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Mortality of TBM is high even in well treated patients 

Merkler A E, et al. Journal of the Neurological Sciences, 2017,375:460-463.

Merkler A E, et al. 2017

Retrospective cohort study in USA

All patients 18 years or older
hospitalized for TBM in California 
(2005~2010), New York (2006~2012), 
and Florida (2005-2012).

N=806

Even in developed countries like the US, the prognosis remains relatively poor.

Tuberculous meningitis (TBM) is the most severe form of infection 
caused by Mycobacterium tuberculosis.

Death or disability in more than half of TBM patients.



TBM grade of severity is associated with mortality
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Grade 1 GCS of 15 with no focal neurology

Grade 2 GCS of 15 with a focal neurological deficit or a GCS of 11–14

Grade 3 GCS of ≤10

MRC grade is 
strongly related 
to survival rate.



Is current guideline rational for TBM Treatment?

WHO. Treatment of tuberculosis: guidelines[M]. World Health Organization, 2010.
Official ATS/CDC/IDSA practice guidelines: treatment of drug-susceptible tuberculosis[J]. Clin Infect Dis, 2016,63:e147-e195.

WHO 2010: Treatment of tuberculosis guidelines(4th edition)

Intensive phase treatment Continuation phase

2 month of HRZE 4 month of HR

(Presumed, or known, to have drug-susceptible TB)

Is current guideline rational for TBM Treatment?

ATS/CDC/IDSA 2016: Drug-Susceptible Tuberculosis guideline

Intensive phase treatment Continuation phase

2 month of HRZE 7-10 month of HR

Are we using the right drugs and doses?



CSF penetration of available anti-TB drugs

Thwaites G E, et al. Lancet Neurol, 2013,12(10):999-1010.



Optimization of Current Treatment

High-dose of
rifampicin

and
isoniazid

Intensive strategy

Fluoroquinolones

Linezolid

New drug combination



Ruslami R, et al. Lancet Infect Dis, 2013,13(1):27-35. Te Brake L, et al. International Journal of Antimicrobial Agents, 2015,45(5):496-503.

Investigation in Indonesia. 2013

Open-label, RCT trail

standard dose (450 mg, ~10 mg/kg) 
orally

N=60

high dose (600 mg, ~13 mg/kg) 
intravenously

High-dose of rifampicin



Investigation in Vietnam. 2016

Double blind, RCT trail

Standard dose (~10 mg/kg) orally 
High dose (~15 mg/kg) orally

N=817

Rifampicin CSF exposures may not
have been as high as those 
achieved in the Indonesian study 
when the drug was given 
intravenously

High-dose of rifampicin

Yunivita V, et al.2016

Higher oral doses of ~17 and 
~20mg/kg lead to rifampicin 
exposures equivalent to 
intravenous rifampicin at ~13mg/kg

750mg orally 900mg orally 600mg i.v.

Heemskerk A D, et al. N Engl J Med, 2016,374(2):124-134. Yunivita V, et al. International Journal of Antimicrobial Agents, 2016,48(4):415-421.



Limitation of High-dose of rifampicin

May be more effective Potentially more toxic

In Vietnam study

~15mg/kg orally
may not high

enough

Tolerability
may vary

among ethnic
groups



Fluoroquinolones: controversy of the dosage

Investigation in Indonesia. 2013

No Mfx Mfx 400mg Mfx 800mg

Ruslami R, et al. Lancet Infect Dis, 2013,13(1):27-35. Heemskerk A D, et al. N Engl J Med, 2016,374(2):124-134.

vs vs



Intensified regimens with Linezolid

Oxazolidinone antibiotic

Interaction with 50S

for use against G+ bacteria, 
including MRSA and VRE

oral bioavailability is
approximately 100%

allowing a shift from the 
intravenous route to the oral 

route without dose adjustment



Linezolid for XDR-TB

Lee, M., et al. New England Journal of Medicine, 2012. 367(16): p. 1508-1518.



Efficiency, safety and tolerability of linezolid for the
treatment of XDR-TB: a study in china



High Culture Conversion with Linezolid treatment



LZD: for limited data to core agents

WHO. WHO treatment guidelines for drug-resistant tuberculosis 2016 update[J]. 2016.
Rendon A, et al. Journal of Thoracic Disease, 2016, 8(10): 2666..



PK/PD of LZD in CSF 

Myrianthefs, P., et al. 2006

14 neurosurgical patients given linezolid 
at 600 mg twice daily (1h intravenous infusion)

for the treatment of CNS infections caused by gram-positive pathogens.

Myrianthefs, P., et al. Antimicrobial Agents and Chemotherapy, 2006. 50(12): p. 3971-3976.



First try of LZD in DR- TBM

2011.7 

MDR-TBM
HREZ plus Linezolid

(1 month)

one month later



Two years later



LZD in Adult TBM Patients 

Huashan hospital  (2010-2012) Retrospective cohort study

33 TBM patients of MRC grade II/III

Sun, F., et al. Antimicrobial Agents and Chemotherapy, 2014. 58(10): p. 6297-6301.



LZD in Adult TBM Patients 

Result

Short-term LZD supplementation may 
be a more effective treatment for life-
threatening TBM



LZD in Childhood TBM Patients 

Beijing Children’s Hospital Retrospective cohort study

LZD was administrated as the supplementary drug when the patients were 
treated by HRZ/HRZE for more than 2 weeks but their fever and neural 

symptoms had no improvement.

86 childhood TBM patients younger than 15 years old 

Li H, et al. The Pediatric infectious disease journal, 2016.



ADRs of LZD is depended on the dosage: 0.3 vs 0.6 qd

Lee, M., et al. New England Journal of Medicine, 2012. 367(16): p. 1508-1518.



ADRs of LZD  0.6 qd vs 0.6 bid

Migliori G B, et al. 2009

Retrospective cohort

85 were treated with linezolid for a 
mean of 221 days.

195 MDR/XDR-TB patients

Migliori G B, et al. European Respiratory Journal, 2009,34(2):387-393.



Adverse events of LZD is associated with duration and dosage

Haematologic toxicities Optic neuropathy
Lactic acidosis

Peripheral neuropathy

Thrombocytopenia
Anemia

Reversible with 
cessation of drug
or with lowering the 
dose of drug

Medical emergency

May or may not 
improve with cessation 
of drug.

Reversible with 
cessation

In ~1/3 of TBM 
patients using LZD at 
600mg bid for more 
than 2 month. 

May or may not >90% 
of them did not 
resolve after at least 1 
year of cessation



LZD for TBM: future treatment options

LZD Indications

Dosing

Duration of treatment

Solid effect against Mtb

Good CSF penetration

Dramatic therapeutic 
effect in severe cases

ADRs relates to dosage 
and duration

MRC grade II/III
No responding to traditional 
treatment

600mg bid or 600mg qd

< 2 months
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