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ABSTRACT The aim of this study was to develop a population pharmacokinetics
(PK) model for vancomycin and to evaluate its pharmacodynamic target attainment
in adults on extracorporeal membrane oxygenation (ECMO). After a single 1,000-mg
dose of vancomycin, samples were collected 9 times per patient prospectively. A pop-
ulation PK model was developed using a nonlinear mixed-effect model. The probabil-
ity of target attainment (PTA) of vancomycin was evaluated for various dosing strat-
egies using Monte Carlo simulation. The ratio of the area under the vancomycin
concentration-time curve at steady state over 24 h to the MIC (AUC/MIC ratio) was
investigated by applying the vancomycin breakpoint distribution of MICs for methicil-
lin-resistant Staphylococcus aureus. A total of 22 adult patients with 194 concentration
measurements were included. The population PK was best described by a three-com-
partment model with a proportional residual error model. Vancomycin clearance and
steady-state volume of distribution were 4.01 liters/h (0.0542 liters/h/kg) and 29.6 lit-
ers (0.400 liters/kg), respectively. If the treatment target AUC/MIC value was only
$400, a total daily dose of 3 to 4 g would be optimal (PTA of $90%) for patients
with normal renal function (estimated glomerular filtration rate [eGFR] = 60 to 120ml/
min/1.73 m2) when the MIC was presumed to be 1mg/liter. However, AUC/MIC values
of 400 to 600 were difficult to attain with any dosing strategy regardless of MIC and
eGFR. Thus, it is hard to achieve efficacy and safety targets in patients on ECMO using
the population dosing approach with Monte Carlo simulations, and therapeutic drug
monitoring should be implemented in these patients.

KEYWORDS vancomycin, extracorporeal membrane oxygenation, MIC, area under the
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Extracorporeal membrane oxygenation (ECMO) in critically ill patients has markedly
increased in usage over the past 2 decades (1). The use of ECMO in these patients

can result in complex pharmacokinetics (PK) alterations, making it difficult to maintain
optimal pharmacotherapy and achieve favorable clinical outcomes (2, 3). Augmented
cardiac function, hemodilution with a priming solution, and drug sequestration in the
pump circuit resulting from ECMO may affect drug concentrations. Therefore, a lack of
understanding of the effects of ECMO on clearance (CL) and volume of distribution (Vd)
may result in an increased likelihood of therapeutic failure due to suboptimal drug
concentrations or in drug toxicity due to excessive concentrations in these critically ill
patients.

Despite ECMO’s life-saving impact on critically ill patients, its use increases the risk
of infections, which may adversely affect outcomes regardless of preexisting
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indications for ECMO (4). Therefore, antibiotics are frequently used in these patients as
a therapeutic and/or prophylactic strategy. Vancomycin is commonly prescribed for
procedural prophylaxis or treatment of infections caused by Gram-positive organism
such as methicillin-resistant Staphylococcus aureus (MRSA). With the increasing use of
ECMO, changes of PK have been reported for many drugs, mainly in pediatric studies,
but studies on the PK of vancomycin are limited and their results are conflicting (5, 6).
A population PK study of vancomycin that included pediatric and adult subjects found
that ECMO use resulted in a decrease in the CL and an increase in the Vd of vancomycin
(7), and several pediatric studies have reported similar PK alterations (8–11). None of
the relatively few clinical studies have reported any significant PK changes in adult
patients with ECMO (12–14), but failure to achieve target concentrations was more fre-
quent in adult patients with ECMO than in those without ECMO (15, 16). In contrast, a
recent study showed that ECMO did not impact vancomycin serum concentrations in
lung transplant patients (17). The results of these studies thus indicate that there is a
lack of understanding of the appropriateness of dosing strategy for vancomycin in
adult patients on ECMO, and there are few studies investigating the pharmacodynamic
(PD) attainment of vancomycin using the ratio of the area under the concentration-
time curve at steady state over 24 h to the MIC (AUC/MIC ratio) (17, 18).

The aim of this study was to develop a population PK model for vancomycin and to
evaluate pharmacodynamic attainment in adults on ECMO by means of Monte Carlo
simulations.

RESULTS
Patients. During the study period, a total of 22 patients were enrolled. The demo-

graphic characteristics of these patients are described in Table 1. Eighteen patients
received venoarterial (VA) ECMO, 3 venovenous (VV) ECMO, and 1 venovenoarterial
(VVA) ECMO. Since VVA ECMO is a variant of VA ECMO, the one patient on VVA EMCO
was included in the VA ECMO group for the covariate analysis.

Population PK analysis. A total of 194 plasma samples were used for this analysis.
The time course of vancomycin concentrations was best described by a three-compart-
ment model. The objective function values (OFVs) for one-, two-, and three-compart-
ment models were 363.89, 237.69, and 268.64, respectively. The PK structure was par-
ameterized in terms of total clearance (CL), central volume of distribution (V1), volume
of distribution for the first peripheral compartment (V2), intercompartmental clearance

TABLE 1 Characteristics of the study patientsa

Parameter Values
Sex Males, n=17; females, n=5
ECMO type VA, n= 19; VV, n=3
Age (yrs) 56 (43.3–64.5)
Ht (cm) 168 (165–174)
Wt (kg) 74.0 (55.5–82.3)
Body surface area (m2) 1.85 (1.60–1.96)
Protein (g/dl) 6.40 (5.20–6.80)
Albumin (g/dl) 3.65 (2.95–3.90)
BUN (mg/dl) 20.9 (17.2–33.7)
Scr (mg/dl) 1.33 (0.965–1.77)
CLCR, Cockcroft-Gault (ml/min) 62.1 (48.9–76.6)
GFR, MDRD (ml/min/1.73 m2) 53.0 (38.3–85.1)
GFR, modified MDRD (ml/min)b 56.4 (43.9–77.4)
GFR, CKD-EPI (ml/min/1.73 m2) 56.8 (40.0–85.2)
GFR, modified CKD-EPI (ml/min)b 59.0 (45.8–85.6)
aValues represent median (interquartile range [IQR]) except where otherwise indicated. Abbreviations: IQR,
interquartile range; ECMO, extracorporeal membrane oxygenation; VA, venoarterial; VV, venovenous; BSA, body
surface area; Scr, serum creatinine level; BUN, serum blood urea nitrogen level; CLCR, creatinine clearance; GFR,
glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration.

bThe modified MDRD and CKD-EPI equations adjusted to individual BSA are as follows: GFR (ml/min) =GFR
(MDRD or CKD-EPI)� (BSA/1.73 m2).
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between V1 and V2 (Q2), volume of distribution for the second peripheral compart-
ment (V3), and intercompartmental clearance between V1 and V3 (Q3). The interindi-
vidual variability (IIV) was estimated for CL, V1, V2, and V3 (Table 2). In the final PK
model (OFV = 289.33), the glomerular filtration rate (GFR) estimated by the CKD-EPI
equation was identified as a significant covariate for CL, while the OFV of a reduced
model without this covariate increased to 281.90. The interindividual variability for CL
was reduced from 40.1% to 33.9% after adding the covariate. ECMO type was also a
significant covariate for Q2, while the OFV of a reduced model without ECMO type on
Q2 increased to 273.18. Residual error was well described by a proportional error
model.

Diagnostic goodness-of-fit plots for the final PK model are shown in Fig. 1. The con-
ditional weighted residual values (CWRES) are evenly distributed about the zero line,
indicating the absence of major bias in the structural model (Fig. 1a) or in the residual
error model (Fig. 1b). The observed concentrations are evenly distributed about the
line of identity, indicating that there is no evidence of misspecification of the structural
model, interindividual variability model, or residual error model (Fig. 1c and d). Results
of a prediction-corrected visual predictive check (VPC) are shown in Fig. 2. This plot
shows that 159 of the 194 observed concentrations (82.0%) fall within the 80% predic-
tion intervals and that the observed 10th, 50th, and 90th percentiles fall within the
95% confidence intervals (CIs) of the simulated 10th, 50th, and 90th percentiles. These
findings suggest that the final PK model correctly describes the data and has adequate
predictive performance.

Pharmacodynamic target attainment. A Monte Carlo simulation was imple-
mented using the final PK parameter estimates for CL, which incorporated the esti-
mated GFR (eGFR) obtained by the CKD-EPI formula. eGFR was simulated at between 1
and 120ml/min/1.73 m2. Figure 3 gives the distribution of AUC/MIC values that were
generated using six total daily doses (1 to 6 g in increments of 1 g) and four renal func-
tion groups (0 to 120ml/min/1.73 m2 in increments of 30ml/min/1.73 m2) and the MIC
distribution for MRSA. For patients with eGFR values of 30 to 90ml/min/1.73 m2, a total
daily dose of 3 g was optimal (probability of target attainment [PTA], .90%) when the

TABLE 2 Population PK parameter estimates for vancomycin in patients on ECMOa

Parameter Estimate RSE (%) Bootstrap median (95% CI)
Structural model
CL = u 1 � [11 u 2 � (CE2 56.75)]
H1 (liters/h) 4.01 7.51 4.02 (3.42–4.68)
H2 0.00752 30.0 0.00754 (0.00187–0.0133)

V1 (liters) 8.01 8.43 8.02 (6.79–9.54)
Q2 = u 3 [VA] oru 3 1 u 4 [VV]
H3 (liters/h) 4.95 5.27 4.94 (4.36–6.03)
H4 (liters/h) 1.28 17.1 1.30 (0.702–2.07)

V2 (liters) 15.4 8.53 15.4 (12.7–18.1)
Q3 (liters/h) 9.09 10.0 8.96 (6.50–10.5)
V3 (liters) 6.21 14.0 6.17 (4.03–8.17)

Interindividual variability
vCL (%) 33.9 13.7 31.9 (22.3–40.1)
vV1 (%) 27.9 18.2 26.9 (13.1–36.6)
vV2 (%) 34.3 17.5 32.8 (17.2–44.5)
vV3 (%) 56.9 23.3 56.4 (30.4–92.2)

Residual variability
sProportional (%) 6.64 15.5 6.53 (4.39–8.51)

aAbbreviations: ECMO, extracorporeal membrane oxygenation; RSE, relative standard error; CL, total clearance;
V1, central volume of distribution; V2, volume of distribution for the first peripheral compartment; Q2,
intercompartmental clearance between V1 and V2; V3, volume of distribution for the second peripheral
compartment; Q3, intercompartmental clearance between V1 and V3; CE, glomerular filtration rate estimated
by CKD-EPI equation; VA, venoarterial ECMO; VV, venovenous ECMO.
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MIC was#1mg/liter. For patients with eGFR values of 90 to 120ml/min/1.73 m2, a total
daily dose of 4 g was optimal (PTA of .90%) when the MIC was #1mg/liter (see Table
S1 in the supplemental material).

DISCUSSION

In this prospective study, we analyzed the concentration-time profiles of vancomy-
cin by dense sampling to evaluate the vancomycin population PK properties in adults
on ECMO. To the best of our knowledge, this was the largest prospective study to date
investigating vancomycin PK and evaluating the PTA in adults with ECMO. Until now,
about 100 adult patients with ECMO had been included in studies of vancomycin PK
(7, 12–18). We could have assumed a distribution of PK parameters similar to that in
the literature. However, the existing models are based on small numbers of ECMO
patients and/or small numbers of samples per individual. The typical value of vancomy-
cin PK can be obtained from the models, but the data make it difficult to predict any
individual concentration because they contain little information about individual
patients. Therefore, we considered that it would be difficult to predict AUCs using
Bayesian dose optimization with those models and decided to develop a new PK
model based on prospectively enrolled patients and dense sampling. In that way, we

FIG 1 Goodness-of-fit plots: (a) conditional weighted residuals versus time, (b) conditional weighted residuals versus
population predicted concentration (PRED), (c) observed concentration versus population predicted concentration, and
(d) observed concentration versus individual predicted concentration (IPRED). The dashed lines are smooth curves.
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were able to evaluate the optimal dosing regimen to achieve the PK/PD target by
Monte Carlo simulation.

In this study, we found that the PK profile of vancomycin in adult patients on ECMO
was best described by a three-compartment model, whereas vancomycin PK is usually
described by a one-compartment model in a sparse sampling design (13) or by a two-
compartment model in a dense sampling design (7, 12, 14). The number and timing of

FIG 3 AUC/MIC distributions with various total daily doses in patients on ECMO with four renal function groups and
two MICs (horizontal line inside the box, median; ends of each box, upper and lower quartiles; whiskers, 1.5� quartiles;
gray dots, outliers). A MIC of less than 1mg/liter was presumed to be a MIC of 1mg/liter.

FIG 2 Visual predictive check from simulated concentrations of 1,000 virtual data sets. Closed circles,
observed concentrations; solid lines, 90th, 50th, and 10th percentiles of observations; dashed lines,
90th, 50th, and 10th percentiles of simulated concentrations; shaded areas, 95% confidence intervals
for the 90th, 50th, and 10th percentiles of simulated concentrations.

Vancomycin PK/PD in ECMO Antimicrobial Agents and Chemotherapy

February 2021 Volume 65 Issue 2 e02408-20 aac.asm.org 5

https://aac.asm.org


blood collections can affect the number of compartments of a PK model. The number
of blood samples in our study was 9, and the number of samples in the study on which
the 2-compartment model was constructed was 6 (14). The rapid infusion rate
(16.7mg/min= 1,000mg/hour) also seemed to play a role in the development of the
three-compartment model by allowing us to identify the first distributional compart-
ment, even though the rate did not exceed the recommended value.

Typical values of weight-normalized CL (6 standard deviation [SD]) and V1 (6 SD)
for vancomycin in our study were 0.0542 liters/h/kg of body weight (6 0.0184) and
0.108 liters/kg (6 0.0366), respectively. The CL data obtained in this study were consist-
ent with those reported in 10 previous population PK studies in adults (including one
ECMO study), where the median (range) CL was 0.051 (0.031 to 0.086) liters/h/kg in
adults (19). V1 in our study was lower than in the studies cited above (0.864 [0.388 to
2.040] liters/kg). However, in terms of the steady-state volume of distribution (VSS =V1 1

V2 1 V3 = 29.6 liters, 0.400 liters/kg), one vancomycin PK study in patients without
ECMO that developed a three-compartment model found values similar to ours: the
mean value of VSS for patients of normal weight (65.9 to 89.1 kg) was 0.391 liters/kg
and for obese patients (111.4 to 225.4 kg) was 0.263 liters/kg (20). As for previous
ECMO studies, the value of CL (4.01 liters/h, 0.0542 liters/h/kg) determined in the
present study is within the range of values reported in the literature (0.03 to 0.071
liters/h/kg), while our estimate of VSS (29.6 liters, 0.400 liters/kg) is lower than previous
estimates, which ranged from 0.65 to 1.41 liters/kg (6). However, a recent study of
patients with ECMO in China reported Vss values similar to ours (29.03 liters, 0.46
liters/kg) (17). Since the differences in pharmacokinetics of vancomycin between
patients or study cohorts are known to be large (21), and since there have been few
studies of vancomycin PK in adults with ECMO, our value of Vss, although lower than
those reported from previous studies, does not seem to be extreme. A physiologically
based PK (PBPK) model, which would provide a more sophisticated tool, might be
more appropriate for exploring changes in PK caused by ECMO (22); however, such a
model has not yet been used in studies on vancomycin PK in adults with ECMO.

An early study that included both children and adults with ECMO found significant
changes in vancomycin PK (7), but recent adult studies with matched controls reported
no significant alterations of vancomycin PK (12, 13). The conflicting results could be
due to population differences; children are more likely to be influenced by the addition
of priming fluid owing to their low body weight, so that PK changes could be more
prominent. In addition, they could also be the result of differences between pumps.
Roller pumps have large circuits and surface areas, making drug sequestration more
likely and altering the PK of many drugs. Wu et al. also reported that vancomycin CL
was significantly lower in adult patients in studies using roller pumps whereas it was
not changed in those using centrifugal pumps (13). Centrifugal pumps are widely used
and have potential advantages over roller pumps, and recent studies of patients using
centrifugal pumps did not reveal vancomycin PK changes (12, 13, 15). Furthermore, the
physicochemical properties of vancomycin (high molecular weight, hydrophilic nature,
and moderate protein binding activity) would make it unlikely to bind to the ECMO ap-
paratus (23). Patients with ECMO may have failed to achieve target concentrations
more frequently despite the absence of significant PK changes (15, 16) because of the
critical nature of the illness rather than because of the ECMO therapy itself (18). Given
the complex circumstances of these populations, aggressive dosing with frequent ther-
apeutic drug monitoring is needed to reach the therapeutic PK/PD target.

The covariate effect of the eGFR obtained from the CKD-EPI formula on CL was
included in the final PK model. However, it is difficult to conclude that the CKD-EPI for-
mula is the best formula to use, as the medians and ranges of the four renal functions
in the demographic factors are similar and the degrees of OFV reduction are similar.
ECMO type was also a significant covariate affecting Q2 (intercompartmental clearance
between V1 and V2). The typical Q2 values were 4.95 liters for VA ECMO and 6.23 liters
for VV ECMO. In patients on VV ECMO, the circulation is maintained by native cardiac

Jung et al. Antimicrobial Agents and Chemotherapy

February 2021 Volume 65 Issue 2 e02408-20 aac.asm.org 6

https://aac.asm.org


function and pulsatile blood flow is maintained. In patients on VA ECMO, blood flow
bypasses both heart and lungs, and nonpulsatile flow circulates at high flow rates via
the ECMO system (24). Since pulseless flow can reduce capillary circulation and alter
tissue perfusion (25, 26), this could be the reason why Q2 was lower in VA ECMO than
in VV ECMO.

In the present study, we were able to identify an optimal dosage regimen for an
AUC/MIC ratio of $400 using Monte Carlo simulations (27). If MIC is presumed to be
1mg/liter (i.e., when MIC is 1mg/liter or less than 1mg/liter), our simulations showed
that in patients with normal renal function (eGFR = 60 to 120ml/min/1.73 m2), 3 to 4 g
of vancomycin daily was optimal (PTA of .90%), which is not beyond the range of rec-
ommended dosages (15 to 20mg/kg/dose every 8 to 12 h, not exceeding 2 g per
dose) (28). In patients with moderately decreased renal function (eGFR of ,30ml/min/
1.73 m2) and patients with mildly decreased renal function (eGFR = 30 to 60ml/min/
1.73 m2), daily doses of 2 g and 2.5 g, respectively, are needed to achieve a PTA of
$90%. ECMO patients with decreased renal function seemed to need higher dosages
than non-ECMO patients with the same degree of renal dysfunction to achieve the PK/
PD goal in our study. Mahmoud et al. also reported that higher doses (1.5 g and 2 g
twice daily) were needed to produce a PTA of .90% when MIC was 1mg/liter (median
creatinine clearance was 45ml/min) (18). When the upper limit of the PK/PD target
(AUC/MIC= 600) was applied to prevent acute kidney injury (27), no dosing regimen
used in these simulations reached a PTA of .50%, regardless of renal functions, when
MIC was #1mg/liter. In view of these findings, therapeutic drug monitoring taking
AUC into account should be performed in these populations to achieve the PK/PD goal
and to avoid renal toxicity.

This study had several limitations. First, the sample size of 22 was too small to
detect various meaningful covariates such as sex, age, weight, and ECMO flow rate,
although eGFR and ECMO type were identified as covariates. Second, the study was
conducted in a single center, and the results were based on the use of a single dose
and a single simulation tool, so the results may not be generalizable to other patients
and should be interpreted cautiously in the clinical field, even though ours was the
largest prospective population PK study to have evaluated target attainment for van-
comycin in adult patients on ECMO.

In conclusion, this report describes the vancomycin PK profile of ECMO patients
appropriately with a three-compartment PK model. The simulation results show that if
patients are administered appropriate doses, they can attain the therapeutic PK/PD tar-
get (AUC/MIC ratio of $400) when MIC is #1mg/liter. However, if one includes the
upper limit of PK/PD (AUC/MIC ratios of $400 and #600), our simulations show that it
is difficult to achieve the optimal pharmacodynamic range with a one-size-fits-all dos-
ing method. Therefore, therapeutic drug monitoring is needed in patients with ECMO
to achieve efficacy and safety targets.

MATERIALS ANDMETHODS
Patients. This was a prospective study performed in Hallym University Sacred Heart Hospital (830-

bed academic center), Anyang, South Korea. From November 2018 to August 2019, adult patients (aged
$19 years) undergoing ECMO for respiratory and/or cardiac dysfunction and receiving vancomycin for
prophylaxis or treatment were eligible for the study. Patients receiving renal replacement therapy due
to acute or chronic kidney injury were excluded. Written informed consent forms were signed by legally
authorized representatives of each subject before enrollment. The study was reviewed and approved by
the Institutional Review Board of the Hallym University Sacred Heart Hospital (IRB no. 2018-05-037) and
conducted in accordance with the Declaration of Helsinki and good clinical practice.

ECMOmachine. The ECMO system was a permanent life support system (Maquet, Rastatt, Germany)
consisting of a PLS-i oxygenator with Bioline coating and a Rotaflow RF-32 centrifugal pump. The perma-
nent life support (PLS) circuit was primed with 1 liter of normal saline or plasma solution, and the total
circuit volume was 500 to 600ml.

Study design. A single 1,000-mg dose of vancomycin diluted in 200ml of 5% dextrose fluid was
infused intravenously over the course of 1 h. Serial blood samples of 3ml were obtained through the
use of an arterial catheter at 0, 1, 1.5, 2, 3, 4, 6, 8, and 12 h in patients with normal renal function (defined
as estimated glomerular filtration rate [eGFR] of $50ml/min/1.73 m3) and at 0, 1, 1.5, 2, 3, 4, 10, 16, and
24 h in those with decreased renal function (defined as eGFR of ,50ml/min/1.73 m3).

Vancomycin PK/PD in ECMO Antimicrobial Agents and Chemotherapy

February 2021 Volume 65 Issue 2 e02408-20 aac.asm.org 7

https://aac.asm.org


Vancomycin assay. Vancomycin drug concentrations were analyzed with an Architect iVancomycin
assay (Abbott Laboratories, Germany) by the Department of Laboratory Medicine using chemilumines-
cent microparticle immunoassay technology. This assay is based on a homogenous enzyme immunoas-
say technique. The measuring range was 3.0 to 100mg/ml. Assay precision was determined using human
serum/plasma samples and controls in a modified CLSI (formerly NCCLS) EP17-A protocol. No significant
cross-reactivity or interference with additional drugs was noted.

Population PK analysis. Population PK analyses were implemented using NONMEM 7.4 (Icon
Development Solutions). First-order conditional estimation with interaction method was used for the PK
models; this method accounts for the interaction between interindividual variability (IIV) in PK parame-
ters and residual unexplained variability (RUV), arising from intraindividual variability, assay error, errors
in independent variables, model misspecification, etc. (29). One-, two-, and three-compartment models
with first-order kinetics were tested. IIV was modeled using an exponential function. Additive, propor-
tional, and combined additive and proportional error models were tested for RUV.

Model selection was based on NONMEM objective function value (OFV), relative standard errors for
parameter estimates, and diagnostic goodness-of-fit plots. In a log-likelihood ratio test, a decrease in the
OFV between two nested models of .3.84 with 1 degree of freedom or of .5.99 with 2 degrees of free-
dom was considered a significant model improvement. Stepwise forward inclusion and backward exclu-
sion were performed with Perl-speaks-NONMEM software (version 4.8.1 [https://uupharmacometrics
.github.io/PsN]) to search significant covariates for PK parameters. The statistical significance criteria
were a P value of ,0.05 (DOFV , 23.84 with 1 degree of freedom) for inclusion and a P value of ,0.01
(DOFV. 6.64 with 1 degree of freedom) for exclusion. The tested covariates for all PK parameters were
age, height, weight, body surface area (BSA), serum protein level, serum albumin level, sex, ECMO type
(venoarterial or venovenous), serum creatinine level, serum blood urea nitrogen level, ECMO flow rate,
and renal function; renal functions were estimated by applying the Cockcroft-Gault (CG) (30), modifica-
tion of diet in renal disease (MDRD) (31), and Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) (32) equations; modified MDRD and modified CKD-EPI equations were applied for estimation of total
clearance (CL) only. The modified MDRD and CKD-EPI equations, in which BSA is estimated by the Du
Bois formula, were adjusted to individual BSA values (33). A prediction-corrected VPC was obtained by
comparing the observed plasma concentrations with the 80% prediction intervals from 1,000 simulated
data sets, using the final PK parameters and significant covariates (34). The nonparametric bootstrap
method was used to evaluate the stability of the final model. Median and 2.5% to 97.5% intervals for the
PK parameter estimates of bootstrap samples (n= 2,000) were generated for comparison with the final
PK parameter estimates (35).

Pharmacodynamic target attainment. The primary pharmacokinetic/pharmacodynamic (PK/PD)
index for vancomycin is the AUC/MIC ratio (27). AUC/MIC values of $400 and #600 are recommended
for vancomycin in serious MRSA infections in the new consensus guidelines (27). To evaluate the vanco-
mycin AUC/MIC values for the study population, a 10,000-subject Monte Carlo simulation for CL was
conducted using the final PK parameter estimates, including the typical value and its IIV. Continuous
covariates were generated as normally distributed random variables within a range twice the standard
deviation of the demographic data. In this simulation, six doses (1 to 6 g in increments of 1 g) were used
to calculate the AUC values for 10,000 subjects. The AUC/MIC ratio was derived by applying the vanco-
mycin breakpoint distribution of MICs for MRSA set by the European Committee on Antimicrobial
Susceptibility Testing (36). The revised guidelines do not recommend decreasing the dose of vancomy-
cin to achieve the AUC/MIC target when the MIC is reported to be ,1mg/liter (27). Therefore, MIC val-
ues of ,1mg/liter were included as a group of MICs of 1mg/liter when the Monte Carlo simulation was
conducted. The AUC/MIC distributions were compared in patients with four renal function groups (0 to
30, 30 to 60, 60 to 90, and 90 to 120ml/min/1.73 m2 of eGFR) using box and whisker plots.
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