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Purpose: The study aimed to perform a population pharmacokinetic (PK) analysis to obtain vancomycin PK parameter estimates in 
Sudanese adult patients. The population PK model is then applied to perform model-based dose optimization.
Patients and Methods: Data were collected through a retrospective, single-center, observational cohort study performed in Aliaa 
Specialist Hospital, Khartoum, Sudan. A population PK model was developed using the MonolixSuite 2020R1 to explore the potential 
effects of demographics and laboratory covariates on vancomycin PK. Monte Carlo simulations were performed to optimize dosage 
regimens as a function of creatinine clearance (CLcr) and virtual patients were partitioned into five CLcr groups.
Results: We retrospectively collected 194 vancomycin plasma concentrations from 99 adults. The median (interquartile range) for age 
(years) and CLcr (mL/min) were 65 (50–75) and 12.7 (5.52–25.78), respectively. Vancomycin PK data were best fitted using a one- 
compartment model with linear elimination. The estimates of clearance and volume of distribution were 2.02 L/h and 65 L, 
respectively. CLcr was identified as the main covariate explaining the PK variability in vancomycin CL. CL significantly decreased 
with decreasing CLcr. For the five CLcr groups evaluated, a tailored vancomycin daily maintenance dose (using patients’ CLcr) ranged 
from 200 to 1650 mg. Overall, simulations showed that 45% (CI; 41.11–47.36%) of patients would achieve a target AUC with the 
suggested dosages.
Conclusion: A population PK model of vancomycin was developed using data obtained from adult Sudanese patients. Model-based 
dose optimization can aid clinicians in selecting initial vancomycin doses that will maximize the likelihood of a favorable treatment 
response.
Keywords: vancomycin, dose individualization, monitoring, pharmacokinetics dosing, pharmacometrics

Introduction
Vancomycin is a first-line therapy for methicillin-resistant Staphylococcus aureus (MRSA), and therapeutic drug monitoring 
(TDM) is performed to reduce the risk of nephrotoxicity and assure optimal therapeutic outcomes. Several organizations have 
produced clinical practice recommendations to guide TDM of vancomycin.1,2 The minimum inhibitory concentration (MIC) 
of vancomycin against MRSA continues to rise due to its extensive use.3 On the other hand, vancomycin’s pharmacokinetic 
(PK) parameters have wide variability among the different patient populations that receive the drug.4,5 Therefore, dose 
individualization based on MIC and patient-specific factors is essential to achieving an optimal outcome.

Vancomycin is primarily eliminated through renal elimination, and its clearance (CL) is closely linked to creatinine 
clearance (CLcr). As a result, the main source of vancomycin PK parameter fluctuations is renal function.6 Vancomycin 
PK parameters have a wide range of values. According to a review paper on vancomycin population PK studies in adult 
patients, the typical values of vancomycin CL ranged from 0.334 to 8.75 L/h. The volume of distribution (V) ranged from 
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7.12 to 154 L and 29.2 to 501.8 L in the case of one- and two-compartment models, respectively. The between-subject 
variability (BSV) was reported to be as high as 77% for V and 99% for CL.7

Recent guidelines recommend targeting an area under the concentration vs time curve (AUC)/minimum inhibitory 
concentration (MIC) ratio of 400 to 600 (assuming an MIC of 1 mg/L) for empiric dosing in both adult and pediatric 
patients to maximize clinical efficacy and minimize acute kidney injury (AKI) risk.2

Population PK modeling and simulation have helped identify the optimal dosing of vancomycin by assessing the inter- and 
intra-subject variability in PK. Previous studies reported that vancomycin trough concentrations and race were risk factors of 
vancomycin-related AKI, among other risk factors.8–10 Hence, the importance of vancomycin trough level and renal function 
close monitoring was highlighted. Race can impact drug pharmacokinetics through various mechanisms, including genetic 
variations, differences in drug metabolism, and variations in protein binding.11 As elimination of vancomycin is almost 
exclusively renal, protein binding and genetic polymorphisms in transporters involved in renal drug excretion may be the place 
for ethnicity and race differences rather than metabolism. Renal function has also been reported as a determinant of 
vancomycin PK.12 As no information about vancomycin population PK is known for Sudanese patients, this study aimed 
to perform a population PK analysis to obtain vancomycin PK parameter estimates in Sudanese adult patients. Then, we 
sought to compare the PK parameter estimates to those reported in the literature and perform model-based dose optimization.

Materials and Methods
Study Design and Setting
This study was a retrospective, single-center, observational cohort study performed in Aliaa Specialist Hospital, 
Khartoum, Sudan.

Ethics Approval
The study was approved by the Institutional Review Board, General Directorate of Medical Services - Aliaa Specialist 
Hospital, with a log number: GMS.ASH.Aug 2021. A waiver of informed consent was granted by the Institutional Review 
Board. This was based on the understanding that the waiver will not adversely affect the rights and welfare of the subjects. 
Only data essential to the current study was extracted from medical records by two nurses from the hospital. This strategy 
was implemented to limit exposure of the patient’s entire medical record during the data collection process. Moreover, the 
risk to privacy was considered to be reasonable in relation to the importance of the knowledge to be added in the area of 
population pharmacokinetics in Sudanese patients. To ensure confidentiality and anonymity of patients’ data, access to the 
data was restricted and identifiers were removed. This study was conducted in accordance with the Declaration of Helsinki.

Patients and Data Collection
Medical records from the institutional database for patients admitted to Aliaa Specialist Hospital were reviewed, and 
patients receiving vancomycin between August 2016 and January 2019 were identified. Patients were excluded according 
to the following criteria: (i) age less than 18 years; (ii) pregnancy; or (iii) renal replacement therapy.

Data collected on each patient included sex, age, serum creatinine, blood urea nitrogen, and vancomycin-related 
information (dose, time, date, and serum level). In addition, CLcr was estimated using a method developed by Bjornson13 

based on Equation 1. Because the data lacked patient weight and height, the Cockcroft-Gault equation was not used.

Where CLcr: creatinine clearance; Rcr: rate of creatinine production; SCR: serum creatinine, and Rcr is different for 
males and females.

The equations used for Rcr are those developed by Bjornson, as shown in Equations 2 and 3.
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Dosing and Sample Collection
Patients were treated with the usual dose of 500–1000 mg of vancomycin every 12 h as an intravenous (IV) infusion over 
60 min. Starting with the fourth dose, a blood sample (3–5 mL) was collected for TDM 30 min before the administration 
of the next dose (for trough concentration measurement) and 1 h after the dose administration for peak concentration.

Vancomycin Assay
Vancomycin plasma concentration measurement was performed using the enzyme-multiplied immunoassay technique 
(EMIT)14 according to the manufacturer’s instructions. The calibration range was 2–50 mg/l (1.3–34 µmol/L), with less 
than 10% fluctuation between and within days.

Statistical Analysis
Population Pharmacokinetic Analysis
A population PK model was developed using the MonolixSuite 2020R1. The stochastic approximation expectation 
maximization (SAEM) algorithm was used. One- and two-compartment models with first-order elimination were evaluated 
to fit vancomycin serum concentrations as base PK models. The model selection was based on (i) goodness-of-fit (GOF), 
including residual plots and the observed versus predictive concentration, (ii) a decrease in the objective function value 
(log-likelihood value), (iii) the precision of the parameter estimation (RSE%), and (iv) the Bayesian information criterion 
(BIC). Individual parameters are assumed to be log-normally distributed, and an exponential model describes the BSV. The 
proportional and combined error models were tested to describe residual unexplained variability (RUV).

Investigated covariates in this study included gender, age, serum creatinine, serum albumin, and creatinine clearance. 
Continuous covariates are included in the model by using log transformed functions, as it is required to model power 
function that is centered in Monolix. For example, to model CLcr on CL the following formula was used:

which is equivalent to centering power formulae of:

After the base model selection, the empirical Bayesian estimates were plotted versus the covariates for potentially 
significant correlations. Possible covariates were added to the model by stepwise forward inclusion and backward 
elimination with the help of MonolixSuite automated covariate selection methodology.

Model Evaluation
Model evaluation was based on GOF plots, including the plotting of observations versus individual and population 
predictions and individual and conditional weighted residuals versus time after last dose (TAD). The prediction-corrected 
visual predictive checks (VPC) were constructed with the 5th, 50th, and 95th percentile of the simulated profiles and 
compared with observed data. The normalized prediction distribution error (NPDE) versus population predictions and 
bootstrap analysis including 1000 resampled estimations were used to evaluate the stability of the model and the 
precision of the parameter estimates.15

Model-Based Dose Optimization
Using Monte Carlo simulation with the final population model estimates, different dose regimens were simulated for five 
groups of different CLcr levels ranging from 10 to 59 mL/min with 10 mL/min increments. For each CLcr group, 1000 
random values (according to the range of CLcr values for each group) were generated using the R software. The plasma 
concentrations were simulated for 1000 patients at each level of CLcr with a tailored dose using Simulx.

To help determine the tailored dose, the PK profile of five virtual patients with CLcr levels of 10, 20, 30, 40, and 
50 mL/min were explored by one using the “Exploration” tab in Simulx. By means of a visual check, the area under the 
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concentration vs. time curve from 24 to 48 h (AUC24-48) was evaluated to determine the potentially optimal dose for each 
group that would lead to a value of AUC24-48 of 400–600 mg.h/L.

For each CLcr group, the optimized dosage was simulated using 1000 virtual patients and their PK profiles were 
generated. Taking into consideration the variability in random sampling, each simulation was replicated 20 times. The 
end point considered was the AUC24-48 (which is defined as the target exposure on the second day of therapy), with 
values of >400 and <600 mg.h/L for efficacy and safety, respectively, based on 2020 IDSA guidelines, assuming an MIC 
of 1 mg/l.

In some individuals with severe infections, the goal of initial therapy may be to maximize the effect, so a separate set 
of simulations were performed to identify the dosage that maximizes the proportion of AUC24-48 values > 400 mg.h/L, 
with an acceptable proportion of ≥0.9.

Overall Statistical Analysis
To test whether any covariates can help explain BSV in PK parameters, the Wald test (automatically performed by 
MonolixSuite) was used to check if the associated beta coefficient is not zero (ie, H0: the beta parameter estimated by 
SAEM is equal to zero). Then the covariate was added to the model if it was biologically plausible and there was an 
improvement in the base model. To assess the latter, a decrease in BSV in the parameter and a decrease in the objective 
function (log-likelihood value), with significance levels of 0.05 and 0.01 (χ2 distribution with one degree of freedom) for 
forward inclusion and backward elimination, respectively, were used.

A Shapiro Wilk test is used for testing the normality of the residuals. The null hypothesis is (H0: the residuals are 
normally distributed).

All analyses other than the population PK were generated using the R software. The results are expressed as median 
[interquartile range]. Data were described as the median and range for continuous variables and as the number (%) for 
categorical variables, as appropriate. Graphical presentations were performed using the R software.

The dataset used in this study comprises two observations per person for some patients. These repeated measures with 
two levels of variability (BSV and residual) may not be independent and hence violation of observational independence is 
a concern. However, this concern was dealt with by applying the nonlinear mixed-effects modeling approach (multi-level 
model analysis). As per the United States Food and Drug Administration guidance for population pharmacokinetic 
analysis, the nonlinear mixed-effects modeling analysis can be applied in situations where repeated measurements are not 
performed on all or any of the subjects (data-sparse situation), or on data that may be unbalanced.16

Results
Patient Characteristics
The dataset consisted of 194 observations from 99 adult patients of which 67% (n = 66) are males. For all patients, the 
median CLcr was 12.7 mL/min (IQR: (5.52–25.78)); there were 129 trough concentrations with a median of 16.22 mg/l 
(IQR: 11.1–26.53), and 65 peak concentrations with a median of 29.35 mg/l (IQR: 22.38–37.36). The trough concentra
tion was sampled 30 min prior to the next dose, while the peak concentration was sampled 1 hr after the dose. Patients 
received fixed doses (500–1000 mg) that were administered 1 to 2 times per day. No samples were reported below the 
quantitation limit. A summary of patient characteristics is provided in Table 1.

Model Development
Summaries of model development procedures are presented in Table 2. A one-compartment model with first-order 
elimination best characterized vancomycin’s PK. The inclusion of CLcr and SCR decreased the OFV by 49.7 and 43.7 
points, respectively. No other significant association of vancomycin CL with age, sex, blood urea nitrogen, and serum 
albumin was identified. There was no influence of screened covariates on V. The omega value (BSV standard deviation) 
for CL decreased from 0.66 to 0.46 and 0.49 after the addition of CLcr and SCR covariate effects, respectively. Given the 
larger drop in BSV and OFV, the model with CLcr was selected as the final model.

The final model estimates with bootstrap results are shown in Table 3. All PK parameters estimated from the final 
model had relative standard errors that were ˂ 20%.
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The final model equations are shown in Equations 4 and 5.

When the patients were divided into five different groups based on CLcr levels, a categorical increase in vancomycin 
CL was also observed with increasing CLcr (Figure 1).

Table 1 Summary of Patient Characteristics

Characteristics Data Range

Number of observations (Trough/Peak) 194 (129/65) –

Trough concentrations, Median (IQR) (mg/l) 16.22 (11.1–26.53) 4.41–53

Peak concentrations, Median (IQR) (mg/l) 29.55 (22.38–37.36) 11.5–62.5

Number of subjects 99 –

Sex (Male/Female) 66/33 –

Age, Median (IQR) (Year) 65 (50–75) 18–90

Serum creatinine, Median (IQR) (mg/dl) 1.2 (0.7–2.5) 0.2–9.5

Serum albumin, Median (IQR) (g/dl) 2.5 (2.1–2.9) 1.4–4.1

Blood urea, Median (IQR) (mg/dl) 52 (26.1–89) 5–215

Creatinine clearance, Median (IQR) (mL/min) 12.7 (5.52–25.78) 1.4–107.5

Abbreviation: IQR, interquartile range.

Table 2 Summary of the Model Development Process

Model Model Description OFV ΔOFV P value

Forward Inclusion

1 Base Model 1411.35

2 Add logSCr on CL in Model 1 1367.62 −43.73 <0.05

3 Add logCLcr on CL in Model 1 1361.66 −49.69 < 0.05

4 Add Age in CL in Model 1 1394.45 −16.9 < 0.05

5 Add Blood Urea Nitrogen in CL in Model 1 1382.51 −28.84 < 0.05

6 Add Albumin in V in Model 1 1410.49 −0.86 > 0.05

7 Add Albumin in CL in Model 1 1411.05 −0.3 > 0.05

8 Add Age on CL in Model 3 1361.6 − 0.06 > 0.05

9 Add Blood Urea Nitrogen on CL in model 3 1361.28 −0.34 > 0.05

10 Add Albumin in V in model 3 1360.59 −1.07 > 0.05

Backward elimination

11 Remove CLcr on CL in Model 3 1411.601 49.9 > 0.01

Abbreviations: logSCr, log serum creatinine; CL, clearance (L/h); V, volume of distribution (L); OFV, objective 
function; ΔOFV, increase/decrease in OFV.
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Model Evaluation
Figures 2–4 show the diagnostic GOF plots for the vancomycin final model. The relative standard error (RSE) of the 
parameter estimates (shown in Table 3) reveals that all parameters were precisely estimated. The VPC showed a good 
correlation between the percentile intervals obtained by simulation in the final model and those of the observed data 
(Figure 5). The performance of the model’s predictions was validated using the NPDE. Based on quantile plots 
(Figure 3), NPDE distribution, and outcomes of statistical tests, the NPDE had homogeneity of variance and a normal 
distribution. The Shapiro–Wilk test showed that NPDE distribution was normal (W=−0.117, p-value>0.906). The 
bootstrap analysis results, and bias are recorded in Table 3. Figure 6 shows a boxplot of the bootstrap results for the 
population estimates.

Model Application
The results of the Monte Carlo simulation of vancomycin for the five CLcr groups are shown in Table 4. Loading doses 
of 1500 and 1800 mg for the groups with a CLcr of 10–19 mL/min and 20–59 mL/min, respectively, were applied. The 
median of probability target attainment of efficacy (AUC24-48 > 400 mg.h/L) ranged from 66% to 74%, while the median 
risk of overexposure (AUC24-48 > 600 mg.h/L) was 20% to 30%. With the indicated regimens, a total of 45% (95% CI; 
42.11–47.36%) of patients would reach the AUC target interval on the second day of medication.

Table 5 displays the outcomes of the second batch of simulations that aimed for an AUC24-48 > 400. Higher dosages 
and a reduction in underexposure would be linked with this approach, but it would also increase the likelihood of AUC 
exceeding the upper bound.

Discussion
We developed a population PK model for vancomycin in Sudanese adult patients. To the authors’ knowledge, this is the 
first study focused on characterizing vancomycin’s PK in Sudanese patients. The present study shows that the PK of 
vancomycin in Sudanese patients is properly characterized by a one-compartment model. This is aligned with the 
previously reported models.16–21 CLcr was identified as the main covariate explaining the PK variability in vancomycin 
CL. When the patients were divided into five different groups of CLcr levels, a categorical increase in vancomycin CL 
was observed with increasing CLcr. Using the final model for simulation, we identified a simulated optimal dose to attain 

Table 3 Population Pharmacokinetic Parameter Estimate from Final Model and 
Bootstrap Validation

VALUE Monolix Bootstrap

S.E. R.S.E. (%) Median 2.5th 97.5th

Fixed Effects

V_pop (L) 65 6.12 9.41 66.78 62.49 71.18

CL_pop (L/h) 2.02 0.13 6.40 2.004 1.92 2.08

beta_CL_logtCLcr 0.49 0.064 13 0.488 0.443 0.541

Standard Deviation of the Random Effects

omega_V 0.39 0.081 19.3 0.42 0.35 0.49

omega_Cl 0.46 0.061 12.5 0.45 0.41 0.49

Standard Deviation of the Proportional Error

b 0.28 0.023 8.26 0.28 0.26 0.29

Notes: V_pop and CL_pop; Typical value estimates of V and CL respectively, omega_V and omega_Cl: 
standard deviation of random effects of V and CL respectively, beta_CL_logtCLcr; fixed effect of CLcr on 
CL, b; standard deviation of proportional error model. Vi ¼ Vpop�eηi , Cli ¼ Clpop� CLcrð Þ

0:49
�eηi.
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serum target concentration with a potential safe range of steady-state trough plasma concentration using patients’ rate of 
creatinine clearance.

The final model’s typical CL and V values were both within the range reported in the literature.7 The estimated CL 
(2.02 L/h) was nearly identical to what is seen in other population studies.19,22,23 The typical value of V (65 L) was 
comparable to previously reported values.18,22,24 During the covariate selection process, the OFV value decreased by 
50.22 points (p>0.001) when CLcr was added to the model. Previous studies have reported serum creatinine CLcr as an 
important covariate explaining BSV in vancomycin’s CL.25–27 The addition of sex as a covariate for CL showed 
a reduction in the OFV of 6.03 points (p > 0.05) in the forward addition step, but in the backward deletion step, this 
covariate was not statistically significant, so it was removed from the model (p<0.01).

CLcr was predominantly included as an important influential covariate on vancomycin CL in previous population 
models.22,23,28–31 Most of the reported vancomycin population pharmacokinetics (PPK) models used CLcr calculated by 
the Cockcroft–Gault formula, which is influenced by age, weight, sex, and SCR.7 The data lacked some patient 
information, such as body weight and height, which made the calculation of creatinine clearance using the Cockcroft- 
Gault equation not possible. In this study, CLcr was estimated using a method developed by Bjornson, where it showed 
that most patients had renal dysfunction.13 The inclusion of CLcr instead of SCR on CL explained the BSV in 
vancomycin clearance better, with an omega CL value of 0.46 in comparison to 0.49.

We simulated different dose regimens to investigate the PTA considering safe dose regimens assuming MIC of 
1mg/l. A previous study recommended maintenance dose regimens ranging from 875 to 1400 mg (12.5–20 mg/kg) to 
achieve an AUC24-48 > 400 and <600 mg.h/L in patients with the same CLcr ranges (10–60 mL/min) with 46.6% of the 

Figure 1 Simulated individual vancomycin clearance versus creatinine clearance.
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overall patients within the target AUC in comparison to 45% reported in our study.32 With regard to the CLcr 
subgroups, the simulated dosage regimen based on our model showed a lower range of doses of 200–400 mg in 
comparison to 875–1050 mg in the patients with CLcr range 10–29 mL/min, and a higher range of dose 1295–1650 mg 
in comparison to 1225–1400 mg in the patients with CLcr range 40–59 mL/min, to achieve comparable targets of 
AUC24-48 of that study.

A simulation using a loading dose of 1800 mg in patients with CLcr range 10–19 mL/min showed a median risk of 
exposure (ie, AUC24-48 > 600) of about 35% in comparison to 20% of the patients with a loading dose of 1500 mg with 
an overall target interval (ie, AUC24-48, 400–600 mg.h/L) of 45% and 46% of the patients, respectively. Therefore, 
a loading dose of 1500 mg was chosen for the dosage regimen simulation of these patients. The PK profile of the group 

Figure 2 Individual and conditional weighted residuals versus time after the last dose (TAD) for the final model. 
Notes: (A) Individual weight residual error (IWRES) vs time after first dose. (B) Conditional weight residual error (CWRES) vs time after first dose.
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with a CLcr of 10–29 mL/min showed a high susceptibility to vancomycin accumulation after the loading dose. This 
suggests that the selection of the maintenance dose regimen should be guided by plasma concentration measurement in 
this patient group. In Table 5, the results of a different method of dosing that focused primarily on minimizing 
underexposure to achieve a probability target > 90% led to greater daily dosages of 1200 to 2650 mg.

One of the main limitations of this study is its retrospective design. Since the data was collected for TDM purposes, 
only trough and peak samples were available, and no measurements were made at other time points. In addition, some 
patient information, such as body weight and height, was not included because they were not recorded in patient files, 
which made the calculation of creatinine clearance using the Cockcroft-Gault equation not possible. Some patients’ 

Figure 3 Normalized prediction distribution error (NPDE) plots of the observed concentrations and the final model (mean, −0.04612 [P >0.05]; variance, 0.8686326 [P > 
0.05]). 
Notes: (A) Histogram of the distribution of normalized prediction distribution error (NPDE) plots of the observed concentrations. (B) Histogram of the distribution of 
normalized prediction distribution error (NPDE) plots of the individual weighted predicted concentrations (IWRES) of the final model.
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characteristics that the study did not address might also affect the findings. These include vancomycin indications that are 
necessary to specify therapeutic targets accordingly; percentage of patients used vancomycin based on bacterial culture; 
information about using other nephrotoxic medications that may act as a covariate for nephrotoxicity; and clinical 
outcomes. In the current study, most of the patients included had renal impairment and the simulations were restricted at 
a Clcr of up to 59 mL/min. This may limit the generalizability of the findings to patients with similar patient 

Figure 4 Plot of the individual and population predictions versus observations for the final model. 
Notes: (A) Observations vs individual prediction (OBS-PRED). (B) Observations vs population predicted concentrations (OBS-IPRED).

Figure 5 Visual predictive check (VPC) for vancomycin concentration versus time after first record for the final model. The dashed and solid black lines represent the 5th, 
50th, and 95th percentiles of the observed data. The shaded regions represent the 95% confidence intervals around the 5th, 50th, and 95th percentiles of the simulated data.
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characteristics as in this study, and not those with normal renal function or patients with augmented renal clearance such 
as patients in intensive care units where vancomycin is commonly used. Additionally, the current study involved a small 
sample of patients. This may also affect the generalizability of the results in the population under investigation. Future 
studies with large sample sizes and more comprehensive patient data are recommended to further investigate the 
outcomes.

Figure 6 Bootstrap result for final model. 
Notes: (A) V_pop: Typical value estimates of volume of distribution. (B) Cl_pop; Typical value estimates of clearance. (C) beta_Cl_logtCLcr; Fixed effect of creatinine 
clearance on CL. (D) omega_V: Standard deviation of random effects of volume of distribution. (E) omega_Cl: Standard deviation of random effects clearance. (F) b: 
Standard deviation of proportional error model.
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Table 4 Optimal Maintenance Dose Based on Simulations with the Final Model

CLcr Group Ranges 
(mL/min)

Optimal Maintenance Dose 
(mg/24 h) a

AUC24–48 (mg·h/L) b PTA for AUC24–48 > 400 
(mg·h/L) c

400 < AUC24–48 < 600 
(mg·h/L) c

PTA for AUC24–48 > 600 
(mg·h/L) c

Vd Median  
[95% Interval] L d

CL Median  
[95% Interval] L/h d

50–59 1650 491.78 [263.77–864.72] 0.72 0.44 0.28 66.14 [49.83–87.06] 4.28 [3.11–5.91

40–49 1300 492.39 [267.29–860.49] 0.73 0.44 0.28 65.64 [49.49–86.25] 3.88 [2.81–5.35

30–39 1000 503.46 [279.27–863.8] 0.74 0.45 0.3 65.97 [49.77–87.21] 3.42 [2.5–4.7

20–29 400 489.89 [275.18–842.12] 0.73 0.46 0.27 66.07 [50.11–87.05] 2.9 [2.09–4

10–19 200 455.62 [259.25–778.99] 0.66 0.46 0.2 65.28 [49.7–86.17] 2.22 [1.61–3.06

Notes: aAll vancomycin maintenance dosages were simulated after loading doses of 1800 and 1500 mg for the CLcr (20–59) and (10 −19) mL/min respectively. bAUC24–48 corresponds to the AUC estimated during the second day of 
therapy with results reported as median (95% tolerance interval). cPTA are given as proportions. dPK parameters (volume of distribution and clearance) for the simulated individuals reported as median (95% tolerance interval).
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Table 5 PK/PD Simulation for Probability of Target Attainment > 90%

CLcr Group Ranges  
(mL/min)

Optimal Maintenance Dose  
(mg/24 h)a

AUC24–48 (mg.h/L)b PTA for AUC24–48 > 400  
(mg.h/L)c

PTA for AUC24–48 > 600  
(mg.h/L)c

Vd Median  
[95% Interval] Ld

CL Median  
[95% Interval] L/hd

50–59 2650 578.07 [312.9–1012.21] 0.85 0.46 66.14 [49.83–87.06] 4.28 [3.11–5.91

40–49 2300 583.75 [320.18–1014.78] 0.86 0.47 65.64 [49.49–86.25] 3.88 [2.81–5.35

30–39 2000 601.18 [337.56–1026.61] 0.89 0.50 65.97 [49.77–87.21] 3.42 [2.5–4.7

20–29 1400 595.76 [339.32–1019.1] 0.88 0.49 66.07 [50.11–87.05] 2.9 [2.09–4

10–19 1200 574.12 [330.62–975.46] 0.87 0.45 65.28 [49.7–86.17] 2.22 [1.61–3.06

Notes: aAll vancomycin maintenance dosages were simulated after loading doses of 1800 and 1500 mg for the CLcr (20–59) and (10 −19) mL/min respectively. bAUC24–48 corresponds to the AUC estimated during the second day of 
therapy with results reported as median (95% tolerance interval). cPTA are given as proportions. dPK parameters (volume of distribution and clearance) for the simulated individuals reported as median (95% tolerance interval).
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Conclusion
A population PK model of vancomycin was developed using data obtained from adult Sudanese patients. The influence of CLcr 
on vancomycin CL was quantified to help vancomycin dose individualization. Model-based optimized doses achieve comparable 
outcomes reported in literature and can aid clinicians in selecting initial vancomycin doses that will maximize the rate of response 
with potentially safe plasma concentrations, considering the patient’s CLcr and the susceptibility of Staphylococcus aureus.
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