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A

DOSE RECOMMENDATIONS 
PRESENTED IN THIS THESIS

Throughout this thesis, dose recommendations have been proposed for gentamicin, 
tobramycin and vancomycin based on studies in adult obese individuals with and without 
renal impairment (gentamicin) or without renal impairment (tobramycin and vancomycin), 
and in obese and non-obese children and adolescents with and without renal impairment 
(vancomycin). These dose recommendations are summarized in this appendix together with 
a short description of their applicability. 

Gentamicin dose recommendations for adult obese individuals
Dose recommendations for gentamicin are based on studies in obese and non-obese healthy 
volunteers (Chapter 3) combined with a real-world population of obese individuals with and 
without renal dysfunction (Chapter 6). The final dose recommendation as presented in Chapter 6 
are shown in Table 1. Included patients (n = 524) had a total body weight (TBW) between 53 and 
221 kg and renal functions based on the Chronic Kidney Disease Epidemiology equation (CKD-
EPI) between 5.1 and 141.7 mL/min/1.73 m2. The developed pharmacokinetic model was externally 
validated in an additional dataset from a second hospital with similar weight and renal function 
ranges (n = 321, total body weight 69 – 180 kg, CKD-EPI 5.3 – 130.0 mL/min/1.73 m2). With this data 
we designed dose recommendations in which mg/kg dose reductions and interval extensions 
were incorporated based on the renal function measured with CKD-EPI (Table 1). Monte Carlo 
simulations showed that using the dose recommendations from Table 1, similar exposure compared 
to lean individuals, receiving the EUCAST recommended dose of 6 mg/kg total body weight, is 
expected for all obese individuals regardless of renal function (Chapter 6, Figure 2). 

Table 1. CKD-EPI based dosing for gentamicin in obese individuals with varying renal function 
(expressed as CKD-EPI), relative to standard dose of 6 mg/kg TBW for lean individuals with a normal 
renal function (> 60 mL/min/1.73 m2). This table is also shown in Chapter 6, Table 3.

Obese individuals >100 kg (non-ICU patients)a Lean 
individuals 
<100 kg 
(reference)

CKD-EPI (mL/min/1.73 m2) >120 90 – 120 60 – 90 30 – 60 <30 >60 

Gentamicin dose, mg/kg 
(based on TBW in kg)

6 (100 %) 4.8 (80 %) 3.6 (60 %) 2.4 (40 %) 1.8 (30 %) 6 (100 %)

Dose interval (h)b 24 24 24 24 – 36 36 – 48 24
a Consider 25% dose reduction in ICU patients for all CKD-EPI groups.
b Based on time to reach the target trough concentration (<1 mg/L). We recommend to individualize 
dosing using therapeutic drug monitoring
CKD-EPI Chronic Kidney Disease Epidemiology, TBW total body weight.
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Tobramycin dose recommendations for adult obese individuals
Dose recommendations for tobramycin presented in this thesis are based on studies in 
non-obese and obese healthy volunteers (Chapter 4). Using a pharmacokinetic model that 
was developed using prospectively collected data from 28 individuals (TBW 57-194 with an 
estimated renal function >60 ml/min, using the Modification of Diet in Renal Disease [MDRD, 
non-obese] or LBW in the Cockcroft Gault formula [obese]) a dosing nomogram was developed 
(Figure 1). In this nomogram, the tobramycin dose was based on the de-indexed MDRD, where 
the individual’s MDRD is multiplied by the body surface area (BSA)/1.73, while targeting an 
AUC24h of 75 mg*h/L. This target has been proposed for tobramycin in treating pathogens 
with a MIC of 0.25 – 1 mg/L, as it has shown to have the best balance between effectiveness 
and toxicity. When this dose strategy is employed in the obese, a stable median AUC24 up to 
190 kg without trends can be expected with outer ranges lying around ~75% to ~125% relative 
to the target of 75 mg*h/L (Chapter 4, Figure 4). Some remarks should be made regarding the 
dose nomogram. First, the tobramycin dose nomogram shows dose recommendations for 
de-indexed MDRD values between 30-250 mL/min. However, the model is based on a dataset 
with MDRD values of 77 to 171 mL/min and as such, dose recommendations outside of this 
MDRD-range (depicted with grey area’s in the figure) should be interpreted with caution. 
Second, we have shown in the discussion (Chapter 8) that both the dosing guidelines from 
Table 1 (proposed for gentamicin based on individuals with and without renal impairment) 
and Figure 1 (proposed for tobramycin based on individuals without renal impairment) lead 
to similar doses with the exception of a subgroup of patients with CKD-EPI <50 ml/min/1.73 
m2, based on simulations in a population of 10.000 subjects with body weights from 100 – 220 
kg, and randomly assigned CKD-EPI values varying from 7 – 133 ml/min/1.73 m2. As such, it 
appears feasible to also use the gentamicin recommendations (Table 1) for tobramycin as well. 
However, this remains to be prospectively evaluated in future research.

Vancomycin dose recommendations for adult obese individuals
In Chapter 5, we present dose recommendations for vancomycin for adult obese individuals. 
These recommendations are based on a prospective study in non-obese and obese healthy 
volunteers (n = 28, TBW 60 – 235 kg). All individuals had an estimated renal function > 60 
ml/min, calculated using the Cockcroft-Gault (CG) formula with lean body weight (LBW) 
for obese or with TBW for non-obese. With a population pharmacokinetic model based on 
this data we explored several dosing strategies, where best results (highest probability of 
having a AUC24h between 400 – 700 mg*h/L on day 3) were obtained using a dose of 35 mg/
kg TBW (maximized at 5500 mg/day) (Chapter 5, Figure 3). As these dose recommendations 
only apply to individuals without renal impairment, and they were based on single dose 
pharmacokinetics, the model could benefit from addition of TDM data from clinical practice 
similar to gentamicin. 
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Figure 1. Dosing nomogram for tobramycin dose (in mg) based on the final tobramycin population PK 
model in non-obese and obese patients with body weights ranging from 57–194 kg and de-indexed 
MDRD values (calculated as MDRD * body surface area (BSA)/1.73) ranging from 77 to 171 mL/min, 
aiming for an AUC24 of 75 mg*h/L. The recommended tobramycin dose is calculated using equation: 
Dose (mg) = AUC24, target * 6.33 * (1 + 0.099 * [MDRD – 115]), where AUC24, target is the target AUC24 in mg*h/L 
of 75 and MDRD represents the de-indexed MDRD in mL/min. Since the PK data consists of MDRD 
values from 77 to 171 mL/min, dose recommendations extrapolation to values outside these should be 
interpreted with caution (grey area in the nomogram). This figure is also shown in Chapter 4, Figure 5. 
MDRD Modification of Diet in Renal Disease. 

Vancomycin dose recommendations for non-obese and obese children and adolescents 
with and without renal impairment
A dosing guideline for vancomycin that can be used for all children and adolescents aged 1 – 18 
years was presented in Chapter 7. For these recommendations a pharmacokinetic study was 
conducted using retrospectively collected data in 1892 children aged 1 – 18 years who were 
treated with vancomycin. This resulted in a population with a wide age and weight range, 
i.e. TBW between 6 – 188 kg, in which 13% and 16% was overweight or obese, respectively, and 
estimated creatinine clearance (based on the bedside Schwartz equation) was as low as 8.6 ml/
min/1.73m2. A dosing guideline was designed that bridges existing guidelines for non-obese 
children without renal impairment (i.e. the paediatric IDSA guideline recommending 15 mg/
kg four times daily) and our earlier developed recommendations for obese adults without 
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renal impairment as presented in Chapter 5 (i.e. 35 mg/kg per day maximized at 3500 mg/day), 
with dose adaptations for renal impairment and obesity. The proposed guideline is shown in 
Table 2. Using this dosing strategy, we demonstrated that target exposure (AUC24h 400 – 700 
mg*h/L on day 3) can be expected throughout the entire population for any given weight 
and renal function (Chapter 7, Figure 5). One remark here is that in this study we included a 
relatively low number of individuals with renal functions <30 ml/min/1.73 m2 (n = 12). As such, 
extra caution is necessary when the dose recommendations are used in this subpopulation.

Table 2. Dosing guideline for intermittent dosing of vancomycin in children and adolescents aged 
1 – 18-years based on total body weight and renal function according to bedside Schwartz. This table 
is also shown in Chapter 7, Table 3.

Schwartz creatinine 
clearance (mL/
min/1.73 m2)

Total body weight (kg) Relative 
daily 
dose (%)<30 30 – 70 >70

>90 15 mg/kg every 6 h 15 mg/kg every 8 h 18 mg/kg every 12 h 100%

50 – 90 11 mg/kg every 6 ha 11 mg/kg every 8 ha 12 mg/kg every 12 ha 70%

30 – 50 5 mg/kg every 6 ha 5 mg/kg every 8 ha 6 mg/kg every 12 ha 35%

10 – 30 5 mg/kg every 12 ha 3 mg/kg every 12 ha 3 mg/kg every 12 ha 15%
a First dose is 15 mg/kg.
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