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ABSTRACT

Background: Vancomycin remains widely used for methicillin-resistant
Staphylococcus aureus (MRSA) infections; however, treatment failure rates
up to 50% have been reported. At the authors” institution, monitoring of
trough concentration is the standard of care for therapeutic drug monitoring
of vancomycin. New guidelines support use of the ratio of 24-hour area
under the concentration—time curve to minimum inhibitory concentration
(AUC,4/MIC) as the pharmacodynamic index most likely to predict outcomes
in patients with MRSA-associated infections.

Objectives: To determine the discordance rate between trough levels
and AUC,4/MIC values and how treatment failure and nephrotoxicity
outcomes compare between those achieving and not achieving their
pharmacodynamic targets.

Methods: This retrospective cohort study involved patients with MRSA
bacteremia or pneumonia admitted to the study hospital between March 1,
2014, and December 31, 2018, and treated with vancomycin. Data for
trough concentrations were collected, and minimum concentrations (Cpin)
were extrapolated. The AUC,4/MIC values were determined using validated
population pharmacokinetic models. The Cpin and AUC,4/MIC values

were characterized as below, within, or above pharmacodynamic targets
(1520 mg/L and 400-600, respectively). Discordance was defined as

any instance where a patient's paired Crnin and AUC,4/MIC values fell in
different ranges (i.e., below, within, or above) relative to the target ranges.
Predictors of treatment failure and nephrotoxicity were determined using
logistic regression.

Results: A total of 128 patients were included in the analyses. Of these,
73 (57%) received an initial vancomycin dose less than 15 mg/kg. The
discordance rate between Cpin and AUC,4/MIC values was 21% (27/128).
Rates of treatment failure and nephrotoxicity were 34% (43/128) and
18% (23/128), respectively. No clinical variables were found to predict
discordance. Logistic regression identified initiation of vancomycin after a
positive culture result (odds ratio [OR] 4.41, 95% confidence interval [Cl]
1.36-14.3) and achievement of target AUC,4/MIC after 4 days (OR 3.48,
95% Cl 1.39-8.70) as modifiable predictors of treatment failure.
Conclusions: The relationship between vancomycin monitoring and
outcome is likely confounded by inadequate empiric or initial dosing.
Before any modification of practice with respect to vancomycin monitoring,
empiric vancomycin dosing should be optimized.

Keywords: vancomycin, therapeutic drug monitoring, area under the
concentration—time curve, trough, methicillin-resistant Staphylococcus aureus
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RESUME

Contexte : La vancomycine reste largement utilisée contre les infections dues au
Staphylococcus aureus méthicillinorésistant (SAMR); cependant, on rapporte des
taux d'échec de traitement allant jusqu‘a 50 %. Dans ['institution ou travaillent
les auteurs, la surveillance de la concentration minimale constitue la norme de
soins du suivi thérapeutique pharmacologique de la vancomycine. De nouvelles
lignes directrices soutiennent I'utilisation du ratio de 24 h de I'aire sous la courbe
de concentration-temps a concentration minimale inhibitrice (AUC,4/MIC) en tant
qu'indice pharmacodynamique, vraisemblablement pour prédire certains résultats
concernant les patients présentant des infections associées au SAMR.

Objectifs : Déterminer le taux de discordance entre la concentration minimale
et les valeurs de I'AUC,4/MIC et la maniére dont les échecs de traitement et les
résultats de néphrotoxicité se comparent entre les personnes atteignant leurs
cibles pharmacodynamiques et celles qui ne I'atteignent pas.

Méthodes : Cette étude de cohorte rétrospective impliquait des patients
atteints d'une bactériémie au SAMR ou d'une pneumonie au SAMR, admis a
I'hopital ou se déroulait I'étude entre le 1¢" mars 2014 et le 31 décembre 2018
et traités a |'aide de vancomycine. Les données relatives aux concentrations
minimales ont été recueillies, et les concentrations minimales (Cpyin) extrapolées.
Les valeurs de I'AUC,4/MIC ont été déterminées a |'aide de modeles de
population pharmacocinétiques validés. La caractérisation des valeurs de la
Crnin €t des valeurs de I'AUC,4/MIC se décrit comme suit : « en dessous », « a
I'intérieur » ou « au-dessus » des cibles pharmacodynamiques (respectivement
15-20 mg/L et 400-600). La discordance était définie comme une situation ot
les valeurs associées de la Cyn et de I'AUC,4/MIC tombaient dans des plages
différentes (c.-a-d., en dessous, a I'intérieur ou au-dessus) par rapport aux
plages cibles. Une régression logistique a permis de déterminer les prédicteurs
d'échecs de traitement et de néphrotoxicité.

Résultats : Au total, 128 patients ont été inclus dans les analyses. De ceux-ci,
73 (57 %) ont recu une dose initiale de vancomycine de moins de 15 mg/kg.

Le taux de discordance entre les valeurs de la Cpyi et de I'AUC,4/MIC était de

21 % (27/128). Les taux d'échec de traitement et de néphrotoxicité se montaient
respectivement a 34 % (43/128) et 18 % (23/128). Aucune variable clinique n'a
pu prédire la discordance. La régression logistique a permis de déterminer le début
de I'administration de la vancomycine aprés un résultat de culture positif (rapport
de cotes [RC] 4,41, 95 % intervalle de confiance [IC] 1,36—14,3) et |'atteinte de
la cible de I'AUC24/MIC apres quatre jours (RC 3,48, 95 % IC 1,39-8,70) en tant
que prédicteurs modifiables de I'échec du traitement.

Conclusions : Il existe probablement une confusion relative a la relation entre
la surveillance de la vancomycine et le résultat a cause d'un dosage empirique
ou initial inadéquat. Avant de modifier la pratique relative a la surveillance de la
vancomycine, le pharmacien doit optimiser son dosage empirique.

Mots-clés : vancomycine, suivi thérapeutique pharmacologique, aire sous la
courbe concentration-temps, minimal, Staphylococcus aureus méthicillinorésistant
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) is
an important pathogen causing a wide variety of clinic-
ally significant and often life-threatening infections.!
MRSA infections are associated with significant morbid-
ity and mortality, increased length of stay in hospital, and
increased cost of care.’> Vancomycin by IV administration
remains the drug of choice for MRSA* however, the inci-
dence of vancomycin treatment failure is reportedly as high
as 50%.> Given the burden of MRSA infections, the pau-
city of alternative anti-MRSA agents, and the wide phar-
macokinetic variability of vancomycin, there is a need to
better understand vancomycin therapeutic monitoring to
improve its effectiveness and safety while also minimizing
the emergence of resistant pathogenic organisms.>

Although vancomycin is one of the oldest and most
studied antibiotics, the correlation between monitoring of
serum levels of the drug and clinical efficacy continues to
be controversial. The latest (2020) consensus guidelines for
therapeutic drug monitoring of vancomycin identified the
ratio of 24-hour area under the concentration-time curve
to minimum inhibitory concentration (AUC,4/MIC) as the
pharmacodynamic parameter most likely to predict clin-
ical efficacy, with bactericidal activity being achieved with
AUC,4/MIC values of 400 or above and an upper limit of 600
to minimize the risk of nephrotoxicity.® However, because
of the logistic challenges associated with calculating AUC in
practice, attaining trough levels of 15 to 20 mg/L has histor-
ically been recommended as a surrogate for the AUC,4/MIC
in cases of serious MRSA infections. Despite these past rec-
ommendations, retrospective and simulation studies have
shown that targeting trough levels of 15 to 20 mg/L is not
always associated with attainment of the AUC,4/MIC tar-
get of at least 400. Conversely, using Monte Carlo simula-
tions, Patel and others” demonstrated that trough levels over
15 mg/L were not always required to achieve AUC,,/MIC
values of 400 when the MIC was 1 mg/L or lower, whereas
targeting trough levels of 15 to 20 mg/L did not consistently
result in AUC,4/MIC values of 400 or above for MIC val-
ues of at least 2 mg/L. These results have led to updated
guidelines favouring AUC,4/MIC monitoring.®1* Further-
more, although both trough levels of at least 15 mg/L and
AUC,4/MIC above 600 are associated with an increased risk
of nephrotoxicity,®!! the trough target of 15 to 20 mg/L
does not correlate with clinical efficacy.”%1314

As evidence supporting AUC,4/MIC monitoring grows
and new tools emerge to aid with AUC estimation,'® institu-
tions are engaging in practice shifts away from monitoring
trough levels to align with proposed AUC,,/MIC tar-
gets.1o18 The primary objective of this study was to explore
discordance rates between vancomycin trough level and
AUC,4/MIC monitoring in a cohort of patients with MRSA
bacteremia or pneumonia. Given the limited clinical data
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regarding the significance of trough level and AUC,4/MIC
exposure in terms of clinical outcomes, our secondary
objectives were to determine how proportions of efficacy
and safety outcomes compare between those achieving and
those not achieving the pharmacodynamic targets defined
by trough and AUC,4/MIC monitoring.

METHODS
Study Design and Setting

This retrospective observational study was conducted at
2 campuses of The Ottawa Hospital, a public, university-
affiliated teaching institution with approximately 1100 beds.
Ethics approval for this study was obtained, before initia-
tion, from the Ottawa Hospital Research Ethics Board (REB
CRREF 1154/protocol 20190031-01H).

Patient Selection

Consecutive patients admitted to either campus of The
Ottawa Hospital between March 1, 2014, and December 31,
2018, who had blood or respiratory cultures that grew
MRSA were identified from the local microbiology database
and assessed for study eligibility.

Patients were included if they were at least 18 years
of age and had MRSA bacteremia or MRSA pneumonia.
MRSA bacteremia was defined by at least one blood cul-
ture that was positive for MRSA. MRSA pneumonia was
defined as MRSA growth in respiratory cultures and con-
sistent clinical presentation of pneumonia, defined as the
presence of infiltrate on chest radiography and at least one
of the following criteria: purulent tracheal secretions docu-
mented in nursing notes, documented temperature of 38°C
or above, or leukocyte count of 10 000/uL (10 x 10%L) or
higher. Patients with MRSA-positive results for both blood
and respiratory cultures were included in the MRSA pneu-
monia group. Additional inclusion criteria were treatment
with vancomycin for at least 3 days and at least 1 serum
vancomycin level reported at steady state (i.e., before the
third dose or later). Patients were excluded from the study
if they had infective endocarditis; had received concomi-
tant therapy for MRSA with linezolid, daptomycin, sul-
famethoxazole-trimethoprim, or tigecycline; or required
dialysis within the first 3 days of vancomycin therapy.

Data Collection

Data were manually collected from electronic medical records
by 3 of the investigators (R.M., . H., and V.N.). A standard-
ized and piloted case report form was used to collect patients’
demographic information, comorbidities, sequential organ
failure assessment (SOFA) scores, blood and respiratory cul-
ture results, concomitant antibiotic use during vancomycin
therapy, vancomycin doses and serum levels, timing of doses
and serum levels, patient weight, serum creatinine through-
out the course of vancomycin therapy, and concomitant use
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of nephrotoxic drugs during vancomycin therapy (limited to
IV contrast, amphotericin B, aminoglycosides, angiotensin-
converting enzyme inhibitors, angiotensin receptor block-
ers, nonsteroidal anti-inflammatory drugs, and IV acyclovir
and ganciclovir).

Treatment failure was defined as one or more of the fol-
lowing: death from any cause within 30 days of the index
MRSA culture; microbiologic failure, defined as a blood or
sputum sample growing MRSA that was obtained 7 or more
days after the initiation of vancomycin therapy; or recur-
rence of MRSA bacteremia within 60 days after discontinu-
ation of vancomycin therapy.!*2

Nephrotoxicity was defined as an increase in serum
creatinine by 50% across any 2 consecutive time points
from day 3 of vancomycin initiation up to 5 days after
the end of vancomycin therapy.?! Nephrotoxicity was also
assessed using the RIFLE criteria at the time of discharge
from the intensive care unit (ICU) (if applicable) and hos-
pital discharge.??

Identification of Bacterial Strains and
Determination of MIC

For the purpose of this study, MRSA clinical isolates were
recovered from frozen stocks when available. The MICs for
vancomycin were further determined by an agar dilution
method. Mueller Hinton agar (MHA) plates containing
vancomycin concentrations of 0.0625 to 128 pg/mL were
prepared. Select colonies from 18- to 24-hour overnight
incubation on a blood agar plate were each suspended in
1 mL sterile saline, and the turbidity was adjusted to 0.5
McFarland standard. These suspensions were then diluted
1:10 in sterile saline to give an inoculum concentration of
107 colony-forming units (CFU)/mL. Bacterial suspensions
were then inoculated onto the MHA-containing vanco-
mycin plates with the help of multipoint inoculators with
37 points (3 mm in diameter), each pin being able to deposit
approximately 1 to 2 uL on the agar surface (equivalent to
10* CFU in a spot 5-8 mm in diameter). Staphylococcus
aureus ATCC 25923 and ATCC 29213 were included on all
test plates as control organisms. The plates were incubated
at 35°C to 37°C for 24 hours. Results were read as the pres-
ence or absence of growth, where the MIC of a strain was
considered as the lowest concentration of the antibiotic at
which there was no visible growth.

Pharmacokinetic Analysis

Only single serum vancomycin levels were expected to be
available for most patients within each dosing interval. There-
fore, validated 2-compartment population pharmacokinetic
models of vancomycin for critically ill and non-critically ill
patients were used to obtain pharmacokinetic parameters,
including clearance, volume of distribution, and the elimina-
tion rate constant (k) (see Supplement 1, available at https://
www.cjhp-online.ca/index.php/cjhp/issue/view/206).2%2*
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First-order elimination equations were then used to deter-
mine Cpax and Cpi, values for each dosing interval.

Discordance analysis was conducted using only the
first trough level measured at steady state for each patient.
The extrapolated C,, value was then used in place of
Cirough to avoid variability related to timing of sampling.
Paired Cyin and model-predicted AUC,4/MIC values were
categorized as falling below, within, or above their pharma-
codynamic targets (15-20 mg/L and 400-600, respectively).
Concordance was defined as both estimates falling within
the same range relative to the respective pharmacodynamic
targets (i.e., both below, both within, or both above target).
Discordance was defined as paired estimates falling in dif-
ferent ranges relative to the respective pharmacodynamic
targets (e.g., Cmin Was within the therapeutic range, but the
AUC,4/MIC ratio was above or below the therapeutic range).
This approach was thought to be clinically relevant, because
discordance would result in different actions depending
upon the method of monitoring used by the clinician.

Given that utilization of 2 vancomycin levels is con-
sidered the most accurate method of AUC determination,
we identified cases in which 2 levels within a single dos-
ing interval were available at any point during the course
of therapy. In these cases, the AUC,4/MIC was calculated
using both the 2-point method and population pharmacok-
inetic models (Supplement 1).1>23:24 The AUC,4/MIC values
obtained using each method were then plotted, and the
agreement between the 2 methods was determined using
correlation statistics.

Predictors of treatment failure, nephrotoxicity, and dis-
cordance were determined using logistic regression analysis.
Modifiable covariates included in the model for treatment
failure were time to a therapeutic Cirougn level (= 15 mg/L),
time to therapeutic AUC,4/MIC (= 400), vancomycin dose
(mg/kg), and initiation of vancomycin after the first positive
culture result. Covariates included in the model for nephro-
toxicity were the proportions of patients with C;, values
greater than 20 mg/L or AUC,/MIC greater than 600.
Covariates included in the model for discordance were use
of a vasopressor, serum creatinine at or above 100 pmol/L,
and site of infection (bacteremia versus pneumonia). We
employed a 10:1 rule for covariate inclusion, whereby
1 covariate could be included for every 10 events.

RESULTS

We identified 299 patients who had blood and/or respira-
tory cultures positive for MRSA between March 1, 2014,
and December 31, 2018. A total of 128 patients met the
inclusion criteria (Figure 1). Baseline and vancomycin
treatment characteristics of these patients are summarized
in Table 1. Of these 128 patients, 51 (40%) had MRSA bac-
teremia, whereas 77 (60%) had MRSA pneumonia. Rates
of bacteremia and pneumonia were similar between the
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Patients with positive MRSA blood or
respiratory cultures = 299

Exclusions (n=171)

* Age<18years(n=7)

* No MRSA bacteremia or pneumonia (n = 26)

* Vancomycin therapy < 3 days (n = 85)

* No vancomycin levels (n = 7)

* Endocarditis (n = 13)

* Concomitant anti-MRSA therapy (n = 9)

* Dialysis required within 3 days of vancomycin initiation (n = 24)

Included (n=128)
¢ MRSA bacteremia (n =51)
*  MRSA pneumonia (n = 77)

FIGURE 1. Flow diagram for patient inclusion. MRSA = methicillin-resistant Staphylococcus aureus.

2 participating sites. A higher proportion of patients in the
pneumonia group than the bacteremia group were admit-
ted to the ICU (43/77 [56%)] versus 3/51 [6%]). The require-
ment for vasopressors was 31/77 (40%) among patients
with pneumonia and 5/51 (10%) among those with bac-
teremia. Only 5 (4%) of the 128 patients received a loading
dose of at least 25 mg/kg.

Table 2 summarizes therapeutic drug monitoring par-
ameters for vancomycin. For all patients, the mean first
steady-state value for Cpni, was 15.0 (standard deviation
[SD] 7.1) mg/L, and the corresponding mean AUC,,/MIC
value was 432 (SD 205). There were no instances in which 2
levels were available for AUC,4/MIC determination for the
first steady-state levels; therefore AUC,4/MIC values were

TABLE 1. Demographic and Vancomycin Treatment Characteristics

Study Group; Mean =+ SD or No. (%) of Patients

Bacteremia Pneumonia All

Characteristic (n=51) n=177) (n =128)
Age (years) 60 + 17 64 + 16 62 + 16

Sex, female 24 (47) 33 (43) 57 (45)
Admitted to ICU 3 (6) 43 (56) 46 (36)
Admitted to ward 48 (94) 34 (44) 82 (64)
Weight (kg) 81.0 = 27 81.4+24 81.2 +25
Baseline SCr (umol/L) 89 +48 101 £70 96 + 62

Initial vancomycin dose (mg/kg) 14.8+4 147 +4 1474
Initial dose < 15 mg/kg 32 (63) 41 (53) 73 (57)
Use of loading dose 3 () 2 (3 5 @
Use of vasopressors 5 (10) 31 (40) 36 (28)
SOFA score 1.9+27 51+4.38 3.8+4.4
Received IV contrast agent 18 (35) 12 (16) 30 (23)
Received any nephrotoxic drug? 27 (53) 28 (36) 55 (43)

ICU = intensive care unit, SCr = serum creatinine, SD = standard deviation, SOFA = sequential organ failure assessment.
aAmphotericin, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, nonsteroidal anti-inflammatory drugs, aminoglycosides, or acyclovir/

ganciclovir (by IV route).
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TABLE 2. Parameters for Therapeutic Drug Monitoring of Vancomycin

Study Group; Mean = SD or No. (%) of Patients

Bacteremia Pneumonia All

Vancomycin Parameter (n=51) (n=77) (n =128)
Trough (mg/L)? 142 +7.7 16.0 £ 6.7 153 £ 7.1
Crmin (mg/L)2 139+76 15.6 +6.8 15.0£ 7.1
AUC/MIC? 400 + 216 453 + 195 432 + 205
Attainment of Cyin target (= 15 mg/L)2 22 (43) 40 (52) 62 (48)
Attainment of AUC,4/MIC target (> 400)? 23 (45) 48 (62) 71 (55)
Time to attainment of Cy;, target® (days) 47+2.4 4.0+2.3 44+24
Time to attainment of AUC,4/MIC target® (days) 4.8+25 3.8+2.1 4.2+23
MIC = 1 pg/mL 49 (96) 70 (91) 119 (93)
No. of dose changes during therapy 2+2 2+2

AUCy4 = 24-hour area under the concentration—time curve, Cpin = minimum vancomycin concentration, MIC = minimum inhibitory concentration, SD = standard

deviation.

Values reflect the first measurement during vancomycin course (before the third dose or later).

bBased on 110 patients who achieved target during course of therapy.
Based on 115 patients who achieved target during course of therapy.

determined using only the population pharmacokinetic
models for either critically ill patients (n = 42) or non-
critically ill patients (n = 86). Of the 128 patients, 19 had
multiple samples drawn for steady-state levels within a sin-
gle dosing interval later during their course of therapy. For
these patients, AUC,4/MIC values calculated using both
the 2-level method and the population pharmacokinetic
models showed good correlation (r? = 0.84; Figure 2).

The mean times to therapeutic Cp, (= 15 mg/L) and
attainment of target AUC,4/MIC (= 400) for the overall cohort
were 4.4 (SD 2.4) and 4.2 (SD 2.3) days, respectively. Among
the 128 initial MRSA-positive blood or respiratory cultures,
119 (93%) had an MIC of 1 pg/mL, whereas 8 (6%) and 1 (1%)
had MIC values of 0.5 pg/mL and 2 pg/mL, respectively.

Results of the discordance analysis are presented in
Figure 3. Among the 128 measured first steady-state trough
levels, 27 (21%) exhibited discordance between C;, and
AUC,4/MIC values. Of the 101 (79%) cases in which Cpi,
and AUC,4/MIC values were found to be concordant, 72
(71%) were outside the therapeutic range. Figure 4 depicts
good correlation between Cpi, and AUC,4/MIC values
(r? = 0.749).

Clinical outcomes are summarized in Table 3. Treat-
ment failure occurred in 43 (34%) of the 128 patients.
Treatment failure was more common in the group with
pneumonia (35/77 [45%]) than the group with bacteremia
(8/51 [16%]). Table 4 summarizes univariate analyses of
treatment outcomes. Both initiation of vancomycin after
the first positive culture result (odds ratio [OR] 4.41, 95%
confidence interval [CI] 1.36-14.3) and time to attainment
of target AUC,4/MIC longer than 4 days (OR 3.48, 95% CI
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1.39-8.70) were predictive of treatment failure according
to logistic regression. Empiric dosing below 15 mg/kg (OR
1.06, 95% CI 0.46-2.42) and time to attainment of target
Chmin longer than 4 days (OR 1.12, 95% CI 0.27-4.70) were
not predictive of treatment failure.

Nephrotoxicity was observed in 23 (18%) of the 128
patients, with similar frequency between the pneumonia
and bacteremia groups. In a logistic regression model to
determine predictors of nephrotoxicity, the proportions of
patients with Cy,;, values greater than 20 mg/L (OR 0.74,
95% CI 0.20-2.69) or AUC,4/MIC greater than 600 (OR
2.45, 95% CI 0.60-12.46) were included as covariates. Nei-
ther was found to be predictive of nephrotoxicity. Logistic
regression did not identify any predictors of discordance
associated with vasopressor usage (OR 0.81, 95% CI 0.29-
2.21), serum creatinine at or above 100 umol/L (OR 0.66,
95% CI 0.26-1.62), or infection site (bacteremia versus
pneumonia) (OR 1.15, 95% CI 0.45-2.92) as covariates.

DISCUSSION

In this study, first steady-state trough levels were discord-
ant with their corresponding AUC,4/MIC values in 21% of
cases. In the study cohort, treatment failure and nephro-
toxicity rates were 34% and 18%, respectively. Although
no clinical variables were found to predict discordance, we
found that initiation of vancomycin after the first positive
culture result and time to AUC,4/MIC target attainment
longer than 4 days were predictive of treatment failure.
Notably, the average initial vancomycin dose was only 14.7
(SD 4) mg/kg, with only 4% of patients receiving a loading
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dose and 55% of patients reaching their AUC,4/MIC tar-
get at the time of the first sample drawn for determination
of steady-state vancomycin level. Collectively, the modifi-
able predictors of treatment failure described above high-
light an opportunity to improve empiric dosing strategies
by ensuring the timely initiation of appropriate therapy at
adequate initial doses. These fundamental (and achievable)
antimicrobial stewardship endeavours should precede any
change in practice with respect to therapeutic drug mon-
itoring of vancomycin. Whether it be the use of AUC,4,/MIC
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or the use of trough levels, the approach to drug monitoring
will be hard pressed to improve patient outcomes without
first optimizing the way in which vancomycin is prescribed.

Vancomycin trough levels have long been touted as an
acceptable surrogate for the AUC,,/MIC.2! However, pub-
lished clinical studies describing the correlation between
measured first steady-state trough levels and the corres-
ponding calculated AUC,4/MIC are limited, and the data
that are available show variable degrees of correlation. Monte
Carlo simulation studies by Patel and others” demonstrated

1000 1200 1400 1600 1800

AUC/MIC (2 levels)

FIGURE 2. Comparison of values for the ratio of area under the concentration—time curve to
minimum inhibitory concentration (AUC/MIC), calculated using population pharmacokinetic
models or using 2 vancomycin levels obtained during a single dosing interval (r2 = 0.84). For
AUC/MIC values obtained using 2 levels, individual values for the elimination rate constant
(ke) were calculated using first-order elimination kinetics (as described in the Methods).

Once values for ke, maximum vancomycin concentration (Crnay), and minimum vancomycin
concentration (Crin) Were determined, the corresponding AUC/MIC was calculated as described
in the Methods. The plotted AUC/MIC values reflect exposures over various time intervals.

Crnin (Mg/L)
Below 15 15-20 Above 20

S Below40o 56 (44) 1(1) 0(0)
T} 400-600 8 (6) 29 (23) 11 (9)
§ Above 600 2(2) 5 (4) 16 (13)

Concordance 101 (79)

AUC,,/MIC overestimates C,;, 15 (12)

C.,i, Overestimates AUC,,/MIC 12 (9)

FIGURE 3. Discordance analysis. Data are represented as number (%) of 128 patients.
AUC,4/MIC = ratio of 24-hour area under the concentration—time curve to minimum
inhibitory concentration, Cipin = minimum vancomycin concentration.
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AUC,,/MIC

FIGURE 4. Discordance analysis (2 = 0.749). AUC24/MIC = ratio of 24-hour area under
the concentration—time curve to minimum inhibitory concentration, Cpyin = minimum

vancomycin concentration.

that trough values above 15 mg/L achieved through various
dosing strategies are not required to consistently achieve
AUC,4/MIC values above 400. Similarly, simulation stud-
ies by Pai and others'® suggested poor correlation between
trough levels and AUC,4/MIC values, with an r? value of
0.409, which may be partly explained by MRSA isolates with
MIC values greater than 1 mg/L. Jin and others?® compared
AUC,4/MIC values calculated using either creatinine clear-
ance (as a surrogate for vancomycin clearance) or individ-
ual pharmacokinetic parameters with steady-state trough
levels. These authors found that the AUC,4/MIC values cal-
culated using patient-specific pharmacokinetic parameters
and commercial software showed a stronger correlation with
trough levels (r> = 0.964) than AUC,4/MIC values calcu-
lated using creatinine clearance (r? = 0.694). In a 2017 study
exploring the relationship between the incidence of acute

TABLE 3. Treatment Outcomes

Study Group; No. (%) of Patients

Bacteremia Pneumonia All
Qutcome (n=51) (n=177) (n=128)
Treatment failure 8 (16) 35 (45) 43 (34)
Death within 30 days 2 (4 18 (23) 20 (16)
Microbiologic failure 6 (12) 21 (27) 27 (21)
Bacteremia recurrence 3 (6) 0 (0 3 (2
Nephrotoxicity? 9 (18) 14 (18) 23 (18)

aNephrotoxicity was defined as a 50% increase in serum creatinine over any
2 consecutive time points from day 3 of vancomycin initiation up to 5 days
after the end of vancomycin therapy.
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kidney injury and Bayesian-derived AUC,4/MIC in MRSA
bacteremia, Chavada and others®® found that 26.7% of
patients with trough concentrations below 15 mg/L achieved
AUC,4/MIC values above 400. In that study, trough levels
and AUC,4/MIC values were found to be highly correlated
(r* = 0.88).26 In a retrospective study of 95 elderly patients
receiving vancomycin, the correlation between Bayesian-
derived AUC,, and extrapolated Cy,, levels was modest
(r* = 0.51).° More than 30% of cases in which Cpi, was
below 15 mg/L actually achieved the AUC,, target of 400.°
In the current study, Cy,i, and AUC,4/MIC values were
highly correlated, which suggests that using trough-based
versus AUC,4/MIC monitoring would have led to similar
clinical decisions (i.e., dose adjustments) in the majority
of cases. However, the observed rates of discordance were
lower than anticipated, with a high proportion of vanco-
mycin trough levels (44%; 56/128) falling below both Cpin
and AUC,4/MIC targets. The difference in the degrees of
correlation between C.;, and AUC,4/MIC values in our
study compared with those described in the literature may
be in part attributable to differences in methods for calculat-
ing AUC,4/MIC. A higher degree of correlation might also
be expected if there were a lower degree of variability in the
distribution of MIC values. However, the proportion of iso-
lates with MIC = 1 mg/L (93%) in the current study was con-
sistent with other centres, and current guidelines advise that
MIC of 1 mg/L be assumed in the event that the exact MIC
value is not known.® Considering that the average vanco-
mycin dose was just below the recommended 15 mg/kg,
these results suggest that our discordance analysis, and
any subsequent relationship between target attainment and
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TABLE 4. Univariate Analysis of Treatment Outcomes

Outcome;
No. (%) of Patients or Mean + SD

Factor Treatment Failure (n = 43) Treatment Success (n = 85) p Value
ICU (versus ward) 26 (60) 20 (24) < 0.0012
Pneumonia (versus bacteremia) 35 (81) 42 (49) <0.0012
Age (years) 64.3 +£15.0 60.8 + 16.9 0.26°
Baseline SCr (umol/L) 19+72 84 + 54 0.002°
Minimum vancomycin concentration (Cpin)

Measured value (mg/L) 16.1 £6.5 14.4 +7.4 0.21°

Attainment of target 22 (51) 40 (47) 0.66°

Time to attainment of target (days) 4.6 +2.5 36+1.9 0.020°
AUCy4/MIC

Calculated value 466 + 182 455 + 274 0.79

Attainment of target 30 (70) 41 (48) 0.0212

Time to attainment of target (days) 4.6+2.6 35+1.5 0.004°
Initial vancomycin dose

As mg/kg 143 +£3.6 15.0 £ 4.5 0.42°

< 15 mg/kg 25 (58) 48 (56) 0.862
Time from positive culture result to vancomycin initiation (days) -0.02 +£3.2 -1.0+£2.0 0.13°
Vancomycin started after positive culture result (versus before) 9 (21) 7 (8 0.040?

AUCy4/MIC = ratio of 24-hour area under the concentration—time curve to minimum
SD = standard deviation.

22 test,

bt test.

clinical outcomes, may be confounded by inadequate initial
vancomycin dosing. We hypothesize that this is a conse-
quence of the standard (one-size-fits-all) dosing strategies
for vancomycin (and potentially dose rounding) that are
commonly employed in our institution, rather than weight-
based dosing.

The current accepted threshold for efficacy is AUC,4/MIC
above 400, with clinical data supporting this value limited
primarily to single-centre retrospective analyses. In a recent
meta-analysis, Dalton and others?” assessed the perform-
ance of the AUC,4/MIC in predicting efficacy outcomes for
MRSA infections. In addition to highlighting considerable
heterogeneity in the study populations and methodologies
of the included studies, the authors found that the sensi-
tivity and specificity of the AUC,4/MIC was suboptimal
with respect to predicting efficacy outcomes. Furthermore,
vancomycin efficacy thresholds in outcome assessment
studies ranged from 211 to 667.” When compared with our
current study, in which we defined AUC,4/MIC =400 as the
efficacy threshold, the variability in the literature suggests
that optimal therapeutic efficacy thresholds are incom-
pletely understood and depend on the type of MRSA infec-
tion and methods of both AUC,, calculation and MIC
determination. It is also important to consider that the
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inhibitory concentration, ICU = intensive care unit, SCr = serum creatinine,

median time to target attainment in our study was 4 days
and that a time to attainment of target AUC,4/MIC longer
than 4 days was predictive of treatment failure. AUC,4/
MIC target attainment and its relationship with efficacy
outcomes are reportedly dependent on achieving pharma-
codynamic targets early (i.e., within days 1-2) in the course
of therapy.2%-28 In contrast, time to attainment of the Cpyp
target longer than 4 days did not predict treatment failure.
Since Cpin and trough levels have been used as surrogates
for the AUC,4/MIC and have not been shown to be pre-
dictive of efficacy outcomes on their own, this result is not
surprising. Our univariate analysis additionally showed
that patients with treatment failure were more likely to
have significantly higher baseline serum creatinine. It is
possible that this is a marker of severity of illness, given
that ICU admission was associated with treatment failure;
however, it is also conceivable that clinicians take a more
conservative approach to vancomycin dosing in patients
with compromised renal function, though we note that
patients with treatment failure were not more likely to
have starting doses below 15 mg/kg relative to those with
treatment success.

The main limitation of our study was that we were only
able to determine the AUC,,/MIC using one vancomycin
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level, while relying on previously published popula-
tion-based pharmacokinetic models to estimate pharma-
cokinetic parameters such as the elimination rate constant
and vancomycin clearance. Although the primary objective
of our study was to determine discordance between first
steady-state trough levels and AUC,4/MIC values, we col-
lected all vancomycin trough levels measured during each
patient’s course of therapy and identified 19 instances in
which multiple samples for postdistributional vancomycin
levels were drawn within a single dosing interval, which
allowed for comparison of AUC,4/MIC values calculated
using 2 levels and via population pharmacokinetic models,
as described in the Methods. Although calculation of the
AUC using 2 vancomycin levels allows determination of
patient-specific pharmacokinetic parameters, the high
degree of correlation between the 2 methods in our study
supports our use of population pharmacokinetic models in
the absence of multiple vancomycin levels. Additionally, the
methods of AUC determination in our study have preced-
ents in the literature? and likely provide a more accurate
estimation than simply calculating the AUC based on div-
iding the vancomycin dose by clearance, as has been used in
numerous outcome studies that have informed the current
AUC,4/MIC therapeutic thresholds.3%-32

CONCLUSION

Although the latest vancomycin guidelines for therapeutic
drug monitoring recommend AUC,4/MIC above 400 as
the pharmacodynamic target for efficacy in cases of serious
MRSA infection, the association between achievement of this
threshold and improvement in patient outcomes depends on
ensuring both appropriate selection of the empiric antibiotic
and adequate initial dosing. Our findings suggest that the
relationship between vancomycin monitoring and outcome
is confounded by inadequate empiric dosing, which high-
lights an opportunity to improve vancomycin dosing strat-
egies to ensure that therapeutic targets are achieved as soon
as possible. In light of the new vancomycin drug monitoring
guidelines, it is imperative to ensure that the approach to
empirical dosing is optimized before any attempt to modify
practice with respect to vancomycin monitoring.
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