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ABSTRACT

The aim of this study was to investigate the pharmacokinetics of colistin in cerebrospinal fluid (CSF) af-
ter intraventricular (IVT) administration of colistin methanesulfonate (CMS) for central nervous system
(CNS) infections caused by multidrug-resistant Gram-negative bacteria. Ten patients with CNS infection
were treated with CMS (active substance colistin equivalent to 100 000 units, every 24 h) by IVT admin-
istration. After 3 days of treatment, the concentration of colistin in the CSF was determined by selective
ultra-performance liquid chromatography (UPLC) at 2, 4, 6, 8, 12 and 24 h after CMS administration. A
pharmacokinetic analysis was performed using Phoenix WinNonlin. Following IVT administration of CMS,
the estimated colistin apparent CSF half-life (t;,) was 10.46 + 6.98 h, the average peak colistin concen-
tration (Cmax) was 16.95 4 7.39 pg/mL and the average time to peak concentration (Tmax) was 4.6 + 0.97
h. The measured trough concentration (Cy,;,; colistin concentration in CSF at 24 h after administration of
CMS) was 1.12-8.33 pg/mL and the average C,;, was 2.91 + 2.11 pg/mL. CSF concentrations of colistin
were above the minimum inhibitory concentration (MIC) of 0.5 pg/mL at 24 h after IVT administration
in all patients. Microbiological cure was observed in all patients. In conclusion, this is the first study of
colistin pharmacokinetics in CSF after IVT administration alone in patients with CNS infection. It provides

essential data for designing relatively safe and effective CMS dosing regimens.

© 2021 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved.

1. Introduction

Central nervous system (CNS) infection can occur as a serious
complication in patients undergoing craniotomy, which can be dif-
ficult to treat owing to the presence of the blood-brain barrier.
Moreover, the emergence of multidrug-resistant (MDR) bacterial
strains has made the treatment of CNS infections increasingly dif-
ficult in recent years.

According to the 2019 CHINET report (http://www.chinets.com),
the detection rate of the Gram-negative bacteria Acinetobacter bau-
mannii and Klebsiella pneumoniae in the CNS from patients with
encephalic infection was 12.43% and 8.03%, respectively. Further-
more, these strains have varying degrees of resistance to third-
and fourth-generation cephalosporins, aminoglycosides and car-
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bapenems. Challenges for the treatment of infections caused by
these antibiotic-resistant pathogens rely on whether antibiotic con-
centrations in the cerebrospinal fluid (CSF) can reach effective
therapeutic antimicrobial concentrations. Recent studies provide
high-quality evidence for the effectiveness of intraventricular (IVT)
or intrathecal administration of antibiotics to treat MDR Gram-
negative bacterial infections [1-3].

Colistin, administered as its prodrug colistin methanesulfonate
(CMS), is a concentration-dependent bactericidal lipopeptide with
a modest post-antibiotic effect [4]. In view of its potential nephro-
toxicity and neurotoxicity, colistin was practically discarded by
clinicians in the 1970s but it regained the spotlight in the early
2000s following the surge in infections caused by MDR A. bau-
mannii, K. pneumoniae and Pseudomonas aeruginosa [5]. However,
the CSF distribution of colistin following intravenous (IV) admin-
istration is very low. The reported CSF-to-serum concentration ra-
tio is 0.07 [6] and the low CNS concentration is not enhanced by
meningeal inflammation [7]. Consequently, IVT or intrathecal ad-
ministration of colistin to patients with CNS infections, especially
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patients with renal failure, has become an increasingly common

method for the treatment of MDR bacterial infections. v
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E2) in the CSF was measured using the method reported by Gobin
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et al. [9] with minor modifications. Chromatographic analysis was
performed on an Agilent 1290 UPLC System (Agilent Technologies,
Savage, MD, USA), including a G7120A binary pump, G7167B high-
performance well-plate autosampler and G7116B column temper-
ature controller. Chromatographic separation was achieved on an
Agilent Zorbax SB C18 column (4.6 x 100 mm, 3.5 pwm). Mass spec-
trometry (MS) detection was performed on an Agilent 6470 Triple
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The CSF concentration curve of colistin after IVT administration
of CMS at different time points is shown in Fig. 1. After 3 days
of IVT administration of CMS, CSF samples were collected and the
pharmacokinetic parameters of colistin are shown in Table 2. The
estimated half-life (¢;,) of colistin in CSF was 10.46 + 6.98 h and
the AUCy_,4 of colistin was 183.4 + 84.94 hepg/mL. The concen-
tration of formed colistin reached Cmpax (16.95 4+ 7.39 pg/mlL) at
Tmax (4.6 = 0.97 h) and then decreased gradually to Cyy, (713 £
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Fig. 1. Cerebrospinal fluid (CSF) concentration curve for colistin after intraventric-
ular (IVT) administration of colistin methanesulfonate at different time points. The
CSF concentration curve of colistin is presented as the mean =+ standard error of
the mean (SEM).

4.68 g/mL). The measured trough concentration values (concen-
tration of colistin at 24 h, C;,) ranged between 1.12 pg/mL and
8.33 pg/mlL, and the average C;, was 2.91 + 2.11 pg/mL. More-
over, Cp,in values were continuously above 0.5 mg/L (the MIC for K.
pneumoniae and A. baumannii shown by antimicrobial susceptibil-
ity testing) in all patients. The average Cpax/MIC and AUCy_54/MIC
ratios after IVT administration of CMS were 33.9 and 366.8, respec-
tively.

4. Discussion

CNS infections are a serious complication of craniotomy. An-
timicrobial treatment of CNS infections should be based not only
on antimicrobial susceptibility but also on antimicrobial concen-
trations in the CNS owing to the existence of the blood-brain
barrier. Carbapenemase-producing bacteria are even more complex
and difficult to treat. Consequently, CNS infections caused by MDR
pathogens may contribute to prolonged courses of treatment, high
costs and high mortality. Previous studies have suggested the ef-
ficacy of IVT administration of CMS in CNS infections [2,3,8]. As
predicted, this treatment was also effective in our cohort of pa-
tients with CNS infections, and microbiological cure was achieved
in all patients. No renal injury, allergy to colistin or neurotoxic-
ity (such as seizures, hypotonia, diaphragmatic paralysis or cauda
equina injury) was observed following IVT administration of CMS
in our patients. However, the use of sedative drugs and low serum
creatinine levels may have led us to underestimate the neurotoxi-
city and nephrotoxicity of colistin.

As the inactive prodrug of colistin, CMS forms colistin by spon-
taneous hydrolysis in solution. Colistin is supplied as a mixture of
at least 30 polymyxins. Colistin A (polymyxin E1) and colistin B
(polymyxin E2) account for more than 85% of this mixture [10]. In
this work, quantification of colistin in CSF focused on the two ma-
jor components.

Colistin is a concentration-dependent antibiotic and the
AUC/MIC ratio is the best predictive index of efficacy [11,12].
It is recommended that an area under the plasma colistin
concentration-time curve across 24 h at steady state (AUCy_n4)
of ~50 hepg/mL is required, which equates to a target average
steady-state plasma concentration (Css,avg) of ~2 mg/L [13]. Follow-
ing IVT administration of CMS in this study, the measured trough
concentration values (C;,) ranged between 112 pg/mL and 8.33
pg/mL, and the average Cp,;, was 2.91 + 2.11 pg/mL. Moreover, in
this study isolated pathogens and antimicrobial susceptibility test-
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ing showed the colistin MICs for K. pneumoniae and A. bauman-
nii were <0.5 mg/L. When patients received CMS at doses of 100
000 units/day, the CSF concentrations of colistin were continuously
above 0.5 mg/L in all patients. The Cpax/MIC and AUCy_4/MIC ra-
tios after IVT administration of CMS were >16.64 and >184.18, re-
spectively, and the average Cmax/MIC and AUC(_,4/MIC ratios after
IVT administration of CMS were 33.9 and 366.8.

However, according to the European Committee on Antimicro-
bial Susceptibility Testing (EUAST) and the CLSI, the MIC break-
points for K. pneumoniae and A. baumannii are 2 pg/mL. If we
reference these susceptibility breakpoints, although the average
Cinin Was 291 £+ 211 pg/mlL, the Cp, was <2 pg/mL in four pa-
tients. The Cpax/MIC and AUCy_p4/MIC ratios after IVT administra-
tion of CMS were >4.16 and >46.05, respectively, and the average
Cmax/MIC and AUCy_4/MIC ratios after IVT administration of CMS
were 8.48 and 91.7. Based on these data, a lower dosage of CMS
may be adequate for a MDR pathogen with a low MIC.

Clearance of colistin ranged from 0.173 IU/(hepg/L) to 1.365
IU/(heg/L), showing great variation. Several factors could con-
tribute to this variability, such as the efficiency of CMS conversion,
formation and absorption by the CSF, obstruction of CSF flow (e.g.
compartmentalisation of ventricles), etc. In this work, the concen-
tration of CMS was not measured, so the efficiency of CMS conver-
sion could not be evaluated. Patients in the study were fitted with
an EVD to control intracranial pressure. The external CSF drainage
was not uniform, varying from 46 mL to 228 mL, which would un-
derstandably affect the disposition and clearance of colistin. How-
ever, no dramatic correlation was observed between the amount of
CSF drained and colistin clearance.

In conclusion, our findings suggested that IVT administration
of CMS in patients with CNS infection caused by the MDR Gram-
negative bacteria provided an effective concentration of colistin in
the CSE. Following IVT administration of CMS at a dose of 100 000
units/day, CSF concentrations of colistin were continuously above
the MIC in our patients. This study provides the first pharmacoki-
netic data for IVT administration alone and is essential for the de-
sign of CMS dosing regimens for use in hospitals.
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