A Population Pharmacokinetic Approach to Optimize Colistin Dosing in Critically Ill Patients
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Introduction. In critically ill patients, there can be variable drug pharmacokinetics (PK) leading to a higher incidence of drug resistance. The optimal dosing regimen remains uncertain for a reserve drug such as colistin. 
Aims: To optimize the dosing regimen of colistin in critically ill patients by studying the PK behavior of colistin 
Methods: A prospective, ethics committee-approved, and CTRI-registered (CTRI/2018/05/014203) study enrolled critically ill patients who were prescribed colistin (25000 IU/kg TDS, without loading dose). Eleven PK blood samples were collected (8 during the first dose and 3 during steady-state). Plasma colistin levels were quantified using LC-MS/MS. After the observation of colistin’s variable PK and poor response (PD), we developed a population pharmacokinetic (Pop PK) modeling to identify any covariates. Subsequently, we developed a dosing regimen that is safe and efficacious. Pop PK modeling was performed using nonlinear mixed-effects, with different covariates (age, body weight, Creatinine Clearance, albumin). Subsequently, Monte Carlo simulations evaluated various dosing regimens that could maintain an efficacious steady state (SS) concentration of ≥2 mg/L, and trough levels <3.33 mg/L.
Results: Twenty-two adult critically ill patients (M: F=17:5) were enrolled. Mean serum creatinine and albumin were within the normal range. Clinical response with the existing regimen was poor. Patients' PK data modeling showed that colistin follows a one-compartment model with first-order elimination. Creatinine clearance and body weight significantly impacted colistin clearance and distribution volume, respectively (OFV reduced by 11.91 from the base model (p<0.0001)). Colistin simulation revealed that manufacturer-prescribed dosing of 25,000 units/kg every 8 hours had the lowest percentage of patients attaining the required target concentrations.
Discussion. Our study emphasizes the importance of colistin’s 9MU loading dose followed by 4.5MU BD in critically ill patients, which can be validated in future studies.
