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Vancomycin Therapeutic Drug Monitoring in Children:
New Recommendations, Similar Challenges

J. Chase McNeil, MD and Sheldon L. Kaplan, MD

The American Society of Health-System Pharmacists, the Infectious Diseases Society of America, the
Pediatric Infectious Diseases Society, and the Society of Infectious Diseases Pharmacists have recently
published revised guidelines for the therapeutic monitoring of vancomycin. Previous iterations of the
guideline largely focused on targeting vancomycin trough concentrations (VTCs) in the range of 15 to 20
mg/L for therapeutic efficacy. The revised guidelines shift the focus of therapeutic monitoring directly to
AUC/MIC-based therapeutic monitoring for children, with a suggestion of a goal AUC/MIC 400 to 800. The
primary hesitation in applying these recommendations to children stems from the absence of pediatric
clinical data demonstrating correlations with clinical outcomes and either VTC or AUC and no benefit in
other secondary outcomes (e.g., recurrence, duration of bacteremia). One can glean indirectly from this
that such aggressive dosing and monitoring strategies are unnecessary to achieve therapeutic success

in the majority of children with serious methicillin-resistant Staphylococcus aureus infections. Providers
should carefully weigh the potential unknown benefits of targeting vancomycin AUC 400 to 800 mg*hr/L in
children with the known risks of acute kidney injury associated with increasing the dose of vancomycin as
well as the substantial time, effort, and costs of this process.

ABBREVIATIONS AKI, acute kidney injury; AUC, area under the curve; MIC, minimum inhibitory concentration;
MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus;

VTC, vancomycin trough concentration
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Since emerging as a major community-acquired
pathogen in the early 2000s, methicillin-resistant
Staphylococcus aureus (MRSA) has continued to cause
substantial morbidity in the pediatric population. Van-
comycin is generally regarded as the drug of choice for
the empiric management of known/suspected serious
S aureus infection in children. The American Society
of Health-System Pharmacists, the Infectious Diseases
Society of America, the Pediatric Infectious Diseases
Society, and the Society of Infectious Diseases Phar-
macists have recently published revised guidelines for
the therapeutic monitoring of vancomycin.' Previous
iterations of this guideline largely focused on targeting
vancomycin trough concentrations (VTCs) in the range
of 15 to 20 mg/L for therapeutic efficacy based primarily
on limited observational studies in adults.? This VTC
range was believed to approximate an AUC to MIC ratio
>400. Although the original guidelines acknowledged
the limitations in the available data, at many institutions
it became routine practice for providers to perform dose
adjustments to achieve this therapeutic window. The
revised guidelines shift the focus of therapeutic moni-
toring directly to AUC/MIC. AUC can be mathematically
derived through a variety of means, each with their
own drawbacks. The current guidelines advocate for

Bayesian-derived AUC monitoring to provide a more
accurate picture of drug exposure. The authors have
presented a very exhaustive review of the literature
and should be congratulated for this body of work on
such a challenging topic. Although the guidelines “sug-
gest” vancomycin AUC-based therapeutic monitoring
for children rather than making firm recommendations,
significant challenges and questions exist in applying
these pharmacokinetic goals derived from primarily
studies of adults to the general pediatric population.
The primary hesitation in applying these recommen-
dations to children stems from the absence of pediatric
clinical data demonstrating improved overall outcomes
for any specific vancomycin pharmacokinetic goal.
Numerous investigators have previously studied van-
comycin pharmacokinetics in children with regards to
dosing, VTC, and AUC.3~ Although these are important
data, the absence of correlations with clinical outcomes
and either VTC or AUC is a significant limitation of these
prior studies. In general, achieving a specific pharma-
cokinetic goal should not be equated with therapeutic
success; most prior pediatric studies fail to address
the simple utility of VTC or AUC/MIC in therapeutic
outcomes. The authors suggest vancomycin be admin-
istered to achieve a target AUC of at least 400 mg*hr/L,
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but < 800 mg*hr/L. In a series of MRSA bacteremia at
Cincinnati Children’s, Hahn et al® reported no difference
in treatment failure rates among children achieving
vancomycin AUC/MIC > 400 compared with those with
AUC/MIC < 400; additionally, there was no benefit in
terms of other secondary outcomes (recurrence, dura-
tion of bacteremia, etc).?2 There was a suggestion, in
this study, that higher AUC/MIC was associated with
acute kidney injury (AKI). More recently, Regen et al®
did not find a significant association with treatment suc-
cess and vancomycin AUC/MIC > 400 in children with
MRSA bacteremia; adverse effects such as AKI were
not addressed in this study. Admittedly, a Bayesian ap-
proach to AUC calculation was not performed by these
investigators and thus may have produced inaccurate
estimations of vancomycin exposure. However, in a
recent well-designed multicenter study in adults that
used Bayesian AUC estimation, higher AUC/MIC did not
reduce the risk of treatment failure but did substantially
increase the risk of AKI' Interestingly, these authors
found that the highest rates of morbidity-free treatment
success were among subjects in the lowest 2 quintiles
of vancomycin exposure (AUC < 515 mg*hr/L), although
they were unable to define a lower boundary for treat-
ment success.

Moreover, in studies examining vancomycin dosing
and pharmacokinetics in children, 50% to 80% of chil-
dren fail to achieve pharmacokinetic goals by either
VTC or AUC.2" Despite this high rate of “suboptimal
therapy,” widespread therapeutic failures have not been
reported in children. One can glean indirectly from this
that such aggressive dosing and monitoring strategies
are unnecessary to achieve therapeutic success in the
majority of children. One may ask, “Why would an AUC/
MIC > 400 be beneficial in adults but not children?” This
discrepancy in correlating outcomes of serious MRSA
infections with vancomycin pharmacokinetic targets is
likely a consequence of the lower rate of comorbidi-
ties in children compared with adults, as well as differ-
ences in disease presentation (as acknowledged by the
guideline authors). The most common form of invasive
staphylococcal infection in children is osteoarticular
infections; for such infections that are frequently as-
sociated with purulent foci, source control likely plays
a large role in achieving good outcomes.? In the adult
studies of MRSA bacteremia, less than 10% to 15% of
patients have bone orjoint infections. In contrast, infec-
tive endocarditis is noted in a high proportion of adults
(14% to 20% of patients)™ with MRSA bacteremia, but
this is not the case in children (1.4% in 1 recent study)
Furthermore, the duration of bacteremia in S aureus
infection is much shorter in children (median duration
of 2 days in some studies™) than in adults (6 days™) and
mortality much lower (1% to 4.8% vs 10% to 20%'5-%).
Thus, although there may be theoretical benefit to
achieving the pharmacokinetic parameters as outlined
in the guidelines, it is unlikely to have a substantial

effect in the pediatric population. The guidelines as
written suggest that AUC targets of 400 to 800 mg*hr/L
should be sought for all children receiving vancomycin.
We believe (based on the evidence presented [or lack
thereof]) that seeking to achieve such pharmacokinetic
targets is unnecessary to achieve therapeutic success
in the majority of children with serious MRSA infections.
This is particularly true in the situation in which a child
is improving on therapy without achieving the VTC or
AUC values suggested as beneficial (in which case, we
would not recommend performing dose adjustments).

As with any medication, aggressive dosing of vanco-
mycin raises concerns about the potential for increasing
drug toxicity. In 1single center retrospective study, 19.4%
of children receiving vancomycin developed AKIM" AKI
associated with vancomycin is typically multifactorial
and may be influenced by the specific subpopulation,
exposure to concomitant nephrotoxic medications, and
severity of illness.®-?' Beyond the short-term implica-
tions of diminished renal function, stage 2 or 3 AKI
was associated with increased mortality in children
in a large multinational study.?? Although numerous
factors can contribute to AKI, previous single-center
pediatric studies have shown that vancomycin troughs
in excess of 10 to 15 mg/L, dosing > 80 mg/kg/day and
longer durations of vancomycin therapy are associ-
ated with AKI.2% Other investigators examining children
receiving vancomycin for any indication reported
that VTC > 15 mg/mL and/or AUC/MIC > 800 were
independently associated with a > 2.5-fold increased
risk of nephrotoxicity.?* Although we agree with the
authors of the guideline that “vancomycin exposure
should be optimally maintained below the thresholds
for AUC of 800 mg*hr/L and trough concentrations of
15 mg/L to minimize AKI,” it is likely that providers ag-
gressively seeking to achieve AUC 400 to 800 mg*hr/L
will inadvertently “over-shoot the mark” contributing to
unnecessary nephrotoxicity. Drug adverse events can
likely be minimized by not performing dose escalations
in patients who are otherwise doing well on therapy.
Moreover, careful monitoring of renal function should
occur in all patients receiving vancomycin.

As written, the guidelines state that “therapeutic
monitoring may begin within 24—48 hours of initiation
of vancomycin therapy for serious MRSA infections.”
One challenge with this is that very early in the course
of therapy, the provider is unaware if the patient has
MRSA or not (though they might suspect a gram-
positive etiology). For example, in the patient with
osteomyelitis whose blood cultures are negative, a
culture positive for MRSA from material obtained at sur-
gery or through a percutaneous aspiration may not be
known for several days after admission. In fact, the vast
majority of children started empirically on vancomycin
will ultimately not be found to have a serious MRSA
infection. Although vancomycin has activity against
methicillin-susceptible S aureus (MSSA), B-lactams are
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clearly the agents of choice.?® A number of investigators
have reported recent declines in pediatric MRSA across
the country, particularly among invasive infections;26-28
some centers have reported a rise in MSSA invasive in-
fections concomitant with the decline in MRSA.2° Thus,
even in situations in which the microbiologic etiology
is almost certainly S aureus (such as osteomyelitis),
the likelihood of the infection being caused by MSSA
is higher than that of MRSA. Therefore, if therapeutic
drug monitoring and dose adjustments are being
performed in the first 24 to 48 hours of therapy for all
children receiving vancomycin, then it is likely that the
vast majority of these interventions will be occurring
in children without MRSA infections. Such procedures
will produce additional unnecessary laboratory costs
and opportunity costs of personnel (e.g., laboratory
technicians, nursing, pharmacy). Some investigators
have suggested not performing therapeutic drug moni-
toring of vancomycin in children in the first 72 hours of
therapy except in a subset of cases such as those with
critical iliness or pre-existing renal dysfunction;*° such
an approach could conceivably reduce costs and un-
necessary laboratory testing. These same investigators
also noted that 75% of children receiving a vancomycin
dose of 55 to 65 mg/kg/day achieved an AUC,, > 400
mg*hr/L using Bayesian analyses with a median of O
dose adjustments. Thus, even assuming that achieving
such pharmacokinetic goals is helpful in children, these
data suggest the majority of children will not need dos-
age adjustment and that obtaining such information will
not alter management.

This is not to say that achieving AUC/MIC goals would
not be beneficial in selected pediatric patients. There
are situations for which aggressive dosing/therapeutic
drug monitoring may be beneficial including MRSA
necrotizing pneumonia, the rare case of a MRSA CNS
infection, when source control cannot be achieved or
when a patient fails to improve despite optimal source
control (albeit there is no clinical data for these prac-
tices either). Additionally, therapeutic drug monitoring
is very important in the setting of known renal injury/
insufficiency.

In conclusion, based on the lack of clinical data,
providers should carefully weigh the potential unknown
(or even theoretical) benefits of targeting vancomycin
AUC 400-800 mg*hr/L in children with the known risks
of AKI associated with increasing the dose of vanco-
mycin as well as the substantial time, effort, and costs
of this process. Additional research is sorely needed
on this important topic, which can hopefully provide
the evidence upon which more firm guidance can be
developed.
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