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正化） 

論文内容の要旨 

〔目 的(Purpose)〕 

Ensuring safe and effective drug therapy in infants and young children often requires accounting for growth and organ 
development; however, data on organ function maturation are scarce for special populations, such as infants with congenital 
diseases. Children with critical congenital heart disease (CCHD) often require multiple staged surgeries depending on their age 
and disease severity. Vancomycin (VCM) is used to treat postoperative infections; however, the standard pediatric dose (60–80 
mg/kg/day) frequently results in overexposure in children with CCHD. In this study, we characterized the maturation of VCM 
clearance in infants and young children with CCHD and determined an age-appropriate dosing regimen for this special population 
using population PK modeling and simulations. 

 
 

〔方法 (Methods)〕 

Population PK modeling and simulation were performed using a nonlinear mixed effect modeling software, Phoenix NLME 8.4 
(Certara, Princeton, NJ). To account for the effect of body size differences, the allometrically scaled body weight was applied to 
volumes of distribution and clearances in the base model with power coefficients of 1.0 and 0.75, respectively. Patient 
demographics and laboratory parameters were evaluated as candidate covariates on PK parameters using an exponential model. 
GFR increases rapidly during the first days of life and then steadily increases until adult values are reached at 8–12 months of age. 
To explain the developmental change, the maturation function described by postmenstrual age (PMA) was evaluated as a 
covariate on CL. TM50 is the PMA at which 50% of the maturation effect is reached and Hill is a slope of the maturation profile. 
Univariate analysis was conducted by individually incorporating each candidate covariate into the base model. To obtain the 
target attainment rate in the dosing simulation, a realistic virtual CCHD pediatric population was generated based on the age 
versus BW distribution observed in CCHD patients. The observed age-matched BW was modeled with a Box-Cox power 
exponential distribution using generalized additive modeling for location, scale, and shape (GAMLSS) strategy as implemented in 
the R software package library GAMLSS (version 4.3-8 under R.4.0). The virtual age-matched BW dataset (e.g., virtual CCHD 
pediatric population) was generated by the fitted model at five patients per 0.01 month up to 36 months (18,000 patients in total). 
The VCM CL in the virtual CCHD pediatric population was estimated by the developed population PK model at any given eGFR 
value. The daily steady-state AUC for a given daily VCM dose was then calculated by dividing the daily dose by CL. A target 
AUC/MIC ratios of 400 and 600 were used for the efficacy and safety target, respectively and the target attainment rate was 
calculated at a given eGFR and a given daily VCM dose. An MIC of 1 mg/L was used for the simulation because it is the most 
frequently reported MIC for MRSA in the European Committee on Antibacterial Susceptibility Testing (EUCAST) database. 
 

〔成績(Results)〕 

The PK model was developed using a two-compartment model with allometrically scaled body weight, estimated glomerular 
filtration rate (eGFR), and PMA as covariates. The observed clearances in patients aged ≤ 1 year and 1–2 years were 33% and 
40% lower compared with that of non-CCHD patients, respectively, indicating delayed renal maturation in CCHD patients. 
Simulation analyses suggested VCM doses of 25 mg/kg/day (age ≤ 3 months, eGFR 40 mL/min/1.73 m2) and 35 mg/kg/day (3 
months < age ≤ 3 years, eGFR 60 mL/min/1.73 m2). 
 

〔総 括(Conclusion)〕 

This study revealed delayed renal maturation in children with CCHD, could be due to cyanosis and low cardiac output. 
Model-informed simulations identified the lower VCM doses for children with CCHD compared with standard pediatric 
guidelines. 
 




