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INTRODUCTION

Incidence- 1% of all tuberculosis /10% to 15% of the
extrapulmonary TB.

Mortality rate is 1.5% to 3.2%.

* M. Tuberculosis is the causative organism.

 Early diagnosis and treatment reduces the morbidity /mortality.




DIAGNOSIS

 LABORATORY DIAGNOSIS

 RADIOLOGICAL DIAGNOSIS



LABORATORY DIAGNOSIS

Currently available diagnostics are based on

= Directly detecting the actively growing bacilli

* Indirectly detecting the immune response.




CSF MICROSCOPY

* Detection of < 10,000 mycobacteria/ml remains difficult

* Microscopy 10-20% sensitive when there is a low
mycobacterium burden like the CSF

* Sensitivity can be increased to 50% with several maneuvers
—-High volume LP (10 cc)
—Centrifuge 3000 g

—-Extended slide examination (30 mins)




FLUORESCENT MICROSCOPY WITH
LIGHT-EMITTING DIODES

= Allows larger area of the smear to be visualised, resulting in more rapid
examination, upto 60 slides( ZN method -25 slides ) and more sensitivity of

the specimen.

= Light-emitting diode (LED) fluorescent microscopy has overcome

technological burden of FM

= Recommended by WHO.




AUTOMATED MICROSCOPE

* Automated microscope by robotic technology can examine
up to 200 stained slides with high-resolution digital image

analysis and provides results in minutes.

* The CellScope, a portable digital FM that provides enlarged

digitalised images.




CSF CULTURE

* Liquid media -minimum 10 days
* Solid media —up to 8 weeks
* Not actionable

* Major Limitation -Culture may only be 45 -70%

sensitive




WHY SO SLOW?

Mycobacteria slow growing

Replication takes 18 hours

E. Coli takes 18 minutes

Long life span = hard to culture = hard to treat




MYCOBACTERIAL GROWTH INDICATOR
TUBE ASSAY

* MGIT is a non-radiometric detection method, (liquid culture Middlebrook
7H9 broth) measures the consumption of oxygen by fluorescence in the

culture (under UV light).

» Faster and more sensitive than solid culture (detection of bacilli in 10-14

days).

» Useful for first-line drug susceptibility testing.




MICROSCOPIC OBSERVATION
DRUG- SUSCEPTIBILITY

* MODS - liquid culture assay uses( Middlebrook 7H9 broth
culture ) an inverted microscope to detect mycobacterial

growth with a median time of 6 days.

 Useful for the diagnosis of tuberculosis and drug resistance .

 In TBM, MODS is more sensitive than CSF smear and culture .




MOLECULAR DIAGNOSIS




NUCLEIC ACID AMPLIFICATION

" NAAT detects fewer than 10 organisms in CSF with 56% sensitivity and

98% specificity, even after one month of starting ATT.
= WHO recommended techniques for NAAT includes

1. Cartridge-based NAAT (CB-NAAT)

2. Line probe assay (LPA)

= Loop-mediated amplification (LAMP)- Yet to be approved.




CARTRIDGE- BASED NAAT

* The CB-NAAT - semi-quantitative nested RT PCR assay
which detects both MTB and RIF resistance from CSF.

* The analytical limitis 131 CFU/ml.

* Turn around time(TAT) is 2-3 hours.

* Pick up live and dead bacilli (Disadvantage).




LINE PROBE ASSAY

* Based on hybridization of PCR products of MTB to

oligonucleotide probes, immobilized on membranes .
* TYPES
1.INNO-LiPA Rif.TB, 2.Genotype MTB DRplus.

e Useful in the rapid diagnosis of MTB and MDR TB.

* Turn around time (TAT) is 5-6 hrs.




XPERT MTB/RIF

* Fully automated RT-PCR based assay, for CSF processing, DNA
extraction and amplification and it detects MTB and Rif
resistance.

* Endorsed as initial test of choice by WHO in 2013

* Sensitivity 50%, Specificity 95%

* Test performance varies based on CSF volume and centrifuge

step




Xpert ULTRA MTB/RIF

WHO Meeting Report of a Technical Expert
Consultation: Mon-inferiority analysis of Xpert MTB/REIF
Ultra compared to Xpert MTB/RIF

* Next generation Xpert

* Larger chamber for DNA
amplification

* Utilization of two additional PCR
probes

* Endorsed by WHO as initial
diagnostic test for suspected TBM in
2017.

E % Woeld Health
R Organlzation




CSF DIAGNOSTIC PERFORMANCE FOR TBM OF
XPERT, CULTURE, AND XPERT ULTRA

Sensitivity vscomposite  Sensitivity vs case definition  Assay error rate
endpoint (95% C WN)  (95%CL/N)

XpertUltra  95% (77-99; 21/22) 70% (47-87:16/23) 2:3% (3129)
Xpert 45% (24-68; 10/22) 43% (23-66; 10/3) 47% (6/129)
MGIT culture 5% (24-68; 10/22) 43%(23-66;10/23) 16% (2/129)

Bahr et al Lancet infectious disease 2017



LIPOARABINOMANNAN
DETECTION (LAM)

* LAMis a 17.5 kD glycolipid found in the outer cell wall of MTB.

* LAM lateral flow assay used on urine to evaluate for
disseminated TB

* Greatest utility in HIV-associated TB
* Sensitivity 67% Specificity 98% (CD4 < 50)

* Never evaluated on CSF

* By ELISA /dipstick method , diagnosed - 20 mins




METAGENOMIC NEXT GENERATION
SEQUENCING (MNGS)

* Promising due to ability to detect pathogen from genetic
fragments

» Works has been done on identifying SNPs(single
nucleotide polymorphism) associated with TBM vs
pulmonary TB

* No trial has been done for clinical use

* Cost still prohibitive but will continue to come down as
technology improves.




INTERFERON GAMMA
RELEASE ASSAY

* IGRA detects immune responses to a panel of MTB antigens.

» Based on two specific MTB antigens ,ESAT6 ( early secreted
antigenic target 6) and CFP10 (culture filtrate protein 10)

which stimulates T cells to release Interferon gamma.

* Requires large volumes of CSF for diagnosis of TBM within

24 hours (unaffected by BCG vaccination).




CSF MTB ANTIGENS

* The CSF MTB antigens are GlcB, HSpX, MPT51, Ag85B and
PstS1.

* Diagnosed by PCR and ELISA in CSF specimen with sensitivity
and specificity of 100 % and 96 %.

e Useful in TBM.




ADENOSINE DEAMINASE

* ADA is a marker of cell-mediated immunity.
* ADA values,
1to4 U/l - excludes TBM

5 to 7 U/I- insufficient to confirm/ exclude TBM

>8 U/l improved the diagnosis of TBM.




* The sensitivities and specificities of ADA in the CSF ranges

from 44 to 100% and 71 to 100%.

* CSF ADA predicts poor prognosis among pediatric TBM ,but
not useful in HIV with TBM.






RADIOLOGY




NEUROIMAGING

* CT and MRI imaging are used in the diagnosis of

CNS TB.

* MRI is more sensitive and specific than CT.




MRI

The MR imaging protocol for CNS tuberculosis includes
1. T1, T2, fluid-attenuating inversion recovery (FLAIR),
2.Magnetization transfer (MT) T1,
3.Susceptibility-weighted imaging (SWI),
4.Diffusion Weighted imaging (DWI),

5 Postcontrast T1-weighted images.

6.Proton MR spectroscopy for lesions >2cm (MRS)




TBM-CONVENTIONAL MRI

Contrast MRl shows meningeal
enhancement, around the basal

cisterns/ slyvian fissure.



TBM-MTR AND MRS

* MT - shows hyperintensity on precontrast T1-W MT images.

 MTR(ratio) - Low in TBM (than pyogenic and fungal

meningitis) and higher in viral meningitis.

* MRS of the CSF shows lactate, acetate, and sugar signals

along with cyclopropyl rings and phenolic glycolipids.

* The combination of MRS with MTR may be helpful in

diagnosing TBM.




TBM WITH HYDROCEPHALUS

LESION- Left temporal lobe
(A) T2 W - hyperintense, (B) TIW - hypointense, (C) Precontrast MT T1-
hyperintense, (D)Post contrast-Enhancement, (E)ADC- low ADC.




TUBERCULOMA

On MR imaging, the intra-axial tuberculomas classified as:
1. Non-caseating tuberculoma
2. Caseating tuberculoma with solid centre

3. Caseating tuberculoma with central liquefaction

4. Tubercular abscess
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TUBERCULAR ABSCESS

= LESION- Cerebellum

4 = (A)T2W-hyper-intense
* (B) TTW- hypo-intense

* (D & E)MT T1- rim is hyper-
Intense

* (F) T1 contrast- rim
enhancement

* (G & H) DWI,ADC- diffusion
restriction with low ADC

* (K) MRS —Lipid peak




MILIARY TB

* Clearly visible on MT T1-W imaging showing the lesion load
(not visible on conventional spin-echo MRI or show only tiny

foci of hyperintensity on T2-W image)

* T1-W contrast images show numerous small, homogeneous

enhancing lesions.




MILIARY TB

LESIONS- Multicentric

(A) T2W- focal hyperintense
lesion.

(B) T1W- focal hypointense
lesion.

(C) DWI- no diffusion
restriction.

(D)MT T1-hyperintense rim
(E) SWI- no blooming

(F) T1 contrast-rim
enhancement



DYNAMIC CONTRAST IMAGING

* DCI-MRI is useful for assessing treatment response.
* [tis based on

1.Haemodynamic indices - cerebral blood volume (CBV) and cerebral blood

flow (CBF). CBV indicates angiogenicity of pathological tissue.

2.Physiological indices - K trans and leakage, related to integrity of BBB and

changes in EES (Extravascular /extracellular space).




* Responses assessed by DCI-MRI after ATT.

1. Decreased CBV indicating decreased angiogenesis (due to

reduced VEGF from inflammatory cells in response to ATT).

2.Serial decrease in K trans suggest a gradual reduction in BBB

permeability (depends on MMP9/ Chemokines)




2™ study

| 3 study

| 4" study

MTT1

Study done serially every 3 months following ATT.

Gradual reduction in CBV, CBF, K trans and leakage with decrease in lesion
size when comparing 15t and 4% study.




DTI IN TUBERCULOMA

* DTI is useful in treatment response assessment and modulation.

* DTI showed strong negative correlation of MMP-9 expression in excised
tuberculoma with fractional anisotropy (FA), linear anisotropy (CL), and
planar anisotropy (CP), and significant direct correlation with spherical

anisotropy (CS).

* With ATT there is increase in FA, CL, and CP along with significantly

decreased CS on serial imaging.




* MD-mean diffusion
 FA-Fractional anisotropy

* RGB FA- red, green, blue
fractional anisotropy

« CL-linear anisotropy
* CP-planar anisotropy
 CS-spherical anisotropy

FA,CL,CP-




TCD IN TBM

* TCD prognosticate the outcome in TBM vasculopathy.

* In early PHASE I VASCULOPATHY
Increased velocity (Vm)
Normal to moderately decreased pulsatile index (PI),
Patients have reversible ischemic deficits.

 Late PHASE III VASCULOPATHY

Absent blood flow (one or more basal arteries),

Patient have infarction and severe neurological deficit.







TREATMENT

ATT should be initiated after clinical diagnosis.
The prognosis depends on clinical staging.

Stage | - lucid with no focal neurological deficit.(morbidity and mortality-

low).

Stage Il - lethargy, confused, cranial nerve palsy or hemiparesis.

Stage llI- delirium, stupor, coma, seizures, multiple cranial nerve palsies,

and/or dense hemiplegia (50% mortality and more morbidity in




MANAGEMENT

Antimicrobial therapy

The WHO recommends the same daily regimen of 2 months of
rifampicin, isoniazid, pyrazinamide and ethambutol followed by
10 months of rifampicin and isoniazid for all patients.




CONCERNS

1. Rifampicin doesn’t penetrate blood-brain barrier well and
concentrations achieved are 10 to 20 % of plasma. So the same
dose 10 mg/kg used in Pulmonary TB may not be sufficient for
TBM and increasing dose might increase adverse effects.

2. Rifampicin is the key sterilizing drug whether doses >10 mg/kg
should be used is controversial.

3. Children generally require higher doses / kg than adults to

achieve similar exposure to ATT.




4. Ethambutol doesn’t cross blood-brain barrier even in inflamed state.
It is used in current WHO regimen to overcome the possibility of
isoniazid resistance.

So currently ideal fourth drug is under investigation and in some centre
Ethionamide is used instead of Ethambutol as it achieves high CSF
concentration.

5. The fluoroquinolones moxifloxacin and levofloxacin both have good
CSF penetration and high activity against both drug susceptible and
drug resistant bacteria, whether to add quinolones as fifth drug in
intensive phase is under investigation.




Drug

WHO recommended daily dose

Children

Adults

First-line drugs for the treatment of drug-sensitive TEM

Rifampicin

Isoniazid

Pyrazinamide

Ethambutol

Streptomycin®

15 mg/kg (range
10-20mg/kg);
max. 600mg

10 mg/kg (range
7-15mg/kg;
max. 300mg

35 mg/kg (range
30-40mg/kg)

20 mg/kg (range
15-25mg/kg)

15-30mg/kg;
max.1glVorIM

10 mg/kg (range
8-12 mg/kq);
max. 600 mg

5 mg/kg (range

4-6 mg/kg); max.

300mg

25 mg/kg (range
20-30mg/kqg)
15 mg/kg (range
15-20mg/kg)

15 mg/kg (range
12-18 mg/kqg);
max.1g

WHO
recommended
duration

12 months

12 months

First 2 months

First 2 months

First 2 months

CSF penetration
(CSF/plasma
concentration)

10-20%

80-90%

90-100%
20-30%

10-20%

* Streptomycin is no longer recommended in the standard
regimen for drug susceptible tuberculosis.




Core second-line drugs for the treatment of MDR-TBM*

Levofloxacin

Moxifloxacin

Amikacin
Kanamycin
Capreomycin
Ethionamide or

prothionamide

Cycloserine

Linezolid

<=5 years:
15—20mg/kg
=5 years:
10-15mg/kg

1020 mg/kg:
max. 400 mg
Not well
established

15—-30mg/kg;
max. 1g IV orlM
15—30mg/kg;
max. 1glVorlM
15—-30mg/kg:
max.1glVorlM

15—-20 mg/kg;
max.1lg

10-20mg/kg;
max.1lg

10 mg/kg: max.
600 mg

10-15 mg/kg

400 mg

15 mg/kg: max.
1glVorlM

15 mg/kg;: max.
1glVorlM

15 mg/kg: max.
1glVorlM

15—20 mg/kg:
max. 1lg

10-15 mg/kg:
max. 1g

600 mg

Throughout
treatment

Throughout
treatment

Intensive phase
only

Intensive phase
only

Intensive phase
only

Throughout
treatment

Throughout
treatment

Throughout
treatment

Other drugs used to treat MDR tuberculosis, but of uncertain benefit in TBM

Clofazimine

Para-aminosalicylic

acid

Bedaquiline

Delamanid

1 mg/kg

200—300 mg/kg

Not determined

Not determined

100-200 mg
8-12g

400 mg for

2 weeks, then
200 mg thrice
weekly

200 mg

No recommended
duration

No recommended
duration

New drug; limited
availability

New drug; limited
availability

70-80%

70-80%

10—-20%
10-20%

No data (probably
very low)

80-90%

80—-90%

30-70%

Limited data
(probably low)

No data (probably

very low)

Probably very low
(but data from
one patient only)

No data



* The best regimen for treatment of MDR TBM is unknown
currently and the regimens advised by WHO for MDR pulmonary
TB should be used.

* The second line drugs with good CSF penetration include

fluoroquinolones, ethionamide, cycloserine and linezolid.




HIV AND TB

= ART to be initiated after 8 weeks , regardless of CD4 count in
HIV patients with CNS TB.

* [nitiation of ART within 2weeks results in [RIS(immune
reconstitution inflammatory syndrome) (manifest as
reactivation of latent TB, progression of active TB) or clinical

deterioration ( meningitis, intracranial tuberculoma, brain

abscess, radiculomyelitis, and spinal epidural abscess).




STEROIDS IN TBM

INDICATIONS

Clinical progression from one stage to the next stage

-Acute encephalitis

-Patients with "therapeutic paradox”

-Spinal block

-Marked basilar enhancement or increasing hydrocephalus

-In intracerebral tuberculoma ( edema > mass effect ).




STEROIDS IN TBM

(DOSAGE)
DEXAMETHASONE PREDNISOLONE
* 0.4 mg/kg/day first week * Tmg/kg/day.
* 0.3 mg/kg/day second week, * Administer initial dose for two
« 0.2 mg/kg/day third week, weeks,
.  taper 10 mg per week up to 8

0.1 mg/kg/day fourth week,
weeks.

followed by 4 mg per day

taper 1 mg per week up to 8
weeks.




SURGERY IN TBM

INDICATIONS

Life threatening cerebral edema

Risk of vision loss
* No response to drugs clinically and radiologically

* Obstructive Hydrocephalus

Paradoxical increase in lesion size with therapy

 Tubercular abscess >4 cm




= Communicating hydrocephalus is caused by exudates in basal
cisterns and disruption of CSF flow.

= Recent evidence suggests communicating hydrocephalus can be
managed medically with diuretics and repeated lumbar punctures.

= Non communicating hydrocephalus is caused by obstruction at the
level of cerebral aqueduct and/ or the outlet foramina of the fourth
ventricle.

= |t should be treated with ventriculo-peritoneal shunting or
endoscopic third ventriculostomy.







POOR PROGNOSTIC FACTORS

* Clinical stage Il * Focal neurological deficit

 Extremes of age * Miliary TB

* Malnutrition  Underlying debilitating
disease

Hydrocephalus

* Alcoholism
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