Getting the paracetamol dose right for very preterm neonates with patent ductus arteriosus
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Introduction. Doses of paracetamol in preterm neonates with patent ductus arteriosus (PDA) are prescribed in practice using linear scaling based on body size (mg/kg) while the impact of organ maturation on elimination is not considered. 
Aims. To explore the rational dosing of paracetamol in very preterm neonates with PDA using pharmacometric methods.
Methods. Forty-seven paracetamol plasma concentrations from 26 very preterm neonates in the EPAR trial [1] were combined with an additional 610 samples from 108 neonates who received paracetamol. In the EPAR trial, paracetamol was given at 15mg/kg IV x 1 followed by 7.5mg/kg IV q6h x 5 days from postnatal day 1. Data were analysed using non-linear mixed effects modelling. Model-predicted exposure metrics (AUC0-24) were determined for all individuals in the EPAR trial on postnatal days 2 and 5. The individual fit was assessed by comparing the predicted plasma concentrations to the observed using mean prediction error (MPE) and root mean square error (RSME). Exposure-response was evaluated by comparing ductal closure and the reduction in ductal size across AUC0-24 quartiles.
Results. A one-compartment model adequately described paracetamol pharmacokinetics. Allometrically scaled body weight and postmenstrual age (PMA)-based maturation of clearance (CL) were significant covariates. For neonates in the EPAR trial, an additional postnatal age (PNA) model was required to capture CL changes during postnatal days 1-6. The PMA model alone under-predicted plasma concentrations (MPE -2.5, 95% CI -1.2, -3.8) while the combined PMA+PNA model produced unbiased predictions (MPE -0.8, 95% CI 0.2, -1.8). There was no difference in ductal size change or successful ductal closures across exposure quartiles. 
Discussion. The combined PMA+PNA model resulted in CL predictions that were 75% lower at birth compared to the PMA model and an increase in CL over postnatal day 6 of 34%. No difference in efficacy was observed across a ~3 fold range in AUC0-24. The paracetamol doses using linear scaling based on body size in the EPAR trial appears to be efficacious but whether lower doses could achieve comparable outcomes remains unclear. 
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