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Tuberculosis (TB) accounts for at least 1.8 million deaths annually and ranks amongst
one of the top ten causes of death worldwide.1 It is estimated that one third of the world
population is infected with Mycobacterium tuberculosis and the numbers are increasing.1,2
The developing world is currently battling the combined threat of multidrug resistant TB
and the co‑epidemic of TB with acquired immunodeficiency syndrome (AIDS).3 While
pulmonary TB is the most common manifestation of TB the incidence of extrapulmonary TB
is also gradually on the rise. Affliction of central nervous system (CNS) is considered one
of the most severe forms of extrapulmonary TB.4,5,6 CNS TB is seen in approximately 2‑5%
of TB patients and is associated with a high mortality rate.5‑8 The common manifestations
of CNS TB are tubercular meningitis (TBM), intracranial tuberculomas (IT), intracranial
tubercular abscess (TA), encephalitis, vasculitis, optico‑chiasmatic arachnoiditis, spinal
TB and spinal arachnoiditis.6,9,10 Amongst brain tuberculosis, tuberculous meningitis is
the most common form of presentation followed by intracranial tuberculomas (IT).10 This
review attempts to focus on the various dilemmas in the diagnosis and management of
intracranial tuberculomas and tubercular abscess.

Clinical Dilemmas
Intracranial tuberculomas (IT) and tubercular abscess (TA) may occur in the absence
of tubercular meningitis or pulmonary tuberculosis. In such patients distinguishing
tuberculomas and tubercular abscess from other common mass lesions and pyogenic/
fungal abscess becomes challenging. CSF analysis and imaging findings are often
equivocal in most patients with IT and TA and diagnostic confirmation may require
histological or microbiological proof. Performing surgery for tissue diagnosis in deep
seated, eloquent area lesions and in patients with other morbidities is challenging.
Empirical antitubercular treatment (ATT) is thus resorted to by some clinicians for such
patients especially in endemic areas where the diagnostic suspicion is high. This may
delay treatment with serious consequences if the underlying lesion later proves to be a
neoplasm and also carries the risk of subjecting a non‑tuberculous patient to the adverse
effects of ATT. ATT treatment regimen for tuberculoma and tubercular abscess, especially
in patients where the lesion has been surgically removed has not been not standardised
and considerable variations exist globally. Yet another point of dilemma is the frequency
of imaging and definition of cure. Paradoxical worsening and enlargement of the lesions
while on treatment, rising incidence of drug resistant strains and increasing incidence
of TB with HIV add to the existing challenges in the management of brain tuberculomas
and abscess.

Pathology and Pathogenesis
The most common organism causing tuberculous infection of CNS is Mycobacterium
tuberculosis except in immunocompromised patients where other species of mycobacteria
may be involved.11 CNS TB is a paucibacillary disease that usually develops secondary to
haematogenous spread of mycobacterium bacilli from the primary source of infection.7
Rich and McCordock, have proposed a 2‑step model for the pathogenesis of CNS TB.11
In the first step, tuberculous bacteria from the initial pulmonary infection enters the
systemic circulation and subsequently reaches the oxygen‑rich CNS, establishing a
focus called the Rich focus. The risk of the organism reaching the brain depends on
the extent of bacteraemia and the immune response of the host. This focus may be in
the meninges, subpial or sub ependymal region of the brain, or the spinal cord. In the
second step, this may rupture into the subarachnoid space or ventricular system leading
to meningitis.11,12,13,14 Occasionally, meninges may be secondarily involved by rupture of
a tuberculoma or military tubercles into a vessel in the subarachnoid space. Rarely, CNS
tuberculosis can occur by contiguous spread of infection from the adjacent bone.12,13,14
A tuberculous focus in the brain develops into tuberculoma or tubercular abscess in
the absence of adequate immunity or in the presence of a sizable tuberculous focus.15,16
Tuberculomas arise when micro granulomas (Rich focus) at the grey‑white junction of
brain enlarge without rupturing into the subarachnoid space.9,17 This usually happens
with meningitis because of the extension of CSF infection into the adjacent parenchyma
via cortical veins or Virchow‑Robin spaces. but can also happen in the absence of
meningitis.7,8,18 The propensity to localize at the grey‑white corticomedullary junction is
due to the smaller calibre of vessels in the region.7,19
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Macroscopically, tuberculomas are rounded and encapsulated space‑occupying lesions and
on microscopy, tuberculomas feature granulomatous lesions consisting of epithelioid cells,
Langerhans giant cells, with mononuclear inflammatory cells (predominantly lymphocytes).20
Tuberculomas evolve through four stages: non‑caseating granuloma, caseating granuloma,
granuloma with central liquefaction and finally as a calcified granuloma.
TA is a rare manifestation of CNS TB. It can develop from parenchymal tuberculous
granulomas or via the spread of tuberculous foci in the meninges to the brain parenchyma
in patients with TB meningitis. Tubercular abscess are larger than tuberculomas and their
appearance is more akin to pyogenic brain abscess but for their thicker wall. TA is essentially
an encapsulated collection of pus formed secondary to liquefactive caseation of cerebritis with
abundant viable tubercle bacilli without classic tubercular granuloma formation.21 However,
it needs to be noted that a tuberculoma with a liquefied centre with AFB in the pus is not a
tuberculous abscess. Whitener et al. have described diagnostic criteria for TA which includes
macroscopic evidence of abscess formation and an abscess wall composed of vascular
granulation tissue containing acute and chronic inflammatory cells and tubercle bacilli and
the absence of granulomas.22 Most tuberculous abscesses documented in literature do not
fulfil these criteria. It is essential to differentiate tuberculoma from TA because treatment of
tuberculoma is essentially medical, whereas treatment of TA consists of surgical drainage

Clinical presentation
CNS TB need not always manifest as a sequalae of pulmonary TB. Less than 5% of patients
with pulmonary TB develop CNS TB and not all patients with CNS TB have pulmonary TB.7,9
Lin et al. in their series observed that only 3% of pulmonary TB patients had extrapulmonary
TB, and only 19.6% of these patients had pulmonary TB.23 Interestingly, pulmonary TB is
more common amongst males whereas extrapulmonary TB affects females more often.23,24
CNS TB spares no age group but immunocompromised individuals are at a higher risk.25
With the increased prevalence and incidence of HIV, there has been an increase in CNS
TB patients ranging from 20% in HIV negative patients to 50% in HIV positive patients.5,25
Patients with concomitant tuberculosis at other sites manifest with system specific
symptoms. Constitutional symptoms usually seen with the pulmonary TB is not
commonly present in IT/TA patients and only 10‑20% of the patients have a history
of fever.26 IT and TA may or may not be associated with TB meningitis and when
associated with meningitis, the signs and symptoms of meningitis along with other
constitutional symptoms predominate as fever, weight loss, and malaise.27,28,29 When
not associated with meningitis IT present like any other mass lesion. Cortical lesions
may present with seizures, large conglomerate lesions may present with raised ICP,
and focal deficits, Infratentorial tuberculomas may present with brainstem syndromes,
cerebellar symptoms, multiple cranial nerve palsies and long tract signs.30 Seizures in
IT could be early (< 1 month) or delayed (> 1 month). Early seizures are usually due to
meningeal irritation, whereas delayed seizures are primarily due to the tuberculoma,
hyponatremia or infarct.31,32 Features of raised ICP without localising deficits may be
evident if the tuberculoma is large and located in a non‑eloquent area of the brain. In
functionally eloquent areas, tuberculoma with associated oedema may present with focal
neurological deficit specific to the involved area. In patients with the miliary form of
CNS TB with multiple intracranial tuberculomas the clinical presentations may be highly
variable ranging from subtle higher mental function abnormalities to gross neurological
deficits.33 Immunocompromised HIV positive patients have different temporal clinical
profiles which add to the diagnostic dilemma.34Rarely superficial cortical tuberculomas
can be associated with a subdural hematoma.35 TA clinically present acutely and with a
more rapidly deteriorating course than tuberculomas, with symptoms of fever, headache,
and focal neurologic signs.10

Investigations
Diagnosis of tuberculoma in patients without coexistent pulmonary or extrapulmonary
tuberculosis detection is a challenge. Erythrocyte Sedimentation rate (ESR), Chest Xray,
Sputum for Acid Fast Bacilli (AFB), Mantoux test can all be normal in patients with
tuberculoma. CSF studies too seldom yield useful information except for mild to moderate
pleocytosis and raised proteins.36 A nucleic acid amplification (NAA) assay on CSF is
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more useful than conventional bacteriology and should be carried out if available.37 CSF
adenosine deaminase, Gene‑Xpert, and IGRAs (using peripheral blood) are ancillary
tests which are neither sufficiently sensitive nor specific to diagnose active disease.37
High resolution Computerised Tomography (HRCT) thorax, Ultrasound scan of the
abdomen and other appropriate investigations may be done to detect an extra‑neural
focus of tuberculosis which may provide a safer and more accessible site for diagnostic
sampling. In patients where tissue sampling is available, in addition to characteristic
biopsy features, immunohistochemically detection of M. tuberculosis antigens provides
more reliable evidence than bacteriology or PCR.38

CT Scan
The ease, accessibility and cost make Computerised Tomography (CT) scan the
initial neuroimaging modality to diagnose IT despite its limitations in resolution. The
morphology of the CT scan lesion appears to depend on the stage of evolution of the
disease and the patient’s immunological status. Generally, tuberculomas appear as
round or lobulated hyper dense or isodense nodules on plain scan which enhance with
surrounding oedema [Figure 1].39 They can occur in any part of the brain including the
ventricles and are more common in the posterior fossa in children whereas in adults
they are most often located in the supratentorial compartment.10 Not rarely, multiple
lesions result in conglomerating nodules producing irregular mass lesions.34 On contrast
administration, tuberculomas appear as a ring‑enhancing lesion, though there can be
homogenous or nodular contrast enhancement. In peripherally enhancing tuberculomas,
the center is usually isodense, which helps in distinguishing them from pyogenic
brain abscesses that have a hypodense centre.40 CT scan is also helpful in identifying
calcification, which is seen in about 10% of tuberculomas.40
MRI
The imaging features of tuberculoma on MRI depend on the pathological state of its
center, which can be noncaseating, solidly caseating or caseating with central liquefication
and calcified and are summarised in Table 1 [Figure 2].41,42,43 Occasionally, about 10% of
tuberculomas show central calcification, which has been described as a specific target sign.40,44

a

b

Figure 1: Plain (a) CT scan images of a tuberculoma showing well defined lobulated intra axial isodense lesion in the
left tempero parietal lobe with extensive perilesional edema and minimal homogenous enhancement. Thick calcific foci
are noted within. No e/o haemorrhage / necrotic areas / cystic areas within

Table 1: MRI appearance of different stages of tuberculoma
Stage of
T1W
tuberculoma
Stage I (Non
Iso‑ to hypointense
caseating granuloma)
Stage 2 (Caseating Iso‑ to hypointense
granuloma)
with hyperintense
rim
Stage 3 (Caseating Isointense to
granuloma with
hypointense with
central liquefaction) hyperintense rim
Stage 4 (Calcified
Iso‑ to hypointense
granuloma)

T2W

FLAIR

DWI

Hyperintense

No
No
suppression restriction
No
No
suppression restriction

Contrast T1W

Homogeneous
enhancement
Hypointense
Homogeneous
or ring
enhancement
Hypointense Partial
May or may Ring
rim with central suppression not show enhancement
hyperintensity
restriction
Hypointense No
No
No
suppression restriction enhancement
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Special MR sequences
In contrast to conventional MRI showing images, MRS demonstrates spectra of characteristic
resonances especially in the lipid and lactate and choline spectra. Lipid peak in MRS in the
context of a ring‑enhancing lesion is very much specific for tuberculoma.45,46 Lipid peak in
IT/TA is related to the presence of lipids in the cell wall of TB bacilli, and the lactate peak
is due to anaerobic glycolysis.47 A choline peak at 3.2 ppm in addition to a lipid peak at
1.3 ppm is considered characteristic of tuberculomas.48 In MR spectroscopy tuberculomas
have a lower Cho/Cr ratio and a higher NAA/Cr ratio compared to tuberculomas.45,46,47
Morales et al. reported a peak at 3.8 ppm possibly related to a guanidineoacetate as
characteristic of tuberculomas which is absent in neoplastic lesions [Figure 3].49
Apparent diffusion coefficient (ADC) values are better at differentiating tuberculomas
from high‑grade gliomas with a diagnostic accuracy of nearly 93.7%.50 ADC values of
a tuberculoma are higher than that of a neoplastic lesion and maybe similar to that of
metastasis in some cases.50,51 Ghosh et al. reported that a cut‑off value of rCBV >1.965
helps in differentiating tuberculoma from neurocysticercosis.52 On SWI, the capsule of
IT/TA appear profoundly hypointense due to rich presence of paramagnetic ions.53,54
IT/TA are more likely to have a complete hypointense rim on SWI than metastasis or
glioma. GRE or SWI imaging also help to identify calcifications that can be difficult to
view on T1W and T2 W images. On T1 magnetisation transfer (MT) MRI imaging the
appearance of the hyperintense rim is very characteristic for intracranial tuberculoma,
and so are the lower MT ratios of tuberculomas due to lipid content.55 F‑18 FDG and C‑11
acetate combination accumulates in tumors but not in inflammatory lesion and thus PET

a

b

c

d

Figure 2: MRI images of the same patient showing a well defined peripherally enhancing intra axial lesion seen in the
left temporo-parietal region .The lesion is hypo to isointense on T1 (a) and predominantly hypointense to gray matter
on T2 (b). Non enhancing cystic areas are seen in the subcortical white matter superficial to the lesion. Extensive
perilesional edema is seen in left cerebral hemisphere causing mass effect. MR Spectroscopy (d) showing elevated
lactate with small choline peak and absent NAA, creatine

a

b

Figure 3: ADC and DW images (a ,b) showing peripheral diffusion restriction is seen in the lesion, corresponding to
area of enhancement.
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studies helps to differentiate inflammation from neoplasms. In addition, PET imaging is
also helpful in the assessment of the response to anti‑TB treatment.56

TB Abscess (TA)
The imaging features of TA reported in literature are not most often derived from
histologically verified TA and therefore, the validity of these imaging findings is suspect.
TB abscess, on CT scan, appear as hypodense lesions with perifocal edema and mass effect
with rim enhancement on post contrast images. On MR imaging, in the initial tubercular
cerebritis stage focal tubercular micro granulomata with associated perilesional oedema
may be seen [Figure 4 and 5]. As the tubercular abscess develops they become either
unilocular or multilocular, greater than 3 cm in size, well‑defined and localised lesions
with perilesional oedema and mass effect.56 Contents of the abscess are hypointense on
T1W, hyperintense or heterogeneous on T2W with variable intensity on FLAIR, restricted
diffusion and with low ADC values. The abscess wall is usually isointense on T1 and
hypointense on T2W images. A tubercular abscess usually has a thicker wall than a
pyogenic/fungal abscess.57,58 Structural neuroimaging does not allow differentiation of
tubercular and pyogenic abscesses but lipid peaks on MR spectroscopy are suggestive
of mycobacteria. Moreover, MRS may show a cytosolic amino acid peak in pyogenic
abscess and a trehalose peak in addition to amino acid peak in cases of fungal abscess.
On DWI, the tubercular abscess has restricted diffusion in the intracavitary contents.
In comparison, there is diffusion restriction in the capsule and cavitary projections in
fungal abscesses but no diffusion restriction in the intracavitary contents. Generally, a
size greater than 3cm, multiloculations and restricted diffusion usually suggest toward
tubercular abscess.

b

a

c

d

Figure 4: MR images of a patient with proven tubercular abscess showing an intraxial well defined round T1 (a, b)
hypointense; T2/FLAIR hyperintense (c, d) lesion with peripheral hypointense rim. There is adjacent T1 hyperintense
foci posterior to the aforementioned lesion showing blooming on SWI- suggestive of hemorrhage. Extensive
perilesional white matter edema noted in right parietal lobe.

a

b

c

Figure 5 : ADC and DW images (a, b) of the same patient showing diffusion restriction in right parietal lobe. Multivoxel
MR spectroscopy (c) showing low levels of NAA and elevated lipid lactates.
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Differential diagnosis
Tuberculomas may be confused with any space occupying mass lesions and tubercular
abscess may mimic a pyogenic or fungal abscess. The earlier mentioned imaging features
assist in diagnostic confirmations but are not conclusive. In developing countries like
India where both tuberculosis and solitary cysticercus granuloma (SCG) are endemic, the
differential diagnosis between the two becomes difficult. Rajshekhar et al.59 in 1993 reported
that the most common solitary brain lesion presenting with seizure is a SCG and the
probability of a solitary lesion being a tuberculoma is very low if the patient has presented
with seizures without any neurological deficit, or if the size of the lesion is less than two
cm. The validated diagnostic criteria proposed by Rajshekhar et al.59,60 helps to distinguish
the two and should be applied to every solitary mass in the brain in a patient presenting
with seizures to avoid an erroneous diagnosis of a tuberculoma. This is very important as
SCG may resolve spontaneously and if empiric ATT is started in patients with SCG, the
resolution will be wrongly attributed to the ATT and these drugs will be unnecessarily
continued for several months.10 Clinico radiological characteristics to distinguish NCC from
tuberculoma are summarised in Table 2.Yet, it may not be possible to differentiate the two
in certain situations and non‑invasive ancillary tests like monocyte gene expression may
help to differentiate between tuberculoma from the SCG with high specificity.61

Medical management
a. Empirical treatment: Indications to start and stop?
Existing guidelines recommend tissue diagnosis through histopathology and mycobacterial
culture of the cranial lesion whenever possible or from an extra‑neural site of the disease,
if present, prior to initiating ATT.36,62,63,64 Biopsy, though confirmatory, may not be feasible
especially in deep seated eloquent area tuberculomas and in situations where invasive
procedure of any sort is not feasible.10 Since delay in initiating treatment in such patients can
be catastrophic, empirical ATT without tissue diagnosis is a strategy commonly adapted in
areas where TB is endemic. This risk needs to be matched with the potentially dangerous
adverse effects of empirical ATT in a patient who may not be having a tuberculous lesion.62
INDEX‑TB guidelines, APA guidelines and British infection society guidelines (BISG
guidelines 2009) while recommending empirical ATT in TB meningitis had no specific
recommendation on the use of empirical ATT for IT. The selection of patients who are the
right candidates for empirical treatment is controversial and not very well established.
Vemula et al.65 recently proposed a preoperative diagnostic criteria known as the Sri
Venkateswara Institute of Medical Sciences (SVIMS) criteria which are yet to be validated
[Table 3]. They recommend empirical ATT only if the lesion is not causing immediate life
threatening mass effect or when the lesion is in eloquent areas. Vemula et al.65 propose
that a preoperative empirical diagnosis of intracranial tuberculoma can be made if the
patient has one of the following: i) three major criteria, ii) two major and three minor
criteria, iii) one major and five minor criteria, iv) seven minor criteria.65
Table 2: Difference between tuberculoma and neurocysticercosis
Characteristic Tuberculoma
Seizures
Features of
More common
raised ICT
Location
Grey‑white junction
T1
T2
FLAIR
Scolex
Size
Appearance
Edema
DWI

Neurocysticercosis
More common
Less common
Sulcal subarachnoid spaces ‑ difficult to
differentiate on MR imaging
No hyperintense rim
Hyperintense cystic unless calcified

Hyperintense rim
Hypointense caseous granuloma;
hypeintense with liquefied caseation
Variable suppression
Complete suppression
Not visualised
Eccentric T2 hypointense scolex but not
always visualized
May be more
Usually <2 cm
Conglomerate ring enhancing lesions Diffusely distributed cysts of different stages
More
Less
Restriction in liquefaction
No restriction usually
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Table 3:Sri Venkateswara Institute of Medical Sciences (SVIMS) criteria for
decision on empirical ATT
Major criteria
Presence of ≥1 conglomerate intra‑axial lesion measuring >20 mm on postcontrast MRI/CT
T2 central hypointense lesion on MRI
Increased erythrocyte sedimentation rate
Minor Criteria
Presence of ring‑enhancing lesions in post‑contrast MRI/CT
Lipid/lactate peak on magnetic resonance spectroscopy
Presence of basal exudates/enhancement on postcontrast MRI/CT along with an
intraparenchymal lesion
Out‑of‑proportion perilesional oedema on MRI/CT
Positive Mantoux skin test
History of tuberculosis/presence of an active source of tuberculosis
Presence of multiple lesions on MRI/CT

Rajshekhar 10 recommend that empiric therapy for a suspected brain tuberculoma should
only be initiated in selected patients residing in endemic regions. Their indications include
i) any patient with evidence of active systemic tuberculosis and a brain mass that has the
features of a tuberculoma ii). Any patient with a brain mass with MR features typical for
a brain tuberculoma and who is at a high risk for any kind of surgical intervention due
to comorbidities iii) patients who have a “typical” tuberculoma on MR imaging [Table 1]
even in the absence of active systemic tuberculosis, especially if the lesion is located in
a deep‑seated or eloquent location in the brain, iv) patients willing for close clinical and
imaging follow up.They suggest that steroids should be avoided with empiric therapy
as some masses that could be confused with tuberculomas may respond to the steroid
therapy (e.g., lymphoma). Repeat imaging should be scheduled at 6–8 weeks after
initiation of therapy and patients should be counselled to report earlier if their symptoms
are worsening. If there is a response on imaging then the full course of ATT needs to be
continued and if there is no response biopsy confirmation is mandatory.
Once initiated the safest approach is to give a complete course of treatment in all patients
given empirical therapy unless an alternative diagnosis is made or the patient develops
intolerance.36 Since symptoms sometimes worsen after starting treatment and cerebral
tuberculomas may take months to resolve therapeutic response (either lack of response
or rapid recovery) should not be used to determine when to stop treatment.
b. Antitubercular therapy
ATT is the primary line of treatment for all patients with tuberculoma and tubercular
abscess even if the lesion has been surgically removed. In the absence of clear cut
recommendations considerable variability exists in the dosing schedule of ATT for
tuberculomas and tubercular abscess even amongst practising neurologists of the same
institute 56,67 The BISG guidelines recommend that all forms of tuberculosis, even with
HIV infection, should be treated with four drugs (isoniazid, rifampicin, pyrazinamide,
and ethambutol) for two months followed by two drugs (isoniazid and rifampicin) for
ten months, and adjunctive corticosteroids (dexamethasone or prednisolone) should be
given to all the patients irrespective of the severity of the disease.36 Under the leadership
of the Central TB Division and Directorate General of Health Services of the Ministry
of Health and Family Welfare, Government of India, AIIMS New Delhi, Cochrane
South Asia (Vellore, India), and Cochrane Infectious Diseases Group (Liverpool School
of Tropical Medicine, UK) Index TB guidelines for extrapulmonary tuberculosis were
released in 2017.63 Index guidelines, 2017 for extrapulmonary tuberculosis recommend
nine months of ATT for tubercular meningitis but is silent on the duration of ATT in cases
of IT and TA. The widely followed protocol for tuberculoma includes two months of
intensive therapy with four drugs (isoniazid, rifampicin, pyrazinamide, and ethambutol)
followed by two drug therapy (isoniazid and rifampicin) even if the lesion has been
surgically removed.10 MDR related tuberculoma pose serious management issues and
the British Infection Society recommends initial treatment with at least fluoroquinolone,
pyrazinamide, ethionamide, or prothionamide and an injectable agent, while the World
Health Organization recommends multiple combinations of alternate anti tubercular
agents with good CNS penetration.68
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The end point of treatment and definition of cure is similarly debatable. Awada et al.69
found that oedema disappeared by six months, and there was a rapid decline in the size
of tuberculoma after one month of ATT. However, there are reports of patients with
lesions persisting on neuroimaging beyond 18 months of ATT.66,70,71,72 Nair et al.70 in their
series comprising 86 patients report that the median duration of resolution of multiple
tuberculomata is 36 months. Multiple lesions, large size (> 2.5cm) particularly in HIV
poaitive patients and a positive status are associated with prolonged persistence of lesions
on imaging.34,70 Reasons for the persistence of radiological lesion has not been explored
in depth and is probably related to the VEGF mediated angiogenesis in the capsule of
the tuberculoma. Similarly, the consequences of stopping TB treatment prior to complete
radiological resolution of intracranial tuberculous mass has not been explored. Therefore,
some authors recommend that the duration of ATT for patients with IT/TA should
be based on the radiological response and needs to be continued until all the lesions
disappear or reduce to less than 1 cm with no perilesional edema.65,66 TA if not drained,
are often unresponsive to standard TB therapy with corticosteroids. Adjuvant thalidomide
therapy (3–5 mg/kg/day) in patients with enlarging TB abscesses is an alternate option. 36,73,74
c. Concomitant steroids in IT/TA
The role of adjunctive corticosteroid treatment in the management of IT/TA is not fully
understood. Most guidelines on management of tuberculosis do not distinguish between
tuberculous meningitis and tuberculomas. In one of the recent Cochrane database reviews
of nine clinical trials, including 1337 patients, researchers found that adjunctive steroids
reduce mortality by 25% but has little effect on the neurological disability in patients
with tuberculous meningitis.75. While the Index TB guidelines is silent on the use of
concomitant steroids for IT/TA, BIS Guidelines recommend steroids in those patients
whose symptoms are not controlled, or are worsening, on ATT.36 Recently Suarez et al.76.
have reported beneficial effects with prolonged steroids in five patients with tuberculoma.
d. Anti‑epileptic drugs
It is common for tuberculomas to present with seizures, although the risk of seizures is less
compared to neurocysticercosis. Despite absence of guidelines it is common practice to
start antiepileptic drugs during the course of ATT in both operated and empirically treated
patients, irrespective of the mode of presentation. A recent Cochrane database review in 2019
on the use of antiepileptic drugs in neurocysticercosis, summarised that there is no evidence
that antiepileptic drugs (AED) prevent a seizure in a patient presenting with symptoms other
than seizures.77,78 Though the review was primarily for patients with neurocysticercosis the
same observations could apply for intracranial tuberculomas as well. The ideal duration
of AEDs is again unclear. Pradhan et al.79 in 2020, observed that AED can be safely stopped
after 1.5 years of therapy in intracranial tuberculoma. They suggest that factors implicated in
seizure onset (meningeal irritation, tuberculoma, and hyponatremia) resolve with ATT and
there is less incidence of seizure recurrence once the tuberculoma disappears after ATT.31,78,79

Surgical management
The first and most common indication for surgery in patients with brain lesions suspicious
of tuberculoma is to confirm the diagnosis if there is a doubt about the diagnosis and for
culture studies. Biopsy is mandatory whenever imaging features are atypical and preferable
even for “typical” mass lesions located in a relatively accessible and non‑eloquent region
of the brain.10 Surgery for biopsy confirmation is also essential in patients not responding
to empirical ATT, both to confirm the diagnosis and to rule our drug resistant strains.
Surgical removal of the lesion is preferable even in lesions strongly suspicious of TB if the
lesion is very large, in non‑eloquent areas, causing obstructive hydrocephalus, optic nerve
compression or other direct compressive effects. Tubercular abscess are best managed
surgically either by aspiration or by surgical excision of the entire abscess wall with contents.
Surgical procedures may include:
a. Biopsy: Stereotactic biopsy is the ideal procedure for deep seated lesions and patients
with high anesthetic risks. 80,81 An equally effective alternative is to use image guided
frameless stereotaxic techniques. One major limitation of stereotactic biopsy is that the
diagnostic yield of the tissue may be insufficient and inconcluisve. 82,83. An abscess is
ideally suited for stereotactic aspiration if located in deep seated and eloquent regions. 84
b. Excision of the lesion: Microsurgical radical excision may be performed for IT and TA
in non‑eloquent regions through appropriate surgical approaches. Image guided
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frameless/stereotactic craniotomy helps in precise localisation of lesions and is useful
in excision of eloquent area lesions. 85.
c. Decompressive surgery may be rarely, needed as a life saving procedure in patients with
multiple small tuberculomas with severe associated edema and raised intracranial
pressure
Paradoxical response
An increase in the size of an IT while the patient is on ATT is described as paradoxical
response.86,87 It is difficult to distinguish paradoxical increase from lack of response to
treatment. This phenomenon is probably attributable to an immunological response,
which leads to a temporary increase in the size of the lesion that later subsides with
further therapy. Paradoxical reaction with increase in the size and number of lesions
can occur, usually in the first 3 months of treatment but can happen up to 2 years.86 In
patients undergoing empiric treatment, biopsy confirmation becomes mandatory if the
lesion shows growth while on ATT. In biopsy confirmed patients paradoxical reaction
needs to be addressed with steroids, continuation of ATT and possible addition of new
second line ATT if the lesion continues to grow.86,87
Prognosis
The long term prognosis for patients with IT/TA secondary to drug sensitive TB bacilli is
good if managed timely and appropriately. Residual deficits might still be seen in about
20% of patients.27,66 Seizures can persist even after the complete resolution of the IT/TA
in up to 20% of patients. Anti‑epileptic drugs might be required for several years in these
patients. IT/TA secondary to MDR or XDR TB bacilli have a poor prognosis and may
require concomitant steroids and second line ATT.
Our department protocol
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Conclusions
Tuberculoma is a great masquerader and remains a significant health concern in several
developing nations including India. Diagnostic confirmation through biopsy is not feasible
in all patients and quite often empiric therapy is initiated with its associated risks. ATT
remains the main stay of treatment with or without surgery, but the duration of treatment
is controversial and so is the definition of cure. Tubercular abscess is best managed by
surgical drainage followed by ATT. Further research and formulation of new guidelines
based on recent studies are warranted to address the changing face of neurotuberculosis.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

World Health Organization, Global Tuberculosis Report, 2017 World Health Organization.Geneva,
2016. Available at: http://www.who.int/tb/publications/global_report/en.October 16, 2018
World Health Organization. Global tuberculosis control: surveillance, planning, financing. Geneva:
WHO; 2004.
Regional Office for South‑East Asia WHO. Bending the curve‑ending TB: Annual report 2017.
New Delhi: WHO Regional Office for South‑East Asia; 2017.
Israni AV, Dave DA, Mandal A, Singh A, Sahi PK, Das RR, et al. Tubercular meningitis in children:
Clinical, pathological, and radiological profile and factors associated with mortality. J Neurosci
Rural Pract. 2016;7 (3):400‑404. doi: 10.4103/0976-3147.181475.
Rock RB, Olin M, Baker CA, Molitor TW, Peterson PK. Central nervous system tuberculosis:
pathogenesis and clinical aspects. Clin Microbiol Rev. 2008 Apr; 21 (2):243‑61.
El Sahly HM, Teeter LD, Pan X, Musser JM, Graviss EA. Mortality associated with central nervous
system tuberculosis. J Infect. 2007;55:502–9.
Dastur DK, Manghani DK, Udani PM. Pathology and pathogenetic mechanisms in neurotuberculosis.
Radiol Clin North Am. 1995;33 (4):733‑752
Krishnan N, Robertson BD, Thwaites G. The mechanisms and consequences of the extra‑pulmonary
dissemination of Mycobacterium tuberculosis. Tuberculosis (Edinb). 2010;90 (6):361‑366
Bölük A, Türk Ü, TÜRK ARIBAŞ E, Kökrek Z. Intracranial tuberculoma: Clinical and MRI
findings. İnönü Üniversitesi Turgut Özal Tıp Merkezi Dergisi. 1998;5 (2‑3):180‑184.
Rajshekhar V. Surgery for brain tuberculosis: a review. Acta Neurochir (Wien). 2015 Oct;
157 (10):1665‑78. doi: 10.1007/s00701‑015‑2501‑x. Epub 2015 Jul 14. PMID: 26170188.
Rich A.R., McCordock H.A.: Pathogenesis of tubercular meningitis. Bull John Hopkins Hosp
1933; 52: pp. 5‑13
Donald P.R., Schaaf H.S., Schoeman J.F.: Tuberculous meningitis and miliary tuberculosis: the
rich focus revisited. J Infect 2005; 50: pp. 193‑195
Bernaerts A, Vanhoenacker FM, Parizel PM, Van Goethem JW, Van Altena R, Laridon A,
De Roeck J, Coeman V, De Schepper AM. Tuberculosis of the central nervous system: overview
of neuroradiological findings. Eur Radiol. 2003;13:1876–90.
DeLance AR, Safaee M, Oh MC, Clark AJ, Kaur G, Sun MZ, Bollen AW, Phillips JJ, Parsa AT.
Tuberculoma of the central nervous system. J Clin Neurosci. 2013;20:1333–41.
de Castro C.C., de Barros N.G., Campos Z.M., et. al.: CT scans of cranial tuberculosis. Radiol
Clin North Am 1999; 33: pp. 753‑769.
McGuinness F.E.: Intracranial tuberculosis.Clinical imaging in non‑pulmonary tuberculosis. 2000.
SpringerBerlin, Heidelberg, New York: pp. 5‑25
Ertem DH, Aslan ND, Altunkaynak Y, Yıldız DS, Baybaş S. Isolated brain stem tuberculoma: a
case report and review of the literature. Dusunen Adam The Journal of Psychiatry and Neurological
Sciences. 2010;23 (4):288
van Well G.T., Paes B.F., Terwee C.B., et. al.: Twenty years of pediatric tuberculous meningitis:
a retrospective cohort study in the Western Cape of South Africa. Pediatrics 2009; 123: pp. e1‑e8.
Kioumeher F., Dadsetan M.R., Rooholamini S.A., et. al.: Central nervous system tuberculosis:
MRI. Neuroradiology 1994; 36: pp. 93‑96
Kim TK, Chang KH, Kim CJ, Goo JM, Kook MC, Han MH. Intracranial tuberculoma: comparison
of MR with pathologic findings. AJNR Am J Neuroradiol. 1995;16:1903–8.
Chakraborti S, Mahadevan A, Govindan A, Nagarathna S, Santosh V, Yasha TC, et al.
Clinicopathological study of tuberculous brain abscess. Pathol Res Pract. 2009;205:815–22
Whitener D.R.: Tuberculous brain abscess. Report of a case and review of the literature. Arch
Neurol 1978; 35: pp. 148‑155
Lin JN, Lai CH, Chen YH, Lee SS, Tsai SS, Huang CK, et al. Risk factors for extra‑pulmonary
tuberculosis compared to pulmonary tuberculosis. Int J Tuberc Lung Dis. 2009;13 (5):620‑625
   11

Mishra, et al.:
Intracranial tuberculomas and
tubercular abscess –overcoming
challenges

24. Musellim B, Erturan S, Sonmez Duman E, Ongen G. Comparison of extra‑pulmonary and
pulmonary tuberculosis cases: factors influencing the site of reactivation. Int J Tuberc Lung Dis.
2005;9 (11):1220‑1223
25. Sharma SK, Mohan A. Extrapulmonary tuberculosis. Indian J Med Res. 2004;120 (4):316‑353
26. Monteiro R, Carneiro JC, Costa C, Duarte R. Cerebral tuberculomas‑A clinical challenge. Respir
Med Case Rep. 2013;9:34‑37
27. Arseni C (1958) Two hundred and one cases of intracranial tuberculoma treated surgically. J Neurol
Neurosurg Psychiatry 21: 308–311
28. Mathai KV, Chandy J Tuberculous infections of the nervous system. Clin Neurosurg 1966;
14:145–177
29. Ramamurthi B, VaradarajanMG Diagnosis of tuberculomas of the brain: clinical and radiological
correlation. J Neurosurg 1961; 18:1– 7
30. Rajshekhar V, Chandy MJ Tuberculomas presenting as isolated intrinsic brain stem masses. Br J
Neurosurg 1997;11:127–133
31. AlSemari A, Baz S, Alrabiah F,. Al-Khairallah T, Qadi N, Kareem, et al. Natural course of epilepsy
concomitant with CNS tuberculomas. Epilepsy Res. 2012;99 (1‑2):107‑111.
32. Kumar Garg R, Kumar Singh M, Misra S. Single‑enhancing CT lesions in Indian patients with
seizures: a review. Epilepsy Res. 2000;38 (2‑3):91‑104
33. Morgado C, Ruivo N. Imaging meningo‑encephalic tuberculosis. Eur J Radiol. 2005;55 (2):188‑192
34. Marais S, Roos I, Mitha A, Patel V, Kalincik T, Bhigjee AI. Presentation and outcome of
patients with intracranial tuberculoma in a high HIV prevalence setting. Int J Tuberc Lung Dis.
2020;24 (2):224‑232.
35. Samson SK, Poonnoose SI, Rajshekhar V Intracranial tuberculoma associated with subdural
hematoma. J Neurosci Rural Pract 2011; 2:202–203
36. Thwaites G, Fisher M, Hemingway C, Scott G, Solomon T, Innes J; British Infection Society. British
Infection Society guidelines for the diagnosis and treatment of tuberculosis of the central nervous
system in adults and children. J Infect. 2009 Sep; 59 (3):167‑87. doi: 10.1016/j.jinf. 2009.06.011.
Epub 2009 Jul 4. PMID: 19643501.
37. Baker CA, Cartwright CP, Williams DN, Nelson SM, Peterson PK. Early detection of central
nervous system tuberculosis with the gen‑probe nucleic Acid amplification assay: utility in an
inner city hospital. Clin Infect Dis 2002;35 (3):339e42.
38. Keane J. TNF‑blocking agents and tuberculosis: new drugs illuminate an old topic.
Rheumatology (Oxford) 2005;44 (6): 714e20.
39. Selvapandian S, Rajshekhar V, Chandy MJ, Idikula J. Predictive value of computed
tomography‑based diagnosis of intracranial tuberculomas. Neurosurgery 1994; 35:845‑50.
40. Wasay M, Kheleani BA, Moolani MK, Zaheer J, Pui M, Hasan S, et al. Brain CT and MRI findings
in 100 consecutive patients with intracranial tuberculoma. J Neuroimaging 2003;13:240–247
41. Bano S, Chaudhary V, Yadav S. Central nervous system tuberculosis. Neuroimaging—clinical
applications. InTech. 2012.
42. Banga S, Azad C, Gupta R, Sawal N, Mahajan V, Chander J, et al. Changing Clinicoradiologic
Spectrum of Intracranial Neurotuberculosis in Children: A Cross‑sectional Study. J Child Neurol.
2020;35 (13):879‑888.
43. Ahluwalia VV, Sagar GD, Singh T, Arora N, Narayan S, Singh M. MRI spectrum of CNS
tuberculosis. J Indian Acad Clin Med. 2013;14 (1):83‑90
44. Bargalló J, Berenguer J, García‑Barrionuevo J, Ubeda B, Bargalló N, Cardenal C, et al. The “target
sign”: is it a specific sign of CNS tuberculoma? Neuroradiology. 1996;38:547–50
45. Trivedi R, Saksena S, Gupta RK. Magnetic resonance imaging in central nervous system
tuberculosis. Indian J Radiol Imaging 2009;19:256‑65.
46. Santy K, Nan P, Chantana Y, Laurent D, Nadal D, Richner B. The diagnosis of brain tuberculoma
by (1) H‑magnetic resonance spectroscopy. Eur J Pediatr 2011; 170:379‑87. 27.
47. Naphade PS, Raut AA, Pai BU. Magnetic resonance perfusion and spectroscopy in a giant
tuberculoma. Neurol India. 2011;59 (6):913‑914
48. Gupta RK, Kumar S. Central nervous system tuberculosis. Neuroimaging Clin N Am.
2011;21 (4):795‑814, vii‑viii
49. Morales H, Alfaro D, Martinot C, Fayed N, Gaskill‑Shipley M. MR spectroscopy of intracranial
tuberculomas: A singlet peak at 3.8 ppm as potential marker to differentiate them from malignant
tumors. Neuroradiol J. 2015;28 (3):294‑302.
50. Vasudev MK, Jayakumar PN, Srikanth SG, Nagarajan K, Mohanty A. Quantitative
magnetic resonance techniques in the evaluation of intracranial tuberculomas. Acta Radiol.
2007;48 (2):200‑206
51. Chatterjee S, Saini J, Kesavadas C, Arvinda HR, Jolappara M, Gupta AK. Differentiation of
tubercular infection and metastasis presenting as ring enhancing lesion by diffusion and perfusion
   12

Mishra, et al.:
Intracranial tuberculomas and
tubercular abscess –overcoming
challenges

magnetic resonance imaging. J Neuroradiol. 2010;37 (3):167‑171
52. Ghosh RN, Vyas S, Singh P, Khandelwal N, Sankhyan N, Singhi P. Perfusion magnetic
resonance imaging in differentiation of neurocysticercosis and tuberculoma. Neuroradiology.
2019;61 (3):257‑263
53. Haacke EM, Mittal S, Wu Z, Neelavalli J, Cheng YC. Susceptibility‑weighted imaging: technical
aspects and clinical applications, part 1. AJNR Am J Neuroradiol. 2009;30 (1):19‑30.
54. Chaudhary V, Bano S, Garga UC. Central Nervous System Tuberculosis: An Imaging Perspective.
Canadian Association of Radiologists Journal. 2017;68 (2):161‑170
55. Parry AH, Wani AH, Shaheen FA, Wani AA, Feroz I, Ilyas M. Evaluation of intracranial
tuberculomas using diffusion‑weighted imaging (DWI), magnetic resonance spectroscopy (MRS)
and susceptibility weighted imaging (SWI). Br J Radiol. 2018;91 (1091):20180342
56. Ramachandran R, Muniyandi M, Iyer V, Sripriya T, Priya B, Govindarajan TG. Dilemmas in the
diagnosis and treatment of intracranial tuberculomas. J Neurol Sci. 2017 Oct 15;381:256‑264. doi:
10.1016/j.jns. 2017.08.3258. Epub 2017 Sep 1. PMID: 28991694.
57. Gupta RK, Prakash M, Mishra AM, Husain M, Prasad KN, Husain N. Role of diffusion weighted
imaging in differentiation of intracranial tuberculoma and tuberculous abscess from cysticercus
granulomas‑a report of more than 100 lesions. Eur J Radiol. 2005;55 (3):384‑392
58. Luthra G, Parihar A, Nath K, Jaiswal S, Prasad KN, Husain N, et al. Comparative evaluation of
fungal, tubercular, and pyogenic brain abscesses with conventional and diffusion MR imaging and
proton MR spectroscopy. AJNR Am J Neuroradiol. 2007;28:1332–8
59. Rajshekhar V, Chandy MJ. Validation of diagnostic criteria for solitary cerebral cysticercus
granuloma in patients presenting with seizures. Acta Neurol Scand. 1997;96 (2):76‑81
60. Rajshekhar V, Haran RP, Prakash GS, Chandy MJ. Differentiating solitary small cysticercus
granulomas and tuberculomas in patients with epilepsy. Clinical and computerized tomographic
criteria. J Neurosurg. 1993;78 (3):402‑407.
61. Pamela BE, Vasudevan P, Thamizhmaran S, Moorthy RK, Oommen A, Manoj J, et al. Monocyte
Gene Expression Distinguishes Enhancing Brain Parenchymal Cysticercal Granulomas From
Tuberculomas. Open Forum Infect Dis. 2021;8 (9):ofab427. doi: 10.1093/ofid/ofab427.
62. Kumar R; Shalimar, Bhatia V, Khanal S, Sreenivas V, Gupta SD, et al. Antituberculosis
therapy‑induced acute liver failure: magnitude, profile, prognosis, and predictors of outcome.
Hepatology. 2010;51 (5):1665‑1674. doi: 10.1002/hep.23534. PMID: 20196116.
63. Sharma SK, Ryan H, Khaparde S, Sachdeva KS, Singh AD, Mohan A, et al. Index‑TB guidelines:
Guidelines on extrapulmonary tuberculosis for India. Indian J Med Res. 2017;145 (4):448‑463.
doi: 10.4103/ijmr.IJMR_1950_16.
64. API TB Consensus Guidelines 2006: Management of pulmonary tuberculosis, extra‑pulmonary
tuberculosis and tuberculosis in special situations. J Assoc Physicians India. 2006;54:219‑234.
65. Chandra Vemula R, Prasad BC, Koyalmantham V, Hanu G. Role of Surgery in Intracranial
Tuberculomas and Proposal of a Novel Diagnostic Criteria for Diagnosis (Sri Venkateswara
Institute of Medical Sciences Criteria). World Neurosurg. 2020 Jun; 138:e52‑e65. doi: 10.1016/j.
wneu. 2020.01.179. Epub 2020 Jan 31. PMID: 32014544.
66. Poonnoose SI, Rajshekhar V, Hall WA, Friedman AH, Grossman RG, El Khamlichi A. Rate of
resolution of histologically verified intracranial tuberculomas. Neurosurgery. 2003;53 (4):873‑879
67. Goyal V, Elavarasi A, A, Shukla G, Behari M. Practice trends in treating central nervous system
tuberculosis and outcomes at a tertiary care hospital: A cohort study of 244 cases. Annals of Indian
Academy of Neurology. 2019;22 (1):37‑46.
68. Sullivan RP, Goldberg HF, Mellick RS, Post JJ. Successful Treatment of Multiple Multidrug
Resistant Intracranial Tuberculomata. Case Rep Infect Dis. 2016;1841529
69. Awada A, Daif AK, Pirani M, Khan MY, Memish Z, Al Rajeh S. Evolution of brain tuberculomas
under standard antituberculous treatment. Journal of the Neurological Sciences. 1998;156 (1):47‑52
70. Nair BR, Rajshekhar V. Factors Predicting the Need for Prolonged (>24 Months) Antituberculous
Treatment in Patients with Brain Tuberculomas. World Neurosurg. 2019;125:e236‑e247.
71. Sadashiva N, Tiwari S, Shukla D, Bhat D, Saini J, Somanna S, et al. Isolated brainstem
tuberculomas. Acta Neurochir (Wien). 2017;159 (5):889‑897. doi: 10.1007/s00701-017-3108-1.
72. Shah I, Shetty NS. Duration of anti‑tuberculous therapy in children with persistent tuberculomas.
SAGE Open Med Case Rep. 2019;7:2050313X18823092
73. van Toorn R, du Plessis AM, Schaaf HS, Buys H, Hewlett RH, Schoeman JF. Clinicoradiologic
response of neurologic tuberculous mass lesions in children treated with thalidomide. Pediatr
Infect Dis J. 2015;34 (2):214‑218.
74. Schoeman JF, Fieggen G, Seller N, Mendelson M, Hartzenberg B. Intractable intracranial tuberculous
infection responsive to thalidomide: report of four cases. J Child Neurol. 2006;21 (4):301‑308
75. Prasad K, Singh MB, Ryan H. Corticosteroids for managing tuberculous meningitis. Cochrane
Database Syst Rev. 2016;4 (4):CD002244
   13

Mishra, et al.:
Intracranial tuberculomas and
tubercular abscess –overcoming
challenges

76. Suárez I, Gruell H, Heyckendorf J, Fünger S, Lichtenstein T, Jung N, et al. Intensified adjunctive
corticosteroid therapy for CNS tuberculomas. Infection. 2020;48 (2):289‑293. doi: 10.1007/
s15010-019-01378-3
77. Frackowiak M, Sharma M, Singh T, Mathew A, Michael BD. Antiepileptic drugs for seizure control
in people with neurocysticercosis. Cochrane Database of Systematic Reviews. 2019 (10).
78. Sharma M, Singh T, Mathew A. Antiepileptic drugs for seizure control in people with
neurocysticercosis. Cochrane Database of Systematic Reviews. 2015 (10).
79. Pradhan S, Das A, Mulmuley M, Das A. Neurocysticercosis or tuberculoma‑Which one has more
epileptic potential? Seizure. 2020;78:91‑95.
80. ErsahinM, Hakan T, Ayan E, Berkman Z, Ekinci O, Ceran N, et al.   (2010) Diagnostic and
therapeutic role of CT‑guided stereotactic surgery in the management of intracranial tuberculomas.
Turk Neurosurg 20:295–302
81. Rajshekhar V, Abraham J, Chandy MJ Avoiding empiric therapy for brain masses in Indian patients
using CT‑guided stereotaxy. Br J Neurosurg 1990; 4:365–371
82. Rajshekhar V, Chandy MJ CT‑guided stereotactic surgery in the management of intracranial
tuberculomas. Br J Neurosurg 1993; 7: 665–671
83. Mohanty A, Santosh V, Anandh B, Sastry Kolluri VR, Vasudev MK, Hegde T, et al. Diagnostic
efficacy of stereotactic biopsies in intracranial tuberculomas. Surg Neurol 1999; 52:252–258
84. Mohanty A, Venkataramana SK, Vasudev MK, Khanna N Role of stereotactic aspiration in the
management of tuberculous brain abscess. Surg Neurol 51:443–446
85. Ranjan A, Rajshekhar V, Chandy MJ (1995) Stereotactic craniotomy for lesions in eloquent areas.
J Clin Neurosci 1999; 2:304–307
86. Gupta M, Bajaj BK, Khwaja G Paradoxical response in patients with CNS tuberculosis. J Assoc
Physicians India 2003; 51:257– 260
87. Afghani A, Lieberman JM Paradoxical enlargement or development of intracranial tuberculomas
during therapy: case report and review. Clin Infect Dis 1994; 19:1092–1099

   14

Core Editorial Committee

Dr. Girish Menon, KMC, Manipal - Chairperson
Dr. P. Sarat Chandra, AIIMS, New Delhi- Editor,
Neurology India
Dr. D.Muzumdar, KEM Hosptial, Mumbai - Member
Dr. Ashish Suri, AIIMS, New Delhi - Member
Dr. Dwarakanath Srinivas, NIMHANS, Bengaluru - Member
Dr. Pravin Salunke, PGIMER, Chandigarh - Member

Ex-officio members

President- Dr. Lokendra Singh
President Elect - Dr. V.P. Singh
Secretary - Dr. N.Muthukumar
Treasurer - Dr. Daljit Singh

