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Background. Vancomycin is the most commonly administered antibiotic in hospitalized patients, but optimal exposure targets 
remain controversial. To clarify the therapeutic exposure range, this study evaluated the association between vancomycin exposure 
and outcomes in patients with methicillin-resistant Staphylococcus aureus (MRSA) bacteremia.

Methods. This was a prospective, multicenter (n = 14), observational study of 265 hospitalized adults with MRSA bacteremia 
treated with vancomycin. The primary outcome was treatment failure (TF), defined as 30-day mortality or persistent bacteremia 
≥7 days. Secondary outcomes included acute kidney injury (AKI). The study was powered to compare TF between patients who 
achieved or did not achieve day 2 area under the curve to minimum inhibitory concentration (AUC/MIC) thresholds previously 
found to be associated with lower incidences of TF. The thresholds, analyzed separately as co-primary endpoints, were AUC/MIC by 
broth microdilution ≥650 and AUC/MIC by Etest ≥320.

Results. Treatment failure and AKI occurred in 18% and 26% of patients, respectively. Achievement of the prespecified day 2 
AUC/MIC thresholds was not associated with less TF. Alternative day 2 AUC/MIC thresholds associated with lower TF risks were 
not identified. A relationship between the day 2 AUC and AKI was observed. Patients with day 2 AUC ≤515 experienced the best 
global outcomes (no TF and no AKI).

Conclusions. Higher vancomycin exposures did not confer a lower TF risk but were associated with more AKI. The findings 
suggest that vancomycin dosing should be guided by the AUC and day 2 AUCs should be ≤515. As few patients had day 2 AUCs 
<400, further study is needed to define the lower bound of the therapeutic range.

Keywords. vancomycin; MRSA; bacteremia; outcomes.

Vancomycin is the most commonly administered antibiotic in 
US hospitals and a mainstay for treatment of methicillin-resistant 

Staphylococcus aureus (MRSA) infections for decades [1], yet op-
timal dosing of vancomycin is unclear [2]. For serious MRSA 
infections, current guidelines recommend targeting an area 
under the concentration time curve to minimum inhibitory 
concentration ratio (AUC/MIC) ≥400 [3]. As AUCs are not rou-
tinely determined in clinical practice, trough concentrations of 
15–20 mg/L are used as a surrogate. Despite widespread clinical 
adoption of these recommendations [4], supportive data are lim-
ited and largely derived from single-center retrospective studies 
[5–11]. Furthermore, these critical vancomycin exposure targets 
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were derived mostly with a simple and error-prone formula that 
approximated AUC values based upon the prescribed daily van-
comycin dose and the patient’s estimated renal function [6–9].

Bayesian software programs can generate accurate and reliable 
estimates of daily vancomycin AUCs with limited sampling [12, 
13]. Applying this method to estimate vancomycin exposures 
in a retrospective cohort of hospitalized, adult patients with 
MRSA bacteremia, Lodise and colleagues identified 2 AUC/MIC 
thresholds (AUC/MIC by broth microdilution [BMD] ≥650 and 
AUC/MIC by Etest ≥320) associated with a lower probability 
of treatment failure [14]. These thresholds were consistent with 
other recent studies that employed a similar Bayesian approach to 
estimate the vancomycin exposure profile [7, 10]. However, pro-
spective validation of previously these defined AUC/MIC targets 
among patients with MRSA bacteremia utilizing  individualize
d estimates of exposure based on measured concentrations has 
not been done. This multicenter, observational study sought to 
evaluate prospectively the critical day 2 AUC/MIC exposure-
outcome findings from the previous study by Lodise et al.

METHODS

Study Design and Population

This prospective, observational study was conducted in 14 
centers between November 2014 and December 2015. The 
primary objective was to evaluate the impact of vancomycin 
AUC/MIC exposures on treatment failure rates among adult, 
hospitalized patients with MRSA bloodstream infections. The 
hypothesis was that patients who achieved day 2 AUC/MIC 
ratios above the thresholds (high exposure group) identified by 
Lodise and colleagues [14] will have 17.5% lower rates of failure 
relative to those with values below these thresholds (low expo-
sure group). The thresholds, analyzed separately as co-primary 
endpoints, were AUC/MICBMD ≥650 and AUC/MICEtest ≥320. 
Day 2 vancomycin exposure was selected to best approximate 
near steady-state conditions of the initial vancomycin regimen. 
This also reflects contemporary clinical practice, in which van-
comycin levels are frequently obtained on day 2.

Eligible participants were adult hospitalized patients with 
MRSA bacteremia who were treated with vancomycin within 
a window of 24 hours prior to and 48 hours after MRSA index 
blood culture collection, and whose vancomycin treatment 
continued for at least 72 hours after the index blood sample. 
Exclusion criteria were absolute neutrophil count <500 cells/
mL, renal replacement therapy for chronic renal failure during 
the first 5 days of vancomycin treatment, documented MRSA 
bacteremia within 60  days prior to the index blood sample, 
Acute Physiology and Chronic Health Evaluation II (APACHE 
II) score ≥26 [15], and current participation in any antibiotic 
treatment intervention trial.

Evaluable patients were those who met inclusion and ex-
clusion criteria, had a microbiology result from the central 

laboratory for the index MRSA blood culture, had at least 2 
vancomycin blood concentrations during the first 5  days of 
vancomycin therapy (at least 1 sample had to be a nontrough 
vancomycin blood concentration collected on days 1–4 of van-
comycin therapy), and had available outcome data 30 days after 
index blood culture collection. The study was conducted with 
a waiver of informed consent, consistent with Code of Federal 
Regulations title 45 part 46d, and the institutional review board 
at each site approved the study (see Supplementary Appendix: 
Patient Data for baseline patient data collected for the study).

Microbiologic Data and Phenotypic Characterization

Staphylococcus aureus was identified by standard methods. 
Oxacillin susceptibility was determined according to Clinical 
and Laboratory Standards Institute guidelines [16]. Isolates 
were stored in trypticase soy broth with 20% glycerol at –70°C. 
Isolates were shipped to JMI Laboratories (North Liberty, 
Iowa) for determination of MICBMD, MICEtest (according to 
the manufacturer’s instructions, bioMérieux, Marcy l’Etoile, 
France), and heterogeneous vancomycin-intermediate S. aureus 
[17] (Supplementary Appendix: Microbiologic Methods).

Treatment Data

All antibiotic treatment and vancomycin concentration data 
during the first 5 days of vancomycin treatment were collected. 
Vancomycin dosing and monitoring were at the discretion of 
the treating clinician. As permitted by waiver of informed 
consent, vancomycin concentration could be assayed from 
leftover blood from standard-of-care blood draws. A trough 
sample was defined as one collected ≤2 hours prior to a van-
comycin dose. A  sample collected >2 hours prior to a van-
comycin dose was considered a nontrough concentration. 
The vancomycin minimum concentration at hour 48 and 
AUC were estimated post hoc using the maximal a poste-
riori probability procedure in ADAPT 5 software, which has 
been demonstrated as a way to estimate AUCs with low bias 
and high precision with limited pharmacokinetic (PK) sam-
pling [12, 13, 18] (full details on PK modeling can be found in 
Supplementary Appendix: Pharmacokinetic Modeling). The 
day 2 AUC values were calculated post hoc and were not used 
to guide the care of patients.

Outcomes

The primary outcome measure was treatment failure, defined 
as death within 30 days of index MRSA blood culture (30-day 
mortality) or growth of MRSA from a blood culture obtained 
≥7 days after initiation of vancomycin therapy (ie, persistent 
bacteremia) [14, 19]. Secondary outcome measures included 
30-day mortality, persistent bacteremia, and occurrence of 
acute kidney injury (AKI) among patients with a baseline 
creatinine <2.0  mg/dL. The occurrence of AKI was assessed 
from initiation of vancomycin to 48 hours postcompletion 
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and was based on the definition of risk (postbaseline serum 
creatinine is ≥1.5  × baseline serum creatinine) in the modi-
fied RIFLE (risk, injury, failure, loss, and end-stage kidney di-
sease) criteria utilizing serum creatinine values [20] and the 
vancomycin-induced nephrotoxicity (VINT) definition in the 
vancomycin consensus guideline statement (defined as either a 
50% or 0.5 mg/dL increase in serum creatinine, whichever was 
greater) [3].

Desirability of outcome ranking (DOOR) analysis was 
conducted post hoc [21, 22]. Each patient was assigned an 
overall outcome based on the occurrences of 30-day mor-
tality, persistent bacteremia, and AKI. The 5 outcome levels, 
from least to most desirable, were (1) death; (2) survival with 
treatment failure and AKI; (3) survival with treatment failure 
and no AKI; (4) survival with treatment success and AKI; 
and (5) survival with treatment success and no AKI. Partial 
credit weighting was used to explore whether varying the rel-
ative importance assigned to each outcome would affect the 
results [22] (Supplementary Appendix: DOOR and Partial 
Credit Scoring).

Statistical Methods

Based on the distribution of covariates among patients in a pre-
vious study [14], 250 evaluable patients were required for 80% 
power at a 2-sided α of .05 to detect a 17.5% difference in the 
primary treatment outcome variable between the prespecified 
dichotomous AUC/MIC exposure variables assuming a 1–1.5 
split in the distribution of the 250 evaluable patients in each 
exposure group. Assuming 80% of patients would be evaluable, 
approximately 312 patients were needed for this study. Inference 
was based on 2-sided 95% confidence intervals (CIs) around 
treatment failure differences between high and low AUC/MIC 
exposure groups.

Secondary analyses consisted of estimating the differences 
between patients with high/low day 2 vancomycin exposures 
in proportions exhibiting the following outcomes: 30-day mor-
tality, persistent bacteremia, and AKI. Kaplan-Meier plots were 
used to assess time to AKI. Log-binomial regression was used 
to quantify associations between each AUC/MIC exposure var-
iable and dichotomous outcome variables after adjusting for 
covariates. For the log-binomial analyses, the AUC/MIC ex-
posure covariate was forced into the model first. For covariates 
associated with the outcome of interest having a likelihood 
ratio statistic P ≤ .10, the covariate with the lowest Akaike in-
formation criterion (AIC) was added to the model. Additional 
covariates were added to the model until the AIC no longer 
decreased. Exploratory relative risk (RR) threshold and clas-
sification and regression tree (CART) analyses were also 
performed to identify alternative optimal AUC/MIC ratios as-
sociated with failure and day 2 AUC threshold values associated 
with AKI (Supplementary Appendix: Relative Risk Threshold 
and Classification and Regression Tree Analyses).

DOOR analysis was conducted to examine the associations 
between the day 2 AUC/MICBMD, AUC/MICEtest, and AUC 
and overall patient outcomes. Inverse probability of treatment 
weighting adjustments [23] were made for these prognostic 
factors: presence of endocarditis; baseline calculated creatinine 
clearance; APACHE II score; and presence of a prosthetic joint, 
cardiac prosthetic device, or intravascular prosthetic material. 
The ordinal outcomes included in the DOOR endpoint were 
also analyzed using a partial credit strategy (Supplementary 
Appendix: DOOR and Partial Credit Scoring). This approach 
is analogous to scoring an academic test, assigning 100% to the 
most desirable outcome, 0% to the least (eg, death), and “partial 
credit” to each intermediate DOOR rank.

RESULTS

Patients

Of 310 patients enrolled across the 14 centers, 265 were 
evaluable (Supplementary Figure 1). Five patients were enrolled 
in error, and 13 patients were found not to have met 1 or more 
entry criteria after enrollment (Supplementary Table 1). Of the 
292 enrolled patients who met entry criteria, 27 were deemed 
not evaluable due to 1 or more of the following: (1) unavaila-
bility of ≥1 required vancomycin concentration (n  =  26); (2) 
missing index MRSA isolate (n = 3); or (3) no 30-day outcome 
data (n = 6) (Supplementary Table 2).

The mean age of evaluable patients was 61 (standard deviation 
[SD], 17) years, and mean APACHE II score was 12 (SD, 6); 29% of 
patients had possible or definite endocarditis. Eighty-six percent 
of isolates had an MICBMD of 0.5 or 1 mg/L, and 97% of isolates 
had an MICEtest of 1 or 1.5 mg/L (Table 1). Estimation of patient-
specific exposures was based on 800 available concentrations 
among the 265 evaluable patients. A plot of the final PK dataset 
predicted vs observed vancomycin concentrations is shown in 
Supplementary Figure 2. Altogether, 116 (44%) and 193 (73%) 
patients achieved an AUC/MICBMD ≥650 and AUC/MICEtest ≥320, 
respectively (Table 2). Twenty-six patients (9.8%) had a decrease 
in vancomycin dose after day 2, while 21 patients (7.9%) had a 
dose increase; data on dosing frequency changes were not avail-
able. Baseline characteristics and distribution of microbiologic 
phenotypes between AUC/MIC exposure groups and treatment 
failure status are shown in Table 2.

Outcomes

Treatment failure did not differ by high vs low vancomycin ex-
posure (AUC/MICBMD ≥650: 22% vs 15%, P = .15; AUC/MICEtest 
≥320: 21% vs 11%, P = .07) (Table 3). No significant differences 
in proportions of patients exhibiting 30-day mortality or per-
sistent bacteremia were noted between patients with drug 
exposures above vs below an AUC/MICBMD of 650 or AUC/
MICEtest of 320 (Table 3). Results of the log-binomial analyses 
that adjusted for covariates associated with each outcome of in-
terest at P ≤ .1 were consistent with the bivariate comparisons 
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(Table 3). The exploratory RR threshold and CART analyses did 
not locate alternative optimal critical AUC/MIC and AUC ex-
posure thresholds associated with a lower risk of failure after 
multivariable adjustment for covariates associated with failure 
at P ≤ .1 (Supplementary Figure 3 and Table 4). As part of the 
exploratory analyses, an AUC/MICBMD of 400 was tested and 
was not found to be associated with treatment failure.

Acute Kidney Injury

In total, 212 patients had a baseline creatinine <2.0 mg/dL. The 
rates of AKI and VINT were higher in patients in the high AUC/
MIC groups (Table 3), consistent with results of the Kaplan-
Meier time-to-AKI analyses (Supplementary Figures 4 and 5), 
which demonstrated differences in AKI and VINT between the 
binary AUC/MIC exposure groups. In the log-binomial regres-
sion, several CIs around adjusted risk differences excluded the 
value zero for binary AUC/MIC exposure variables, indicating 
an increased risk of AKI and VINT with higher vancomycin ex-
posure (Table 3). Exploratory RR threshold and CART analyses 
indicated that patients with an AUC ≥793 relative to those with 
an AUC ≤343 were at greater risk for AKI and VINT (Table 5).

DOOR Risk-benefit Analysis

Of the 106 patients in the 2 lowest AUC exposure quintiles 
(AUC ≤515), 72% (95% CI, 68%–76%) experienced the best 
global outcome, compared with the 3 higher exposure quintiles 
pooled (55% [95% CI, 52%–59%] of 159 patients) (Figure 1). 
Results of the day 2 AUC/MICBMD and AUC/MICEtest DOOR 
analyses were consistent with the day 2 AUC DOOR analysis 
(Supplementary Figures 6 and 7). Varying the partial credit 
weighting did not identify alternative exposure thresholds as-
sociated with more favorable global outcomes (Supplementary 
Figures 8 and 9). Instead, under a range of partial credit scoring 
systems, outcomes still appeared better at lower AUC exposure 
thresholds.

DISCUSSION

In this prospective, multicenter study of adult patients with 
MRSA bacteremia, higher day 2 AUC/MIC exposures were not 
associated with a lower rate of failure but were associated with 
nephrotoxicity. The lack of benefit with higher day 2 AUC/MIC 
exposures is unlikely to be attributable to selecting the wrong 
thresholds, as exploratory analyses did not identify alternative 
optimal targets. Absence of benefit with higher vancomycin ex-
posure additionally held true for analyses restricted to patients 
with an APACHE II score >10 and patients with infective en-
docarditis. Secondary efficacy outcome measures also did not 
differ between the prespecified AUC/MIC exposure groups.

While efficacy was not associated with vancomycin ex-
posure, the incidence of AKI was higher in patients with an 
AUC/MICBMD ≥650 and AUC/MICEtest ≥320. As is typical for 
nonimmunologic drug-related AKIs, most events occurred 
after 5 days of therapy (Supplementary Figures 4 and 5). The 
observed association between vancomycin exposure and neph-
rotoxicity is most plausibly driven by the AUC, as an antibac-
terial MIC has no pathophysiologic relationship to a patient’s 
kidney function, and thus no causal association with AKI. 
Although this study lacked power to discriminate between 
dichotomous, ordinal, and continuous expressions of AUCs, 

Table 1.   Baseline Characteristics, Distribution of Microbiologic 
Phenotypes, Exposure Variables, and Outcomes

Demographics and Baseline Characteristics Value

Male sex, No. (%) 168 (63)

Combined racial classes, No. (%)  

 Asian 4 (2)

 Black 70 (26)

 Other 6 (2)

 White 173 (65)

 Unknown 12 (5)

Ethnicity, No. (%)  

 Not Hispanic or Latino 190 (72)

 Hispanic or Latino 12 (5)

 Unknown 63 (24)

Age, y, mean (SD) 60.7 (17.3)

Weight, kg, mean (SD) 81.7 (24.9)

APACHE II score, mean (SD) 12 (6)

Bacterial complications, No. (%)

 Presence of infective endocarditis: definite/possible 78 (29)

 Presence of internal prosthetic material 63 (24)

Microbiologic phenotypes

 MICBMD
a  

  Range 0.25–2.0 mg/La

  MIC50/90 1.0/1 mg/L

 MICEtest
b  

  Range 0.5–2 mg/Lb

  MIC50/90 1.5/1.5 mg/L

 hVISA phenotype, No. (%) 0 (0)

Day 2 vancomycin exposure variables, mean (SD)

 Cmin at 48 hours 14.0 (6.2)

 AUC 586.9 (235.5)

 AUC/MICBMD 865.9 (425.2)

 AUC/ MICEtest 475.7 (259.4)

Outcomes, No. (%)

 Failure 49 (18)

 30-d mortality 30 (11)

 Persistent bacteremia 26 (10)

 60-d mortality 42 (16)

 Recurrence 9 (3)

 AKIc 55 (26)

 VINTc 60 (28)

Abbreviations: AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health 
Evaluation II; AUC, area under the curve; Cmin, minimum blood plasma concentration; hVISA, 
heterogeneous vancomycin-intermediate Staphylococcus aureus; MIC50/90, minimum inhib-
itory concentration that inhibits 50% and 90% of the isolates; MICBMD, minimum inhibitory 
concentration by broth microdilution; MICEtest, minimum inhibitory concentration by Etest; 
SD, standard deviation; VINT; vancomycin-induced nephrotoxicity.
aPercentage of isolates with MICBMD of 0.5 and 1 mg/L: 25% and 72%, respectively.
bPercentage of isolates with MICEtest of 1 and 1.5 mg/L: 29% and 57%, respectively.
cAmong patients with baseline serum creatinine <2.0 mg/dL.
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an AUC-nephrotoxicity relationship clearly was present and 
existed in a stepwise fashion that persisted in the multivariable 
analyses, with incidence of AKI greatest among patients with an 
AUC ≥793 relative to those with an AUC ≤343 (Table 5). The 
AUC thresholds associated with increased risk of AKI in this 
study are notably consistent with previous reports [24–26].

The findings also suggest that vancomycin dosing should be 
guided by the AUC instead of the AUC/MIC ratio, and Bayesian 
software programs and simple analytic equations makes 

possible real-time, accurate measurement of the AUC with 
limited PK sampling [12, 13]. The MIC value is of less impor-
tance for several reasons. First, there is a narrow range of vanco-
mycin MICBMD values (the gold standard) among contemporary 
MRSA isolates (observed here and in other studies), with values 
of 0.5 or 1 mg/L in most institutions [27, 28]. Second, there is 
inherent imprecision of MIC measurement, with a range of ac-
curacy of ±1 log2 dilutions [16, 29], and a high degree of varia-
bility between MIC testing methods typically used in healthcare 

Table 4. Unadjusted and Final Model Risk Differences for Failure by Exploratory Day 2 Area Under the Curve (AUC) and AUC/Minimum Inhibitory 
Concentration Predictors

Integrated Exposure (PK/PD) Measure Exposure Category No. of Patients Proportion, %

Unadjusted Adjusted

Point Estimate (95% CI) Point Estimate (95% CI)

CART AUC/MICBMD cutpoint ≤345.88 30 3.33 0.17 (.09–.25) 0.17 (–.13 to .48)

>345.88 235 20.43

RR AUC/MICBMD cutpoint <500 85 11.76 0.10 (.01–.19) 0.03 (–.06 to .11)

≥500 180 21.67

CART AUC/MICEtest cutpoint <344.9 81 9.88 0.12 (.04–.21) 0.10 (–.04 to .24)

≥344.9 184 22.28

RR AUC/MICEtest cutpoint <350 83 10.84 0.11 (.02–.20) 0.08 (–.06 to .22)

≥350 182 21.98

Abbreviations: AUC, area under the curve; CART, classification and regression tree; CI, confidence interval; MICBMD, minimum inhibitory concentration by broth microdilution; MICEtest,  
minimum inhibitory concentration by Etest; PK/PD, pharmacokinetic/pharmacodynamic; RR, relative risk.

Table 3. Bivariate Comparison of Primary and Secondary Outcomes Between Patients With Drug Exposures Above Versus Below the Area Under the 
Curve/Minimum Inhibitory Concentration by Broth Microdilution of 650

Outcome AUC/MICBMD Proportion, %

Risk Difference (95% CI)

Unadjusted Adjusted

Treatment failure <650 15.44 0.07 (–.03 to .17) 0.03 (–.06 to .12)

≥650 22.41

Persistent bacteremia <650 8.05 0.04 (–.03 to .11) 0.01 (–.07 to .09)

≥650 12.07

30-d mortality <650 9.46 0.04 (–.03 to .12) 0.04 (–.02 to .10)

≥650 14.16

AKIa <650 21.0 0.12 (.00–.24) 0.09 (–.04 to .22)

≥650 33.0

VINTa <650 22.6 0.14 (.01–.26) 0.12 (–.00 to .25)

≥650 36.4

 AUC/MICEtest Proportion, %  

Treatment failure <320 11.1 0.10 (.01–.19) 0.07 (–.07 to .22)

≥320 21.2

Persistent bacteremia <320 5.56 0.06 (–.01 to .13) 0.07 (–.05 to .19)

≥320 11.4

30-d mortality <320 7.04 0.06 (–.02 to .14) 0.07 (–.06 to .20)

≥320 13.16

AKIa <320 14.3 0.17 (.05–.28) 0.15 (.02–.29)

≥320 30.9

VINTa <320 15.9 0.18 (.06–.29) 0.16 (.02–.30)

≥320 33.6

Abbreviations: AKI, acute kidney injury; AUC, area under the curve; CI, confidence interval; MICBMD, minimum inhibitory concentration by broth microdilution; MICEtest, minimum inhibitory 
concentration by Etest; VINT; vancomycin-induced nephrotoxicity.
aPatients with baseline serum creatinine (<2.0 mg/dL). 
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institutions [29, 30]. Third, MIC values are typically not avail-
able within the first 72 hours of index culture collection, and 
thus cannot easily be incorporated into the initial dosing reg-
imen. Fourth, MIC has no causal relationship with AKI; vanco-
mycin exposure is the physiologic driver of AKI.

For the day 2 AUC target range, we believe the collective study 
findings suggest that day 2 AUCs should be maintained below 
approximately 515 to maximize efficacy and minimize the like-
lihood of nephrotoxicity. This recommendation is supported by 
the results of the post hoc DOOR analyses that demonstrated 
that patients in the lower 2 AUC quintiles (day 2 AUCs ≤515) 
had the best global outcomes (Figure 1). Additionally, the ex-
ploratory RR threshold and CART AUC-AKI analyses sug-
gest that the risks of AKI and VINT were lowest among those 

with day 2 AUCs within this range (Table 5). Although global 
outcomes were similar between the 2 lower DOOR quintiles, we 
believe it is prudent to target an AUC of at least 400 since <20% 
of patients in this study had AUC values <400 and it is unclear 
whether efficacy outcomes are maintained at day 2 AUC values 
less than this threshold.

This study has several limitations. First are those inherent 
to an observational study design, including study selec-
tion bias due to the evaluability of patients, confounding, 
and nonstandardized clinical management (including van-
comycin dosing, monitoring, blood culture collection, and 
duration of therapy). However, baseline characteristics, co-
morbid conditions, measures of disease severity, and source 
control efforts were comparable between the high and low 

Table 5. Acute Kidney Injury by Exploratory Day 2 Area Under the Curve Exposures

Categorical 
Outcome

Integrated Exposure 
(PK/PD) Measure

Exposure 
Category

No. of 
Patients

Proportion, 
%

Cut-point Level 
Comparison

Unadjusted Adjusted

Point  
Estimate (95% CI)

Point  
Estimate (95% CI)

AKI CART AUC cutpoint ≤343 30 10 High vs low 0.29 (.08–.49) 0.26 (.00–.51)

>343 to 793 151 26.49 High vs medium 0.12 (–.06 to .31) 0.12 (–.07 to .32)

≥793 31 38.71 Medium vs low 0.16 (.04–.29) 0.14 (–.06 to .33)

RR AUC cutpoint <550 104 21.15 … 0.09 (–.02 to .21) 0.12 (–.01 to .24)

≥550 108 30.56 …

VINT CART AUC cutpoint ≤343 30 10 High vs low 0.32 (.12–.52) 0.27 (.01–.54)

>343 to 793 151 29.14 High vs medium 0.13 (–.06 to .32) 0.13 (–.07 to .32)

≥793 31 41.94 Medium vs low 0.19 (.06–.32) 0.15 (–.06 to .35)

RR AUC cutpoint <550 104 23.08 … 0.10 (–.02 to .22) 0.12 (.00–.25)

≥550 108 33.33 …

Abbreviations: AKI, acute kidney injury; AUC, area under the curve; CART, classification and regression tree; CI, confidence interval; PK/PD, pharmacokinetic/pharmacodynamic; RR, relative 
risk; VINT; vancomycin-induced nephrotoxicity.

Figure 1. Desirability of outcome ranking analysis by area under the curve quintiles: bottom quintile, 94.3–≤389.8; second quintile, >389.8–≤515.7; third quintile, >515.7–
≤620.8; fourth quintile, >620.8–≤757.4; top quintile, >757.4–≤1755.0. Abbreviations: AKI, acute kidney injury; Q, quintile; TF, treatment failure; TS, treatment success
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vancomycin exposure groups. This was a study of adult, 
nonneutropenic, nondialysis patients, and the observed 
findings may not be applicable to other populations. Nearly 
all MRSA isolates had vancomycin MICs <2 mg/L. Although 
isolates with higher vancomycin MIC values are infrequently 
encountered in clinical practice, this is an important subset 
of MRSA bloodstream infections for which further study is 
needed. Our definition of treatment failure was limited to ob-
jective measures to minimize any biases that may result from 
assessing and interpreting observational clinical data [19], 
but may not include all outcomes that are relevant to patients. 
Pharmacokinetic sampling was not completely standardized 
and included all PK samples collected over the first 5 days of 
therapy in an effort to gain the best individualized estimate of 
each patient’s PK profile. As renal function varies over the ini-
tial course of therapy, we selected a population PK model as a 
Bayesian prior that made vancomycin clearance proportional 
to creatinine clearance. This permitted PK parameters to be 
estimated in the presence of changing renal function. Finally, 
the impact of dosing, dosing frequency, duration of therapy, 
and therapy switches were not considered, as the focus was 
to evaluate the association between the day 2 vancomycin 
exposure profile and outcomes. These covariates should be 
considered in future studies.

In conclusion, this study found no difference in treatment 
failure between the a priori specified vancomycin exposure 
groups among adults with MRSA bacteremia. While not associ-
ated with treatment failure, higher day 2 vancomycin exposures 
were associated with more AKI. These results have important 
implications for clinical practice. Clinicians and guideline 
authors should reassess the balance of benefits and risks of 
targeting higher AUC/MIC for patients with MRSA bacteremia. 
In addition, the findings suggest that vancomycin dosing should 
be guided by the AUC instead of the AUC/MIC ratio and day 
2 AUCs should be maintained below 515 to maximize efficacy 
and minimize the likelihood of AKI. It is unclear whether effi-
cacy outcomes are maintained at day 2 AUC values <400 as few 
patients in this study had AUCs below this threshold. Further 
study is needed to define the lower bound of the day 2 AUC 
therapeutic range.
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