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Abstract

Treatment of CNS TB is challenging due to lack of specific biochemical tests and inability to get the pathological sample from deeply
located eloquent areas of CNS without causing any neurological deficit. Moreover, it is unnecessary to operate for biopsy in a patient
who has presented with a very small granulomatious lesion in brain or spinal cord. In such as situations neuro-radiology helps in manag-
ing CNS TB and it may be the only source of establishing diagnosis and evaluating treatment response.

Role of radiological investigation has expanded from the initial diagnosis to the therapeutic interventions. In some Muli-drug- resistant
(MDR) CNS TB cases, Stereotaxy or USG or CT guided biopsy helps in obtaining pathological sample and drug sensitivity testing. A
regular clinical and neuro-radiological follow-up is mandatory during the entire course of anti tuberculous therapy to take prompt deci-
sions to change ATT and to reduce morbidity and mortality associated with CNS TB.
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1. Introduction

Timely diagnosis is the key in management of tuberculosis. Tradi-
tionally culture and sensitivity testing of the pathological speci-
men for AFB (Acid-fast fast bacillus), Mycobacterium tuberculo-
sis, has been considered gold standard for diagnosis of tuberculo-
sis. In view of the lack of the sensitivity and specificity of the
molecular and biochemical tests and inability to get the pathologi-
cal sample in most of the cases of central nervous system tubercu-
losis (CNS TB), there is increased reliance on the radiological
investigations. So, this is impossible to get the pathological sam-
ple from the deeply located lesions in the eloquent areas of the
brain and inside the spinal cord without inflicting any damage to
the central nervous system. Moreover, it is unnecessary to operate
a patient who has presented with a very small granulomatious
lesion in brain or spinal cord. Noninvasive and prompt neuro-
radiology offers great help in managing CNS TB.

In majority of pulmonary TB cases, a chest X-Ray show the le-
sion, and it is often easy to get the pathological sputum sample
where AFB staining and culture and sensitivity testing is possible.
Contrary to this, in most of the CNS TB patients, neuro-radiology
is the only source of establishing diagnosis and evaluating treat-
ment response.

2. Findings of roentgenogram in CNS TB

With invention of CT scan and MRI, the early diagnosis of CNS
TB was possible. But, the x-ray is still of great value in diagnosis,
treatment and follow-up of patients with pulmonary or extra-
pulmonary TB.

2.1. Chest x-ray

X-Ray Chest- postero-anterior view (PA view) should be done in
all patients of CNS TB. Although X-Ray chest may not be posi-
tive for pulmonary TB, however, in some cases it may reveal evi-
dence of tubercular etiology. Various studies have shown that
about 12 to 60 percent patients with CNS TB show features sug-
gestive of concomitant pulmonary TB on their chest x-rays [Davis
et al. 1993, Tariq & Sheikh 1994, Alsoub 1998, Girgis et al. 1998,
Venugopal et al. 2008, Gautam et al. 2013].

Although, a chest x ray is mandatory in all patients suspected to
have TB, roentgenogram of different other areas may also become
indispensable in certain cases of extrapulmonary TB. X- Ray of
the skull may reveal a lytic lesion in tubercular osteomyelitis of
the skull bone [Gautam et al. 2013, Gautam & Singh 2014].
Sometimes CT scan of the chest or abdomen is required.

2.2. Skull x-ray

If patient presents with a cold abscess of the scalp or a bony lesion
or defect in the skull, X- Ray skull both antero-posterior and lat-
eral view ( Fig 1 A & B) should be advised, which may reveal a
Iytic lesion with irregular margins suggestive of tubercular osteo-
myelitis. If there is an associated cold abscess, an anti-gravity
aspiration of the pus can be done and pus should be sent for AFB
stain, Gram stain, PCR for TB, AFB culture and sensitivity [Gau-
tam et al. 2013]. Skull X-ray is not done unless osteomyelitis of
skull bone is suspected.
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Fig. 1: Anteroposterior ( A) and Lateral View ( B) of Skull Showing A
Defect in the Craniaum

2.3. X-ray of spine

Plain radiography is insensitive for the early detection of vertebral
TB. Disk space narrowing may be quite subtle and vertebral in-
volvement is not detected until at least 50% of the trabecular bone
is lost. Plain radiography of tuberculous spondylodiscitis may
demonstrate erosion or destruction of pedicle, loss of vertebral
height or collapse of vertebral body, disc space narrowing ( Fig.2),
erosions, indistinction of the end plates, paravertebral masses, and
soft-tissue calcifications, kyphosis or scoliosis of spine [Moore &
Rafii 2001, De Backer et al. 2005, Gautam & Singh 2014].

Even with the advent of MRI, the x-ray of the spine (AP & Lateral
view) is still relevant and should be done in all patients suspected
to have tubercular spine.

Some specific X-rays may be done as and when required. For
example, in tuberculosis of the cranio-vertebral (CV) junction,
plain x-rays should be obtained for all patients, including X-ray
CV junction —lateral view (neutral, flexion, extension), and open
mouth view.

Plain x-rays may reveal enlargement of the retropharyngeal space
at C1 and C2, atlantoaxial dislocation (AAD) and other bony ab-
normalities.

Flexion, extension and neutral views of spine are helpful to diag-
nose the mobility of the affected spine, instability of the spine and
need for spinal fixation, irreducible-type AAD if atlantodental
space is not reduced after putting the patient on traction in exten-
sion, and spondylolisthesis.

s
Fig. 2: Lateral View of the Thoraco-Lumbar Spine Showing Diminution
of Intervertebral Disc Space.

3. Newer diagnostic tools

Since invention of Roentegogram, many advances have occurred
in neuroradiology. Myelogram, angiography, bone scan, CT scan,
MRI, Positron Emission Tomography (PET) CT, PET MRI,
SPECT and many more. But, all these investigative modalities
may not be relevant in all cases. Judicous decision to use a par-
ticular investigaton should be based on the clinical presentation of
each patient. Sometimes, CNS tuberculoma may mimic brain me-
tastasis. Similary, cervical lymphadenopathy may be due to can-
cer. In such cases, PET CT may be valuable [Gautam et al. 2014].
Bone scan should not be advised as a routine investigation for the
diagnosis of CNS TB [ Gautam et al. 2014]. Computerized tomog-
raphy (CT) and magnetic resonance imaging (MRI) have vastly
improved the diagnostic accuracy of tuberculosis of central nerv-
ous system.

NCCT scan of brain may be normal in the initial phase of TBM.
Commonly identified neuroradiological features of TBM on con-
trast enhanced CT scan of the brain reveals include abnormal me-
ningeal enhancement, leptomeningeal enhancement at sylvian
fissure, tentorium, obliteration of basal cisterns, basal meningeal
enhancement ( basal exudates), granulomas in the basal meninges
and ependymitis, hydrocephalus, calcifications, ring enhancing
granulomas, abscess and infarctions in the supratentorial brain
parenchyma, cerebellum and brain stem (Fig.3&4) [Gupta et al.
1994, Gupta et al. 1999, Gupta 2002, Trivedi et al. 2009].
Contrast-enhanced MRI is generally considered to be superior to
CT in detecting and assessing CNS tuberculosis [Offenbacher et
al. 1991, Kioumehr 1994, Jinkins 1995, Bernaerts et al. 2003].
MRI with contrast detects the extent of pachymeningitis, lep-
tomeningeal disease and parenchymal abnormalities.

In an attempt to establish CT criteria for the diagnosis of CNS
tuberculosis, Kumar et al. identified basal meningeal enhance-
ment, ventriculomegaly, tuberculoma, and infarcts as characteris-
tics to distinguish CNS tuberculosis from pyogenic meningitis and
proposed that basal meningeal enhancement, tuberculoma, or both
were 89% sensitive and 100% specific for TBM [Kumar et al.
1996].

<

Fig. 3: CT Scan of Brain Axial Views: A. Noncontrast and B. with Con-
trast, Showing Meningeal Enhancement and Ventriculomegaly.
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The early changes in ventriculomegaly is suggested by the blunt-
ing of the frontal horns of the lateral ventricle. The temoral horns
become visible and size becomes more than 2 to 3 mm. Third
ventricle no longer remains slit like and becomes globular. The
sulci become effaced in the obstructive hydrocephalus (Fig.3).
Hypodensity in the brainstem on NCCT scan head could be due to
infarct or edema in the brain stem (Fig. 4, 6) [Greenberg 2010].
Przybojewski et al. evaluated nine of these distinct CT criteria for
basal meningeal enhancement and suggested that the presence of
four criteria were highly specific and that having more than one
criteria was 91% sensitive for TBM [Andronikou & Wieselthaler
2004, Przybojewski et al. 2006].

| _—

‘ — |
Fig. 4: NCCT Scan of Head Showing Hypodensity in the Brain Stem.

Magnetization transfer ( MT) imaging is considered to be superior
to conventional spin echo (SE) sequences for imaging abnormal
meninges , which appear hyperintense on pre contrast TIW MT
images and show further enhancement on post contrast TIW im-
ages. In addition, MT ratio quantification helps in predicting the
etiology of meningitis [Gupta et al. 1994, Gupta et al. 1999, Gupta
2002, Kamra et al. 2004, Trivedi et al. 2009]. Visibility of the
inflamed meninges on precontrast TIW MT images with low
MTR is specific for TBM, helping in differentiating it from other
nontuberculous chronic meningeal infections [Kamra et al. 2004].

MR spectroscopy of the tubercular lesion shows lipid peak in cas-
es of tubercular granulomatous lesion (Fig.5). The combination
of MRS with MT MRI may be of value in the diagnosis of TBM
[Trivedi et al. 2009].

MS
Fig. 5: MR Spectroscopy of Brain Lesion Showing Lipid Peak.

3.1. Neuroradiological findings in hydrocephalus

Hydrocephalus encountered in TBM can be broadly divided into
two types: (1) communicating type, which is common, secondary
to an obstruction of the basal cisterns by inflammatory exudates
and (2) obstructive type, which is less common and either second-
ary to a focal parenchymal lesion causing mass effect or due to the
entrapment of a part of the ventricle by granulomatous ependy-
mitis [Trivedi et al. 2009, Tandon et al. 1988]. Periventricular
hyperintensity on proton density and T2W images is due to the

seepage of the CSF fluid across the white matter and usually sug-
gests hydrocephalus under pressure, which is an indication for
CSF diversion surgery to decompress the ventricular system
[Trivedi et al. 2009, Singh et al. 2008].

The common site of ventricular obstruction in obstructive hydro-
cephalus is aqueduct causing enlargement of the lateral and third
ventricle. However, there may fourth ventricular outlet obstructon
(foramen of Luschka and formen of Magendie) leading to panven-
triculomegaly. Sometimes, there may be enlargement of only one
ventricle (Fig. 8-12).

Fig. 6: CT Scan
Size.

On CT scan, hydrocephalus can be assessed with Evans ratio and
periventricular lucency. Periventricular lucency, a term sometimes
used to describe the hypodensity around the lateral ventricle in
patients of hydrocephalus is basically a misnomer, as the term
lucency is used in X ray report. The term should be periventricular
hypodensity, which indicates trans-ependymal flow of CSF. This
is a sign of raised intraventricular hydrostatic pressure and raised
intracranial pressure and indicates need for prescribing cerebral
decongestants, including acetazolamide or necessitates some kind
of CSF diversion procedure. In cases of TBM, periventricular
hypodensity could also be due to spread of an inflammatory pro-
Cess.

The easy way to recognize ventriculomegaly on the CT is that
there will be enlargement of the ventricular size, the frontal horns
may look blunted; the third ventricle may become globular; the
cisterns may get obliterated in case of obstructive hydrocephalus;
the temporal horns of the lateral ventricle may look prominent and
more than 2 to 3 mm in size [Greenberg 2010].

In newborn, infant, and in children below age of 18 months, in
whom the anterior fontanel is still open, cranial ultrasound is safe
investigation to assess the progression of hydrocephalus.

3.2. Neuroradiological findings in vasculitis

The adventitial layer of small and medium-sized vessels develops
changes similar to those of the adjacent tuberculous exudates. The
intima of the vessels may eventually be affected or eroded by
fibrinoid-hyaline degeneration. In later stages, the lumen of the
vessel may get completely occluded by reactive subendothelial
cellular proliferation. Ischemic cerebral infarction resulting from
the vascular occlusion is a common sequelae of tuberculous arteri-
tis. The middle cerebral and lenticulostriate arteries are most
commonly affected [Dastur et al. 1970, Trivedi et al. 2009]. Diffu-
sion-weighted MR imaging helps in the early detection of this
complication [Shukla et al. 2008, Trivedi et al. 2009].

3.3. Neuroradiological Findings in pachymeningitis

An unusual presentation of CNS TB is isolated involvement of the
dura, known as pachymeningitis, which is distinct from the in-
flammation of the dura adjacent to an intraparenchymal tubercu-
loma [Kumar et al 1996, Brismar 1996, Goyal et al 1997, Trivedi
et al 2009]. It consists of either isolated dural involvement or pial
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or parenchymal involvement that is secondary to a dura-based
lesion. As in the case of TBM, tuberculous pachymeningitis may
also result from hematogenous spread of the bacilli. Pachymenin-
gitis may exist as focal or diffuse involvement of the dura [Trivedi
et al. 2009, Offenbacher et al .1991, Brismar et al. 1996, Goyal et
al. 1997]. Pachymeningitis will appear as thickened dura, which
will be hyperintense on T1W1 contrast image on MRI (Fig.7).

3.4. Neuroradiological findings in brain tuberculoma

Brain Tuberculoma, a space-occupying mass of granulomatous
tissue [Tandon & Pathak 1973, Trivedi et al. 2009] forms a large
percentage of intracranial mass lesions in the developing coun-
tries. Tuberculomas may be single or multiple, and can be seen
anywhere in the brain parenchyma [Gupta & Lufkin 2001, Trivedi
et al. 2009].

On CT scan, tuberculoma may also appear as hypodense lesion
without of proportion edema in cerebritis stage. Mature tubercu-
loma shows either ring or nodular enhancement with perilesional
edema. Caseating tubercular granloma on CECT shows a rim-
enhancing lesion with a caseating hypodense center.

A variable degree of vasogenic oedema surrounds the lesions,
which is better appreciated on T2-weighted MR images. En-
hancement of the granulomas on the post-gadolinium scans im-
proves their conspicuity and enables their differentiation from the
adjacent vasogenic edema [Khoo et al. 2003].

The “target sign” (central nidus of calcification surrounded by a
ring of enhancement) was once considered to be pathognomonic
for tuberculoma [Bernaerts et al. 2003], but this has recently been
called into question [Bargallo et al. 1996]. The radiographic
presentation of tuberculoma depends largely on whether the lesion
is noncaseating, caseating with a solid center, or caseating with a
liquid center; the degree of edema surrounding the tuberculoma is
thought to be inversely proportional to the age of the lesion [Bern-
aerts et al. 2003]. While new or enlarging tuberculoma may occur
in some patients despite adequate ATT, the activity of tuberculo-
ma can generally be assessed by the degree of contrast enhance-
ment on follow-up CT or MRI studies [Bernaerts et al. 2003].

Fig. 7: Mri Images Showing Basal Exudates, Granu-Lo
Exudates, Features of Vasculitis & Edema

mas, Basal

MRI features of tuberculomas may be similar to those of other
intracranial focal lesions, like neurocystycere-cosis, fungal granu-
lomas, glioma, metastasis, chronic pyogenic brain abscess, and
lymphomas. So, other in-vestigations are used in conjunction with
MRI brain with contrast with MR spectroscopy with quantitative
MT imaging to diagnose lesions, which constitute a spectrum of
differential diagnosis of tuberculomas [Trivedi et al. 2009, Gupta
et al. 1990, Gupta et al. 1993, Poptani et al. 1995, Gupta et al.
1995, Gupta et al. 1996, Gupta & Roy 1999].

3.5. Neuroradiological findings in tuberculous brain
abscess

Tuberculous brain abscess is a relatively rare condition constitut-
ing 4-7% of the total number of CNS TB cases in developing
countries. According to the criteria of Whitener, tuberculous ab-
scesses should show macro-scopic evidence of abscess formation
within the brain parenchyma and should offer histological confir-
mation that the abscess wall is composed of vascular granulation

tissue containing both acute and chronic inflammatory cells and
Mycobacterium. [Whitener 1978, Trivedi et al. 2009].
Tuberculous abscesses appear as large, solitary, and frequently
multiloculated, ring-enhancing lesions with surrounding edema
and mass effect on MRI. [Farrar et al. 1997, Trivedi et al. 2009].
MTR quantification from the rim of the abscess has helped in the
differential diagnosis of tuberculous from pyogenic abscesses.[
Gupta et al. 2001, Trivedi et al. 2009]. High lipid-containing M.
tuberculosis bacilli are probably respon-sible for the significantly
lower MTR values in the rim of tuberculous abscesses compared
with pyogenic ab-scesses. DWI in tuberculous abscesses shows
restricted diffusion with low apparent diffusion coefficient (ADC)
values, probably a result of the presence of intact inflammatory
cells in the pus [Trivedi et al. 200913, Gautam et al. 2013, 2014].

A
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Fig. 8: A. MRI Brain TIW1 Axial View Showing Enlarged Temporal
Horns of the Lateral Ventricle, B. 4™ Ventricular Enlargement
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Fig. 9: A. MRI Brain TIW1 Axial View Showing A Mixed Intensity
Rounded Lesion in Pons

b. MRI brain T2W2 image showing brain stem lesion showing
caseous necrotic centre appearing hypointense on T2 associated
edema

¢. MRI Brain with TIWContrast (axial view) showing Brain stem
Tuberculoma nonenhancing hypointense center and with homoge-
nous intense contrast enhancement of the peripheral rim and per-
ilesional edema.

A

Fig. 10: A.MRI Brain T1W1 Axial View with Contrast Showing Posterior
Fossa Conglomerate Tuberculoma and Enlargement of Temporal Horns of
Lateral Ventricle, B. Post-Operative Follow Up MRI Brain TIW1 Axial
View Showing Disappearance of the Tuberculomas , Absence of the Hy-
drocephalus and No Shunt in Situ

\ [
Fig. 11: Calavrial Tuberculosis:
a) T1W Contrast MRI Axial View Showing Hypointense Lesion with
Peripheral Contrast Enhancement
b) T2W Axial View Shows Mixed Hyperintense Lesion

¢) Tlw Contrast Coronal View
d) Contrast Enhanced CT Axial View

Fig. 12: MRI T1W1 Axial Image of Brain Showing Subgaleal and
Extradural Peripherally Enhancing Hypointense Lesion , B. Contrast MRI
T1IW1 Axial Image of Brain Showing Subgaleal and Extradural
Peripherally Enhancing Hypointense Lesion, C. Post Operative CT Scan of
the Patient Showing Complete Resolution of the Lesion after Surgery And
A Course of ATT.

4. Role of CT guided stereotaxy

CT- guided sterotactic surgery helps in retrieving biopsy material
from the deep located lesions in the eloquent area of the brain. It
may be used either for the diagnostic or therapeutic purposes. It
helps in histopathological confirmation of the lesion which
remains the gold standard to increase the diagnostic accuracy and
to avoid inappropriate treatment . Stereotaxy may also be used for
the aspiration of deep seated tuberculous lesion in brain or spine
not responding to conservative treatment and decision is warranted
to start second line ATT after obtaining drug sensitivity testing of
the pathological sample [Ersahin et al. 2010].

5. Role of ultrasonography

Ultrasonography (USG) is a noninvasive aid in evaluation of
tuberculosus lymphadenopathy. Tuberculous lymphadenitis is the
most common form of extra-pulmonary tuberculosis and cervical
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lymphnodes are most frequently involved group among peripheral
lymphnodes. [MRC Report 1980, Gupta et al. 2007]. Most of the
patients of spinal tuberclosis have concomitant intraabdominal
periaortic lymphadenitis and prevertebral pus collection. So, USG
abdomen should be a routine dianostic tool for assessing a case of
spinal TB.

6. CT of the spine

In spinal TB, infection typically commences at the superior or
inferior anterior vertebral body corner adjacent to the discoverte-
bral junction, and spreads by subligamentous extension and pene-
tration of the subchondral plate. Later, the lateral and anterior
cortices of the vertebral body may become destroyed, leading to
cavitation, wedging, collapse, vertebral instability and gibbus or
kyphotic deformity. Because the disc is avascular, disc infection is
seen late, and results in disc interval narrowing secondary to her-
niation of the disc into the undermined, collapsed vertebral body.
When two contiguous vertebral bodies are involved, the nutrition
of the disk is affected [De Backer et al. 2005].

Less often, posterior elements of the spine may be involved. In-
volvement of the neural arch may occur either alone or in combi-
nation with vertebral body lesions (10). Other atypical patterns of
tuberculous involvement of the spine consist of infection of a sin-
gle vertebra or multiple nonadjacent vertebrae (‘skip lesions’)
[Moore & Rafii 2001].

CT scan of the spine may show the patterns of bony destruction,
calcifications in soft tissue or paraspinal abscess and for regions,
which are difficult to visualize on plain films, like craniovertebral
junction.

CT guided biopsy is another tool to diagnose spinal tuberculosis.
CT guided biopsy, thoroacscopic / laproscopic biopsy may add to
armmentorum for the definitive diagnosis of tubercular spine [Gu-
lati & Gupta 2005].

CT scan of the spine is sometimes required to whether the patient
cannot undergo MRI due to claustrophobia, or the presence of
pacemaker or ferromagnetic implant in the body.

7. MRI of the spine

MRI is the investigation of choice for diagnosis of spinal tubercu-
losis because of its multiplanar capability, superior tissue contrast,
higher sensitivity for detection of early inflammatory bone mar-
row changes and infiltrative end plate changes in the vertebra. MR
imaging is mostly useful in delineating paravertebral, epidural,
and intraosseous abscesses and in evaluating the extent of cord
compression and the presence of intramedullary lesions
(Fig.13&14) [De Backer et al 2005].

8.1 Neuroradiological findings in TB myelitis

The MRI imaging features of TB myelitis are similar to those of
cerebritis. Edema of the spinal cord, hyperintensity on T2
weighted image and marginal enhancement on postcontrast TIW
images [Murphy 1998, Trivedi et al. 2009, Kumar 2005]. The
surrounding edema continues to be more extensive than the mar-
gins of enhancement. These findings suggest the beginning of
intramedullary abscess formation. The central cavitary portions of
the intra-axial necrotic areas are seen as hypointense and hyperin-
tense foci on TIW and T2W images, respectively. Although the
abnormalities visible on T2W images subside in several weeks,
foci of contrast enhancement on postcontrast images may persist
for several months [Murphy 1998, Trivedi et al. 2009].

8.2. Neuroradiological findings in tuberculous spondyli-
tis

The vertebral bodies are the most commonly involved; the poste-
rior osseous elements, epidural space, paraspinal soft tissue, and
intervertebral discs are also involved either secondarily or some-

times as the primary area to be first involved [Sharif et al. 1992,
Trivedi et al. 2009]. The most commonly involved sites are the
dorsal and lumbar spine, especially the thoracolumbar junction.
Although the sacrum and cervical spine are the least affected,
often

more than one vertebral level is involved.

A B

racic Spine Coronal View Showing Paraverte-
bral Tubercular Granulation Tissue, B. Axial View Showing Destruction
of the Vertebral Body and Compression of the Soinal Cord Due to Epidur-
al Collection of the Tubercular Granulation Tissue

Because of its ability to detect marrow abnormalities before bony
destruction, MRI is sensitive for the early detection of tuberculous
spondylitis, even in patients with normal radiographs. In the ma-
jority of cases, tuberculous spondylitis appears hyperintense on
T2W and hypointense on T1W images, showing vertebral body
involvement [Sharif et al .1992, Trivedi et al. 2009]. Classic disco-
vertebral involvement can be noted with progression of the dis-
ease. Vertebral intra-osseous abscesses, paraspinal abscesses,
discitis, skip lesions, and spinal canal encroachment are all readily
seen on MR imaging. Reduction in disc height and morphological
alteration of the paraspinal soft tissue become apparent during the
later stages of infection.

Enhanced MRI studies are useful for characterizing tuberculous
spondylitis. Rim enhancement on postcontrast T1W images
around intra-osseous and paraspinal soft-tissue abscesses is char-
acteristic of tuberculous spondylitis [Trivedi et al. 2009].

MRI has turned out to be a boon in making a diagnosis, picking up
skip lesions, understanding the details of bony and soft tissue in-
volvement, extent of extradural compression, presence or absence
of meningeal involvement, cord changes etc.[ Kumar 2005].
Epidural TB lesions generally appear to be isointense to the spinal
cord on T1W images and have mixed intensity on T2W images. In
postcontrast images, uniform enhancement can be seen. Epidural
tuberculous abscess may occur as primary lesions or may be seen
in association with arachnoiditis, myelitis, spondylitis, and in-
tramedullary and dural tuberculomas [Murphy 1998, Trivedi et al.
2009].

8.3. Neuroradiological findings in intradural extrame-
dullary (IDEM) tuberculoma

Intradural extramedullary tuberculoma is rare and signal intensity
changes, and meniscus sign may be seen inside the dura and out-
side the spinal cord. Contrast MRI may delineate the ring enhanc-
ing tuberculoma.

8.4. Neuroradiological findings in spinal arachnoiditis

The pathophysiology of spinal meningitis is similar to that of
TBM; submeningeal tubercle forms during primary infection and
ruptures into the subarachnoid space, eliciting mediators of de-
layed hypersensitivity [Brooks et al. 1954 Trivedi et al. 2009]. As
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with intracranial lesions, there is granulomatous inflammation
with areas of caseation and tubercles with eventual development
of fibrous tissue in chronic or treated cases[Khoo et al. 2003].
Spinal tuberculous meningitis (STBM) may originate in 3 ways;
haematogenous spread from a source outside the CNS, caudal
extension of intracranial tuberculous basal meningitis and in-
traspinal extension from osseous or discal TB.

For spinal arachanoiditis, MRI is the modality of choice as deline-
ates leptomeningeal.

disease better.

Tuberculous pus formation occurs between the dura and the lep-
tomeninges and may appear loculated. It appears hyperintense on
T2W and iso- to hypointense on T1W images.

MRI features include CSF loculation and obliteration of the spinal
subarachnoid space with a loss of the outline of the spinal cord
against CSF in spinal canal on T1 weighted image. Matting of the
nerve roots is seen in the lumbar region. Sometimes, unenhanced
MRI may appear normal but contrast enhanced imaging will re-
veal nodular, thick, linear, intradural enhancement, often com-
pletely filling the subarachnoid space. So, the key point is that one
should suspect spinal arachnoiditis on MRI when T1 contrast en-
hanced images look like T2 images [aimsnet.org].

In chronic stages of the disease, the postcontrast images may not
show any enhancement even when unenhanced images show signs
of arachnoiditis.

8.5. Neuroradiological findings in syringomyelia

Spinal cord involvement in the form of infarction and syringomye-
lia may occur as a complication of arachnoiditis. Parenchymal TB
myelitis and tuberculoma formation may also occur. Syringomye-
lia is seen as cord cavitation that typically demonstrates CSF in-
tensity on T1W and T2W images but does not enhance on post-
contrast images [Kumar 2005, Trivedi et al. 2009].

Syringomyelia can occur as a complication of arachnoiditis. Syr-
inx is the lesion inside the spinal cord. It appears hypointense on
T1W1 and hyperintense on T2W2 image without contrast en-
hancement.

8.6. Neuroradiological findings in intramedullary TB

Intradural intramedullary involvement is very rare [Jaiswal et al.
2006].

MRI shows low or intermediate signal intensity on T1W images
and low signal on T2Wimages (Low signal on T2W images is due
to caseous necrosis in the tuberculoma, which has high-protein
content). Post Gadolinium study shows ring enhancement. Some-
times associated with changes of myelitis with altered cord signal
intensity.
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Fig. 14: A & B: MRI Thoracolumbar Spine Showing Collapse of the Ver-
tebra And Compression of the Spinal Cord Due to Granulation Tissue in
the T2W2 Sagittal View, and Axial Views, C & D: Post-Operative Follow
Up MRI Thoracolumbar Spine T2W2 Sagittal and Axial Views Showing
Fusion of the Adjoining Vertebrae. Although Granulation Tissue is Still
Present, It is Confined Anterior to the Vertebral Body, So there is No
Compression Over the Spinal Cord Leading to Complete Neurological
Recovery of the Patient.

8. Conclusion

Neuroradiological evaluation has become the most important step
in the clinical management of CNS TB patients. Role of radiologi-
cal investigation has expanded from the initial diagnosis to the
therapeutic interventions. Stereotaxy, Ultrasound or CT guided
biopsy often requires a team approach. With the rise of MDR CNS
TB cases, the neuroradiological evaluation and intervention neuro-
radiology for obtaining pathological sample and drug sensitivity
testing is the most important step to start second line ATT for
treating MDR CNS TB. This crucial step will minimize the mor-
bidity and mortality of patients affected with tuberculosis of brain
and spine. In all cases of CNS TB, a regular clinical and neuro-
radiological follow-up is mandatory during the entire course of
anti tuberculous therapy.
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