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Background: Vancomycin is widely prescribed to treat infections caused by methicillin-resistant Staphylococcus aureus (MRSA).
According to the Infectious Disease Society of America 2011 MRSA guidelines for adults, trough concentrations of
15-20 pg/ml were recommended with vancomycin 15-20 mg/kg/dose every 8—12 h not to exceed 2 g per dose in patients
with normal renal function. As the data for dosage and monitoring of vancomycin in children are still controversial, physicians
often follow the guidelines established for adults. To evaluate serum vancomycin trough concentrations in pediatric patients
with currently recommended dosing regimen, we evaluated clinical data. Methods: This retrospective observational study
collected pediatric patients aged <18 years for whom vancomycin was administered at a single medical center between 2009
and 2015. Results: Fifty pediatric patients were analyzed. Two groups were identified according to the vancomycin dosage.
Fourteen (28%) patients underwent vancomycin at 60 mg/kg/day (high dose) and 36 (72%) patients at 40 mg/kg/day (low dose).
The average serum vancomycin trough concentrations of the two groups were 13.12 pug/ml (high-dose group) and 9.02 pg/ml
(low dose group), respectively. In addition, 71% (high-dose group) and 91% (low-dose group) of patients could not reach the
target trough concentrations 15-20 ug/ml, set by the Infectious Disease Society of America. Conclusion: This investigation
revealed that the current recommended vancomycin dosing regimens in children (40-60 mg/kg/day) mostly brought out trough
concentrations <10 pg/ml in this research population.
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INTRODUCTION mainstay of treatment for the most severe MRSA infections
based on the guidelines recommended by the Infectious
Staphylococcus aureus (S. aureus) is a Gram-positive  Diseases Society of America in pediatric and adult patients.'

coccus that induces serious diseases, including pneumonia, Gradual elevation of glycopeptide minimum inhibitory
endocarditis, necrotizing fasciitis, and others. During the

1950s, methicillin was invented and used against S. aureus.
However, methicillin-resistant S. aureus (MRSA) was
reported in the United Kingdom in 1961. Fortunately,
vancomycin, a glycopeptide antimicrobial agent that inhibits
bacterial cell wall synthesis, was discovered. Vancomycin
was active against infections caused by Gram-positive
bacteria such as streptococci, enterococci, and Staphylococcus This is an open access journal, and articles are distributed under the terms of

species including MRSA. Thereafter, Vancomycin became the the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commercially,

as long as appropriate credit is given and the new creations are licensed under
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concentrations (MICs) for S. aureus strains, a phenomenon
recognized as vancomycin MIC creep, has become a
concern in recent years. Many researchers have reported
that vancomycin MIC creep for MRSA isolates constitutes a
substantial risk of treatment failure. In our hospital, we found
vancomycin MIC creep in MRSA isolates from both adults
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and children.> According to the 2011 Infectious Disease
Society of America MRSA guidelines, measuring serum
vancomycin trough concentrations are the most accurate way
to guide vancomycin dosing in adults. For severe infections
such as osteomyelitis, meningitis, bacteremia, pneumonia,
serious skin and soft tissue infections (e.g., necrotizing
fasciitis), and infective endocarditis caused by MRSA,
vancomycin trough concentrations of 15-20 pg/ml are
required for adults.! Nevertheless, data are lacking to guide
vancomycin dosing in children. The effectiveness and safety
of target trough concentrations of 15-20 ng/ml require further
study in children. Current dosing advice for pediatric use of
vancomycin is 15 mg/kg/dose every 6 h for the treatment of
children with severe or invasive diseases, and the target trough
concentration of 15-20 ug/ml for adults is applied.! However,
several studies have shown that such target trough levels are
rarely achieved in pediatric patients.>*

There are few studies of vancomycin dosing in children
in Taiwan. Hwang et al.’ found that 15 mg/kg/dose every 6 h
compared to a 10 mg/kg/dose every 6 h is more likely to reach
the target trough concentrations of 15-20 pg/ml. The purpose of
this study was to assess the vancomycin trough concentrations
in pediatric patients with current dosing guidelines.

METHODS

Study design and enrolment criteria

This retrospective observational study was conducted from
2009 to 2015 at the Tri-Service General Hospital (TSGH),
a 1400-bed tertiary medical center in northern Taiwan.
The Ethics Review Committee of TSGH approved this
study (2-104-05-028). All patients aged <18 years of age who
received intravenous vancomycin for more than three doses and
had one or more appropriately analyzed trough concentrations
were enrolled. Vancomycin was dosed according to Nelson’s
Pediatric Antimicrobial Therapy, 20" edition.®

Data collection and analysis

The medical records of pediatric patients with trough
vancomycin concentrations were reviewed. Each patient’s
age, sex, body weight,
dosage, and trough concentrations were gathered. The
vancomycin trough concentrations were further categorized
into <10 ug/ml, 10-14 ug/ml, 15-20 pg/ml, and >20 pg/ml.
Because the standard dose of vancomycin recommended for
children is 40—60 mg/kg/day, two groups were identified based

serum creatinine, vancomycin

on the vancomycin dosage (60 mg/kg/day [high dose] vs.
40 mg/kg/day [low dose]).
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Statistical analysis

Descriptive analyses were performed to characterize
demographic and clinical data using the Statistical Package for
the Social Sciences (SPSS), version 18.0 (Inc., Chicago, IL,
USA). Data were offered as numbers, percentages, mean (with
or without standard deviation), and median while declared.

RESULTS

There were 101 intravenous vancomycin orders during
the study. After exclusion criteria were applied, 50 pediatric
patients and 50 trough vancomycin concentrations were
enrolled in this study. All of the children had a normal renal
function during vancomycin treatment. The main reasons for
exclusion were patients’ age younger than 1 month (»=15) due
to immature renal function and repeated checks of vancomycin
trough concentrations during the same hospitalization (n = 36).
Demographic data and vancomycin parameters are listed in
Table 1.

To evaluate the relationship between serum vancomycin
trough concentrations and pediatric dosing, two groups were
identified according to the vancomycin dosage. Fourteen (28%)
patients underwent vancomycin at 60 mg/kg/day (high dose)
and 36 (72%) patients at 40 mg/kg/day (low dose). The
high dose was prescribed for patients with life-threatening
infections such as infective endocarditis, meningitis, and
ongoing bacteremia, whereas low dose was administered for
patients with nonsevere diseases such as skin and soft-tissue
infections. The mean applied dose in high-dose group was
59.5+0.78 mg/kg/day (median: 60 mg/kg/day) and in low-dose
group was 39.53 + 1.40 mg/kg/day (median: 40 mg/kg/day).
The average serum vancomycin trough concentrations of the
two groups were 13.12 pug/ml (high-dose group) and 9.02 ug/ml
(low-dose group), respectively. In addition, 71% (high-dose
group) and 91% (low-dose group) of patients could
not reach the target trough concentrations 15-20 ug/ml
[Table 2 and Figure 1].

Table 1: Demographic data and vancomycin parameters

Median (range) Mean+SD

Weight (kg) 17 (1.6-56.8) 23+18.6
Age (year) 5.05 (0.1-17) 9+4.8
Vancomycin dose (mg/kg/day) 40 (30-60) 44.5£9.3
Vancomycin trough levels (pg/ml)

High-dose group (60 mg/kg/day) 8.8 (4.56-45.67) 13.12+7.59

Low-dose group (40 mg/kg/day) 7.93 (1.16-45.06) 9.02+4.54

Total 8.1 (1.16-45.67) 9.99+5.47

SD=Standard deviation



DISCUSSION

Vancomycin serum trough levels are routinely measured to
optimize dosing and monitor renal toxicity. Adults’ researches
revealedthatthearea-under-the-concentration-time-curve (AUC)
for 24 h divided by the MIC (AUC24/MIC) >400 is the finest
predictor of therapeutic outcome while treating severe MRSA
infections.” According to the 2009 consensus recommendations
from the Infectious Diseases Society of America, the American
Society of Health-System Pharmacists, and the Society of
Infectious Diseases Pharmacists, the value of the AUC divided
by the MIC being >400 is a proper target to achieve a successful
clinical outcome while treating MRSA, but the studies were
designed for adults.”® Moreover, the recommendation from
Nelson’s Pediatric Antimicrobial Therapy suggested that
vancomycin dosing of 3040 mg/kg/day divided into three or
four doses is advised in children with noninvasive infections.®
For children with life-threatening MRSA infections, vancomycin
dosing of 60—70 mg/kg/day is recommended to yield an AUC of
serum concentrations versus time over 24 h to an MIC ratio of
400 at the lowest. However, measuring the AUC is not routinely
done in clinical practice.

Changes in vancomycin MIC are clinically significant
because a higher vancomycin MIC could induce an unfavorable
response to the medication and lead in a more serious

Table 2: The distribution of the corresponding vancomycin
trough levels with the current empiric dosing regimen

Vancomycin dose Trough levels (pg/ml)

Chia-Ning Chang, et al.

condition.’ Elevated vancomycin MICs are usually associated
with deteriorated clinical outcomes and the phenomenon called
“MIC creep.”'™" A high dose of vancomycin (60 mg/kg/day)
is recommended for pediatric patients infected with MRSA
in the setting of vancomycin MIC creep.” Frymoyer et al.'?
performed detailed analyses for doses of 15 mg/kg every 6 h,
15 mg/kg every 8 h, and 20 mg/kg every 8§ h. When an MIC
of 1.0 was assumed with dosing of 15 mg/kg every 6 h, 90%
patients achieved an AUC/MIC >400 with trough levels of
7-10 ug/ml. At dosing of 15 mg/kg every 8 h, trough levels
of 8-10 ug/ml were necessary to achieve the target AUC/MIC;
with dosing at 20 mg/kg every 8 h, trough levels of 6-8 pg/ml
were predictive of AUC/MIC >400. Assuming an MIC of
0.5 mg/l, all cases reached an AUC/MIC >400, with trough
levels >5 pug/ml with dosing of 15 mg/kg every 6 h. However,
for MICs of 2.0 mg/l, few patients achieved AUC/MIC >400
with dosing of 15 mg/kg every 6 h, even though their trough
levels reached 15-20 pg/ml. They concluded that if the MIC
for the organism being treated was 1.0 mg/l or less, targeting
higher trough concentrations are not essential.'?

In the current study, only 4% (2/50) of the total
vancomycin trough concentrations reached the traditional
target concentration of 15-20 pug/ml with empiric dosing
regimens, which is within the reported range.*!*-'" Le et al.'®
computed that the AUC/MIC >400 was about equivalent to
a trough level of 89 ug/ml in their study of 1660 samples
from 702 patients. In addition, Glover et al.'® found that
the pediatric patients with normal renal function required
an average dose of 60 mg/kg/day to reach a mean trough
concentration of 7.8 wg/ml. Arfa et al.'” also revealed that
about 69% of their patients’ vancomycin trough levels
were <10 pg/ml with 60 mg/kg/day dosing. Vancomycin
is an age-dependent pharmacokinetic antibiotic agent
because its renal clearance in children is 2—-3 times higher

(mg/kg/day) <10 (%) 10-14 (%) 15-20 (%) >20 (%) Total (%)
High (60 mg/kg/day) 9 (64) 1 (7) 1(7) 32 14(100)
Low (40 mgkg/day) 26 (72) 7(19)  1(3)  2(6) 36 (100)
Total 35(70) 8(16)  2(4)  5(10) 50 (100)
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Figure 1: The distributive percentages of vancomycin trough concentrations in two groups (# = 14 in the high-dose group and » = 36 in the low-dose group)
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than that of adults.'®" As a result, it was difficult to gain
the adult target extent in most children with the current
dosage of 40-60 mg/kg/day.”® Some experts even suggested
that the daily dose of vancomycin should be added to
70-85 mg/kg/day in pediatric patients.*!

The trough concentrations could be classified into four
types: <10 pg/ml (subtherapeutic scale), 10-14 ug/ml
(therapeutic scale for low-dose vancomycin), 15-20 pg/ml
(therapeutic scale for high-dose vancomycin), and more than
20 ug/ml (over-therapeutic scale)."”*' Among our pediatric
patients, most (70%) of their vancomycin trough concentrations
were <10 ug/ml (subtherapeutic scale) both in high-dose (64%)
and low-dose (72%) groups. However, only one patient died,
and the others survived without any complication. Therefore,
even if the vancomycin trough levels lie in subtherapeutic scale,
the corresponding outcomes are not necessarily unfavorable in
our pediatric patients.

Our data are subject to certain limitations, and the leading
one is its retrospective design. Second, it was performed with
relatively small numbers in a single medical center, restricting
its generalizability. Third, a few patients lacked data for
creatinine changes, which could have revealed nephrotoxicity
induced by vancomycin.?! Finally, the inclusion of young
infants in the study might have impacted some proportion of
patients with low trough levels.*

CONCLUSION

We found that the currently recommended vancomycin
dosing regimens in children (40-60 mg/kg/day) mostly
brought out trough concentrations <10 pg/ml in our research
population. Multiple pharmacokinetic modeling studies
can provide discussion about vancomycin dosage.>'***-** To
conform to the trough goals of the Infectious Diseases Society
of America and the American Society of Health-System
Pharmacists, further grand-scale, and prospective studies are
required to identify adequate vancomycin dosing strategies in
children.
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