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Abstract
Neuro-ophthalmic features are a known association in tuberculosis, especially common in central nervous system
tuberculosis (CNS-TB). They are mostly the result of the visual pathway and/or ocular motor and other cranial nerve
involvement. Furthermore, toxic optic neuropathy and paradoxical response to anti-tubercular drugs (ATT) are also not
uncommon. The etiopathogenesis is by the complex interplay of various factors like exudates, vasculitis, arachnoiditis,
presence of tuberculomas, hydrocephalus, brain infarcts and/or immune-mediated reaction. The entity often poses a
diagnostic dilemma for the ophthalmologists/neuro-ophthalmologists and may lead to irreversible vision loss. The presence
of neuro-ophthalmic features not only affect the visual outcome but are also predictors of systemic morbidity of the disease.
Therefore, understanding and knowledge about this entity are necessary for the comprehensive management of the disease.
While various forms of TB including CNS-TB have been well-dealt with in literature, little is discussed specifically about the
neuro-ophthalmic manifestations of tuberculosis. Therefore, the purpose of this review is to highlight current understanding
of the types of neuro-ophthalmic involvement in tuberculosis, its etiopathogenesis, diagnosis and management.

Introduction

Tuberculosis (TB), an infectious disease caused by Myco-
bacterium tuberculosis, is one of the major causes of
morbidity and mortality worldwide. As per the World
Health Organization (WHO), around ten million people
were affected by TB globally and nearly 1.5 million died in
2018 alone. Countries from South East Asia region account
for the maximum number of cases with India leading the
count [1]. The emergence of the human immunodeficiency
virus (HIV) co-infection [2] and drug-resistant forms of TB
have further contributed to the disease morbidity.

Although TB can affect any part of the body, central
nervous system (CNS) infection is one of the most

devastating forms of the disease accounting for 5–10% of
cases of extrapulmonary TB [3, 4]. Central nervous system
tuberculosis (CNS-TB) manifests primarily as meningitis [5],
focal intraparenchymal lesions like tuberculomas, spinal ara-
chnoiditis and rarely as encephalitis and brain abscess. Neuro-
ophthalmic manifestations of the disease, which are mostly
the result of the visual pathway and/or ocular motor and other
cranial nerve involvement, may not be uncommon in CNS-
TB. Furthermore, toxic optic neuropathy and paradoxical
response to anti-tubercular drugs (ATT) may be seen in any
form of TB. The entity often poses a diagnostic dilemma for
the ophthalmologists and is associated with significant visual
as well as systemic morbidity [6, 7].

While various forms of TB including CNS-TB have been
well-dealt with in literature, little is discussed specifically
about the neuro-ophthalmic manifestations of the disease.
Therefore, the purpose of this review is to highlight the cur-
rent understanding of types of neuro-ophthalmic involvement
in TB, its etiopathogenesis, diagnosis and management. The
search of published literature for this review article was done
using Pubmed, Medline, Embase and Ovid extending over the
last five decades along with checking for various cross-
references. The articles available in the English language with
full-text access were included and an electronic literature
search was performed using keywords like TB, neuro-
ophthalmic features in TB, CNS-TB, tuberculomas,
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tuberculous optic neuropathy, toxic optic neuropathy, para-
doxical response to anti-tubercular drugs, cranial nerve palsy,
vision loss, diagnosis and management in TB.

Etiopathogenesis

As the neuro-ophthalmic features of TB are mostly part of
the CNS disease, the etiopathogenesis of the two essentially
remains the same. CNS acquires infection when the bacilli
reach the brain and meninges as a result of bacteraemia
(during primary infection) and form multiple small tuber-
cles, called the ‘Rich foci’. Juxtaependymal or sub-
ependymal location of these tubercles favour the
development of tuberculous meningitis (TBM), which is the
most common form of CNS-TB. It is characterized by
chronic basilar meningitis with meningeal inflammation,
gelatinous exudates, intracranial vasculitis and obstructive
or communicating hydrocephalus. Vasculitis in TBM
involves both arteries and veins [8]. Obstruction to cere-
brospinal fluid (CSF) flow is caused by the thick exudates in
the aqueduct or the fourth ventricle. The disease has a
predilection for the basal parts of the brain, which lie in
close proximity with the anterior visual pathway, thus
commonly presenting with vision loss.

Tuberculomas that develop by the enlargement of brain
tubercles are another form of CNS-TB that may be seen
alone or along with TBM. It is characterised by a granu-
lomatous reaction comprising of Langerhan’s cells, epithe-
loid cells and lymphocytes with a central core of caseous
material and viable tubercle bacilli. The appearance of the
tuberculomas may vary clinically. Some may resemble
tuberculous abscess, meningioma etc. and rarely show
cystic changes [9]. Upregulation of tumour necrosis factor
(TNF-α) from the microglial cells and matrix metallopro-
teinases (MMP) from the monocytes, especially MMP-9
facilitate tuberculoma formation. MMP-9 is involved in
macrophage recruitment and TNF-α causes macrophage
activation, cytokine production and apoptosis. While
tuberculoma formation is considered as a part of the
host defence mechanism to contain the infection, it also
shields the viable bacteria from the immune-mediated
response [10, 11].

Tubercular brain abscess is a rare manifestation that
may occur either by the spread of infection from meninges
or the tubercular granulomas. But unlike tubercular granu-
lomas, tuberculous abscess does not exhibit granulomatous
reaction and mainly contains pus with abundant live
organisms [12].

Several factors contribute to vision loss and other neuro-
ophthalmic features in TBM. Exudates especially in the
interpeduncular, suprasellar and Sylvian cisterns directly
damage the encasing structures like optic chiasma and

cranial nerve roots arising from the ventral aspect of the
brain. Associated optochiasmatic arachnoiditis, vasculitis,
hydrocephalus and brain infarcts also add to the insult.
Rarely, a paradoxical reaction may occur during the course
of anti-tubercular treatment (ATT) administered for CNS or
pulmonary TB leading to optochiasmatic arachnoiditis or
development of new tuberculomas and/or expansion of the
existing ones in this region [13–15]. This is attributed to the
exaggerated host reaction against the tuberculous protein
released by the dying bacteria [16] Optochiasmatic ara-
chnoiditis either causes mechanical compression of the
intracranial part of the anterior visual pathway or results in
vasculitis and interruption of the blood supply, leading to
severe vision loss [10]. Tuberculomas may exhibit features
similar to any space-occupying lesion with compression of
key structures. It may involve the pituitary, sella, occipital
lobe, optic disc and brain stem.

One must note that specific cohorts have shown genetic
susceptibility to tuberculous infection related to variations
in genes encoding for the recognition receptors. Toll-like
receptor TLR2 genotype 597CC has been linked with dis-
seminated forms of TB (miliary and meningitis) caused by a
specific strain of mycobacterium called the ‘Beijing geno-
type’ in Vietnam. Likewise, Arg753Gln and Arg677Trp
have been associated with increased susceptibility to TB in
Turkish and Tunisian cohorts, respectively [17].

Clinical features

The occurrence of neuro-ophthalmic complications is a
common association in TB, especially CNS-TB, reported in
nearly 82% cases of TBM [18] and 67% cases of paediatric
tuberculous meningoencephalitis [6]. Table 1 summarizes
the various neuro-ophthalmic manifestations of the disease.

Vision loss

There can be a myriad of ocular signs and symptoms but the
most common manifestation is vision impairment described
in as high as 72% of cases of TBM [19].

Tuberculous optic neuropathy

Tuberculous optic neuropathy is an important cause of
vision loss that may occur from infectious infiltration of the
nerve or inflammation by basal exudates and endarteritis of
the supplying vasculature causing ischaemia. The infectious
infiltration may occur either through contiguous spread
from adjacent structures like choroid plexus or by haema-
togenous dissemination from a distant source like lungs.
Sometimes, optic neuropathy can occur due to associated
hypersensitivity reaction or toxicity to anti-tubercular drugs.
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Optic nerve affliction may be unilateral or bilateral and can
be in the form of optic neuritis with disc swelling, i.e.
papillitis or neuroretinitis, or without disc swelling, i.e. ret-
robulbar neuritis or optic perineuritis. Optic disc swelling may
also be associated with tuberculous posterior scleritis. Rarely,
there can be optic nerve tubercles [20]. Papillitis (51.6%) was
the most common presentation noted in a retrospective study
defining the clinical spectrum of tuberculous optic neuro-
pathy. Other less common manifestations in this study were
neuroretinitis (14.5%), optic nerve tubercles (11.3%),

retrobulbar neuritis (8.1%) and optic neuritis (8.1%) [21].
Majority of the patients in this study presented with painless
loss of vision and some with ocular pain, visual field defects,
colour vision defects, diplopia and ptosis [21]. In a series of
paediatric meningoencephalitis cases, retrobulbar neuritis
(32%) was found to be the most frequent neuro-ophthalmic
finding [6]. Other forms of optic nerve involvement described
are compressive optic neuropathy, anterior ischaemic optic
neuropathy, orbital apex syndrome and rarely central retinal
vein occlusion or posterior scleritis [21]. Clinically patients

Table 1 Table showing the various neuro-ophthalmological manifestations of tuberculosis.

Tubercular involvement Level of involvement Clinical syndrome Associated signs and symptoms

(1) Vision loss

(a) Tuberculous optic
neuropathy

Anterior visual pathway (a) Optic neuritis
• With swelling-papillitis, neuroretinitis
• Without disc swelling-retrobulbar neuritis

(b) Optic nerve perineuritis
(c) Papilledema
(d) Optic nerve tubercles
(e) Compressive optic neuropathy
(f) Anterior ischaemic optic neuropathy
(g) Central retinal vein occlusion
(h) Posterior scleritis
(i) Orbital apex syndrome

• Unilateral or bilateral visual
impairment

• Pain±
• Relative afferent papillary defect
(RAPD)

• Optic disc oedema or atrophy
• Dyschromatopsia
• Visual field defects enlargement of
blind spot, central or centrocaecal
scotoma, hemianopia

(b) Posterior visual
pathway involvement

Posterior visual pathway (a) Basal exudates, vasculitis, infarcts involving optic
chiasma, optic tract and post-geniculate part like
optic radiation and visual cortex

(b) Chiasmal compression due to
• dilatation of 3rd ventricle
• Obstructive hydrocephalus

(c) Cortical blindness
• Basilar artery involvement
• Enlarging hydrocephalus
• Tuberculoma involving post-geniculate part like
optic radiation and visual cortex

• Bilateral vision loss
• Impaired pupillary reactions±
• Disc pallor or papilloedema or
normal appearing disc

• Hemianopic or concentric field
defects

(c) Paradoxical reaction Optic chiasma Delayed type of hypersensitivity reaction to ATT
(a) Optochiasmatic arachnoiditis
(b) Optochiasmatic tuberculoma

• Bilateral insiduous and severe vision
loss

• Impaired pupillary reactions±
• Disc pallor
• Hemianopic or concentric field
defects

(d) Toxic optic
neuropathy

Optic nerve Drug related toxicity
• Ethambutol
• Isoniazid
• Linezolid
• Streptomycin
• Fluoroquinolones

• Bilateral painless, progressive,
symmetrical vision loss

• Disc pallor or oedema
• Central or centrocaecal scotomas
• Dyschromatopsia
• Increased VER latency
• Reduced RNFL and GCIPL
thickness

• Pseudotumor cerebri (streptomycin)

(2) Cranial nerve palsy Can be affected anywhere along the
course but mostly in subarachnoid
space at the base of the brain

(a) Abducent nerve palsy (most common)
(b) Oculomotor nerve palsy
(c) Trigeminal nerve involvement
(d) Facial palsy
(e) Trochlear nerve palsy (uncommon)
(f) Multiple cranial nerve palsy

• Diplopia
• Paralytic squint
• Ptosis
• Anisocoria
• Paraesthesia and numbness of face
• Reduced corneal sensations

(3) Others (a) Horners syndrome
(b) Pupillary anomalies (both afferent and efferent)
(c) Accommodation anomalies
(d) Inter-nuclear ophthalmoplegia (INO)
(e) Gaze palsy
(f) Pursuit and saccade anomaly
(g) Hemifacial spasms
(h) Vestibular nystagmus
(i) Conjugate deviation of eye
(j) Anton syndrome, Balint syndrome and visual
hallucinations in occipital lobe involvement
(k) Gradinego syndrome in petrous bone involvement
(l) NMO
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present with mostly unilateral and sometimes bilateral visual
loss that may range from mild reduction in visual acuity to
absent perception of light progressing over a few weeks. Pain,
relative afferent pupillary defect (RAPD), dyschromatopsia
and visual field defects are other important features. Dys-
chromatopsia is often out of proportion to vision loss [22].
The common visual field defects are central scotomas and
enlargement of the blind spot. Periocular pain occurs in the
majority of patients with optic perineuritis.

Optic nerve perineuritis, characterized by the inflamma-
tion of optic nerve sheath and adjacent tissue, is a rare
association of TB [23, 24]. It may be the result of infection,
ATT toxicity or rarely dysimmune neuropathy [23]. Vision
loss can be attributed to the thickened optic nerve sheath
that leads to circumferential compression of the nerve,
resultant vascular occlusion and infarction. Optic nerve
perineuritis can often be confused with optic neuritis due to
overlapping clinical features. However, older age of onset
(>45 years), pain out of proportion to vision loss, sparing of
central vision and progression of vision loss for >2 weeks
usually go in favour of perineuritis. Radiological findings
can further confirm the diagnosis. Recurrences are common
in optic perineuritis especially on discontinuation of ster-
oids. Unlike in optic neuritis (where corticosteroids do not
alter the final visual outcome), patients with optic peri-
neuritis show a dramatic response to steroids and if left
untreated can lose vision. Therefore, prolonged therapy with
higher dose of oral steroids (prednisone, 80 mg/day) is
indicated in optic perineuritis [25]. Neuroretinitis, although
rarely seen in TB, needs to be differentiated from other
causes like cat scratch disease (CSD) and recurrent idio-
pathic neuroretinitis. CSD should be suspected in patients
with a history of cat exposure, associated systemic symp-
toms and poor visual acuity despite small or no RAPD.
Recurrent idiopathic neuroretinitis has a recurrent course
and more extensive optic nerve enhancement on MRI [26].

Choroid tubercles may be seen in miliary TB that may
represent the immune-mediated hypersensitivity reaction to
the tubercular antigens [27].

Raised intracranial pressure

Raised intracranial pressure [6], hydrocephalus and papil-
loedema [7, 28] are other notable associations in TBM
leading to vision loss that occurs by a complex interplay of
the above factors. Dilatation of the third ventricle in
obstructive hydrocephalus may lead to optic chiasmal
compression [29]. It may also cause raised intracranial
pressure that along with other factors like cerebral oedema,
tuberculomas and exudates interferes with axoplasmic flow
resulting in papilloedema and consequent secondary optic
atrophy [30]. In fact, the presence of hydrocephalus is an
indicator of greater disease severity and mortality [31].

Optochiasmatic arachnoiditis and tuberculoma/paradoxical
response to ATT

Optochiasmatic arachnoiditis and optochiasmatic tubercu-
loma are also important causes of vision impairment in TB.
It may be the result of the infectious process but usually is
seen as a paradoxical reaction to ATT. The paradoxical
response is a delayed type of hypersensitivity reaction
occurring at around 4–8 weeks after initiation of ATT
[16, 32]. Vision loss is usually severe, insidious (some-
times acute) and progressive with impaired pupillary reac-
tions, hemianopic or concentric field defects and disc pallor.
It is characterized by localized thickening of the arachnoid
matter surrounding optic chiasma and the intracranial part
of the optic nerve. There is significant inflammation,
oedema, vasculitis, infarction and expansion of tuberculo-
mas following the release of mycobacterial proteins that
often lead to severe vision loss [16]. Younger age group,
female gender and patients with raised CSF protein (1 g/L)
are the most susceptible [33]. Interestingly, this phenom-
enon is rare in HIV-infected individuals. It is often difficult
to differentiate the paradoxical response from disease
relapse where neuroimaging might be helpful.

Cortical blindness

Cortical blindness may be seen in patients with basilar
artery involvement, enlarging hydrocephalus and infarcts or
tuberculomas involving the post-geniculate part of a visual
pathway like optic radiation and visual cortex. The diag-
nosis of cortical blindness is difficult clinically as the patient
has minimal signs in the presence of severe vision loss. The
disc appears healthy, and pupillary reactions are normal.
Homonymous hemianopia in perimetry points to posterior
visual pathway involvement. But often there may be severe
bilateral vision loss that precludes visual field assessment.
Neuroimaging is mandatory to confirm the diagnosis in
such cases.

Toxic optic neuropathy

Toxic optic neuropathy is another concerning cause of
vision loss associated with the use of anti-tubercular drugs.
Ethambutol, isoniazid, linezolid, streptomycin and fluor-
oquinolones are the main culprits. Renal insufficiency,
smoking and old age are some of the risk factors that pre-
dispose to toxicity and irreversible vision loss.

Ethambutol-induced toxic optic neuropathy is dose- and
duration-dependent [34] with the incidence ranging from 1
to 6% that usually presents after 4–12 months of therapy.
Ethambutol [dextro-2,2′-(ethylene-diiminol-di-1-butanol
dihydrochloride] is a racemic mixture of the Dextro, Meso
and Levo enantiomers. The anti-tubercular activity is
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known to vary considerably depending on the form, the
dextro being the most active and the levo the least. The
dextro form also has the least ocular toxicity compared to
the racemate form [35–37]. Walsh et al. has described two
forms of ethambutol-induced toxic optic neuropathy. The
central or axial form that characteristically affects the
papillomacular bundle and therefore is associated with
reduced visual acuity, central scotomas and red-green col-
our defects. The peripheral or periaxial toxicity affects the
periaxial fibres leading to peripheral field defects with little
or no decrease in visual acuity and colour perception [36].
The ethambutol toxicity is either related to the chelating
property of the drug that adversely affects the mitochondrial
function and causes neurotoxicity, or caused by the
demyelination of the visual pathway. However, in the early
stages, the most affected cells are the amacrine and bipolar
cells in the inner plexiform layer. This leads to the weak-
ening of the inhibitive interactions between opponent colour
mechanisms [38]. The condition often presents as bilateral
painless, progressive, symmetrical vision loss with variable
optic nerve head pallor and central or centrocaecal scoto-
mas. Dyschromatopsia is one of the earliest signs of toxic
optic neuropathy. Blue colour vision defects can be detected
in early toxicity where patients still maintain good foveolar
fixation. In the advanced stage when the patient fixes
eccentrically, red-green colour defects also set in [39].
Central scotomas are the common visual field defect, but
bitemporal defects and peripheral field constriction have
also been reported [40]. Sometimes in the absence of
apparent features of toxic optic neuropathy, subclinical
damage can still occur as evidenced by increased visually
evoked response (VER) latency and reduced retinal nerve
fibre layer (RNFL) and ganglionic cell-inner plexiform
layer (GCIPL) thickness [41, 42]. In fact, the macular fibres
are most sensitive to the toxic insult as reflected by the
significant loss of temporal RNFL [43, 44].

Isoniazid toxicity may be associated with bilateral optic
disc swelling [45] or atrophy [46] and bitemporal hemi-
anopia. Streptomycin is known to cause pseudotumor cer-
ebri and optic neuritis. Linezolid is mostly used in drug-
resistant cases of TB. Its toxicity is associated with pro-
longed use (>28 days) [47] that leads to the disruption of the
mitochondrial oxidative phosphorylation and protein
synthesis [48]. Patients can present with disc pallor or
oedema. Vision usually improves in most cases of toxic
optic neuropathy after stopping the concerned drug,
although irreversible vision loss has also been reported.

The differentiation among various causes of vision loss
in TB becomes imperative as the management will widely
vary. This often becomes challenging for the ophthalmol-
ogist or a neuro-ophthalmologist. Based on the clinical hints
like time of vision loss (before or after the ATT), nature of
vision loss (acute, subacute, chronic), laterality (unilateral

or bilateral), pupillary involvement, disc features and
type of visual field defects one can localize the probable
cause and site of involvement. This can further be con-
firmed on neuroimaging. Therefore, meticulous clinical
work-up and adjunctive neuroimaging will help you arrive
at a diagnosis in most cases. Unfortunately, despite best
efforts, permanent visual impairment and blindness are
known to occur in TB [49].

Cranial nerve palsy

Other neuro-ophthalmologic complications that can occur in
TB are cranial nerve palsies, pupillary anomalies and
accommodation abnormalities. Cranial neuropathies (other
than optic neuropathy) have been reported in 20–52% cases
of TBM in several series. [7, 50–52] Abducent nerve is
most frequently affected followed by the oculomotor nerve
[44]. Bilateral ptosis has been reported as a manifestation in
midbrain tuberculoma [53]. Trochlear and trigeminal nerve
involvement are less common. Facial nerve palsy or rarely
hemifacial spasms may be seen in a pontine lesion [44].
Multiple cranial nerve palsies may be seen with cavernous
sinus involvement. Cranial nerves can be affected anywhere
in their intracranial course, but they are most susceptible in
the subarachnoid space at the base of the brain. The damage
is by the mechanical compression by thick exudates/tuber-
culomas, by direct infectious infiltration or vasculitis of the
supplying blood vessel. Abducent nerve palsy can also be
caused by raised intracranial pressure. Inter-nuclear oph-
thalmoplegia and hemifacial spasms may sometimes be
seen in a patient with rapidly progressive meningitis. Other
rare manifestations like conjugate deviation of eye and
vestibular nystagmus may be seen in severe disease asso-
ciated with the involvement of mesencephalon or vestibu-
locerebellar pathways (in brain stem and cerebellum),
respectively. There can be pupillary and accommodation
disturbances. Afferent and efferent pupillary defects can be
seen depending on the site of the lesion. Damage to the
afferent visual pathway will exhibit RAPD and efferent
pathway like mesencephalon, oculomotor nerve or ciliary
ganglion involvement will cause anisocoria. Horner syn-
drome may be seen if the oculosympathetic pathway is
disturbed [44].

Other features

Gaze palsies and pursuit and saccade anomalies may be
associated with the involvement of the respective centres in
the brain. Anton syndrome (visual anosognosia, i.e. denial
of loss of vision) and Balint syndrome (difficulty in visual
and spatial coordination) have been rarely described with
occipital lobe involvement in CNS-TB [49]. Palinopsia, the
persistent occurrence of the visual image even after the
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removal of stimulus and visual hallucinations have been
reported with occipital lobe tuberculomas [54].

Rarely Gradenigo syndrome has been described in
association with tuberculous involvement of petrous bone,
characterized by periorbital unilateral pain (trigeminal nerve
involvement), diplopia (sixth nerve palsy) and lower motor
neuron type of facial palsy [55]. Another rare manifestation
described in association with pulmonary TB is neuro-
myelitis optica (NMO). The diagnosis of pulmonary TB
precedes the onset of NMO. This is most likely caused by
immune-mediated inflammatory demyelination of the optic
nerves and spinal cord triggered by Mycobacterium tuber-
culosis [56]. The diagnosis of NMO is confirmed by
detecting anti-aquaporin-4 antibodies in the serum. These
patients may also have repeated vomiting due to area
postrema involvement, altered sleep–wake cycle and other
symptoms related to diencephalon involvement [57].

Management

The management of TB and its neuro-ophthalmic mani-
festations require multispecialty care with integrated efforts
of infectious disease expert, neurologist, pulmonologist and
neuro-ophthalmologist. The approach to such cases will
entail the conduction of the necessary tests for confirmation
of diagnosis followed by prompt treatment to minimize the
visual and systemic morbidity.

Diagnosis

Laboratory investigations

The laboratory investigations include routine haematologi-
cal tests like complete blood count, erythrocytes sedi-
mentation rate, blood sugar, liver and renal function tests.
All patients should be tested for HIV using an enzyme-
linked immunosorbent assay considering the rising number
of HIV co-infection in TB. Mantoux test may provide
evidence for previous tuberculous infection, although the
test lacks sensitivity and specificity especially in a vacci-
nated population (BCG vaccine). Chest X-ray may reveal
any active or healed lung infection. Sputum examination
may be done for acid-fast bacilli (AFB) in symptomatic
cases. Due to heterogeneity in presentation, there are no
established diagnostic criteria for tuberculous optic neuro-
pathy and ocular TB. However, one may follow the simple
guidelines given by Davis et al. that include consistent
clinical signs, positive Mantoux reaction, positive IFN-γ
release assay, tuberculous lesion on chest imaging, identi-
fication of AFB by microscopy or culture of extraocular
tissue samples and positive response to ATT [21].

CSF analysis

CSF analysis helps in establishing the diagnosis in patients
with evidence of CNS-TB. Lumbar puncture is usually
performed by the treating neurologist. CSF manometry at
the time of lumbar puncture evaluates the CSF opening
pressure. CSF features like pleocytosis (more than 20 cells,
more than 60% lymphocytes), moderately elevated proteins
(more than 100 mg/dl) and low sugar (<60% of corre-
sponding blood sugar) usually go in favour of tuberculous
infection; malignancy should be ruled out by microscopic
examination. Rarely, a brief neutrophilic predominance in
CSF may suggest an early stage of infection or paradoxical
response to ATT [58]. Definitive diagnosis is based on the
isolation of tubercle bacilli in CSF smears using
Ziehl–Neelsen staining (bent or curved rods that stain bright
red) or CSF culture on Lowenstein Jensen media. Cultures
also allow for drug sensitivity testing. But the bacterial
growth is extremely slow on culture and may be evident
after 3–8 weeks. The bacterial yield is known to be low in
CSF samples that can be improved by centrifugation [9] and
by using ventricular and cisternal CSF samples [51]. Liquid
culture media like Mycobacterium growth indicator tube
(Bactec) offers improved sensitivity over a solid culture that
can indicate the growth by colour change within few days,
although documenting a negative report sometimes requires
~21–42 days [59].

Brain biopsy

Biopsy remains the gold standard for diagnosing intracra-
nial tuberculomas or brain abscess. Stereotactic brain biopsy
is preferred over craniotomy due to reduced surgical risk
and fewer complications. However, the role of biopsy
should be evaluated on a case-to-case basis and considered
only when deemed necessary. It should preferably be
avoided in immunocompromised states like HIV or malig-
nancy [60].

Nucleic acid amplification test (NAAT)

Currently WHO as well as INDEX TB (guidelines for
extrapulmonary TB in India) [61] guidelines focus mainly
on establishing definite microbiological diagnosis by iso-
lating the tubercular bacilli and to ensure maximum yield in
isolating the bacilli. NAAT has also become a part of these
guidelines. NAAT is useful for the rapid detection of TB
and drug resistance. Xpert MTB/RIF, a cartridge-based real-
time polymerase chain reaction (PCR) test with a rapid turn-
around time (around 2 h) is one of the most commonly used
NAAT with a sensitivity of around 70–80% in CNS-TB
[62]. It can also detect rifampicin resistance. It has been
endorsed by WHO especially in the detection of multidrug-

20 R. Dhiman et al.



resistant (MDR) and HIV-infected TB [62]. This can be
used as an adjunctive test in the diagnosis of TBM but a
negative test does not rule out its diagnosis [61]. Line probe
assay is another rapid PCR-based technique that can
detect drug sensitivity to rifampicin and isoniazid. But the
diagnostic accuracy of this test is not well-established in
CNS-TB.

Interferon-γ and adenosine deaminase assays

Interferon-γ assays (ELISPOT, Quantiferon Gold) measure
the person’s immune reactivity to mycobacteria based on
the identification of interferon-γ released by the host T cells
in response to infection. They are fast (<24 h) and do not
show false positive response due to previous BCG vacci-
nation. But it cannot distinguish between latent and active
TB. Chemical assays like adenosine deaminase (ADA 2
isoform) is based on the increased production of this
enzyme due to lymphocytic proliferation. Raised ADA
levels were found to be a predictor of poor neurological
outcomes in paediatric TBM [63]. However, there are no
established cutoffs for the test (range of 5–15 IU/l). These
assays are not routinely used for the diagnosis of TBM.

Neuroimaging

Neuroimaging has immensely contributed to the diagnostic
ability in CNS-TB. Gadolinium-enhanced magnetic reso-
nance imaging of the brain, orbits and occasionally spine is
the modality of choice to evaluate the location and extent of
the lesion. Key imaging features suggestive of TBM are
leptomeningeal enhancement, basal exudates, tuberculomas,
communicating or non-communicating hydrocephalous,
and cerebral infarcts (Fig. 1A–D).

Tuberculomas can develop anywhere in the brain.
However, it is typically infratentorial in patients aged ≤20
years. No such predilection is noted in older patients where
it can be found in both infra as well as supratentorial
locations [60]. Intracranial tuberculomas have variable
radiological features. Bernaerts et al. have vividly described
the radiological features of intracranial tuberculomas in
three different stages of development: non-caseating, case-
ating with a solid centre and caseating with a liquid centre
[64]. On MRI, non-caseating tuberculomas are hypointense
relative to brain tissue in T1-weighted images and hyper-
intense in T2-weighted images and show homogenous
enhancement with contrast. They are frequently surrounded

Fig. 1 Radiological features
of tuberculous meningitis.
A Basal exudates: axial post
gadolinium T1-weighted image
showing smooth thin
enhancement of the prepontine
cistern (arrow). The
enhancement is also seen along
the cerebellar sulci (dashed
arrow); B basal exudates:
sagittal post gadolinium T1-
weighted image showing
smooth enhancement of the
basal cisterns (arrows).
Enhancement is also seen along
the cerebellar sulci (dashed
arrow); C exuberant basal
exudates: axial post gadolinium
T1-weighted image showing
nodular enhancement of the
perimesencephalic cisterns
(arrows) and mass effect on the
optic chiasma (dashed arrow);
D basal exudates with
tuberculomas: axial post
gadolinium T1-weighted image
showing smooth thin
enhancement of the
perimesencephalic cisterns
(arrow) and multiple ring-
enhancing granulomas (dashed
arrow).

Neuro-ophthalmic manifestations of tuberculosis 21



by a halo of contiguous vasogenic white matter oedema in
the early stage of the lesion (Fig. 2A–D).

In solid caseating lesions, on T1-weighted images, the
lesion is relatively hypointense or isointense while T2-
weighted images are isointense to hypointense. The rim of a
caseating granuloma is strikingly hypointense on T2 and
enhances on T1 gadolinium-enhanced MRI (Fig. 3A–B).
Caseating granuloma with central liquefaction will show a
hypointense core on T1 with intense rim enhancement with
gadolinium. On T2 it is hyperintense and at this stage,
tuberculous lesions may be indistinguishable from a pyo-
genic abscess on MR imaging [64].

MRI is useful for the early detection of optochiasmatic
arachnoiditis [64, 65] that is characterized by perichiasmal
enhancement, hypertrophy of the chiasma and the cisternal
segments of optic nerves (Fig. 3C). Confluent enhancing
lesions in the suprasellar cistern in the chiasmatic region
have also been described [66]. In immunosuppressed
patients (e.g. HIV co-infection), there is minimal or no
meningeal enhancement due to impaired immune response
and absent basal exudates [64].

Infarcts in CNS-TB are typically periventricular due to
the involvement of lenticulostriate and thalamo-perforating
arteries (Fig. 3D).

MRI can also aid in differentiation between optic neuritis
and perineuritis. The latter typically has a ‘tram-track’
appearance on axial views due to enhancement around the
optic nerve and a ‘doughnut’ appearance on coronal views
with a streaky enhancement of orbital fat. Occasionally, the
substance of the optic nerve can show enhancement in optic
perineuritis due to inflammation of the intraneural pial septa
and the nerve sheath [25].

While MRI provides the anatomical picture, MR spec-
troscopy is a technique that provides information about the
metabolic profile of the tissue. Single-voxel methods like
Point RESolved Spectroscopy usually provide diagnostic-
quality data in a very short time [67]. MR spectroscopy has
been found useful in recognizing tuberculomas by assessing
the lipid lactate peak (Fig. 4) [68]. A singlet peak at ≈3.8
ppm found in the majority of tuberculomas and absent in
most malignant tumours helps in differentiating the two
entities. Also, a higher Cho/Cr (choline/creatine) and mI/Cr
(myo-inositol/ creatine) ratios favour malignant lesions over
tuberculomas [69].

Contrast-enhanced computed tomography (CECT) could
be an alternative in case of non-availability of MRI. This is
especially useful in detecting bone infections or meningeal
calcifications in resolving cases. The presence of a triad of

Fig. 2 Radiological and ocular
features in a patient with CNS
tuberculoma and choroid
tubercle. A Suprachiasmatic
tuberculomas: Axial post
gadolinium T1-weighted image
showing disc-like enhancing
tuberculomas in the
suprachiasmatic location
(arrows) and causing mass effect
on the optic chiasma (dashed
arrow); B suprachiasmatic
tuberculomas mimicking a mass:
coronal post gadolinium T1-
weighted image showing
coalescent enhancing
tuberculomas in the
suprachiasmatic location (arrow)
mimicking a mass causing
compression of the underlying
optic chiasma (dashed arrow).
C Fundus picture of the right
eye of the same patient showing
choroidal tubercle in the supero-
temporal macula (arrow). D The
posterior segment OCT of the
same eye showing a choroidal
bump with a contact sign
(arrow).
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basal enhancement, hydrocephalus and infarcts on CT have
100% diagnostic specificity for TBM in children [70]. Early
tuberculomas are hypodense initially on CT. But as the
capsule develops around them, they become isodense with
ring enhancement on contrast. After calcification, lesions
become hyperdense and show little enhancement. They are
round or oval and usually solitary but multiple lesions may
be seen in different stages of progression. The non-
caseating granuloma is slightly hypodense or isodense and
enhances homogeneously with contrast. In solid caseating
lesions, the central portion enhances heterogeneously
while the capsule presents a ring-enhancing pattern, which
tends to be unbroken and of uniform thickness. Caseating
granuloma with central liquefaction can be seen as a
hypodense core surrounded by a dense ring of enhancement
on CECT [64].

A tuberculous lesion on CT needs to be differentiated
from other granulomatous lesions like sarcoidosis,

neoplasms and parasitic infestations like cysticercosis or
toxoplasmosis [15]. MRI is superior to CT scan in picking
up small lesions and delineating lesions especially in the
lower brain stem or posterior fossa [15].

Ophthalmic work-up

In the presence of neuro-ophthalmic features, a thorough
ophthalmic work-up becomes mandatory. In case of visual
function defects or field loss, distance and near best-
corrected visual acuity, colour vision, contrast sensitivity
and visual fields should be evaluated. In toxic optic neu-
ropathy, a 100-hue test is more sensitive for colour
assessment as it can detect early subtle changes and blue-
yellow defects that may be missed on Ishihara test type.
Static (Humphrey) or kinetic (Goldmann) perimetry should
be done for assessment of the type of visual field defect. In
patients with diplopia, paralytic work-up including diplopia

Fig. 3 Tuberculomas with central caseation in two different
patients. A Axial FLAIR image showing a tuberculoma in the mid-
brain with characteristic central hypointense signal (arrow) and
extensive surrounding oedema involving the periaqueductal grey
matter and expected location of the left oculomotor and
Edinger–Westphal nucleus; B sagittal T2-weighted image showing a
lesion with characteristic central T2 hypointensity (dashed arrow)
with minimal surrounding oedema in the lateral occipital cortex.

C Optochiasmatic arachnoiditis: axial post gadolinium T1-weighted
image showing smooth thin enhancement along the lining of optic
chiasma and bilateral optic nerves (arrow). The enhancement is also
seen along with the basal cisterns (dashed arrow). D Typical findings
of TB: coronal post gadolinium T1-weighted image showing smooth
thin enhancement of the basal cisterns (arrow) with hydrocephalus
(asterisk) and gyriform enhancement along the right temporal lobe
(dashed arrow, secondary to a subacute infarct).
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charting and Hess charting should be done at baseline and
follow-up. Peripapillary RNFL on optical coherence tomo-
graphy (OCT) at presentation and on follow-up helps in
evaluating the disease course in disc oedema and atrophy.
OCT can quantify RNFL [71] and retinal ganglion cell [72]
loss in early ethambutol toxicity before the fundus changes
become apparent. Menon et al. [43] showed that assessment
of P100 wave latency of pattern-VER and RNFL thickness
on OCT can help detect subclinical ethambutol toxicity and
therefore these tests should be conducted especially in
patients who are prescribed >15–20 mg/kg/day of etham-
butol for >2 months. VEP also gives an idea about the
intactness of the visual pathway and visual cortex, in cases
presenting with severe vision loss or cortical blindness.
Recently, optic nerve sheath diameter monitoring using
ultrasound has been described as a non-invasive method of
detecting raised intracranial pressure in cases of CNS-TB
and the results correlate positively with invasive intracranial
pressure catheter monitoring [73].

Treatment

The treatment is primarily aimed at eliminating the infection
by the use of anti-tubercular drugs and managing the
associated features like raised intracranial pressure and
inflammation. Multidrug therapy of bactericidal drugs iso-
niazid, rifampicin, pyrazinamide and ethambutol adminis-
tered for 2 months (intensive phase) followed by isoniazid
and rifampicin for another 7–10 months (continuation
phase) is recommended for the treatment of TBM in
immunocompetent patients [74]. Similar regimen is used in
paediatric cases with TBM [75]. The patient must be reg-
ularly evaluated for side effects like hepatotoxicity and
toxic optic neuropathy during the course of ATT. In CNS-

TB with visual impairment often ethambutol is replaced
with ofloxacin, levofloxacin or streptomycin as a first-line
drug to prevent further visual deterioration. Isoniazid and
pyrazinamide, administered orally in a dosage of 10 and
35–45 mg/kg, respectively, are bactericidal and can well
penetrate both inflamed and uninflamed meninges thereby
achieving CSF concentration above the minimum inhibitory
concentration (MIC) for Mycobacterium tuberculosis. The
CSF concentration of oral rifampicin (10 mg/kg), intra-
muscular streptomycin (20–40 mg/kg) and oral ethambutol
are equal to or slightly above the MIC of Mycobacterium
tuberculosis and they do not penetrate uninflamed menin-
ges. Oral ethionamide (15–20 mg/kg) penetrates both heal-
thy and inflamed meninges and has a CSF concentration
slightly above the MIC for Mycobacterium tuberculosis.
While low-dose ethambutol (15 mg/kg) and ethionamide are
bacteriostatic, rifampicin, streptomycin and high dose
ethambutol (25 mg/kg) are bactericidal. The optimum dose
and duration of chemotherapy are not defined. Therefore,
treatment should be modified based on the change in CSF
fluid parameters (like cell count, glucose, protein, etc.) as
noted on repeated lumbar punctures.

Intermittent ATT regimen should be avoided especially in
HIV co-infected patients due to the higher risk of relapse and
emergence of drug resistance. Anti-retroviral therapy (ART)
that is ideally started within 2 weeks of initiation of ATT if
CD4+ count is <50 cell/µL and by 8–12 weeks if CD4 count
is ≥50 µ/L in pulmonary TB with HIV co-infection, should
be avoided in the first 8 weeks of ATT in TBM. The clin-
icians must keep in mind that concurrent administration of
ART and ATT can cause paradoxical worsening of clinical
manifestations of TB. This phenomenon results from the
reconstitution of immune responsiveness after the initiation
of ART known as immune reconstitution inflammatory
syndrome [74]. Also, administration of rifampicin decreases

Fig. 4 Magnetic resonance
spectroscopy of a
tuberculoma. Spectrum from a
single-voxel spectroscopy
showing a decreased N-acetyl
aspartate peak (NAA) at 2.0
ppm and a characteristic high
lipid peak (lip) at 0.9–1.3 ppm.
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the concentration of ART, which may require dose adjust-
ment when given together.

The US Centres for Disease Control and American
Thoracic Society recommends [74] adjunctive use of low-
dose systemic corticosteroids in CNS-TB. Its anti-
inflammatory effect reduces cerebral oedema, vasculitis
and the deleterious effects of immune response in CNS and
ocular tissue and therefore lowers mortality [76]. Oral pre-
dnisolone is started in a dose of 1 mg/kg/day and gradually
tapered off over 4–8 weeks. Oral dexamethasone can be
used as an alternative. However, steroids must always be
used in conjunction with ATT and never alone as it may
flare-up a latent systemic infection. Significant reduction in
mortality and the incidence of permanent neurological
sequelae have been observed with steroids. However, stop-
ping or tapering the steroids prematurely may lead to para-
doxical enlargement or appearance of tuberculomas in some
patients usually in the initial 3 months of discontinuation of
the drug. One possible mechanism is that the restoration of
the blood–brain barrier by ATT decreases the penetration of
anti-tubercular drugs into the brain. However, this theory
does not hold true for cases treated with isoniazid and pyr-
azinamide as these drugs can cross the non-inflamed
meninges. A more accepted mechanism is the enhanced
delayed-type hypersensitivity that leads to the activation and
accumulation of lymphocytes and macrophages at the site of
bacillary deposition or toxin production when the bacilli die.
If this activation occurs at the site of microscopic foci then
tuberculoma appears and if it occurs at the site of macro-
scopic tuberculoma then there is enlargement [15]. Therefore
timing, dose and duration of steroid therapy are very crucial.
Tuberculous optochiasmatic arachnoiditis and tuberculomas
including the paradoxical reaction are generally managed
medically using a similar regimen of ATT in conjunction
with steroids. In case of a life-threatening visual complica-
tion associated with optochiasmatic arachnoiditis, pulse
therapy with intravenous methylprednisolone should be
considered for 3–5 days followed by oral steroids.

Immuno-modulating drugs like thalidomide are used as a
back-up option in cases of TBM and optochiasmatic ara-
chnoiditis not responding to the above therapy. Thalido-
mide exhibits anti-inflammatory properties and acts by
inhibiting TNF-alpha secretion by monocytes and macro-
phages [77–79]. Remarkable visual recovery has been
demonstrated in patients with optochiasmatic arachnoiditis
following thalidomide therapy [37]. But its use is limited by
the risk of associated severe birth defects. Infliximab has
shown encouraging result in corticosteroid-resistant para-
doxical optochiasmatic arachnoiditis [80].

As toxic optic neuropathy is largely preventable, it is
crucial to monitor closely the status of the optic nerve using
tests like colour vision, contrast sensitivity, VER, OCT and
visual fields in patients on long-term ATT. Most cases

respond to stopping the culprit drug. For ethambutol-
induced toxic optic neuropathy, there is no other specific
treatment and visual recovery may be noted over weeks to
months after discontinuation of the drug. However, the
vision may still deteriorate or fail to recover when the
damage is severe enough. To prevent isoniazid induced
optic neuropathy, pyridoxine 25–100 mg/day may be added
[71]. It may stabilize or even reverse the toxicity although
the improvement may be due to the stoppage of the drug
itself. Therefore, the first step that should be taken promptly
at the slightest suspicion of ATT-related toxic optic neu-
ropathy is to stop the offending drug as any delay can lead
to irreversible vision loss. As both ethambutol and isoniazid
are used concurrently in the treatment of TB, if the stoppage
of one drug does not lead to improvement in the patient’s
visual acuity then the other drug should also be stopped.
Nevertheless, stopping the drug should always be done in
consultation with an infectious disease expert [71, 81].

TBM with hydrocephalus is mostly managed medically
with the combination of ATT, steroids and dehydrating
agents like acetazolamide, furosemide and mannitol [82].
Surgical intervention is considered when medical therapy
fails. But before planning surgery, one must reconsider the
diagnosis and rule out other differentials in case of non-
responsiveness to ATT. Ventriculoperitoneal shunt surgery
is considered in cases with progressively deteriorating
vision or sensorium as seen in advanced stages of TBM
with hydrocephalus. The shunt relieves the CSF pressure by
draining the CSF. We must keep in mind that post-
operatively patient can develop vision loss due to shunt
failure, shunt malposition, associated haemorrhage or shunt
infection. Shunt malfunction causes raised intracranial
pressure, papilledema and consequent secondary optic
atrophy. The risk of shunt obstruction and failure is higher
in TBM patients due to higher protein and cellular content
in the CSF. Hyperfunctioning shunt with low CSF pressure
can also result in rapid vision loss by causing optic chiasmal
prolapse in a partially empty sella [29]. This complication is
rare with programmable shunts with adjustable external
valve that regulates the CSF flow. Shunt surgery carries a
poor prognosis in HIV-infected cases and therefore should
be avoided in them [83]. Endoscopic third ventriculostomy
(ETV) can be considered as an alternate procedure that
avoids insertion of shunt and its related complications.
However, it must be avoided in acute cases where the
subarachnoid space is obliterated with exudates and the
floor of the third ventricle is coated with tubercles and
granulation tissue, thus increasing the risk of bleed [84].
CSF leak and intraoperative bleed are some of the com-
plications reported with ETV. Neurosurgical decompression
of optic chiasma by excision of the optochiasmatic tuber-
culoma has been described in certain cases where corti-
costeroids have failed to improve vision [85, 86].
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Outcome

The presence of neuro-ophthalmic manifestations influ-
ences the disease outcome in TB. Factors predictive of
poor visual outcome are low presenting visual acuity,
diplopia, hydrocephalus, colour vision defects, optic
atrophy, papilledema, presence of abducent nerve palsy,
evidence of optochiasmatic arachnoiditis and optochias-
matic tuberculoma on imaging, miliary TB, modified
Barthel index score ≤12, RNFL defects on OCT and raised
CSF protein (1 g/L) [7, 8]. Low visual acuity (<6/18) [7],
complete ophthalmoplegia [6], papilledema [87], cranial
nerve VI and VII palsy [8] are some of the neuro-
ophthalmic features associated with higher mortality in
TBM. This underscores the impact of neuro-ophthalmic
features in determining the systemic outcome in these
patients.

Conclusion

Neuro-ophthalmic features in TB have myriad presenta-
tions that often pose a diagnostic dilemma. They not only
constitute an important manifestation of this disease
(especially CNS-TB) but also are predictors of clinical
outcome. With advanced diagnostic and neuroimaging
techniques, they are being increasingly recognised.
Knowledge and understanding of these manifestations can
aid in early identification and timely management of the
disease and thereby prevent sight as well as life-threatening
complications.

Summary

What is known about this topic

● Neuro-ophthamic features are a known association in
tuberculosis (TB), especially CNS TB.

● These features may be related to the visual pathway
invovement, cranial nerve involvement, drug toxicity to
ATT or immune mediated reaction to ATT.

What this study adds

● This study summarizes the spectrum of neuro-
ophthalmic features seen in TB, its etiopathogenenis,
diagnosis and management.
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