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a b s t r a c t 

Objectives: Despite extensive clinical use, limited data are available on optimal loading and maintenance 

doses of vancomycin in critically ill patients. This study aimed to develop a rational approach for opti- 

mised dosage of vancomycin given in a continuous infusion in critically ill patients. 

Methods: Vancomycin pharmacokinetic (PK) data (total serum concentrations) were obtained from 55 

intensive care unit (ICU) patients (Bach Mai Hospital, Hanoi, Vietnam) receiving a 20 mg/kg loading dose 

followed by continuous infusion stratified by creatinine clearance (CLCr). Population PK modelling and 

Monte Carlo simulations were performed using a nonlinear mixed-effects modelling (NONMEM) program 

for a target of 20–30 mg/L to optimise efficacy and minimise nephrotoxicity. 

Results: A two-compartment model with first-order elimination best fitted the PK data with central 

and peripheral volumes of distribution of 1.01 and 2.39 L/kg, respectively (allometric scaling to a 70 kg 

standard subject). The population total clearance of 3.63 L/h was only explained by renal function in 

the covariate and final model. The simulations showed that a 25-mg/kg loading dose infused over 90 

minutes was optimal to reach the target range. The optimal maintenance dose for low renal function 

(CLCr < 45 mL/min) was 10 0 0–150 0 mg/day. For augmented renal clearance (CLCr > 130 mL/min) the 

dose should be up to 3500 mg/day or even 4500 mg/day to achieve adequate exposure. These simulated 

maintenance doses were larger than previously proposed for non-ICU patients. 

Conclusion: Large loading and maintenance doses of vancomycin are generally needed in critically ill 

patients. Because of high interindividual variability in vancomycin PK, drug monitoring may still be nec- 

essary. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

Despite the approval of several new anti-Gram-positive agents,

vancomycin remains a mainstay treatment for infection caused by
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ethicillin-resistant Staphylococcus aureus ( S. aureus ) (MRSA) or

nterococci in hospitalised patients; however, it requires careful

nd continuing dosage adjustments [1-4] . The AUC 0-24 /MIC (ra-

io of the area under the 24-h drug concentration-time curve to

he minimal inhibitory concentration of vancomycin against the

resumed bacterial pathogen) of vancomycin best predicts op-

imal microbiological response and favourable clinical outcome

5-8] . Yet, variations of its distribution and elimination parameters

n critically ill patients [9-11] often calls for substantial changes
rved. 
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Table 1 

Patient characteristics (n = 55). 

Characteristics Values 

Demographic data 

Sex (male), n (%) 36 (65.5) 

Age (years) 55 ± 18 

Actual body weight (kg) 55.9 ± 11.1 

Clinical characteristics (when vancomycin was started) 

APACHE II score 14 [8–19] 

SOFA score 4 [3–6] 

Charlson comorbidity index 1 [1–3] 

Baseline Clcr (mL/min) 76.5 ± 36.4 

Mechanical ventilation, n (%) 36 (65.5) 

Vasopressor, n (%) 6 (10.9) 

Septic shock, n (%) 4 (7.3) 

Concomitant use of nephrotoxic agents, n (%) 

Furosemide 31 (56.4) 

Non-steroid anti-inflammatory drugs 9 (16.4) 

Renin-angiotensin-aldosterone system inhibitors 5 (9.1) 

Amphotericin B 1 (1.8) 

Contrast medias 1 (1.8) 

Vancomycin usage/sampling 

Loading dose (mg/kg) 19.7 ± 2.3 

Daily maintenance dose (mg) 2261 ± 1052 

Vancomycin treatment duration (days) 6 [5–11] 

Blood samples per patient 4 [3–6] 

MIC isolated pathogens (n = 7) ( ∗) 

MIC 0.5 mg/L 2 (28.6) 

MIC 0.75 mg/L 2 (28.6) 

MIC 1 mg/L 3 (42.8) 

Data are presented in n (%) for binominal variables, mean ± standard 

deviation for normal distribution or median [interquartile range] for 

non-normal distribution variables 

MIC: minimum inhibitory concentration; ( ∗): Staphylococcus aureus (5) 

and Enterococcus spp. (2) 

Clcr: clearance creatinine estimated from Cockcroft-Gault equation 
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n both initial and maintenance dosing. While vancomycin was

riginally recommended for administration by intermittent infu-

ion (II), several studies have shown that continuous infusion

CI) is as effective [12] , while greatly facilitating therapeutic drug

onitoring (TDM) [11,13] . In addition, while high peak levels of

ancomycin are unnecessary, controlling its steady state plateau to

 sufficiently low level can subside nephrotoxicity [7,12,14] . How-

ver, initiation of a vancomycin CI calls for a loading dose that

uickly reaches blood levels of 20–30 mg/L [11,15] to cover iso-

ates with vancomycin MICs of 1–2 mg/L. Thus, loading doses of

5–20 mg/kg are often recommended [11,12] but may frequently

ead to subtherapeutic concentrations [15-18] . A simulation study

sing a one-compartment model applied to critically ill patients

howed that a loading dose of 35 mg/kg could be necessary [15] ,

ut also resulted in a large proportion of patients with supra-

herapeutic vancomycin concentrations [16] . Conversely, patients

ith augmented renal clearance (ARC) could experience subopti-

al exposure [16-18] . This has triggered population pharmacoki-

etic (PK) modelling and simulation studies to identify which

oading and maintenance vancomycin doses could be optimal in

ritically ill patients. The current study observed that a larger load-

ng dose than often proposed in current practice is necessary, as

ell as a large maintenance dose in cases of ARC. Yet, TDM re-

ains essential to ensure optimised therapy 1 . 

. Methods 

.1. Patient population 

This observational study prospectively collected information

rom medical records of patients admitted to the intensive care

nit (ICU) of the Bach Mai hospital, Hanoi, Vietnam, and suffer-

ng from (or suspected of) an infection for which vancomycin was

ndicated. The decision to use CI, initial dosing (loading dose), and

urther dose adjustment (during CI) were according to the inter-

ally approved hospital protocol and based on an earlier publica-

ion [8] . Excluded patients were those with: (i) age < 18 years; (ii)

regnancy or lactation; (iii) previous use of vancomycin II within

8 hours before initiating CI; (iv) CI of vancomycin for < 24 hours;

nd (v) renal replacement therapy or extracorporeal membrane

xygenation. Key characteristics of all enrolled patients ( Table 1 )

ere recorded. 

.2. Therapeutic drug monitoring program 

Vancomycin was assayed in plasma by homogenous enzyme

mmunoassay (Cobas c 501 systems, Hoffman-La Roche, Basel

witzerland; analytical range: 1.7–80 mg/L). Most treatments with

ancomycin were started empirically with a 20 mg/kg loading dose

over 60–120 minutes). The maintenance dose was then set using

alculated (Cockcroft-Gault) creatinine clearance (CLCr) and follow-

ng a previously published algorithm (Supplementary Material in

eference [8] ). A first vancomycin level was obtained within 12–24

ours and the infusion rate was increased or combined with a sec-

nd loading dose if this level was < 20 mg/L or decreased or dis-

ontinued for 6 hours before resuming with a lower infusion rate if

 30 mg/L [8] . Additional levels were obtained over the next days

ith corrections of the infusion rate made until the targeted con-

entration range (20–30 mg/L) was obtained, after which samples

ere collected on the next 3 days to check for level variations. 
1 A preliminary account of these findings was presented at the 29th Euro- 

ean Congress of Clinical Microbiology and Infection (29th ECCMID; presentation 

1160 - Session ‘PK/PD to guide dosing in special populations’ - 16/04/2019 –

vailable for download from http://www.facm.ucl.ac.be/posters/2019/29th-ECCMID/ 

u- et- al- oral- O1160- ECCMID2019.pdf ). 

P

w  

P  

t  

w

.3. MIC determinations 

S. aureus and Enterococcus isolates from the collected speci-

ens were stored at –70 °C before testing and MICs were deter-

ined with vancomycin MIC Test Strips (Liofilchem S.r.L., Roseto

egli Abruzzi, Italy) using Mueller-Hinton agar medium (BD [Bec-

on, Dickinson and Co.], Franklin Lakes, NJ, USA) with incubation

nder ambient air at 35 ± 2 °C ( https://clsi.org/ ). 

.4. Population pharmacokinetic modelling 

Population PK analysis was carried out using the nonlinear

ixed-effects modelling program (NONMEM Version VI) (double

recision; ICON Development Solutions, LLC, Ellicott City, MD),

ith G77 Fortran for compilation and execution, and with Perl-

peaks-NONMEM (PsN) tool kit and Xpose (Version 4) for statis-

ical and graphic model evaluation [19,20] . 

.4.1. Population parameter estimation 

The population parameters of vancomycin were assessed us-

ng the first-order conditional estimation with interaction method.

oth one-compartment and two-compartment models with first-

rder elimination were tested to describe the concentration-time

ata of vancomycin. The PK analyses were parameterised using vol-

me(s) of distribution and clearance(s). The interindividual vari-

bility ( η) in PK parameters was described by an exponential

odel: 

 i = P pop • exp ( ηi ) (1) 

here P i is the value of the PK parameter P in the ith individual,

 pop is the population estimation of P, and ηi quantifies the devia-

ion of P i from P pop ; η is assumed to be a normal random variable,

ith a mean of 0 and variance of ω². 

http://www.facm.ucl.ac.be/posters/2019/29th-ECCMID/Vu-et-al-oral-O1160-ECCMID2019.pdf
https://clsi.org/
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An additive, proportional, or a combined proportional and ad-

ditive error model was used to describe the residual unexplained

variability ( ε): 

Y = IPRED + ε add (2)

Y = IPRED • (1 + ε prop ) (3)

Y = IPRED • (1 + ε prop ) + ε add (4)

where Y is the observed concentration, IPRED is the individual pre-

dicted concentration without residual error, and εprop (proportional

component) and εadd (additive component) quantify the deviation

of Y from IPRED; ε is assumed to be a normal random variable,

with a mean of 0 and a variance of σ ². To enable further com-

parison with results from other patient populations and make the

conclusions normative, an allometric weight model was applied for

scaling PK parameter values to a standard body weight of 70 kg

[21,22] : 

P i = P std •
(

W T i 

W T std 

)PWR 

(5)

where P i is the PK parameter in the ith individual, WT i is the

weight in the ith individual, P std is the weight standardised value

of the PK parameter in an individual with a standard weight

(WT std ) of 70 kg; PWR exponent was 1 for volume of distribu-

tion(s) and 0.75 for clearance(s) [23] . 

Competing models were evaluated using the NONMEM ob-

jective function value (OFV), precision of estimates, and basic

goodness-of-fit plots (i.e. observed vs. predicted concentrations,

conditional weighted residuals vs. predicted concentrations and vs.

time after dose) [24] . Parameter uncertainty was expressed as the

relative standard error of estimates (RSE). 

The following patient-specific covariates were tested for influ-

ence on PK parameter estimates: sex; age; renal function; Acute

Physiology, Age, Chronic Health Evaluation II (APACHE II) score; Se-

quential Organ Failure Assessment (SOFA) score; and ventilation.

Renal function was assessed from the Cockcroft-Gault equation, us-

ing a standard creatinine clearance of 100 mL/min for a nominal

70-kg subject: 

RF = 

CLC r i 
CLC r std 

(6)

CLC r i = 

( 140 − age ) • W T std 

SCr • 72 

• ( 0 . 85 if female ) (7)

where CLCr i is the creatinine clearance of the ith individual, CLCr std 

is the standard creatinine clearance of 100 mL/min, WT std is the

standard weight of 70 kg, and SCr is the serum creatinine (mg/dL).

Individual Bayes estimates of PK parameters were generated,

and covariate-PK parameter relationships were visually inspected

and investigated in NONMEM. The final model was built using a

two-stage approach: 

i. In the first step, covariates were separately added to the struc-

tural model using a power function. A decrease in OFV ≥ 6.64

( χ ² distribution, P ≤ 0.01, degree of freedom = 1) from the

structural model was considered statistically significant. 

ii. In the second step, a full model was built, including all covari-

ates that showed significant influence on PK parameters, from

which a backward selection was performed. Covariates which

upon deletion resulted in an increase in OFV ≥ 10.83 ( χ ² distri-

bution, P ≤ 0.001, degree of freedom = 1) were retained in the
final model. m  
.4.2. Model evaluation 

To estimate the uncertainty in population parameters, a non-

arametric bootstrap procedure was performed for the developed

odel (10 0 0 replicates/model) [20] . Predictive performance of

opulation PK models was assessed using visual predictive check

25] . 

. Simulations 

Monte-Carlo simulations based on the final population model

ere performed in two steps. This approach enabled the loading

ose to be optimised in the first step and the maintenance dose

n the second step, which should have enabled a dosing scheme to

e proposed that would allow optimal blood levels to be obtained

uring the whole treatment period. First, simulations were carried

ut to find the optimal loading dose for 10 0 0 patients receiving (i)

0 and 15 mg/kg infused in 1 hour; (ii) 20 and 25 mg/kg infused

n 1.5 h or 2 h, respectively; and (iii) 30, 35 or 40 mg/kg infused

n 3 h to select which regimen yielded the highest probability of

eaching the target concentration range. Second simulations were

erformed with the optimal loading doses in previous steps fol-

owed by a daily maintenance dose ranging from 30 0–450 0 mg,

hich was stratified by the CLCr of the patients. The CLCr was

ategorised to < 10, 10–20, 21–30, 31–45, 46–60, 61–85, 86–110,

11–130, 131–180, and 181–240 mL/min. The proportion of 10 0 0

imulated patients with concentrations at 24 h post dose attaining

he targeted concentration range were assessed to find the opti-

al maintenance dose. The simulated results were visualised us-

ng ggplot2 ( https://cran.r-project.org/web/packages/ggplot2/index.

tml ) package on R3.5.2. 

. Results 

The key characteristics of the 55 eligible patients are shown in

able 1 . Of note: (i) baseline CLCr was 76.5 ± 36.4 mL/min; (ii)

he average vancomycin loading dose was 19.7 ± 2.3 mg/kg fol-

owed by an average daily maintenance dose of 2261 ± 1052 mg

or a median duration of 6 days [IQR: 5–11]; (iii) co-administration

f one or more high-risk nephrotoxicity agents was frequent; (iv)

ICs obtained for seven organisms (five S. aureus ; two enterococci)

anged from 0.5–1 mg/L. 

Two hundred and seventy-four blood samples were collected

nd available for TDM. A two-compartment structure model with

ero-order input and first-order elimination best fitted the van-

omycin data and was therefore selected. The model was param-

terised in terms of central volume of distribution (V1), periph-

ral volume of distribution (V2), inter-compartmental clearance

Q), and total body clearance (CL). A proportional error model ade-

uately described the residual variability. The final population pa-

ameter estimates with their respective RSE are listed in Table 2 .

he estimated V1 and CL were 1.01 L/kg and 3.63 L/h, respec-

ively. The interindividual variability of these parameters was 30.2%

nd 53.1%, respectively. Only renal function could be retained in

he full and final model as a covariate to predict the CL of van-

omycin. The results of 10 0 0 bootstrap replicates presented as

edians, with 2.5th and 97.5th percentiles of each PK parameter

howing marginal differences to the estimation from the model.

asic goodness-of-fit plots are displayed in Figure 1 (no signifi-

ant bias observed). The visual predictive check plot suggested that

6.7% observed concentrations fell within the 95% prediction inter-

al (0% observed concentrations were outside the lower limit, and

.3% observed concentrations were outside the upper limit of the

5% prediction interval) ( Figure 2 ). 

A loading dose ≤ 15 mg/kg resulted in an important risk of

ancomycin concentrations < 20 mg/L. With a loading dose of 20

g/kg, about two-thirds of patients did not achieve the targeted

https://cran.r-project.org/web/packages/ggplot2/index.html
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Table 2 

Final population estimates of vancomycin in critically ill patients, and bootstrap validation. 

Parameter Unit Final model Bootstrap (n = 10 0 0) 

estimate (RSE) Median (2.5–97.5th percentile) 

Pharmacokinetic parameter 

V1 L/kg 1.01 (15.0%) 1.11 (0.80–1.40) 

V2 L/kg 2.39 (23.2%) 2.61 (1.26–13.6) 

Q L/h 1.92 (26.6%) 1.90 (0.96–3.41) 

CL L/h 3.63 (10.8%) 3.51 (2.14–4.33) 

Covariate 

P CL-RF 1.01 (18.3%) 1.06 (0.65–1.97) 

Interindividual variability 

V1 (CV) % 30.2 (41.2%) 27.6 (8.09–47.6) 

V2 (CV) % 62.0 (56.6%) 65.0 (17.8–203) 

Q (CV) % 107 (38.2%) 104 (36.3–153) 

CL (CV) % 53.1 (48.9%) 50.9 (28.7–80.8) 

Residual variability 

εprop (CV) % 41.4 (8.25%) 41.4 (38.3–45.3) 

OFV 1250 1239 

Abbreviations: RSE, relative standard error of estimates; pc, percentile; V1, central volume of distribu- 

tion; V2, peripheral volume of distribution; Q, inter-compartmental clearance; CL, total body clearance; 

P CL-RRT , fractional change on CL due to renal function (RF); CV, coefficient of variation; SD, standard de- 

viation; OFV, objective function value. 

Figure 1. Basic goodness-of-fit plots for the final model of vancomycin in critically ill patients: (a) observed concentrations vs. population predicted concentrations; (b) 

observed concentrations vs. individual predicted concentrations; (c) conditional weighted residuals vs. population predicted concentrations; (d) conditional weighted residuals 

vs. time. The x = y line is the identity line. The bold line is the LOESS smooth. The data points of each individual patient are joined by thin lines. 



706 D.H. Vu, D.A. Nguyen and I.K. Delattre et al. / International Journal of Antimicrobial Agents 54 (2019) 702–708 

Figure 2. Visual predictive check plot based on 10 0 0 critically ill patients, simu- 

lated from the final population estimates. The dashed grey lines present the 2.5th 

and 97.5th percentiles of observed data, and the solid grey line depicts the median 

of observed data. The dashed black lines present the 2.5th and 97.5th percentiles 

(denoting the 95% prediction interval), and the solid black line depicts the median 

of simulated data. The grey dots are the observed concentrations. 
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concentration range. Increasing the loading dose to 25 mg/kg or

30 mg/kg would give patients the highest probability to reach tar-

get, but a further increase would result in risk of concentrations >

30 mg/L ( Figure 3 ). 

A daily maintenance dose of 20 0 0–30 0 0 mg for patients with

CLCr from 61–130 mL/min was expected to yield vancomycin sta-

ble serum levels within the desired target range, as it did for non-

ICU patients [8] since this level is only dependent on vancomycin

clearance and not its distribution volume. However, for patients

with very low and or very high CLCr, the daily maintenance dose

in the current TDM protocol appeared to be inadequate. Thus, the

simulation suggested that the daily maintenance dose should be
Figure 3. Violin plots present simulation results of vancomycin levels at the end of loadi

infusion time (hours). The dashed lines present the upper and lower limit of targeted con
0 0 0 mg/day or 1500 mg/day in patients with CLCr ≤ 20 or 21–45

L/min, respectively. Conversely, the simulation showed that the

aily maintenance dose for patients with ARC (ClCr > 130 mL/min)

ould need to be increased (to 3500 mg/day for CLCr of 130–180

L/min, and even to 4500 mg/day for CLCr > 181 mL/min) to en-

ure that blood concentrations are reached within the desired tar-

et range ( Table 3 ). 

. Discussion 

The present study showed that the PK of vancomycin CI is

roperly described in critically ill patients by a two-compartment

odel in which CLCr is the significant covariate explaining part of

he interindividual variability in the total body clearance of this an-

ibiotic. Using the final model for simulations, it identified a load-

ng dose of 25–30 mg/kg as being optimal for attaining serum

arget concentrations of 20–30 mg/L, while higher doses resulted

n unnecessarily high concentrations. For vancomycin, reaching

lasma levels within a 20–30 mg/L range guarantees an AUC 0-24 

llowing coverage of organism(s) with an MIC of 1.2–1.8 mg/L

6] , which is reasonably in line with its current EUCAST S break-

oint ( ≤2 mg/L) and is appropriate for the strains isolated in this

tudy ( Table 1 ) and observed in the current hospital during the

hree preceding years (see Supplementary Material Figure S1). This

ould also minimise the risk of emergence of isolates with reduced

usceptibility [26,27] . However, high interindividual variations in

ancomycin PK parameters make TDM still mandatory, as advo-

ated earlier [8] , and patients with ARC require higher mainte-

ance doses. 

The first critical observation is that critically ill patients

howed a larger vancomycin distribution volume (1.01 L/kg) than

reviously estimated for non-ICU patients (0.7 L/kg [8] ) and as

mplemented in the current standard protocol and, therefore, re-

uired a higher initial loading dose. Thus, the simulation revealed

hat the loading dose of 15–20 mg/kg was insufficient to reach

he target serum concentration range [15-18] . This was expected

or a globally hydrophilic drug (vancomycin log D pH7 is ca. –2;

ttps://disco.chemaxon.com/apps/demos/logd/ ) and has been con-

idered in a previous study [9] . Thus, using a one-compartment

odel [15,28] , Roberts et al. actually reported a distribution

olume of 1.5 L/kg, requiring a loading dose of 35 mg/kg to fill

t to a concentration of 25 mg/L [15] . However, this resulted in
ng dose. The loading doses are presented as weight-based dose (kg) and respective 

centration. 

https://disco.chemaxon.com/apps/demos/logd/
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Table 3 

Percentage of simulated patient obtaining target level (20–30 mg/L) at 24 hours after a loading dose of 25 mg/kg infused 

over 2 hours followed by a maintenance dose. 

CLCr 

(mL/min) 

Maintenance dose (mg/day) 

300 500 750 10 0 0 1500 20 0 0 2500 30 0 0 3500 40 0 0 4500 

< 10 16.0% 41.2% 69.0% 74.1% 37.5% 11.3% 

10–20 4.7% 22.4% 54.9% 74.8% 54.5% 19.4% 4.4% 

21–30 8.2% 34.5% 64.9% 69.1% 31.3% 8.9% 2.5% 

31–45 13.3% 41.2% 77.4% 50.6% 19.4% 4.9% 1.3% 

46–60 17.0% 68.5% 71.5% 36.9% 13.2% 3.3% 0.9% 

61–85 38.4% 77.0% 65.6% 32.7% 13.2% 3.9% 

86–110 51.1% 79.0% 65.3% 35.1% 14.7% 5.0% 

111–130 63.5% 81.2% 63.1% 35.1% 15.2% 

131–180 21.8% 59.1% 77.4% 71.0% 48.1% 

> 181 0.9% 9.7% 37.3% 66.6% 79.1% 

Abbreviation: CLCr, creatinine clearance. 

Figures in bold: largest percentage of patients achieving the target range with the proposed maintenance dose. 

Figures in italic: actual percentage of patients that would achieve the target range if using the doses proposed for non-ICU 

patients [8] . 
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 high median drug level (44 mg/L), creating a definite risk of

oxicity if applied blindly to the whole population [16] . Using

 one-compartment model while the actual vancomycin plasma

evel has been reported to follow two-compartment or three-

ompartment kinetics [29] may lead to an overestimation of the

entral compartment volume on which the loading dose should

e computed. Thus, the two-compartment model used here (as it

est fitted the data) probably yields a more realistic estimation of

he true central distribution volume. With the proposed loading

ose of 25–30 mg/kg, approximately two-thirds of the patients

ould attain the desired plasma target range. However, because

f the interindividual variability observed in the PK model, perfect

ttainment would not be reached and TDM-based adjustments

ould be necessary. Indeed, blind increases in the loading dose

ould create a risk of supratherapeutic levels, as in the validation

tudy mentioned above [16] . Of note, due to its relatively long

alf-life, modifying the infusion rate of the loading dose will

nly have a marginal effect on the initial peak concentration of

ancomycin. The only significant covariate retained in the final

odel was renal function, with no significant effect of mechanical

entilation on the estimated PK parameters (contrary to what was

eported in a previous study of similar patient sample size [28] ). 

The second key observation is that a daily maintenance dose

f 20 0 0–30 0 0 mg was sufficient for patients with a CLCr of

1–130 mL/min, indicating that the dosing regimen used in the

urrent TDM program was already optimal for these patients.

s previously explained [8] , defining the daily maintenance dose

eeded to maintain the plasma concentration at a desired steady-

tate level during CI depends only on drug clearance and is there-

ore independent of the volume of distribution. This is why the

aily maintenance dose was expressed in mg and not, as of-

en erroneously presented by others, in mg/kg. This prevents er-

ors related to abnormally low or high patients’ weight such as

n malnutrition or obesity, or between patients with important

acial and/or dietary-related weight differences. The concern was

or ARC patients who have a high possibility of subtherapeutic van-

omycin levels, even if receiving a daily dose of 30 0 0 mg [8] (pre-

ented as 30–45 mg/kg in [16-18] ). The current simulation sug-

ested that daily doses of 350 0–450 0 mg should be considered for

uch patients, which is in line with a nomogram previously pro-

osed for critically-ill patients [30] . This may require early identi-

cation and separation of ARC patients from the general popula-

ion, but is feasible as these patients are typically young and with

rauma, burn injuries, or acute leukaemia [31,32] . A serum creati-

ine < 0.4 mg/dL could also serve as a surrogate marker for ARC

uring the treatment [17] . 

The population used for this study is typical of ICU patients

ho are critically ill, and can therefore be considered as nor-
ative. Gender and racial considerations are probably irrelevant

ecause differences in this context primarily relate to drug trans-

ort and metabolism and weight. Vancomycin is not significantly

etabolised in humans. Its elimination primarily depends on

enal function [29,32] (with non-renal clearance being probably

 5% of the total drug clearance), which the current model and

roposed dosing strategies fully consider, and its plasma levels

re not influenced by the activity of renal transport systems [33] .

oreover, all current data were adjusted to a standard creatinine

learance of 100 mL/min for a nominal 70-kg subject, allowing

asy comparison and translation to patients with different renal

unction and weight. 

In conclusion, critically ill patients treated with vancomycin CI

equired higher loading doses than those often recommended for

apidly attaining serum concentrations within a desirable range.

owever, this range should not be excessively high, to avoid the

isk of toxicity, which led to the proposed 20–30 mg/L. The stan-

ard daily maintenance dose of 20 0 0–30 0 0 mg is acceptable for

ost patients with a CLCr of 61–130 mL/min but should definitely

e markedly increased for patients with ARC. A global limitation in

he current study was the use of the Cockcroft-Gault equation for

alculating the CLCr. While more sophisticated equations are avail-

ble, they did not prove more reliable in daily clinical practice and

ave not been validated for drug dosage readjustment. 

Timeously reaching and steadily maintaining the desired target

ange will improve the treatment outcome and reduce the burden

f TDM performance, which nevertheless remains necessary due to

igh PK variability between patients and during treatment, since

hese are critically ill and therefore in unstable conditions and with

ital signs not within normal limits. 
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Figure S1. Distribution of minimum inhibitory concentrations of vancomycin against 

Staphylococcus aureus strains isolated from patients during 3 consecutive years at the Bach 

Mai hospital, Hanoi, Vietnam. 
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