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Introduction:  

Phenytoin is a widely used narrow therapeutic window anti-epileptic drug (1). Total and 

unbound plasma concentrations of phenytoin have to be maintained within 10 – 20 mcg/ml 

and 1 – 2 mcg/ml range (2). Published pharmacometric models used total phenytoin 

concentrations for dosage regimen decisions (3, 4). It is important to consider unbound 

phenytoin concentrations, as free drug describes pharmacological effects better (5,6). 

However, very few models based on unbound concentrations are available in the literature. 

Objectives: 

I. To build a population pharmacokinetic model using total and unbound phenytoin 

concentrations. 

II. To externally validate the developed model with the previously published models 

and data.  

Methods: 

A retrospective longitudinal observational study was performed in Texas Children’s hospital, 

U.S.A. to collect pharmacokinetic data from routine clinical care. A total of 167 subjects who 

matched the inclusion criteria were recruited into the study. Fosphenytoin IV and Phenytoin 

oral doses were given as loading and maintenance doses. Blood samples were collected at 

random times as part of routine clinical care that cover most of the time points between Cmax 

and Cmin. Potential demographic & clinical covariates were collected and tested in PopPK 

model. Pumas 2.0 (Pumas-AI, Baltimore) was used to model the data (7). 

Results: 

A total of 356 unbound phenytoin concentrations from 134 subjects were used for model 

building. Subject’s age and body weight ranged from 1 day to 18 years and 2.5 kgs to 86 kgs 

respectively. A one-compartment open model best described pharmacokinetics of unbound 

phenytoin. The following covariate effects were evaluated using a full covariate model 



approach: body weight and albumin levels on volume of distribution, body weight and serum 

creatinine, age, and gender on clearance. P < 0.03 was considered as significant value to 

consider the covariate effects. Log likelihood ratio test was used to consider the better model. 

Allometrically scaled weight was found to impact clearance (CL) and volume (V) parameters 

based on posterior distribution of covariate effects. Absorption rate constant (Ka) and 

bioavailability (F) were fixed to literature values.  The estimates of the PK parameters were V 

= 157.34 L/15kg; CL = 3.83 L/hr/15kg; Ka = 0.225/hr, F = 0.63. Between subject variability (BSV) 

on V and CL was estimated as 46 % & 60 %. Proportional residual error was 33%. Correlation 

factor between total and unbound phenytoin concentrations was estimated as 8.15. BSV an 

residual error of correlation factor was estimated as 14% and 29%. Estimated PK parameters 

were comparable with the published literature of total and unbound phenytoin PK. Current 

model has been successfully validated with the external data & publications of total and 

unbound phenytoin with a mean prediction error of less than 20%. 

Conclusion: 

One compartmental open model with allometric scaling best described the pharmacokinetics 

of unbound phenytoin and total phenytoin. This model was validated with external data. 
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