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In 2020, new vancomycin guidelines were released, recommending the transition from trough-based to AUC,,
monitoring for adult and paediatric patients. Given the resources required to achieve this transition, there has
been debate about the costs and benefits of AUC,,-based monitoring. A recent narrative review of vancomycin
therapeutic drug monitoring in paediatrics claims to have uncovered the methodological weaknesses of the
data that informed the guidelines and advises against premature adoption of AUC,,4-guided monitoring. In this
article, we present supporting arguments for AUC,4-guided monitoring in children, which include that: (i) troughs
alone are inadequate surrogates for AUC,,,; (i) vancomycin-associated nephrotoxicity has significant conse-
quences that warrant optimization of dosing; (iii) a substantial portion of children receiving vancomycin are
at high risk for poor outcomes and deserve targeted monitoring; and (iv) limited efficacy data in support of AUC,,
is not a justification to revert to a less supported monitoring approach.

Introduction

We read the recent narrative review of vancomycin therapeutic
drug monitoring (TDM) in paediatrics by Jorgensen et al.* with
interest. In reviewing the same literature, we come to different
conclusions and would like to present an alternative perspective
supporting the need for AUC-based monitoring and dosing in chil-
dren. Our primary contentions are that: (i) troughs alone are inad-
equate surrogates for exposure, specifically the 24 h AUC (AUC,,),
and do not safely guide dosing in children; (i) vancomycin-asso-
ciated nephrotoxicity has significant consequences in children
and is best addressed with AUC,,-directed precision dosing ra-
ther than simply lowering imprecise trough ranges; (iii) not all
children prescribed vancomycin require TDM, but a substantial
portion are at high risk for poor outcomes (i.e. nephrotoxicity)
and deserve targeted monitoring and treatment; and (iv) lim-
ited efficacy data in support of AUC,, should not be used as a
justification to revert to an even less supported monitoring
approach, namely troughs.

Troughs are inadequate surrogates for
exposure

The authors state that troughs have been shown to be a reason-
able predictor of AUC,, in children from the reviewed literature,
but the R? between AUC,, and trough concentrations across cited
paediatric studies ranges from 0.14 to 0.95 (median R?=0.66).!
There are important limitations to the design of many studies that
have attempted to determine the correlation between troughs
and AUC,, in children, including those deemed to show good or
excellent correlation, and the variability across these studies pre-
cludes understanding what an individual patient’s true AUC,, is
based on a measured trough. Furthermore, a trough will vary
based on the dosing interval in that individual patient, a highly
salient issue in paediatrics. AUCs, meanwhile, are agnostic to how
frequently the drug is administered and will be the same whether
daily doses are given as a continuous infusion or in divided doses.
A trough-based approach also ignores the fact that clinically
obtained troughs are often not true concentration minimums
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(more than 40% of the time in one study).? Inappropriately timed
troughs lead to difficult-to-interpret results, frequently requiring a
repeat sample, or inaccurate interpretations by already busy clini-
cians. AUCs are not subject to such issues since Bayesian programs
and two-point kinetic calculations both account for the timing of
samples.®* To rely solely on a one-time trough measurement, the
timing of which in itself is imprecise, limits clinicians’ ability to
perform targeted dose adjustments given the limited pharmacoki-
netic information that can be developed from this single measure-
ment without applying Bayesian methods.

Multiple studies using population models have shown that
troughs are poor predictors of AUCs, resulting in high variabilities of
AUC,,,. In a study of 306 neonates who underwent AUC monitoring
at a single institution, a more than 3-fold variation in AUC,,, was
observed for any given trough value.” Jorgensen et al.! cite three
references to support the statement that ‘in children troughs of
7-10mg/L have correlated with AUCs of 400 mg-h/L’. But, these
articles do not truly support this statement. Ploessl et al.® report
that 15% of children with troughs in the range of 7-10mg/L had
an AUC,, >600 mg-h/L. Frymoyer et al.” found that AUC,, ranges
from 300 to 800 mg-h/L for that same trough range. Finally, Le
et al.® showed that a mean trough of roughly 8-9 (95% CI 6-11)
mg/L correlated with an AUC,, of approximately 400 mg-h/L via
Monte Carlo simulation. The figure that the authors use to support
this shows that troughs within that 95% CI of 6-11mg/L could
have an AUGC,, from 250 to >525mg-h/L (figure cut off at this
value).” Thus, while trough values of 7-10 mg/L may correspond to
an AUGC,,, of approximately 400 mg-h/L on average, clinicians can-
not apply population level correlations to individual patients given
the imprecision in this relationship.

Vancomycin-associated nephrotoxicity has
significant consequences

Central to the authors’ viewpoint is that incremental exposure to
vancomycin is associated with increasing kidney injury and that
thereis not a hierarchy of pharmacokinetic indices that predict tox-
icity (i.e. they claim that AUC,, is not superior to trough concentra-
tions). Since there is not a hierarchy, they suggest that TDM should
be performed using troughs because they are simpler to imple-
ment clinically. Yet, as the authors have stated, causal inference is
often derived from animal models, and animal models suggest
that AUC,,, is superior to trough for defining the causal relationship
between vancomycin exposure and toxicity.” *? While targeting
lower trough values will reduce nephrotoxicity compared with use
of trough targets of 15-20mg/L, it is not predicted to reduce
nephrotoxicity to the degree that targeting AUC,, will, owing to
the imprecision of trough measurements to predict AUC,, inanin-
dividual and the superiority of the AUC-toxicity relationship.
Despite the perceived challenge of Bayesian software complex-
ities and the time associated with two-point AUC,,, calculations,
AUC,, estimation is cost saving for hospitals (or at worst cost neu-
tral) compared with trough-based dosing.’® In the analysis con-
ducted by Lee et al.,** both two-sample AUC,, calculations and
single-sample Bayesian AUC,, estimation are associated with cost
benefits in adults. The savings largely stem from nephrotoxicity re-
duction with AUC,4-based dosing, as acute kidney injury (AKI) is
associated with substantial increases in societal and hospital

costs."*1> Regardless of the financial impact, the health conse-
quences of AKI in children cannot be understated. It has been pre-
viously reported that 70% of children who experience an AKI
episode from high nephrotoxic medication exposure still have
ongoing damage 6 months later.'® Additionally, AKI in sepsis or
critically ill children is an independent risk factor for mortality.!’
These effects of AKI on children cannot be discounted and efforts
to reduce AKI, whether that be by avoiding unneeded vancomycin
or providing therapy targeting the pharmacokinetic/pharmacody-
namic parameter most closely associated with efficacy and
toxicity, are justified.

Identifying children who deserve targeted
monitoring and treatment

[tis also argued that we should not extrapolate pharmacokinetic/
pharmacodynamic targets derived from adults to children based
on the claim that ‘children most commonly present with bone and
joint infections’ and that ‘prolonged bacteraemia is the exception
rather than the rule’, implying that children are less severely ill
than adults.' However, with the adoption of antibiotic stewardship
programmes across the USA, vancomycin use has decreased over-
all, especially in previously healthy children, and many recent
reports suggest that its primary use is for sepsis,*®*° not in children
with bone and joint infections. Usage is now predominately in crit-
ical care units and in medically complex populations (congenital
heart disease, oncology, transplant, short gut syndrome etc.).
We do not espouse use of AUC monitoring in all children treated
with vancomycin, but a larger proportion may benefit from this
approach than Jorgensen et al.* suggest.

As is demonstrated by data from one of our tertiary care
centres (Figure 1), since 2019 nearly 70% of vancomycin use
for >48h has been in four inpatient populations: Critical Care,
Oncology/Bone  Marrow Transplant, Gastroenterology and
Cardiology. The children cared for on these units are vulnerable
and at high risk for adverse drug events. Furthermore, the most
common indications for vancomycin in these populations are for
treatment of confirmed or suspected bacteraemia, febrile neutro-
penia, CNS infections and pneumonia, all of which carry significant
morbidity and mortality risk if inadequately and not promptly
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Figure 1. Vancomycin utilization by specialty at Cincinnati Children’s
Hospital Medical Center from January 2019 through March 2021. Only
vancomycin use for >48 h was included. The Other category comprises
15 other subspecialties with varying vancomycin utilization. The figure
was courteously provided by David Haslam, MD, Director of Antimicrobial
Stewardship, Cincinnati Children’s Hospital Medical Center.
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treated. To ignore the adult and preclinical data for AUCy,-
targeted therapy would be a disservice to the medically complex,
immunocompromised and critically ill patient populations who
would most benefit from precision vancomycin dosing.

We agree with the authors that AUC,, monitoring in all children
prescribed vancomycin is unnecessary and would not be consid-
ered high-value care. Clinicians and hospitals implementing
vancomycin TDM of any kind must prioritize identification of
patients that would most benefit from this intervention. The 2020
vancomycin guidelines recommend AUC,,-directed therapy for
patients with suspected or confirmed serious MRSA infections,
those at high risk of AKI, those with renal insufficiency and those
receiving prolonged courses of therapy.’ We agree. As suggested
by the vancomycin use data in Figure 1, this applies to a larger pro-
portion of children than Jorgensen et al.* recognize. Identifying
children who are receiving longer durations of vancomycin, are at
high risk for nephrotoxicity or have significant physiological
changes that would affect AUC,, is paramount to maximize safety
and reduce vancomycin-associated AKI through AUC;,-targeted
monitoring.

Efficacy of vancomycin

The authors also claim that there is a paucity of efficacy data sup-
porting AUC,,-directed vancomycin in paediatrics. While data are
indeed limited, a recent paediatric study reported an association
between persistent MRSA bacteraemia in children and AUC/MIC
<300 but no association with troughs.?! The reasons for limited
data stem from the fact that troughs have been utilized clinically
over the past decade, not because AUC,,, is not linked to efficacy in
children. The inability to reliably estimate an individual patient’s
AUC,,, from their measured trough without Bayesian approaches
has prevented large-scale efficacy studies using TDM data. And,
despite extensive use of trough-based TDM for vancomycin, there
remain zero studies that have demonstrated an association
between specific trough concentrations and positive efficacy
outcomes. To state that AUC,4-directed therapy is not supported
by efficacy data but claim that simply lowering trough goals is
justified is fallacious.

As institutions transition from trough-based monitoring to
AUC,,4-based monitoring, we will be able to harness the data
prospectively to expand the already existing literature from
adults on the safety benefits of AUC,,-based monitoring.?? In
fact, one paediatric institution reported that transitioning to
AUC-based monitoring led to fewer dose adjustments, fewer
concentration measurements and a 30% relative reduction in
AKI per year.?* Equally important, we will also be able to gener-
ate the much-needed and long-awaited efficacy data. While it
is possible that the efficacy benefit to controlling vancomycin
exposures in children is limited, pursuing AUC,,-based dosing is
supportable on the basis of safety alone.?? The unknowns for ef-
ficacy should inspire institutions to collaborate and seek funding
to support robust trials so that we can produce the data in a
timely but rigorous manner. We should not use the lack of
paediatric-specific data as an excuse to abandon the guideline-
recommended AUC,,-based monitoring and revert back to un-
supported trough-based monitoring.

Ultimately, supporting a trough-based approach for vanco-
mycin TDM fails to acknowledge the substantial impact that use of
an imprecise measure has on our most vulnerable children. Simply
dosing to achieve troughs of 5-15mg/L may be sufficient for
clinically stable and previously healthy children. But, again, these
are not the majority of paediatric patients who are receiving lon-
ger-term vancomycin treatment courses. Pareto’s rule states that
80% of effects come from 20% of the causes. In the case of vanco-
mycin, it would be reasonable to argue that 80% of children would
have a similar outcome with use of AUCs, troughs or no monitoring
at all. It is the remaining 20% of patients, however, who justify the
cost and effort of targeted AUC,,-based TDM, such as through
model-informed precision dosing. Adoption of AUC,,-directed
therapy and robust clinical trials are simultaneously warranted.
We will never know the correct target if we don’t start measuring
the right thing.
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