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Central nervous system (CNS) tuberculosis is a post-primary form of tuberculosis. It has high
mortality and morbidity rates despite early diagnosis and treatment. CNS tuberculosis can
manifest as subacute/chronic meningitis, parenchymal tuberculous lesions, and spinal tubercu-
losis. Hematogenous spread of tuberculous bacilli to the brain results in the development of so
called “rich foci” on the pial surface, ependyma, and grey-white matter junction. Rupture of these
“rich foci” into the subarachnoid space triggers an intense granulomatous inflammatory reaction.
Tuberculous meningitis can manifest as leptomeningitis or pachymeningitis. Intracranial paren-
chymal tuberculous lesions may present as tuberculoma, tuberculous abscess, cerebritis, rhom-
bencephalitis, and encephalopathy, with atypical presentations not uncommon. Complications of
CNS tuberculosis encompass hydrocephalus, syrinx formation, vasculitis, infarcts, neuritis, and
enduring neurological deficits. Post-contrast 3D fluid-attenuated inversion recovery (FLAIR) and
post-contrast T1 spin-echo sequences excel in detecting tuberculous meningitis compared to other
conventional magnetic resonance imaging (MRI) sequences. In proton magnetic resonance
spectroscopy (PMRS), the presence of a lipid peak at 1.3 ppm is indicative of tuberculous lesions.
Magnetization transfer (MT) imaging enhances the detection of tuberculous lesions, as the
magnetization transfer ratio (MTR) of tuberculous pathologies, owing to their high lipid content,
is lower than that in bacterial or fungal pathologies and higher than that in viral pathologies. This
review article delves into the various typical and atypical imaging presentations of CNS tuber-
culosis in MRI, along with recent advances in imaging techniques.

1. Introduction

Tuberculosis (TB) is caused by an acid-fast bacillus, mycobacterium tuberculosis [1]. It primarily infects the lungs but can spread to
almost every organ via hematogenous route [2]. Estimated 0.6 million people died in South Asia because of tuberculosis in 2020 [3].
Tuberculosis is a reemerging disease in Western countries because of a surge in acquired immunodeficiency syndrome (AIDS), global
migration, overcrowding, and multidrug resistance (MDR) mycobacterium [4,5].

Mycobacterium tuberculosis is responsible for 5.9 % of all community-acquired CNS infections worldwide [6]. According to the
center for disease control, meningeal tuberculosis accounted for 3.5 % of all extrapulmonary tuberculosis in the year 2021 [7]. It
comprises of 10 % of all tuberculosis cases and 20 % of TB cases in immunocompromised patients [8]. Early detection of the disease
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helps in prevention of associated mortality and morbidity. 15-40 % of patients with CNS tuberculosis die or become permanently
disabled despite early diagnosis and aggressive treatment [9]. Imaging, particularly magnetic resonance imaging (MRI), is the
investigation of choice for diagnosis and follow-up of CNS tuberculosis.

2. Pathology

Inhalation of mycobacterium tuberculosis into alveolar space results in primary tuberculous infection [10]. CNS tuberculosis is
caused due to hematogenous spread of the mycobacterium from lungs to the subpial, subependymal region, brain parenchyma, and
meninges to form mycobacterium rich foci called “rich foci” [11]. The “rich foci” rupture to start an intense cytokine-mediated in-
flammatory reaction [12]. Exudates of the inflammatory reaction are accumulated in basal cisterns and meninges. The structures in
and around the basal cisterns are enveloped by inflammatory exudates. Inflammation of arteries and nerves in basal cisterns can cause
vasculitis and neuritis. Vasculitis can subsequently lead to infarcts. Cranial nerve palsies occur due to neuritis. Hydrocephalus is often
the initial manifestation of tuberculous meningitis. Usually, communicating hydrocephalus occurs in the beginning due to blockage of
cerebrospinal fluid (CSF) resorption in basal cisterns by the inflammatory exudates. Unruptured rich foci lead to the formation of
tuberculomas [12]. Few cases of intracranial tuberculosis due to direct spread from paranasal sinuses, mastoid air cells, and calvaria
have also been reported [13,14].

3. Imaging

MRI is the imaging modality of choice for suspected CNS tuberculosis, as it can detect changes in all forms of CNS tuberculosis
during the early stages [15]. It can accurately demonstrate complications such as infarction, hydrocephalus, and vasculitis with a high
degree of precision. MRI has better specificity for detection of intracranial tuberculous pathologies than CT [15,16]. MRI plays a
crucial role in prognosticating patients with CNS tuberculosis. Presence of large, multiple lesions in eloquent locations, marked
perilesional edema, hydrocephalus and infarcts are predictors of bad prognosis [17].

While MRI is considered superior, contrast-enhanced computed tomography (CT) also plays a crucial role, especially in imaging
unstable patients and those with a low Glasgow Coma Scale (GCS) score. In unstable patients, CT allows for quick image acquisition
[18]. Additionally, if a patient is irritable, motion artifacts may reduce the quality of MRI images. CT, with its rapid imaging capa-
bilities, helps eliminate motion artifacts [19]. In this review article, we will discuss various typical and atypical imaging presentations
of intracranial tuberculosis and the complications of each form. We will also discuss the closest differential of each type and imaging
features to differentiate them from tuberculosis in both conventional MRI sequences and recent advances.

4. MRI protocol
For patients undergoing MRI for suspected intracranial tuberculosis, following sequences are acquired in our hospital.

a) T1 axial — from the vertex to the base of skull

b) T2 axial — from the vertex to the base of skull

c) Fluid Attenuation Inversion Recovery (FLAIR) axial- from the vertex to the base of skull

d) Diffusion-weighted images (DWI) and Apparent Diffusion Coefficient (ADC) axial- from the vertex to the base of skull
e) Susceptibility weighted images (SWI) axial — from the vertex to the base of skull

f) Pre- and post-contrast 3D T1 gradient echo images.

g) Pre- and post-contrast 3D FLAIR images.

h) Post-contrast fat saturated spin echo T1 images- Axial, Coronal, and Sagittal planes.

i) Pre- and post-contrast magnetization transfer (MT) T1 axial images- from the vertex to the base of skull.

j) Proton MRI Spectroscopy (PMRS) [Short TE (20-35 ms), 2D single voxel acquisition]

k) Magnetic Resonance Angiography (MRA) and Magnetic Resonance Venography (MRV) if vasculitis is suspected.

In suspected spine tuberculosis, following sequences of whole spine are done.

a) T1, T2- in axial, and sagittal planes
b) Short tau Inversion Recovery (STIR) sequence - in sagittal, and coronal planes
c) T1 fat-saturated pre- and post-contrast -in axial, sagittal, and coronal planes.

Due to the high patient volume at our hospital, we typically acquire basic brain sequences, including post-contrast 3D FLAIR, post-
contrast 3D T1, and PMRS for practical purposes. Additional sequences are obtained as necessary, with the entire process usually
lasting 20-25 min. For spine imaging, we begin by obtaining sagittal images of the entire spine. If abnormalities are detected, a
dedicated scan of the affected area is performed, taking approximately 45 min. A dedicated scan of the entire spine is conducted if there
is suspicion of conditions such as tuberculous arachnoiditis, transverse myelitis, or spinal cord abscess, which typically takes about 1 h
and 15 min.

Conventional T1, T2, and FLAIR sequences help in defining anatomy. T2 images are sensitive for detecting tuberculomas. Pre-
contrast FLAIR images are important for detecting perilesional edema, hydrocephalus, and periventricular CSF ooze. Pre-contrast
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3D FLAIR images are sensitive for detecting basal meningeal and cisternal exudates. Post-contrast 3D FLAIR is considered more
sensitive than post-contrast 3D T1 gradient echo image for detecting basal meningeal and cisternal exudates. This is because there is no
enhancement of blood vessels in post- contrast 3D FLAIR and the meningeal enhancement can be easily detected [20]. T1 spin echo
sequences are preferred over T1 gradient echo images for post-contrast 3D sequences due to better meningeal enhancement [21].
Diffusion-weighted images can detect the presence of acute/subacute infarcts due to tuberculous vasculitis. SWI images can detect
hemorrhage and calcification. Hemorrhage is rare in tuberculous lesions. Few cases of cortical venous thrombosis and hemorrhagic
infarcts due to tuberculosis have been reported [22,23]. Calcifications can occur in tuberculous granulomas which can be detected in
SWI images. Pre- and post-contrast 3D T1 gradient echo images are necessary for the demonstration of enhancement of meningeal and
basal exudates. We routinely acquire fat saturated spin echo T1 post-contrast images in all planes to demonstrate contrast enhance-
ment of meninges and rim of tuberculomas. Pre- and post-contrast magnetization transfer T1 images are considered more sensitive
than conventional T1 sequences for detecting tuberculous meningitis. The MT images are useful in subtle or early meningitis. The rim
of tuberculomas and abnormal meninges are hyperintense in T1 pre-contrast MT images [24]. Post-contrast MT images show better
enhancement of meninges and basal exudates. The magnetization transfer ratio (MTR) of the meninges in tuberculous meningitis is
lower than that of fungal and pyogenic meningitis and higher than that of viral meningitis owing to the high lipid content of tuber-
culous bacilli. MTR helps in predicting the cause of meningitis. Proton magnetic resonance imaging spectroscopy (PMRS) can detect
lipid contents in tuberculomas. Long TE (270-288 ms), intermediate TE (135-144 ms) as well as short TE (20-35 ms) PMRS can be
done. However, short TE PMRS has better resolution because of high signal to noise ratio. We acquire short TE 2D single voxel PMRS
routinely. A lipid peak at 1.3 ppm is seen in tuberculomas. Single voxel spectroscopy technique with the voxel in the central case-
ous/necrotic part gives better results [25,26]. In the case of tuberculous abscess with variegated appearance, owing to the presence of
high cellularity, a choline peak at 3.2 ppm may be present in addition to the lipid peak if the voxel is placed in enhancing wall.

MRA and MRV should be performed if vascular complications are suspected. A recent MRI breakthrough, high-resolution vessel
wall imaging (HR-VWI), enables submillimeter assessment of arterial walls, aiding in diagnosing tuberculous arteritis [27]. Hypotheses
suggest that tuberculous vasculitis occurs due to infiltrative, proliferative, necrotizing, and autoimmune pathology. HR-VWI exhibits
nodular or smooth segmental wall enhancement with or without stenosis [28]. Despite its significance in early tuberculous arteritis
identification, HR-VWI has limitations, including extended scanning durations, heightening the risk of motion artifacts and potential
discomfort for patients in acute phases [15].

5. Imaging features of CNS tuberculosis in MRI

Different forms of CNS tuberculosis are enlisted in Table 1.
Intracranial tuberculosis: Intracranial tuberculosis can be present either in meningeal form or parenchymal form.

A) Meningeal tuberculosis: Meningeal tuberculosis (TBM) can either be present in the leptomeningeal form or pachymeningeal
form.

1) Tuberculous leptomeningitis (Figs. 2A-2F and 3A-3F): This is the most common and devastating form of intracranial tuber-
culosis [27,28]. It accounts for 70-80 % of all forms of neurotuberculosis [29]. In HIV-infected patients, tuberculosis is more
likely to produce meningitis. In a study of 2205 patients with TB, 10 % of HIV-positive patients had TB meningitis compared to
only 2 % of patients without HIV infection [30]. The imaging features are seen because of the intense granulomatous in-
flammatory reaction elicited by the rupture of ‘rich foci’ in subarachnoid space [11]. In plain MRI, basal exudates may be seen
as a high signal in FLAIR. There may be effacement of basal cisterns with dirty CSF in T1 weighted images due to the presence of
communicating hydrocephalus. Hydrocephalus may be the only finding in plain MRI. Non-communicating hydrocephalus may
be seen in later stages due to intraventricular exudates and adhesions [5]. In post-contrast T1 images, there is diffuse thickening
and enhancement of leptomeninges and exudates in basal meninges and cisterns [26]. The basal exudates are seen more in peri
mesencephalic cisterns including quadrigeminal cisterns, ambient cisterns, crural cisterns, interpeduncular cisterns, suprasellar
cisterns, bilateral middle cerebral arteries cisterns, bilateral sylvian cisterns, peri pontine and peri medullary cisterns [10,31].
Because of the predilection of tuberculous meningitis to affect the basal region and cisterns, the involvement of cranial nerves
and arteries is not uncommon [32]. Optochiasmatic arachnoiditis is a serious complication of tuberculous meningitis and is

Table 1
Different forms of CNS tuberculosis.
Intracranial Tuberculosis Spinal Tuberculosis Miscellaneous
A) Meningeal Form: 1) Extradural Form 1) Tuberculous Hypophysitis
1) Leptomeningitis 2) Intradural Extramedullary 2) Orbital Tuberculosis
2) Pachymeningitis Form 3) Tuberculous otitis media and temporal bone tuberculosis
B) Parenchymal Form 3) Intramedullary Form 4) Tuberculous osteomyelitis of calvarial bone.
1) Tuberculoma 5) Tuberculous osteomyelitis of base of skull

2) Disseminated/Miliary Tuberculomas
3) Tuberculous abscess

4) Tuberculous cerebritis

5) Rhombencephalitis

6) Encephalopathy




P. Dahal and S. Parajuli

Table 2

MRI features of different stages of tuberculoma.
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Stage of tuberculoma T1 Weighted T2 Weighted Image ~ FLAIR DWI SWI/GRE T1 Post Contrast
Image
Non-Caseating Iso to low High signal lesion No suppression No diffusion No blooming Homogeneous disc
Granuloma ( signal lesion restriction enhancement (high signal in
Fig. 7A-7F) post contrast images)
Caseating Solid Iso to low Markedly low No suppression No diffusion No blooming Disc/ring enhancement
Granuloma ( signal lesion signal lesion restriction
Figs. 5A-5E, 6A-
6D, 7A-7F)
Caseating Granuloma Iso to low High signal central Partial May show Subtle but Ring enhancement
with central signal lesion portion with low suppression of central diffusion complete
liquefaction signal rim signal restriction peripheral
blooming
Calcified Granuloma Iso to low Low signal lesion No suppression No diffusion Blooming present No enhancement/subtle ring
signal lesion restriction enhancement

Fig. 1. Flowchart showing differential diagnosis of CNS tuberculous pathologies.

often associated with vision loss [33], infarcts, and non-communicating hydrocephalus [34]. It is characterized by inflammation
of the arachnoid membrane in the region of the optic chiasm. In MRI, optochiasmatic arachnoiditis can be diagnosed if there is
thickening, enhancement, or distortion of the intracranial optic nerve or optic chiasm, or the surrounding cisterns (cisternal and
suprasellar spaces surrounding the optic chiasma). Exudates and tuberculomas can be present in the cerebrospinal fluid (CSF)
spaces around the optic nerve and optic chiasma [33]. Non-communicating hydrocephalus and infarcts may also be present.

Linear enhancement of meninges seen in more than two contagious slices is considered abnormal. Other abnormal meningeal
enhancement patterns include nodular enhancement, asymmetrical enhancement on two sides, double and triple lines along bilateral
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2D 2E

Fig. 2. MRI of a 20 years old female with HIV negative status showing leptomeningeal TBM with infarct. Axial T2 (2A) shows hydrocephalus. Post
contrast (PC) 3D T1 gradient echo (2B) reveals leptomeningeal enhancement in peri pontine region. PC T1 spin echo (2C) highlights enhancement at
interpeduncular, sylvian and perimesencephalic cisterns. PC 3D FLAIR (2D) displays meningeal enhancement better than PC 3D T1 gradient echo
and comparable to PC T1 spin echo. DWI and ADC (2E, 2F) show acute infarct in right globus pallidus and bilateral subthalami.

middle cerebral arteries, enhancement in the infundibular recess of the third ventricle, and enhancement with ill-defined edges [35,
36]. In addition, ependymitis/ventriculitis may be seen as an enhancement of the ependymal lining (Fig. 6A-6D). This occurs due to
intraventricular rupture of infective focus [37]. Choroid plexitis may be seen as hyperenhancement and exudates in the choroid plexus
[38]. Exudates along the vessels result in vasculitis and infarcts. Typically, small and medium-sized vessels are involved. The len-
ticulostriate and thalamo-perforating vessels are mostly involved resulting in infarcts in the gangliothalamic region [39].

2)

B)

1)

Tuberculous Pachymeningitis (Fig. 4A-4F): This is an uncommon manifestation of tuberculous meningitis. Tuberculous pachy-
meningitis occurs as sequelae of acute or chronic leptomeningitis. In MRI, pachymeningeal lesions demonstrate iso or low signal on
T1 and T2 weighted images, and intense and homogeneous contrast enhancement [40]. The distribution pattern can be focal or
diffuse, presenting with an en plaque configuration and associated with vasculitis, cranial nerve palsy, and ischemia. FLAIR
sequence is particularly important for the detection of dural thickening. The thickened dura shows a high signal in FLAIR (41). If
other features of CNS tuberculosis are present along with pachymeningeal thickening, there should be no diagnostic confusion.
However, isolated pachymeningeal thickening creates a diagnostic dilemma. Differential diagnosis of isolated pachymeningeal
thickening is neurosarcoidosis, en-plaque meningioma, idiopathic hypertrophic pachymeningitis, autoimmune diseases with CNS
involvement (Granulomatosis with polyangiitis, rheumatoid arthritis) [5,41].

Parenchymal tuberculosis: Parenchymal tuberculosis can present as tuberculoma, disseminated/miliary tuberculomas, tuberculous
abscess, tuberculous cerebritis, rhombencephalitis, or encephalopathy.

Tuberculoma: Unruptured rich foci develop as tuberculomas [12]. Tuberculomas accompany TB meningitis in 10 % of patients and
are multiple in a third of patients [30]. They are more common in the pediatric age group. It usually occurs at the grey-white matter
junction and periventricular location due to the narrowing of the caliber of the blood vessels at this level. However; parenchymal,
cisternal, and gangliothalamic locations are not rare. The rare site of tuberculoma is the cavernous sinus, sphenoid sinus, and along
optic nerves. MRI features of tuberculoma depend upon the stage of tuberculoma [42,43]. In adults supratentorial location is
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3F

Fig. 3. MRI of a 45 years old female with HIV negative status showing leptomeningeal TBM with miliary tuberculomas. Axial T1 without contrast
(3A) shows gyriform high signal in right frontal and bilateral parietal lobes. T2 (3B) reveals hydrocephalus. PC T1 (3C) demonstrates gyriform
enhancement in bilateral frontal and parietal lobes, and leptomeningeal enhancement in peri mesencephalic cisterns (3D). Miliary tuberculomas are
seen in left cerebral peduncle and left temporal lobe (3D). Coronal PC T1 (3E) shows leptomeningeal enhancement along tentorium cerebelli and
miliary tuberculomas in bilateral cerebellum. Axial post-contrast 3D FLAIR (3F) reveals exudates and leptomeningeal enhancement along basal
cerebral cisterns.

common and in children, infratentorial location is common [44]. There are 4 stages of tuberculoma [5,45]. MRI features of
different stages of tuberculoma are shown in Table 2.

Caseating solid granuloma is the most common type of tuberculoma [46]. This is highly cellular composed of compressed glial
tissue and granulation tissue in the core accounting for marked T2 low signal [47]. T2 low signal of the rim in caseating granuloma
with central liquefaction is due to collagen. Marked perilesional edema and mass effect are seen in the early stages of granuloma
formation. Tuberculomas can be solitary or multiple. Multiple tuberculomas usually show conglomeration. Multiple tuberculomas in
different stages may be present at the same time. PMRS is helpful in the diagnosis of tuberculomas. Prominent decrease in N-Acetyl
Aspartate: Creatinine (NAA: Cr) and a modest decrease in N-Acetyl Aspartate: Choline (NAA: Cho) is typical. A large peak of lipids at
1.3 ppm is typical of tuberculous pathology [48]. The presence of lipid peak in PMRS is however a non-specific finding present in
pathologies like histoplasmosis, lymphoma, glioma, and metastasis as well. Morales et al. [25] have proposed the singlet peak at 3.8
ppm (in long, intermediate as well as short TE) to be considered specific for tuberculomas and tuberculous abscesses. The assignment of
the peak at 3.8 ppm is difficult but from analysis of Morales et al. [25]; guanidinoacetate (Gua) is a possibility.

Differential diagnosis of different tuberculous pathologies is shown in Fig. 1. Differentiation features of the lesions from tuberculous
pathologies are listed in Table 3.

2) Disseminated tuberculomas (miliary tuberculomas) (Fig. 3A-3F)

Multiple T2 low or high signal intensity lesions of size <5 mm are scattered in cerebral parenchyma [14,26]. These lesions are seen
in association with tuberculous leptomeningitis and are commonly seen in the pediatric age group. The lesions show intense homo-
geneous post-contrast enhancement. These lesions are more prominent in MT T1 weighted images and MT imaging helps to define
disease load [57].
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Fig. 4. MRI of a 54 years old male with HIV negative status showing pachymeningeal TBM. Axial FLAIR (4A) reveals diffuse pachymeningeal
thickening with high signal in left cerebral hemisphere. Axial T2 (4B) shows similar findings. Sagittal T1 (4C) exhibits low signal of thickened
pachymeninges. Axial PC T1 (4D) displays thickening and enhancement of meninges in left cerebral hemisphere, right frontal lobe, and along
midline falx. Mild leptomeningeal enhancement is seen in left parietal lobe. Axial DWI and ADC images (4E, 4F) show patches of diffusion restriction
in left parietal dura.

3) Tuberculous abscess (Fig. 8A-8F)

A tuberculous abscess is usually formed in elderly and immunocompromised patients. These are seen in 10 % of patients with CNS
tuberculosis [58] and 20 % of patients with TB and HIV coinfection [14,59,60]. Tuberculous abscess is fairly common after solid organ
transplant (SOT). In a review of tuberculosis after SOT, Singh et al. [61] reported that tuberculous abscess was present in 5 of 18
patients (28 %) with CNS TB. They are difficult to distinguish from the pyogenic abscess and caseating tuberculoma with central
liquefaction. Clinically, the patients present with focal neurological deficits, features of raised intracranial pressure, and fever. Ac-
cording to Whitner criteria, to call any lesion a tuberculous abscess; there should be macroscopic evidence of pus in brain parenchyma;
the abscess wall should have vascular granulation tissue containing acute and chronic inflammatory cells and tuberculous bacilli
should be present in culture or histology [62]. In imaging, these lesions are usually large (>3 cm size), multiloculated with thin
enhancing walls, demonstrate profound perilesional edema, and surrounding mass effect [5,26,53]. Contents of tuberculous abscess
show low signal in T1 weighted images and high or mixed signal in T2 weighted images. Partial suppression may be seen in FLAIR.
Central diffusion restriction is present in DWI due to the presence of pus [26]. Differentiation from pyogenic abscesses can be done with
the help of PMRS. The presence of a lipid peak (at 1.3 ppm) and the absence of an amino acid peak on in vivo PMRS (at 0.9 ppm, 1.48
ppm, 1.92 ppm, 2.4 ppm, 2.4 ppm and 2.6 ppm) favor the diagnosis of tuberculous pseudo abscess [63,64]. Due to increased cellularity
and liquefaction, a choline peak (at 3.22 ppm) might be present in addition to a lipid peak in tuberculous abscess [65]. MTR of a
tuberculous abscess is less than a pyogenic abscess. It is important to differentiate tuberculous pseudo abscess from caseating gran-
uloma in imaging since the management of both entities is different. Caseating granuloma is managed with antituberculous therapy
and steroids. Tuberculous pseudo abscess however needs urgent surgical drainage. Large size (>3 cm), multiloculated appearance,
presence of perilesional edema, mass effect, and central diffusion restriction favors the diagnosis of tuberculous pseudo abscess over
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5E

Fig. 5. MRI of a 25 years old female with HIV negative status showing tuberculomas and their MRS characteristics. Axial T1 (5A) shows low signal
area in the left frontal lobe. Axial T2 (5B) displays conglomerated T2 low signal granulomas. Axial FLAIR (5C) shows tuberculous granulomas with
perilesional edema. Coronal PC 3D T1 gradient echo (5D) displays multiple ring-enhancing lesions in the corresponding region. Single voxel short TE
MRS (5E) of the lesion demonstrates a lipid peak at 1.3 ppm. Smaller NAA, Cho and Cr peaks are also seen.

caseating granuloma.
4) Tuberculous cerebritis

Isolated focal tuberculous cerebritis is very rare, almost exclusively seen in patients without AIDS (53). It usually occurs in as-
sociation with tuberculous meningitis. It is defined as the focal area of cerebral parenchyma with edema and altered signal in MRI. The
lesion shows a high signal in T2 and FLAIR and iso to low signal in T1 images. Pathologically, micro granulation is present with few
bacilli and no caseation [26].

5) Tuberculous rhombencephalitis

It is a rare presentation of CNS tuberculosis affecting the hindbrain (brain stem and cerebellum). It accounts for 2 % of all
rhombencephalitis cases. The prevalence of tuberculous rhombencephalitis is relatively high in patients with HIV/AIDS (66). It has a
relatively poor prognosis and usually presents as focal neurological deficits in the form of cranial nerve palsies. Radiologically, it
presents as tuberculomas in the midbrain or cerebellum with perilesional edema. Sometimes, only edema is present with no visible
ring-enhancing lesions [5]. Features of raised intracranial pressure may be present due to hydrocephalus. Associated leptomeningeal
enhancement of basal cistern is also present.

The differential diagnosis is rhombencephalitis of other infective and non-infective etiologies like Behcet’s disease, Systemic Lupus
Erythematosus (SLE), neurosarcoidosis, paraneoplastic syndrome, brain stem glioma, herpes and listeria [16]. MRS is of special
importance in this case. Presence of a lipid peak at 1.3 ppm points towards tuberculous etiology.
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Fig. 6. MRI of a 58 years old male with HIV negative status showing tuberculous ependymitis. Axial T1 (6A) shows effacement of the left frontal
horn (black arrow). Coronal T2 (6B) displays ill-defined T2 high signal in periventricular white matter around the frontal horn (red arrow), with tiny
T2 low signal lesions (green arrow). Coronal PC 3D T1 gradient echo (6C) shows subtle enhancement of the T2 low signal lesions (green arrow).
Axial PC T1 gradient echo (6D) reveals enhancement of the ependyma in the left frontal horn and subtle enhancement in the left occipital horn (blue
arrow). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

6) Tuberculous encephalopathy

Tuberculous encephalopathy is seen in infants and children. It occurs because of a type IV hypersensitivity reaction to tuberculous
protein mediated by the T lymphocytes. Pathologically, there is a loss of myelin, decreased oligodendroglia, and an increase in as-
trocytes in the brain resulting in extensive white matter injury. The child presents with seizure, altered sensorium, and stupor without
signs of meningitis. Radiologically, diffuse white matter edema is seen in the form of patchy or diffuse T2 hyperintensity [66].
Diffusion restriction is not present. Patchy, subtle white matter enhancement may be seen in post-contrast images. Acute disseminated
encephalomyelitis is a differential diagnosis. The prognosis is poor with death occurring within 1-2 months of onset despite antitu-
bercular therapy [53].

6. Spinal tuberculosis (Fig. 9A-9D)

Spinal tuberculosis can be seen in one of three forms, i.e. extradural (64 %), intramedullary (8 %) or intradural extramedullary (1
%) form [1]. Extradural form is also called Pott’s spine. It is the most common cause of paraplegia in any age group [67]. In this form,
there is osteomyelitis of vertebral body and intervertebral discitis [68]. According to the site of involvement, Pott’s spine can be
classified as paradiscal, anterior, central, posterior and synovial types [53]. Paradiscal involvement occurs in hematogenous spread
through arteries. Since discs are poor in arterial supply, they are often spared. Involvement of anterior part of vertebral body occurs if
there is subligamentous spread of the disease along anterior longitudinal ligament. Skip lesions are not uncommon. Lumbar spine is
most commonly involved [69]. There might be paraspinal extension of the disease with paraspinal collection. Subdural and epidural
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7E 7F

Fig. 7. MRI of a 40 years old male with HIV negative status showing multiple tuberculomas in different stages. Axial T1 (7A) shows well-defined
low signal lesions in bilateral high parietal lobes. Coronal T2 (7B) displays multiple T2 low signal (yellow arrow) and high signal (blue arrow)
lesions, indicating caseating solid and non-caseating tuberculomas. Coronal PC T1 gradient echo (7C) shows homogeneous disc enhancement in
both types of lesions. Axial GRE T2* (7D), axial DWI (7E), and ADC (7F) images show no obvious abnormalities. (For interpretation of the references
to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 3

Differentiating features of tuberculous pathologies and their differentials.
Pyogenic/fungal/viral Neurocysticercosis (NCC) Pyogenic/Fungal Glioma CNS lymphoma Bain metastasis
meningitis brain abscess
e Amino acid and trehalose e Thin-walled, high Pyogenic Abscess: Glioma: e Lowsignal In  Brain Metastasis:

peaks, respectively, in signal lesion in T2 with e Cytosolic amino e Choline peak in MRS. T2 o Choline peak in
pyogenic and fungal an eccentric T2 low acid peak in MRS e Higher Cho/Crand Cho/ e Diffusion MRS [56].
meningitis in PMRS [49]. signal scolex. [49]. NAA ratios [52]. restriction. e Higher Cho/Cr
e The magnetization transfer e Succinate or acetate o Central diffusion o Lower ADC values. o Choline peak ratio.

ratio (MTR) is higher in fungal peak in MRS [51]. restriction. e Irregular or nodular in PMRS [54, e Hemorrhage
and pyogenic meningitis but e Absence of lipid peakin ~ Fungal Abscess: blooming in SWI [53]. 55]. common.
lower in viral meningitis MRS. e Trehalose peak in Complete peripheral e Absence of e Irregular or
compared to tuberculous MRS. blooming in SWI is often lipid peak in nodular
meningitis [50]. e Crenated margin, seen in tuberculoma MRS [55]. blooming in SWI

intracavitary [51]. [53].

projections.

o Diffusion
restriction in
margin and

projections [49].
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Fig. 8. MRI of a 42 years old female with HIV negative status showing multiple tuberculomas and tuberculous abscesses. Axial T1 (8A) and T2 (8B)
show a lobulated T1 low signal, T2 high signal lesion with perilesional edema in the left temporal lobe and a T1/T2 low signal oval lesion in the right
temporal lobe. Axial PC T1 (8C) displays ring enhancement in the lesions in both temporal lobes. DWI and ADC (8D) show central diffusion re-
striction in the left temporal lobe lesion. Single voxel PMRS (8E) from a T2 high signal lesion in the left temporal lobe reveals a lipid peak at 1.3
ppm. It is in contrast to pyogenic abscess, which displays cytosolic amino acid peaks at 0.9 ppm (valine, leucine and isoleucine), 1.48 ppm (alanine),
1.92 ppm (acetate), 2.4 ppm (succinate) and 2.6 ppm (aspartate).

abscess maybe present compressing the spinal cord and nerve roots. Because of contagious dissemination, spondylodiscitis can evolve
to meningitis, intraspinal tuberculoma, radiculomyelitis (which can be late manifestation of the disease), myelitis, and/or arach-
noiditis [69,70]. The infection spreads along the spinal nerve roots with enhancement along them. There might be associated cord
edema. Cervical and dorsal spine are the most common sites of involvement in tuberculous myelitis [71]. The most common pre-
sentation is paraparesis. Tuberculous myelitis might result cavity formation and pus collection in the cord [72,73]. Although arach-
noiditis can be present throughout the subarachnoid space, it is most frequently identified in the lumbar region and along the cauda
equina, characterized by inflammation of neural roots and meninges.
There are 3 patterns of inflammation [74].

a) Type L: nerve roots are clumped together and distorted
b) Type II: nerve roots adherent to the theca, with the classical “empty thecal sac sign"
c) Type III: a single soft tissue mass centered within the spinal cord, consisting of roots, and theca.

MRI findings include loculated arachnoid cysts, intradural contrast enhancement, loss of the normal contour of the spine and an
abnormal configuration of nerve roots as previously described. Arachnoiditis, CSF loculations maybe the additional findings. Syrinx
maybe formed as sequalae of the infection.

Transverse myelitis (TM) or longitudinal extensive TM (LETM) manifest clinically by limb weakness, sensation abnormalities, and
sphincter dysfunction. On MRI, findings of TM or LETM include T1-WI iso or low signal with correspondent poorly delineated T2-WI
high signal and variable contrast-enhancement patterns [75]. The most important difference between TM and LETM is the
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9C

Fig. 9. MRI of a 28 years old male with HIV negative status showing Pott’s spine involving D5-D6 intervertebral disc and vertebrae. Sagittal T2
(9A), T1 (9B), coronal STIR (9C) and axial T2 (9D) images reveal reduced disc height, altered vertebrae signal, and paravertebral collection (red
arrow in 9A). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

cranio-caudal extension of the lesions (more than 3 vertebral bodies for LETM and less than 3 for TM). Both TM and LETM are rare
presentations of neurotuberculosis, but TM is more related to this diagnosis than LETM, especially when associated to cerebral or
systemic disseminated disease. On the other hand, LETM is more related to autoimmune diseases, such as neuromyelitis Optica
spectrum disorders [76].

Spinal intramedullary tuberculoma occurs in 2: 100,000 cases of tuberculosis and in 2 % of all cases of neurotuberculosis,
appearing as a thickened spinal cord with oval lesions. The lesions demonstrate low signal in T1 images, with a “target sign” on T2
images and an irregular peripheric enhancement after contrast administration [76].

7. Miscellaneous forms of CNS TB

1) Tuberculous Hypophysitis: It is a rare form of tuberculosis. There is diffuse enlargement of pituitary gland with thickened
enhancing pituitary stalk [77]. Differential diagnosis includes eosinophilic granuloma, neurosarcoidosis, germinoma, syphilis etc.

2) Orbital Tuberculosis: This rare form of tuberculous infection is seen in pediatric age group and patients with HIV. Uveitis and
chorioretinitis are the most common presentation. In imaging, unilateral enhancing choroidal lesion is seen [78]. In advanced form,
there might be preseptal soft tissue stranding or collection. There might be inflammation of lacrimal gland with sclerosis/erosion of
bony orbit. Orbital involvement is usually unilateral.

3) Tuberculous otitis media and temporal bone tuberculosis: This uncommon presentation is also seen in pediatric age group and
present as chronic suppurative osteomyelitis. In imaging, inflammation, pus, sinus tracts are seen in middle and external ear and
mastoid air cells. Painful otorrhea is seen. There might be erosion/sclerosis of adjoining temporal bone [79].

4) Tuberculous osteomyelitis of calvarial bone: This is a rare condition. Frontal and parietal bones are involved rather than other
calvaria. Punched out lesion or erosion of the involved bone is seen [80].

5) Tuberculous osteomyelitis of base of skull: This is also a rare form of tuberculosis. Enhancing ill-defined soft tissue lesion may be
present with erosion of skull base. Surrounding pus collection maybe present. The condition usually presents as cranial neurop-
athies [81].
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8. Complications of CNS tuberculosis

Complications of CNS tuberculosis include hydrocephalus, vasculitis (arterial as well as venous), persistent neurological deficits,
and cranial neuropathies. Arterial vasculitis may lead to infarction. Vasculitis involving cortical veins and dural venous sinus, though
rare may result in cortical venous thrombosis, dural sinus thrombosis, and venous infarcts [26]. In the spine, syrinx may be formed.
Pott’s spine results in pathological fractures and deformities of the spine.

9. Paradoxical reactions following treatment

It is characterized by the worsening of pre-existing tuberculous lesions or the appearance of new tuberculous lesions following the
initiation of treatment. This phenomenon occurs in about one-third of patients undergoing treatment [82]. Predictors for paradoxical
reaction include female gender, immunocompromised status, and a shorter duration of treatment. Knowledge of paradoxical reactions
following treatment prevents incorrect conclusions about the disease, such as treatment failure, drug resistance, drug toxicity, or an
alternative diagnosis [83]. Paradoxical reactions can manifest as the worsening of hydrocephalus, optochiasmatic arachnoiditis, spinal
arachnoiditis, and paradoxical worsening of cerebrospinal fluid (CSF) findings. In MRI, there is a worsening of findings compared to
pre-treatment MRI. There might be an increase in basal exudates, an increase in the size or number of tuberculomas/tuberculous
abscesses, or the appearance of new tuberculomas/tuberculous abscesses. Additionally, there may be an increase in perilesional
edema, the development of new infarcts, and ventriculomegaly [84].
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