
 Vancomycin has been used for the treatment against methicillin-resistant 
Staphylococcus aureus including paediatric patients [1].

 More than 50 studies of population pharmacokinetic (PK) modelling of 
vancomycin for paediatric patients have been reported with various analysis 
populations, model structures, and selected covariates [2].

 Model selection based on statistical criteria could depend on data 
characteristics potentially leading to models with incorrect inferences.

 Some Bayesian dose-optimizing software for estimation of vancomycin 
exposure are available, but the accuracy of the prediction is dependent on 
one population PK model selected [3].

 Bayesian model averaging (BMA) framework [4] can obtain the posterior 
distribution of parameter estimation and posterior selection probability for 
each of multi-models, and the inference could be more reliable [5].

 We performed population PK modelling of vancomycin for adults based on 
the BMA approach using NONMEM for the first time [6].

 The objective of this study was to apply BMA approach to the population PK 
analysis of vancomycin for paediatric patients.
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Bayesian Model Averaging (BMA)
 BMA was performed by the extension method of Markov chain Monte Carlo 

(MCMC), Reversible Jump MCMC, using NONMEM ver.7.4.4 [7].
 A switch parameter (𝑰 ), a variable (0 or 1) following a Bernoulli distribution, 

was adapted to each model structure and each covariate. 
 20,000 samples from four MCMC chains (burn-in: 5,000, iteration: 5,000) 

were obtained to make an inference about posterior distributions
 If 𝑰 = 1 in each sample, the model/covariate were selected in this sample.
 The posterior selection probability of model structure or covariate was 

calculated from the posterior distribution of 𝑰.
 Candidate model structures: One- and two-compartment model
 Candidate covariates for each PK parameters as follows
 Clearance (𝑪𝑳): Body weight (WT), postnatal age (PNA), maturation 

factor (MF) based on postmenstrual age (PMA), estimated glomerular 
filtration rate (eGFR), and blood urea nitrogen (BUN)

 Volume of distribution in central compartment (𝑽,𝑽𝒄): WT and PNA
 Inter-compartmental clearance (𝑸): WT and PNA
 Volume of distribution in peripheral compartment (𝑽𝒑): WT

Table 1  Prior information of 𝑰 for covariate selections.
Prior value of 𝑰N*CovariatePK

0.8543WT

𝑪𝑳
0.105PNA
0.3517MF
0.4019eGFR
0.021BUN

Prior value of 𝑰N*CovariatePK
0.8544WT

𝑽𝒄 0.021PNA
0.608WT

𝑸 0.051PNA
0.7510WT𝑽𝒑

* The number of models in which each covariate was selected as a covariate.  

Data
 Data were collected from paediatric patients who had at least one plasma 

vancomycin concentration in Kyorin University Hospital from 2016 to 2019. 

 Prior information of 𝑰 were set from reported 51 population PK models.
 One-compartment: 0.75 (N=38), two-compartment: 0.25 (N=13).
 Covariate selection in each PK parameter: Shown in Table 1

 The convergence and autocorrelation of MCMC chains were confirmed by 
visual diagnosis and statistical methods [8,9].
 The potential scale reduction factors (𝑅෠) for all parameters were calculated 

using Gelman-Rubin method to evaluate the convergence.
 The effective sample size (𝑁௘௙௙) and 𝑁௘௙௙ 𝑁⁄ (𝑁: the number of MCMC 

samples) were calculated to evaluate the autocorrelation.
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Data
 Total 148 observed plasma vancomycin concentrations from 46 patients 

were available (Figure 1), and patients’ background was shown in Table 2.
Table 2  Patients’ background.

46Number of patients
30 : 16Sex (Male : Female)

Median (range)Characteristics
9.7 (0.4 – 809)PNA (weeks)

45.5 (24.9 – 849)PMA (weeks)
39.0 (0.4 – 43.3)WT (kg)
12.2 (2.4 – 97.4)BUN (mg/dL)
0.32 (0.09 – 1.25)SCr (mg/dL)
68.8 (8.8 – 460)eGFR* (mL/min/1.73m2)

* eGFR was calculated using reported equation [10].

BMA
 Model structure was selected as one-compartment model with first order 

elimination from all samples (posterior selection probability = 100%).
 The population mean values of averaged population PK models for 

vancomycin were calculated as mean values from all samples (Table 3).
 The estimated values were roughly similar to reported values.

 The summary of covariate selection was shown in Table 4.
 MF was selected as a covariate for CL in all samples (100%).
 Posterior selection probability of eGFR was 77.7%, and the power value 

was estimated as 0.443.

Value (RSE)Parameter
1.91 (26.2%)𝑪𝑳𝒑𝒐𝒑 (L/hr)
7.82 (29.3%)𝑽𝒑𝒐𝒑 (L)
62.0 (164.9%)𝑩𝑺𝑽_𝑪𝑳 (%)
131.2 (39.1%)𝑩𝑺𝑽_𝑽 (%)
40.0 (17.1%)𝑹𝑼𝑽_𝒑𝒓𝒐𝒑 (%)

Table 3  Estimated values.

𝑅𝑆𝐸: Relative standard error.
𝐵𝑆𝑉: Between subject variability.
𝑅𝑈𝑉: Residual unidentified variability.

Table 4  Summary of covariate selection
Value (RSE) Probability (%)*CovariatePK

0.201 (38.4%)15.3WT

𝑪𝑳

-0PNA
𝜃ଷ = 68.8 (16.0%)100MF
𝜃ସ = 4.48 (20.5%)

0.443 (41.6%)77.7eGFR
-0BUN
-0WT

𝑽 -0PNA
*Posterior selection probability was the ratio of 𝑰=1.

 The MCMC chains and the number of samples were appropriate.
 Trace plots for all estimated parameters are shown in Figure 2.
 The high convergence of MCMC chains was confirmed by visual diagnosis 

and statistical methods  (𝑅෠ value and 𝑁௘௙௙ 𝑁⁄ ).

Figure 2 Trace plots for all parameters.

 We performed population PK analysis using BMA approach and developed 
averaged model of vancomycin for paediatric patients.

 Based on our averaged model, the influence of each covariate for PK 
parameters could be evaluated and vancomycin exposures could be 
estimated depend on various covariate models but not one model.

 This model averaging method may be applicable to other population PK 
analyses.

Figure 1 Observed concentration.
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1-12 timepoints per patient


