sometimes, a new intracranial
and spinal tuberculoma may be seen.
Nevertheless, with continuation of anti-TB
treatment, the lesions often eventually resolve
[33, 34].

Occasionally, healed tuberculomas appear as
calcified points on noncontrast CT (Fig. 13.14).
Also, several years after healed TBM, calcifica-
tions within basal cisterns or brain sulci may be
seen [35]. On MR spectroscopy tuberculomas
demonstrate lipid level peaks at 0.9 ppm, 1.3 ppm,
2.0 ppm, and 2.8 ppm; these peaks are due to
presence of the high lipid content of the mycolic

post-contrast T1-weighted images show scattered bilat-
eral cerebral tuberculomas as ring-enhancing lesions
without peripheral edema. A cerebellar tuberculoma is
also seen (c¢)
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Fig. 13.13 Contrast-enhanced CT of the head showing
multiple enhancing lesions with perilesional edema and
an extra-axial collection in left frontal region, with sug-
gestion of midline shift to the right (a). The extra-axial
collection is iso- to hypointense on T1 W (b) and

acid in the mycobacterial cell wall. In contrast to
pyogenic abscesses which show amino acid reso-
nances at 0.9 ppm at MR spectroscopy, this fea-
ture is not seen in TBAs [5].

13.4.3 Miliary Tuberculosis

Brain miliary TB is a very rare form of TB which
is seen mainly in severely immunodeficient
patients. It is often accompanied with meningitis
or an extracranial primary TB infection [36]. The
dissemination is always hematogenous, and

T2-FLAIR (c). SPGR-contrast images (axial, d; sagittal,
e) show multiple ring lesions (tuberculomas) with an
extra-axial enhancing collection (en plaque tuberculoma)
(Courtesy of R. K. Garg, M.D.)

therefore the military lesions often lodge at the
corticomedullary junctions.

Miliary tuberculomas are usually tiny
(2-3 mm) dispersed lesions. The lesions usu-
ally are not seen on CT images and may be
also invisible on noncontrast MRIs. In vis-
ible lesions, MRI shows small lesions that are
hypointense on T2-weighted sequences. These
lesions occasionally can be hardly seen as small
hypodense foci on CT images [16]. Post-contrast
MRIs usually demonstrate innumerable homoge-
neously enhancing small round lesions (usually
ring enhancing) (Fig. 13.15) [26]. MT spin echo
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Fig. 13.14 Treated tuberculoma. Axial CT image in a
patient with history of treated TB shows a calcified lesion
in right frontal lobe without edema or mass effect

Fig. 13.15 Miliary brain TB. Axial
T1-weighted image shows numerous bilateral tiny enhanc-
ing nodules. This young female patient presented with
chronic cough, headache, dizziness, nausea, and vomiting

post-contrast

T1-weighted images (with or without contrast)
can detect invisible lesions on routine MRIs even
those without enhancement [27].

13.4.4 Tuberculous Encephalopathy

This type of CNS TB characteristically involves
the young children. These patients may present
with neurologic signs such as convulsion, stu-
por, and coma. There may be no signs of focal
neurological deficit or meningeal irritation.
Severe cerebral edema, which may be unilateral
or bilateral, is the main neuroimaging finding.
Sometimes, hypoattenuating areas on CT images
and hyperintensity areas on T2-weighted MRIs
may be seen due to myelin loss in the white mat-
ter [8, 13, 37].

13.5 Tuberculous Ventriculitis

In addition to the subarachnoid space and brain
parenchyma, M. tuberculosis can infect the
ventricles called “ventriculitis.” Despite high
incidence of TBM in endemic areas, there are
a few reports of TB ventriculitis [38, 39], and it
seems to be underestimated [38]. Main CT and
MRI findings include intraventricular debris
(mostly in occipital horns), ventricular dilata-
tion, periventricular edema, subependymal (or
choroidal) enhancement, and restricted dif-
fusion (Fig. 13.16). Singh et al. [38] reported
five patients of TB ventriculitis. Enhancement
of ependymal wall of lateral ventricle or fourth
ventricle was seen on MRIs of these patients
along with restricted diffusion and hydrocepha-
lus. Intraventricular septations, sequestered
ventricles, and ventricular sludge were also
seen in some patients. They concluded that
sequestered ventricles (intraventricular septa-
tions) and enhanced or hyperintense ependy-
mal wall on MT images are suggestive for TB
ventriculitis.

13.6 Miscellaneous Forms of CNS
Tuberculosis

Beside the abovementioned presentations, CNS
TB may present as other forms such as subdu-
ral or epidural abscess, spinal or spinal cord
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Fig. 13.16 Axial (a, b) and sagittal (¢) post-contrast
T1-weighted MRIs demonstrate marked enhancement in
posterior horn of /eft lateral ventricle and adjacent subtle

Fig.13.17 TB epidural and subdural empyema. Coronal

post-contrast T1-weighted MRI demonstrates dural
enhancement and epidural and subdural collections with
thick enhancing walls in right frontal region. The epidural
component extended to the /eft side. Involvement of dip-
loe indicates calvarial involvement

ventricular wall enhancement. There is also a ring-
enhancing tuberculoma in left thalamus

TB, and calvarial TB. Intracranial subdural or
epidural abscess may be seen with or without
a primary CNS TB. Imaging features of the
abscess are similar to that of other pyogenic
abscesses, i.e., isosignal to hyposignal inten-
sity on T1-weighted images and hypersignal or
mixed signal intensity on T2-weighted images.
These lesions typically show rim enhancement
on post-contrast MRI or CT images (Fig. 13.17)
[33]. Atypical imaging presentation of CNS
TB is not infrequent, and brain TB sometimes
mimics a mass lesion leading to unnecessary
surgery (Fig. 13.18).
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Conclusion

TBM is the most common form of CNS TB,
followed by tuberculoma. Enhancing exudate
in the basal cisterns is the hallmark of
TBM. Tuberculoma often presents as single or
multiple ring-enhancing lesion(s) with or
without evidence of TBM. Diagnosis of CNS

Fig. 13.18 Atypical presentations of CNS TB. (a—-d) These are four different patients with CNS TB mimicking cere-
bral or cerebellar mass lesions. In case of (¢) the diagnosis of TB was made after a complicated surgery

TB is a challenging issue because of its insidi-
ous course and nonspecific clinical presenta-
tions and also sometimes atypical imaging
presentations such as a mass-like lesion.
Therefore, the neuroimaging plays a key role
in early diagnosis of this curable disease and
reducing its morbidity and mortality rates.
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