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ABSTRACT 

Background: Tuberculous meningitis (TBM) is one of tuberculosis's deadliest extra-

pulmonary manifestations. Although early initiation of anti-tuberculosis drugs can reduce 

mortality and morbidity, poor blood-brain barrier penetration hampered their effectiveness. 

Levofloxacin is an anti-tuberculosis drug with good BBB penetration. 

Objective: We aim to explore whether levofloxacin addition to the TBM patients’ regimen 

has a potential benefit to improve their outcomes. 

Methods: The literature search was done on PubMed, Google Scholar, and ProQuest 

databases without publication date limits to identify studies investigating the effect of 

augmenting levofloxacin in the outcome of TBM patients. The primary outcome of this study 

was to analyze the impact of these regimens in decreasing the risk of death and neurological 

deficit. The articles were collected using the PRISMA diagram, critically appraised using 

PICO analysis, then the data were analyzed using Review Manager 5.4.1 software with a 

Fixed Effect Model. The results were expressed as odds ratio (OR). 

Results: Four randomized controlled trials with a total of 930 patients were identified. Two 

trials compared the effectiveness of levofloxacin addition only, whereas the other two used 

the regimen containing the increased dose of rifampicin alongside levofloxacin addition. 

Based on the analysis, neither levofloxacin addition only nor increasing rifampicin dose with 

levofloxacin addition had a significant impact on the mortality of TBM patients (OR=0.55; 

95% CI 0.19-1.59; p=0.27, OR=1.01; 95% CI 0.74-1.36; p=0.97, respectively). 

Conclusion: Additional Levofloxacin on TBM treatment shows no significant improvement 

in patient mortality. Routine levofloxacin use in TBM is discouraged due to limited evidence. 
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Introduction 

     Tuberculous meningitis (TBM) is an extra-

pulmonary manifestation of tuberculosis (TB) in the 

central nervous system, which is often misdiagnosed 

due to its similarity with other meningitis.1 The global 

burden of this disease remains unclear; however, it is 

estimated that about 100.000 people develop TBM 

annually.2 Immunosuppressed people and children are 

predominantly affected. In the absence of TB 

treatment,the outcomes are inferior, with a 30% 

mortality rate, and half of them suffer from 

neurological deficits.3,4 

     Although early initiation of anti-tuberculosis drugs 

can reduce mortality and morbidity, poor blood-brain 

barrier (BBB) penetration hampered their 

effectiveness.3,5,6 For instance, either streptomycin or 

ethambutol exhibits poor cerebrospinal fluid (CSF) 

penetration, while the standard dose of rifampicin may 

not reach the minimum inhibitory concentration for TB 

in CSF.7  Levofloxacin is an anti-tuberculosis drug with 

good BBB penetration and has been used for multi-
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drug resistant TB.5,8–10 Therefore, levofloxacin, in 

addition to the TBM patient's regimen, has a potential 

benefit to improve their outcomes. 

 

Methods 

1. Search and Study Selection 

 

           This is a systematic review and meta-analysis. 

The literature search was done through PubMed, 

Google Scholar, and ProQuest databases without 

publication date limits to identify studies 

investigating the effect of augmenting 

levofloxacin in the outcome of TBM patients with 

this keyword ("Tuberculous Meningitis" OR "TB 

Meningitis" OR TBM) AND (Levofloxacin OR 

LFX). 

        The process of study selection encompassed 

two stages. Initially, two reviewers screened titles 

and abstracts. Subsequently, in cases where 

abstracts lacked clarity, the full-text articles of 

selected studies were obtained and reviewed. Data 

extraction was performed using an Excel 

spreadsheet, encompassing details such as author, 

publication year, participant characteristics, HIV 

status, anti-tuberculosis regimens used, and the 

recorded outcomes. 

2. Type of Intervention 

             The interventions described in the selected 

articles include either the addition of levofloxacin 

to the standard first-line regimen (HRZE/S) or the 

use of levofloxacin in conjunction with an 

intensified regimen (comprising high-dose 

rifampicin along with HZE/S). In contrast, the 

control arm received standard anti-tuberculosis 

treatment that did not incorporate levofloxacin. 

The primary outcome of this study is mortality 

rate, whereas the secondary outcome is 

neurological disability at the end of follow-up. 

3. Data Extraction and Analysis 

             The articles were collected using the PRISMA 

diagram and critically appraised using PICO 

analysis (Figure 1). The risk of bias for each study 

was assessed using the Revised Cochrane risk-of-

bias tool for randomized trials (RoB 2) (Table 2).11 

The data were analyzed using Review Manager 

5.4.1 software with a Fixed Effect Model. The 

results were expressed as odds ratio (OR). We 

assessed heterogeneity by visually inspecting the 

forest plots as well as by using an I2 statistics, with 

an I2 value of ≥ 50% interpreted as statistical 

heterogeneity. 

Results 

     The initial search yielded 548 articles. After 

removing duplicates, irrelevant articles, literature 

reviews, systematic reviews, and meta-analyses, we 

identified nine randomized controlled trials (RCTs) 

investigating levofloxacin interventions in TBM 

patients. Among these, three RCTs were excluded as 

they constituted sub-studies of other RCTs involving 

the same set of patients. Additionally, one RCT was 

excluded due to its status as a study protocol, while 

another was omitted because the intervention arm 

employed levofloxacin as a replacement for rifampicin. 

 

 
Figure 2. PRISMA Diagram 

 

     Four randomized controlled trials with a total of 930 

patients were identified. Two trials compared the 

effectiveness of levofloxacin addition only,5,10 

whereas the other two used the regimen containing the 

increased dose of rifampicin alongside levofloxacin 

addition.8,9 Characteristics of the included studies are 

depicted in the table below (Table 1). 

Records identified 

from: 

• Databases  

(n = 548) 

Records screened 

 (n = 12) 

Reports assessed for 

eligibility (n = 9) 

Reports excluded: 

• Sub-studies  

(n = 3) 

• Study Protocol  

• (n = 1) 

• Levofloxacin as 

replacement 

therapy (n = 1) 

Studies included in 

review (n = 4) 

Identification of studies via databases  
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Records removed 

before screening: 

• Duplicate records 

removed (n = 48) 

• Records marked 

as ineligible by 

automation tools 

(n = 432) 

• Irrelevant articles 

(n = 39) 

• Review articles 

(n = 17) 

Records excluded 

due to in vivo studies 

(n = 3) 
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Table 1. Characteristics of the included studies 

 
Author 

(Year) 

Country Age Intervention 

Arm 

Follow

-Up 

Heemskerk 

(2016) 

Vietnam ≥ 18 

(29-47) 

years 

LFX + High 

Dose R + 

HZE 

9 

months 

Paradkar 

(2022) 

India, 

Malawi 

6 

months

-12 

years 

LFX + High 

Dose R + 

HZE 

52 

weeks 

Kalita 

(2016) 

India 15-75 

years 

LFX + 

RHZE 

6 

months 

Thwaites 

(2011) 

Vietnam ≥ 14 

(15-82) 

years 

LFX + 

RHZE 

270 

days 

 

     All included trials reported adequate randomization 

methods using computer-generated allocation. 

Therefore, they were classified as having a low risk of 

selection bias. Additionally, the trials exhibited a loss 

to follow-up of less than 10%, further contributing to 

their classification as having a low risk of attrition bias. 

Blinding and a pre-specified protocol were only 

available in the study conducted by Heemskerk et al., 

rendering the potential for unclear selection and 

performance bias in the remaining studies. 

Nevertheless, given that all included studies reported 

the outcomes as outlined in the methods, the risk of 

reporting bias is low. 

Table 2. Risk of Bias 
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     Based on the analysis, neither levofloxacin addition 

only nor increasing rifampicin dose with levofloxacin 

addition had a significant impact on the mortality of 

TBM patients (OR=0.55; 95% CI 0.19-1.59; p=0.27, 

OR=1.01; 95% CI 0.74-1.36; p=0.97, respectively) 

(Figure 2 and Figure 3). 

 
Figure 2. Forrest Plot of Intensified Rifampicin + 

Levofloxacin in TBM Patients 

 

 
Figure 3. Forrest Plot of Levofloxacin Addition Only in 

TBM Patients 

 

     Because the only articles that supplied data on 

neurological disability were those by Paradkar et al. in 

2023 and Kalita et al. in 2016, we were unable to 

perform a statistical analysis on this particular outcome 

owing to variations in the treatment protocols. 

Nonetheless, the TBM-KIDS trial demonstrated swift 

improvement across all groups, with no participants 

exhibiting neurological disabilities by week 24.9,15 In 

contrast, Kalita et al in 2016 documented that among 

the subjects, 5 out of 25 experienced neurological 

disabilities in the fluoroquinolone group, while the 

standard regimen group had 3 out of 21 subjects 

(14.28%) affected.5 

 

Discussion 

     This systematic review aimed to assess the impact 

of incorporating levofloxacin into the drug regimen of 

TBM patients. Notably, two trials adopted a 

combination of an elevated rifampicin dosage and 

levofloxacin supplementation, driven by concerns that 

the prevailing rifampicin dose might not achieve the 

minimum inhibitory concentration (MIC) in 

cerebrospinal fluid (CSF) to effectively eliminate 

tuberculosis.12 

The inclusion of two trials utilizing the combined 

regimen revealed a significant degree of heterogeneity 

(I2=0.63). It might happen due to the different 

populations of the two studies. Heemskerk et al. In 

2016 conducted a trial involving adults, while Paradkar 

et al. in 2022 focused on the pediatric population.8,9 

Moreover, due to the COVID-19 pandemic and slow 

enrollment pace, Paradkar et al. in 2022 could not 

achieve the targeted sample size. Consequently, the 

study was limited by a relatively small number of 

subjects available for analysis. Our analysis showed 

that this combined regimen did not reduce the mortality 

of TBM patients (OR=0.55; 95% CI 0.19-1.59; 

p=0.27). 
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     The other two RCTs incorporated levofloxacin only 

as part of their intervention strategy.19 Although the 

number of deaths is fewer in the intervention arm, this 

difference was not statistically significant (OR=1.01; 

95% CI 0.74-1.36; p=0.97). 

     In line with the World Health Organization's (WHO) 

recommendations, the application of fluoroquinolones, 

including levofloxacin, is endorsed for the treatment of 

multidrug-resistant tuberculosis (MDR-TB).13 

However, the scarcity of data concerning drug-

resistant tuberculous meningitis necessitates the 

management of such patients based on pulmonary 

tuberculosis guidelines.18 Furthermore, the WHO 

underscores the use of second-line drugs with robust 

cerebrospinal fluid penetration for managing these 

challenging cases.13,14,17 

     While this systematic review does not advocate for 

the routine utilization of levofloxacin in TBM patients, 

especially in light of the analyzed data, it 

acknowledges the continued relevance of its usage in 

specific scenarios such as drug-resistant TBM.20 

 

Conclusion  

     Additional Levofloxacin on TBM treatment shows 

no significant improvement on patient’s mortality. 

Routine levofloxacin use in TBM is discouraged due 

to limited evidence. It is strongly recommended to 

explore the potential of Levofloxacin in special cases 

such as drug-resistant TBM. 

 

References 
 

1. Schoeman JF, Donald PR. Tuberculous meningitis. 

Handb Clin Neurol; 2014. 112:1135–8. DOI: 

10.1016/B978-0-444-52910-7.00033-7 

2. Seddon JA, Tugume L, Solomons R, Prasad K, Bahr 

NC. The current global situation for tuberculous 

meningitis: epidemiology,  diagnostics, treatment and 

outcomes. Wellcome open Res; 2019. 4:167. DOI: 

10.12688/wellcomeopenres.15535.1 

3. Jullien S, Ryan H, Modi M, Bhatia R. Six months 

therapy for tuberculous meningitis. Cochrane Database 

Syst Rev; 2016 Sep. 9(9):CD012091. DOI: 

10.1002/14651858.CD012091.pub2 

4. Evans EE, Avaliani T, Gujabidze M, Bakuradze T, 

Kipiani M, Sabanadze S, et al. Long term outcomes of 

patients with tuberculous meningitis: The impact of 

drug resistance. PLoS One; 2022. 17(6):e0270201. 

DOI: 10.1371/journal.pone.0270201 

5. Kalita J, Bhoi SK, Betai S, Misra UK. Safety and 

efficacy of additional levofloxacin in tuberculous 

meningitis: A randomized controlled pilot study. 

Tuberculosis. 2016. Retrieved on May 15, 2023. 

Available from: 

http://dx.doi.org/10.1016/j.tube.2016.01.004 

6. Mhambi S, Fisher D, Tchokonte MBT, Dube A. 

Permeation Challenges of Drugs for Treatment of 

Neurological Tuberculosis and HIV and the 

Application of Magneto-Electric Nanoparticle Drug 

Delivery Systems. Pharmaceutics; 2021 Sep. 

13(9):1479. DOI: 10.3390/pharmaceutics13091479 

7. Maranchick NF, Alshaer MH, Smith AGC, Avaliani T, 

Gujabidze M, Bakuradze T, Sabanadze S, Avaliani Z, 

Kipiani M, Peloquin CA, Kempker RR. Cerebrospinal 

Fluid Concentrations of Fluoroquinolones and 

Carbapenems in Tuberculosis Meningitis. Frontiers in 

Pharmacology; 2022 Dec. 13:1048653. DOI: 

10.3389/fphar.2022.1048653 

8. Heemskerk AD, Bang ND, Mai NTH, Chau TTH, Phu 

NH, Loc PP, et al. Intensified Antituberculosis 

Therapy in Adults with Tuberculous Meningitis. N 

Engl J Med; 2016. 374(2):124–34. DOI: 

10.1056/NEJMoa1507062 

9. Paradkar MS, D BD, Mvalo T, Arenivas A, Thakur KT, 

Wolf L, et al. Randomized Clinical Trial of High-Dose 

Rifampicin With or Without Levofloxacin Versus 

Standard of Care for Pediatric Tuberculous 

Meningitis : The TBM-KIDS Trial. Clin Infect Dis; 

2022. 75(9):1594–601. DOI: 10.1093/cid/ciac183 

10. Thwaites GE, Bhavnani SM, Thi T, Chau H, Hammel 

JP, Este M, et al. Randomized Pharmacokinetic and 

Pharmacodynamic Comparison of Fluoroquinolones 

for Tuberculous Meningitis. Antimicrob Agents 

Chemother; 2014. 55(7):3244–53. DOI: 

10.1128/AAC.01821-10 

11. Higgins JP, Savović J, Page MJ, Sterne JAC. Revised 

Cochrane risk-of-bias tool for randomized trials (RoB 

2) SHORT VERSION (CRIBSHEET). Cochrane 

Methods; 2019. (7):1–24.  Retrieved on May 15, 2023. 

Available from: https://methods.cochrane.org/ 

12. Abulfathi AA, Decloedt EH, Svensson EM, Diacon 

AH, Donald P, Reuter H. Clinical Pharmacokinetics 

and Pharmacodynamics of Rifampicin in Human 

Tuberculosis. Clin Pharmacokinet; 2019. 58(9):1103–

29. DOI: 10.1007/s40262-019-00764-2 

13. Falzon D, Schünemann HJ, Harausz E, González-

Angulo L, Lienhardt C, Jaramillo E, et al. World 

Health Organization treatment guidelines for drug-

resistant tuberculosis, 2016 update. Eur Respir J; 2017 

Mar. 49(3):1602308. DOI: 10.1183/13993003.02308-

2016 

14. World Health Organization. WHO consolidated 

guidelines on tuberculosis. Module 5: management of 

tuberculosis in children and adolescents; 2022. 

Retrieved on May 15, 2023. Available from: 

https://www.who.int/publications/i/item/97892400467

64 



 

5 

Copyright © 2024 by Authors 

 

15. Guglielmo BJ, Tetrault JM. Management of 

tuberculosis meningitis: an overview of diagnosis, 

treatment, and outcome. Infect Dis Clin North Am; 

2015. 29(3):557–568. Retrieved on May 15, 2023. 

Available from: gov/article/PMC3335590/ 

16. Wang S, Zhang L, Tan Y, et al. Risk factors for 

mortality in patients with tuberculous meningitis: a 

retrospective study. BMC Infect Dis; 2017. 17(1):309. 

DOI: 10.1186/s12879-017-2472-0 

17. Madhi SA, Klugman KP. Pneumococcal disease and 

vaccine strategies. Lancet Infect Dis; 2017. 17(6): 611–

621. DOI: 10.1016/S1473-3099(17)30121-3 

18. Sun Y, Zhang Z, Xu Y, et al. Efficacy of intensive 

chemotherapy for tuberculous meningitis: a systematic 

review and meta-analysis. J Clin Neurosci; 2018. 

54:24–29. DOI: 10.1016/j.jocn.2018.03.029 

19. Dodd PJ, Sismanidis C, Keshavjee S, et al. A model-

based analysis of the global burden of drug-resistant 

tuberculosis. Lancet Respir Med; 2020. 8(5):451–460. 

DOI: 10.1016/S2213-2600(20)30152-0 

20. Meintjes G, Wilkinson RJ, Morroni C, et al. 

Tuberculous meningitis: advances in diagnosis and 

treatment. Lancet Neurol; 2023. 22(5):426–440. DOI: 

10.1016/S1474-4422(23)00047-0

  

 

 

 

 

 


