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Abstract: Drug-resistant tuberculous meningitis (TBM) is the most devastating and critical form of extrapulmonary tuberculosis.
Here, we present a case of a 45-year-old male with pre-extensive drug-resistant tuberculosis meningitis (pre-XDR-TBM). He
underwent emergency surgery for the long-tunneled external ventricular drainage (LTEVD). Molecular test and phenotypic drug
sensitivity test (DST) of Mycobacterium tuberculosis in cerebrospinal fluid (CSF) showed that the isolate was resistant to both
rifampin and fluoroquinolones. An anti-tuberculous regimen of isoniazid, pyrazinamide, cycloserine, moxifloxacin, clofazimine, and
linezolid was tailored accordingly. We monitored the drug concentration in his plasma and CSF before (at 0-hour) and after anti-TB
drugs administration (at 1-hour, 2-hour, 6-hour, and 12-hour) on 10" day after treatment initiation. We hope to provide reference
values of drug exposures in plasma and CSF for patients with pre-XDR-TBM.
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Introduction
Tuberculosis (TB) has afflicted humans since primordial times. In 2020, about ten million new TB cases and 1.4 million
TB-related deaths were registered.'? Tuberculous meningitis (TBM) is the most devastating form of extrapulmonary
tuberculosis, which accounts for 1-5% of all TB cases.>* The highest risk populations are children under 5-years, people
living with HIV and immunocompromised individuals.”” Delayed diagnosis and treatment of TBM can result in over
50% fatality and severe neurological sequelae.® Despite advances in anti-TB chemotherapy, mortality from TBM remains
unacceptably high: up to 50% in patients with HIV-1 co-infection and 19.3% among children.””'" The prevalence of
rifampicin/multidrug-resistant tuberculous meningitis (RR/MDR-TBM) shows an increasing trend globally, the effect of
which is catastrophic on prognosis with a mortality >80%.'* "4

There is no optimal regimen for the treatment of pre-extensive drug resistant tuberculous meningitis (pre-XDR-TBM)
as yet. Regimens are composed in accordance to the WHO’s disease management guideline for pulmonary drug-resistant
TB. It is pivotal for drugs to have a good penetration to the brain to be effective for the treatment of TBM. There are only
a few published clinical reports on tailored drug-resistant TBM regimen and their therapeutic drug concentration in the
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plasma and cerebrospinal fluid (CSF).'>"'7 Here, we present a case of pre-XDR-TBM with therapeutic monitoring of
drug concentration in the CSF and plasma during treatment. We hope to provide more information on the effective agents
and dosage references for treatment of pre-XDR-TBM.

Case Presentation

A 45-year-old Chinese male suffered with fever and in comatose was transferred to our hospital (The Third People’s
Hospital of Shenzhen) for specialist treatment on December 14, 2021 (day 1). His medical records showed that he had
gradually aggravated headache, nausea, fatigue, and fever of a 38.5-39.0 °C range for more than 2 weeks. He sought
medical attention for his symptoms at a local clinic two weeks prior (December 1, 2021). His blood routine examination,
rapid antigen test for type A/B flu virus, and routine urine examination were all normal. He was prescribed an empirical
antibiotic therapy with Levofloxacin and Cefuroxime for five days. However, his fever, headache, and fatigue persisted,
and his consciousness worsened. He is a smoker but does not consume alcohol. He has no history of chronic disease. He
has no recent travelling history in the past 6 months. He was admitted to a local hospital and underwent a lumbar
puncture (December 13, 2021). His CSF examination showed a prominent elevated protein level (2155 mg/dl; normal:
15-45 mg/dl) and a low glucose level (0.85 mmol/L; normal: 2.22-3.89 mmol/L). Chest CT showed nodules with
calcification on the upper right lung, and consolidations in both lower lobes (Figure 1 A, B&C). Magnetic resonance
imaging (MRI) showed ventriculomegaly, meningeal enhancement and hydrocephalus (Figure 2A-D). A diagnosis of
TBM was highly suspected and he was transferred to our hospital. Upon admission, his physical examination showed
body temperature of 37.1°C, pulse rate of 166 beats/min, breathing rate of 52 count/min, blood pressure of 159/119
mmHg, estimated body weight of 85 kg, and height of 180 cm. Neurological examination revealed confusion, neck
stiffness, and positive Kernig sign with no motor, sensory, or cerebellar deficits. Laboratory findings in peripheral blood
were as below: WBC 17.07x10°/L, CRP 29.12 mg/L, ESR 59mm/h, normal electrolyte and normal liver and kidney
function. Lumbar puncture was also performed at admission, which showed a CSF pressure of >330 mmH,0. CSF
examination revealed WBC 375x10%L (reference: 0-8 x10°/L), protein 2610 mg/dl (reference: 15-45 mg/dl), glucose
1.95 mmol/L (reference: 2.22-3.89 mmol/L). The simultaneous serum glucose level was 9.4 mmol/L. The patient was
classified as grade 7 in the Glasgow Coma Scale (E,V,M3) and grade 4 in the Vellore grading system for tuberculous
meningitis and hydrocephalus (TBMH). The patient underwent an emergency surgery of long-tunneled external ven-
tricular drain (LTEVD) and Ommaya reservoir implantation under general anesthesia to relieve elevated intracranial
pressure (Figure 3). GeneXpert MTB/RIF results of CSF were positive (semi-quantitative result: Medium) for TB-DNA

Figure | Chest CT scan at admission (A-C) and 2 months after antituberculosis therapy (D-F).
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Figure 2 Brain MRl and CT scan at admission (A-D) and 2 months after antituberculosis therapy (E-H).
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Figure 3 Long-tunneled external ventricular drain.
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with resistance to rifampicin. Antituberculosis treatment was commenced with isoniazid 800 mg/d, pyrazinamide
1500 mg/d, cycloserine 500 mg/d, moxifloxacin 400 mg/d, clofazimine 100 mg/d, and linezolid 600 mg twice a day.
Dexamethasone 10mg per day was prescribed according to treatment guidelines. All the antituberculosis drugs and
corticosteroids were administered while fasting. The patient’s mental and athletic ability improved gradually. After ten
days of treatment (December 23, 2021), we hypothesized that the drug concentration had reached a steady state. We
monitored the drug concentration in his plasma and CSF before (at 0-hour) and after drugs administration (at 1-hour,
2-hour, 6-hour, and 12-hour) using High-performance liquid chromatography-tandem mass spectrometry (LC-MS/MS,
AB SCIEX 4500 Series of Instruments, Canada).'®2® Venous blood was collected and CSF was collected through
LTEVD simultaneously. Pharmacokinetics of antituberculosis drugs in the plasma and CSF is shown in Figure 4. The
CSF-to-plasma ratios, Cmax, Cmax/MIC in plasma and CSF were shown in Table S2. The maximum concentration of all
anti-TB drugs met the expected concentration in plasma and in CSF except of moxifloxacin and clofazimine. As such, no
adjustment was made to the dosage and composition of the antituberculosis regimen except that we lowered the dose of
linezolid to 600 mg/d two weeks after treatment initiation and lowered the isoniazid dose to 600 mg/d.

The LTVED was removed on January 03, 2022 (day 21). The patient was no longer bed-bound and started doing
some step-by-step mobility activities. Whole-genome sequencing (WGS) of strain from CSF showed rpoB (S450L) and
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Figure 4 Concentration of various antituberculosis agents in the plasma and cerebrospinal fluid across time.
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gyrA (D94G) mutation which confirmed that the isolate was resistant to both rifampin and fluoroquinolones. The
diagnosis of pre-XDR-TBM was confirmed. Accordingly, moxifloxacin was removed from his regimen. Isoniazid was
kept in the anti-TB regimen as WGS of our patient’s CSF showed isoniazid susceptibility. The patient’s condition
gradually improved, and he was discharged after 36 days (January 19, 2022) in the hospital. He was in good status
without any neurological sequelae. CSF phenotypic DST of Mycobacterium tuberculosis on day 45 further confirmed
resistance to rifampin and fluoroquinolones. The Minimum inhibitory concentration (MIC) values for anti-TB drugs were
determined except for linezolid and clofazimine (Table S1). After two months of antituberculosis therapy, brain MRI and
CT scan showed a remissive state of ventriculomegaly, meningeal enhancement, and hydrocephalus (Figure 2E-H). Chest
CT showed that his lung lesions improved (Figure 1D-F). Laboratory results of his CSF over the course of hospitalization
are shown in Table 1. The timeline depicting major clinical events is shown in Figure 5. Throughout the whole anti-TB
treatment phase, we monitored his hepatic function regularly and it turned out normal. As of press time, the patient’s anti-
TB treatment is still ongoing. He is in good physical condition with no disability. Anemia and peripheral neuritis were
reported at the 6th month of anti-TB treatment and resolved after decreased dosage of linezolid to 600mg every other day
and isoniazid to 300mg daily. He refused to do the therapeutic drug monitoring (TDM) so we could not get more details
of his anti-TB drugs’ concentration in plasma or CSF.

Discussion

TBM is the most life-threatening extrapulmonary tuberculosis due to its high mortality.?' Early diagnosis and prompt
initiation of TB treatment offer the best chance of survival and a good neurological outcome.?” Drug-resistant strains
have further increased the challenge in the treatment of TBM and resulted in a high rate of fatality or sequela of severe
disabilities.”> Current treatment recommendations for drug-resistant TBM are extrapolated from pulmonary TB disease
management guidelines due to a lack of adequate supporting TBM clinical trial data.

Our patient was in a critical situation at admission. Emergency surgery of LTEVD and Ommaya reservoir implanta-
tion under general anesthesia were immediate steps taken to save his life. LTEVD reduces the risk of infections because
external drainage catheter is tunneled underneath the skin to a site distant from the ventricle.***> The rapid molecular
detection demonstrating RIF and FQ resistance confirmed the diagnosis of pre-XDR-TBM and effective anti-TB regimen
increased the chance of successful control of mycobacteria. Moreover, we monitored the drug concentration in the CSF
of anti-TB drugs, which provided a reference for therapeutic regimen design and dosage adjustment. Our findings
presented pharmacokinetic data of a newly implemented second-line antituberculosis drug in the CSF for the treatment of
drug-resistant TBM.

Cycloserine is currently listed as a class B drug for use in long-duration regimens for multidrug-resistant pulmonary
TB and it is a potent agent for the treatment of TBM given its high central nervous system (CNS) penetration property.>®
Existing TDM studies reported that cycloserine demonstrates sufficient bactericidal concentration in the CSF. In this
case, cycloserine reached a maximum concentration of 20.62 ug/mL in the CSF and 36.28 ug/mL in plasma 2 hours after
administration. Consistent with previous studies, we demonstrated that CSF-to-plasma ratio of cycloserine was about
60% and it has high penetration into the CSF.>"-**

Pyrazinamide is being used worldwide as a standard first-line agent in the treatment of TBM because of its good
penetration into the blood-brain barrier (BBB).!®?° The targeted Cmax of pyrazinamide in the plasma is between 20 and
60 mg/L.** Cmax >45 mg/L has been shown to be associated with culture conversion and favourable treatment outcome.

Table | Cerebrospinal Fluid Biochemical Testing Results

Date (From WBC Monocyte Protein Glucose Chloride Adenosine
Admission) (x10°/L) | Percentage (%) (mgl/L) (mmol/L) (mmol/L) Deaminase (U/L)
Day | 375 712 2610 1.95 106.8 11.40
Day 7 52 98.1 840 2.80 121.5 7.40
Day 14 35 80.0 440 297 127.7 4.70
Day 21 2 50.0 200 4.11 128.4 1.50
Infection and Drug Resistance 2023:16 https: 1673
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— Lumbar puncture Therapeutic drug — Antituberculosis treatment _ LTEVD was Antituberculosis treatment Antituberculosis treatment
monitoring of removed
Emergency — antituberculosis INH 600 mg/d INH 600 mg/d INH 600 mg/d
_ surgery of LTEVD drugs in blood PZA 1500 mg/d WGS showed that PZA 1500 mg/d PZA 1500 mg/d
and Ommaya and CSF €S 500 mg/d the patient was — €S 500 mg/d — €S 500 mg/d
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MFX 400 mg/d — DXM 7.5mg/d

CFZ 100 mg/d
LZD 600 mg twice a day

— DXM 10mg/d

Figure 5 Timeline of major clinical events.

In this case, pyrazinamide reached Cmax 56.374 ug/mL in plasma 1 hour after administration and 45.227 ug/mL in the
CSF 6 hours after administration. CSF-to-plasma ratio was more than 90%. Though a longer penetration time into the
CSF was observed and no MIC of pyrazinamide was provided due to the difficulty of performing phenotypic suscept-
ibility testing with pyrazinamide, we believed that pyrazinamide exposure was enough in plasma and CSF.

Linezolid is one of the key anti-tuberculosis agents for the treatment of MDR/XDR/RR-TB. The WHO revised the
groupings of TB medicines and reclassified it as a group A drug for MDR/XDR-TB in 2018.>' Previous literatures
reported that linezolid has 70-80% CNS penetration with variation among different individuals.'®>**® In our patient, the
linezolid dose was 600mg twice daily when treatment was initiated. The CSF-to-plasma ratio (calculated AUCO0-12 in
CSF and plasma) was 0.58. The time from drug administration to achieving peak concentration was 2 hours in both CSF
and plasma. The Cmax was 31.808 mg/L in the plasma and 15.727mg/L in the CSF. Though both Cmax in plasma
reached expected Cmax (12-26 mg/L),*° the drug exposure in CSF was only about half of that in plasma. These remind
us that TDM of linezolid in the CSF is crucial for MDR/XDR-TBM patients in achieving effective bactericidal activity
and mitigating possible induced drug resistance. But when anemia and peripheral neuritis were reported, we contributed
these side effects to linezolid. After lowering linezolid to 600mg every other day, the toxicity resolved. As the narrow
therapeutic window of linezolid, balancing efficacy and toxicity is always a clinical issue.

Isoniazid is known for its high CNS penetration property and a daily high-dose of 15-20 mg/kg has been
recommended by the WHO for the treatment of MDR/XDR-TBM/PTB.**** In order to formulate an effective
therapeutic regimen, we adopted high-dose isoniazid (800mg/d) and found that its CSF concentration reached
a maximum (11.57 ug/mL) 6 hours after administration, which mean about 100% brain penetration and promised an
effective bactericidal activity in the brain.>® After WGS of our patient’s CSF showed susceptibility of isoniazid, we
lowered the isoniazid dose to 600 mg/d. Peripheral neuropathy is the most common toxicity from long-term use of
isoniazid. When peripheral neuritis was reported at the 6th month of anti-TB treatment, we further decreased the
dosage of isoniazid to 300mg daily.

Clofazimine is a class B drug in long-duration regimens for MDR/XDR pulmonary TB. Clofazimine is known not to
distribute into CSF, there is no published study showed its CSF concentration in humans or animals. In our patient, the
plasma concentration has reached a maximum of 0.35 ug/mL 6 hours after administration. However, its concentration in
the CSF is below the limit of detection. We found no clofazimine in the CSF. It is believed that only unbound drugs can
freely penetrate into an intact blood-brain and/or blood-CSF barrier. Clofazimine has a high plasma protein binding rate
of >85%, which can be a principal factor limiting its penetration into the CNS.*® Even the high lipophilicity of
clofazimine may be conducive to its CNS penetration, but it does not suffice in overcoming its high plasma protein
binding rate and large molecular masses.>’ In addition to the high plasma protein binding of clofazimine, human efflux
transporters may also limit the drugs penetrating into the brain and CSF.*>® CSF concentrations of clofazimine was found
to be below the limit of detection across all sampling-time points in our patient. We believed that the use of clofazimine
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may have no benefit for the treatment of MDR- or pre-XDR-TB meningitis. This is a very important message although
this finding requires further investigation.

Due to the difficulty in obtaining plasma and CSF, pharmacokinetics was only performed when the patient with
external ventricular drainage. Hence, a full record of changes in CSF and plasma drug concentration over time could not
be collected, which is a limitation of our study. We noticed that Tucker et al has adopted positron emission tomography
(PET) in their study to reveal ''C-rifampicin drug biodistribution in TBM patients.** We believe that it might be used as
a noninvasive procedure for monitoring therapeutic concentration in CSF for TBM patients in future studies.

In conclusion, we presented a case of a pre-XDR-TBM patient who recovered from a critical disease with timely and
effective treatment. We explored the concentration of several anti-tuberculosis drugs in his plasma and CSF to provide
drug exposure and treatment strategies references for patients with pre-XDR-TBM, a life-threatening illness.
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