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OBJECTIVES Appropriate antimicrobial dosing maximizes therapeutic benefit while minimizing development 
of antimicrobial resistance. Common pediatric references recommend vancomycin dosing of 40 mg/kg/day 
divided every 6 to 8 hours for non-central nervous system infections, while some clinicians report utilizing 
higher initial doses to optimize efficacy. This study compares vancomycin serum concentrations following 
traditional dosing of 10 mg/kg/dose every 6 to 8 hours versus 15 to 20 mg/kg/dose every 6 to 8 hours. 
STUDY DESIGN Retrospective database review of vancomycin serum concentrations in pediatric patients. 
RESULTS Three hundred fifty-seven patients were analyzed. The mean peak concentration of the 10 mg/kg 
groups every 6 and every 8 hours were below 25 mg/L, whereas the mean peak concentrations of the 15 mg/
kg groups every 6 and 8 hours were within the 25-40 mg/L range (p < 0.001). The mean trough concentration 
of the 10 mg/kg group every 6 hours was within the 5-15 mg/L range while the 10 mg/kg group dosed every 
8 hours was below target. However, the mean trough concentrations of the 15 mg/kg group dosed every 6 
and 8 hours were both within the 5-15 mg/L range (p < 0.001). 
CONCLUSIONS Vancomycin doses of 15 mg/kg every 6 to 8 hours produce peak and trough serum concen-
trations within target range more often than 10 mg/kg every 6 to 8 hours. 

 KEYWORDS pediatrics, pharmacokinetics, vancomycin dosing, vancomycin serum concentrations

J Pediatr Pharmacol Ther 2009;14:86–93
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INTRODUCTION

Vancomycin is a glycopeptide antibiotic with 
a narrow spectrum of activity directed against 
Gram-positive microorganisms. Vancomycin has 

become a commonly used agent in hospital set-
tings, where the incidence of resistant Gram-pos-
itive organisms is high. This has been especially 
true in recent years with the increase in skin and 
soft tissue infections, as well as invasive disease, 

caused by methicillin-resistant Staphylococcus au-
reus (MRSA). Vancomycin is now being employed 
frequently as empiric Gram-positive coverage in 

both immunocompromised and immunocompe-
tent patients as well as in pediatric patients with 
indwelling intravascular and prosthetic devices.1 

Vancomycin has age-dependent pharmacoki-
netics. Several studies have evaluated the altered 
pharmacokinetics in the pediatric population.2-4 
Total body clearance of vancomycin in pediatric 

see Editorial page 64
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patients is 2 to 3 times higher than in adults. In 
addition, the volume of distribution of vanco-
mycin at steady state is similar or smaller than 
that of adult patients.2 A vancomycin dosing 
regimen of 40 mg/kg/day was predicated by 
Spears and Koch in 1959 and has become the most 
frequently used regimen in pediatric patients.5 A 
later study by Schaad et al. also concluded that 
40 mg/kg/day of vancomycin was necessary to 
obtain therapeutic concentrations in older infants 
and children, but that larger doses of 60 mg/kg/
day were indicated for pediatric patients with 
staphylococcal central nervous system (CNS) 
disease.6 These authors also found that peak 
serum concentrations greater than 25 mg/L and 
trough concentrations less than 12 mg/L were 
associated with appropriate inhibitory and bac-
tericidal titers. Commonly used pediatric refer-
ences recommend similar dosing.7-9

The routine monitoring of serum vancomycin 
concentrations has recently been debated.10-12 
While much of the literature documents the target 
range of vancomycin peak concentrations to be 25 
to 40 mg/L and the target range of vancomycin 
trough concentrations to be 5 to 15 mg/L, there 
is no proven correlation between clinical efficacy 
and defined serum concentrations.5,6,11,13 Due to 
this lack of data and cost associated with monitor-
ing serum concentrations, some clinicians and in-
stitutions are limiting the use of monitoring serum 
peak and trough concentrations of vancomycin 
and/or are using dosing nomograms. Since the 
bactericidal activity of vancomycin depends on 
the duration of time above the minimum inhibi-
tory concentration (MIC), it is desirable to achieve 
targeted vancomycin concentrations as quickly 
as possible in a therapeutic course of treatment. 

In this study, we examine vancomycin serum 
concentrations at various doses and frequencies 
in our pediatric population to determine the 
dosage(s) of vancomycin that are most likely to 
achieve serum vancomycin concentrations that 
are within the defined target range.

MATERIALS AND METHODS

Patients
 This retrospective study reviewed data from 

patients admitted to The Children’s Hospital of 
Alabama who received intravenous vancomycin 
and had both a peak and a trough serum concen-
tration obtained from January to July of 2004. 

The database used in these assessments had been 
developed in-house as a tool for pharmacists to 
perform pharmacokinetic calculations and to 
track resulting changes in dosing. Entries in the 
database are performed by a clinical pharmacist 
as part of the assessment of a patient receiving 
vancomycin who has serum concentrations 
obtained. Patients were included if they were 
between the ages of 1 month to 18 years, had 
normal renal function as defined by age-adjusted 
creatinine clearance,14,15 had both a peak and 
trough vancomycin serum concentration, and 
had received a vancomycin dose within a prede-
termined range (see Methods for further details). 
Our institution accepts all types of pediatric 
patients with varying diseases including, but 
not limited to, general pediatric patients, oncol-
ogy, stem cell transplantation, critically ill, and 
cystic fibrosis patients, or those with congenital 
heart defects; no patient types or diseases were 
excluded from review. Patient data were entered 
into the database as an intervention. Each time 
a new peak and trough value was obtained for a 
patient, there was a new intervention. 

Methods
This study was approved by institutional re-

view board committees at Samford University 
and the University of Alabama at Birmingham. 
Patients were stratified into 8 groups according 
to dose and dosing interval: 1) 10 mg/kg/dose 
every 6 hours; 2) 10 mg/kg/dose every 8 hours; 
3) 15 mg/kg/dose every 6 hours; 4) 15 mg/kg/
dose every 8 hours; 5) 15 mg/kg/dose every 12 
hours; 6) 20 mg/kg/dose every 6 hours; 7) 20 
mg/kg/dose every 8 hours; and 8) 20 mg/kg/
dose every 12 hours. Patients who received a 
dose or treatment interval that fell out of these 
predetermined stratifications by more than 10% 
were excluded. Patient weight, age, peak concen-
tration, trough concentration, dose, and dosing 
interval were obtained. The defined target range 
used at this institution for vancomycin peaks is 
25-40 mg/L and troughs is 5-15 mg/L, based on 
previously published ranges.11,16,17 All peak and 
trough concentrations were adjusted to reflect 
peak concentrations at one hour after a one hour 
infusion of the dose and trough concentrations 
immediately prior to the dose utilizing one-com-
partment model calculations. These adjustments 
were based on the actual time the concentration 
was obtained in relation to the dose. At our 
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institution peak and trough concentrations are 
typically collected at steady-state (i.e., around the 
third dose) and the majority of levels evaluated 
reflected this practice. The vancomycin dose the 
concentrations were drawn around is not rou-
tinely documented in our database; therefore, 
these data are not known for these study patients. 

STATISTICAL ANALYSIS

 Descriptive statistics were used to summarize 
all continuous and categorical variables. Nor-
mally distributed data are presented with mean 
and standard deviation while non-normally 
distributed data are presented with median and 
interquartile range (IQR). Comparisons of peak 
and trough values between dosing groups were 
performed using analysis of variance. Because 
the data showed homogeneity, post hoc analysis 
was performed using Student-Newman-Keuls 
method. Nominal data were compared using 
a Chi-square test. All statistical tests were two-
sided and were performed with a p value < 0.05 
indicating statistical significance using SPSS 11.5 
statistical software package (SPSS, Chicago, IL). 

RESULTS

Data from 951 patients who received vancomy-
cin were extracted from the database. Of these, 

394 patients failed to meet inclusion criteria, 4 
were duplicate entries, and 196 patients were 
excluded due to a dose or a dosing interval that 
was outside of the predefined ranges. The re-
maining 357 patients were stratified into dosing 
groups (Figure 1).

The median weight was 12.9 kg (IQR 7.45, 
20.35), the median age was 66 months (IQR 9, 76) 
and 59% (n = 210) were male. The mean vanco-
mycin dose was 15.33 ± 3.29 mg/kg/dose, with 
a mean dosing interval of 7.53 ± 1.75 hours. The 
mean peak serum concentration was 29.45 ± 11.26 
mg/L and the mean trough serum concentration 
was 8.66 ± 5.93 mg/L. Group demographics and 
mean peak and trough serum concentrations for 
each group are shown in the Table. 

The mean peak serum concentrations for the 10 
mg/kg/dose groups dosed every 6 and 8 hours 
were below the target range (≥ 25 mg/L). The 
group dosed 10 mg/kg/dose every 6 hours had a 
peak that was below target 85% of the time while 
the group administered every 8 hours was below 
target 87% of the time. No patient in either 10 mg/
kg/dose group had a peak concentration that was 
greater than 40 mg/L. Conversely, the mean peak 
concentrations of the 15 mg/kg/dose and 20 mg/
kg/dose groups dosed every 6, 8 or 12 hours were 
within the target range (25-40 mg/L) (p < 0.001). 

The mean trough concentration for the 10 mg/
kg group dosed every 8 hours was just below 

Figure 1. Flow Diagram of Inclusion and Exclusion Criteria

* age criterion was > one month or < 18 years of age
† dosing groups: 10 mg/kg q 6 h;10 mg/kg q 8 h;15 mg/kg every 6 h;15 mg/kg q 8 h;15 mg/kg q 12 h; 20 mg/kg q 6 
h; 20 mg/kg q 8 h; 20 mg/kg q 12 h

Benner KW, et al
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the target range (< 5 mg/L), whereas the mean 
trough concentrations in the 15 mg/kg/dose 
and 20 mg/kg/dose groups dosed every 6, 8 or 
12 hours were within the target range (5 to 15 
mg/L) (p < 0.001). Figure 2 show the distribu-
tion of peaks and troughs in each group in rela-
tion to below the target (peaks of < 25-40 mg/L, 
troughs of <5 mg/L), within the target (peaks 
25-40 mg/L, troughs of 5-15 mg/L) and above the 
target (peaks of >40 mg/L, troughs of >15 mg/L). 

Among all patients, trough concentrations ex-
ceeded 15 mg/L in only 34 patients (9%). Most of 
these patients (n = 23) were in the groups dosed 
every 6 hours; the group dosed at 15 mg/kg/
dose every 6 hours had the most patients (n = 
13) with troughs higher than 15 mg/L. Twenty-
three percent (n = 84) of all patients had below 
target troughs. Of note, 67% of the patients in the 
10 mg/kg/dose group dosed every 8 hours had 
below target troughs and the group dosed at 20 
mg/kg/dose every 12 hours had below target 
troughs 50% of the time. 

Overall, patients receiving 15–20 mg/kg/dose 
of vancomycin had a peak and trough within the 
target range more often than patients in the 10 
mg/kg/dose group. All patients in the groups 
dosed every 8 hours with an above target trough 
also had an above target peak, whereas only 43% 
of patients in the groups dosed every 6 hours who 
had an above target trough also had an above 
target peak.

DISCUSSION

The purpose of this retrospective database 
review was to determine how often different 

dosing regimens of vancomycin produced peak 
and trough serum concentrations within a de-
fined target range in a pediatric patient popula-
tion. Common pediatric references recommend 
vancomycin dosing of 40 mg/kg/day divided 
every 6 to 8 hours for non-central nervous system 
infections, and 60 mg/kg/day divided every 6 
hours for CNS infections.7-9 Anecdotally, we have 
found that the published dosing recommenda-
tions for vancomycin often produce suboptimal 
serum concentrations. Our data suggest that in 
the pediatric population, the dose of vancomy-
cin initially employed should be 15-20 mg/kg/
dose administered intravenously every 6 to 8 
hours to produce serum concentrations within 
the target range. 

Early studies of vancomycin dosing in the 
pediatric population had flaws in their research 
design. In 1959, Spears and Koch studied vanco-
mycin in 53 patients one month to 18 years of age. 
Thirty patients received only a single intravenous 
(n = 16) or intramuscular (n = 14) dose of van-
comycin, with subsequent serum concentration 
measurements. Only 23 patients received mul-
tiple doses of vancomycin; however, no serum 
concentrations were measured in this group. 
Based upon these data, the authors concluded 
that vancomycin doses of 40 mg/kg/day IM or 
IV provided adequate serum concentrations.5

A second small study by Schaad et al. looked at 
55 patients including premature and full term ne-
onates, infants, and children.6 They administered 
vancomycin 10 to 15 mg/kg and measured serial 
vancomycin concentrations after each dose. They 
concluded that 40 mg/kg/day of vancomycin 
was necessary to obtain “therapeutic” concentra-

Table. Group Demographics and Mean Peak and Trough Serum Concentrations 

Vancomycin dose Mean Peak ± SD 
(mg/L)

Mean Trough ± SD 
(mg/L)

N Median Age (IQR) in 
months

Average Weight 
(IQR) in kg

10 mg/kg q 6hr 20.25 ± 6.59 7.02 ± 3.65 46 54 (19, 93) 15.8 (9.4, 24,5)

10 mg/kg q 8hr 19.3 ± 6.77 4.69 ± 2.15 15 39 (10, 193) 12.8 (9.1, 59.0)

15 mg/kg q 6hr 31.21 ± 10.11 11.64 ± 7.04 65 42 (10, 72) 12.9 (7.7, 16.5)

15 mg/kg q 8hr 29.99 ± 12.48 8.04 ± 6.27 109 22 (5, 84) 10.9 (6.0, 21.0)

15 mg/kgq12hr 34.03 ± 10.7 7.18 ± 5.83 23 20 (11, 155) 9.9 (6.1, 46.4)

20 mg/kg q 6hr 32.19 ± 7.94 10.02 ± 4.88 40 37 (11, 55) 13.5 (7.8, 15.5)

20 mg/kg q 8hr 32.86 ± 11.62 8.92 ± 5.56 49 34 (16, 75) 13.0 (9.6, 19.5)

20 mg/kg q12hr 31.27 ± 8.28 6.32 ± 3.54 10 2 (1, 45) 5.2 (2.9, 10.9)
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tions in older infants and children, and that up 
to 60 mg/kg/day was indicated in patients with 
staphylococcal central nervous system disease. 
They also found that peaks above 25 mg/L and 
troughs less than 12 mg/L were associated with 
appropriate inhibitory and bactericidal titers. In 
addition, 3 references that are commonly used by 
pediatricians also recommend initial vancomycin 
doses of 40 mg/kg/day divided every 6 to 8 hours 
for children greater than one month of age.7-9

More recent studies have refuted the 40 mg/
kg/day recommendation, particularly in certain 
populations. Chang et al. reported that mean 
vancomycin dosages of 75 mg/kg/day were 
required in pediatric oncology patients to obtain 
mean peak serum concentrations of 23.1 mg/L 
and mean trough concentrations of 6.2 mg/L.18 
Glover et al. studied 135 pediatric intensive care 
unit patients with normal renal function and 
found that vancomycin dosages of 60 mg/kg/
day divided every 8 hours were necessary to at-
tain vancomycin peak concentrations above 20 
mg/L and troughs above 5 mg/L.19

Our data concur with these more recent stud-
ies. Of our patients who received 10 mg/kg of 
vancomycin every 6 to 8 hours, 41% had a trough 

value below the target. This is of particular 
concern with the rising incidence of resistant 
Gram-positive organisms, given that the bacte-
ricidal activity of vancomycin depends on the 
duration of time above the MIC. Knowledge of 
the pathogen’s MIC is important, as MIC break-
points determine if an organism is susceptible to 
a particular antimicrobial. It has been suggested 
that maintaining a trough concentration that is 
4 to 5 times the MIC of the organism is desired 
for eradication and clinical success.20 Consid-
ering that the protein binding of vancomycin 
approximates 50%, a target vancomycin trough 
of 15–20 mg/L would be appropriate.20 Indeed, 
recent literature has recommended that even 
higher trough concentrations of vancomycin 
should be attained in the management of Gram-
positive infections. In 2005, the American Tho-
racic Society and the Infectious Diseases Society 
of America published recommendations for 
treating adult health care associated pneumonia 
with troughs of 15-20 mg/L21; however, this was 
not based upon clinical evidence. When treating 
MRSA specifically, troughs in the 10–15 mg/L 
range are associated with a shorter duration of 
therapy and less treatment failures.16,22 With the 
newer concerns surrounding the prevention of 
the heterogeneous vancomycin-intermediate 
Staphylococcus aureus (hVISA) strain, some clini-
cians have suggested target vancomycin trough 
concentrations of 10–20 mg/L.23 One plausible 
explanation for the recommendation for higher 
serum concentrations may be due to increasing 
reports of elevated vancomycin MIC’s to MRSA 
and associated clinical failures.20,24,25 This has 
prompted the Clinical Laboratory Standards 
Institute to change the vancomycin susceptibility 
breakpoint to ≤ 2 mg/L.26 

Vancomycin continuous infusion is another 
therapeutic option that addresses the pharmaco-
dynamic need for time above the MIC. Certain 
studies have found no difference in bactericidal 
activity between intermittent and continuous 
dosing of vancomycin.27,28 Klepser et al. reported 
similar findings.29 Although the authors noted 
that infusing vancomycin continuously can have 
advantages such as expected serum concentra-
tions and easy administration, they discourage 
the use of continuous infusion of vancomycin due 
to its long half-life and potential improved toler-
ability with intermittent injections.29 Due to this 
controversy, our institution does not currently 

Figure 2. Summary of Peak and Trough Serum Vancomy-
cin Concentrations Resulting from 8 Dosing Regimens 
(number of patients in each dosing group)
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use this method and none of the patients in this 
study received continuous infusion vancomycin.

The most appropriate target serum trough 
concentration that achieves maximum killing 
continues to be debated, while higher trough 
concentrations have been associated with toxic-
ity. An early study reported a 5% incidence of 
nephrotoxicity when vancomycin was given 
alone and a 35% incidence when vancomycin 
was given with an aminoglycoside.30 In this 
study of 98 adult patients, 3 were found to have 
nephrotoxicity, all of whom had vancomycin 
trough levels from 30-65 mg/L.30 A more recent 
study of 742 adult oncology patients reported no 
relationship between elevated vancomycin peak 
concentrations and nephrotoxicity but found an 
8% incidence of nephrotoxicity with vancomycin 
alone. A significant finding was that patients 
whose trough concentrations exceeded 10 mg/L 
and had received a long duration of vancomycin 
therapy were more likely to develop nephrotox-
icity.31 This is similar to what was seen in the 
previous studies.30,32 Animal models confirm a 
synergistic nephrotoxic effect of vancomycin and 
aminoglycosides. Still, the overall incidence of 
vancomycin-induced nephrotoxicity (as a single 
agent) is low, and even fewer reports are available 
in more recent literature. In our study, only 34 
patients (9%) had serum trough concentrations 
that exceeded 15 mg/L; 23 of these patients were 
dosed every 6 hours.

In our study group of patients receiving 10 
mg/kg/dose, 84% had peak values below our 
target range. Since vancomycin does not exert 
concentration-dependent killing, peak concen-
trations may have little to no role in efficacy. 
However, it seems prudent to maintain a peak 
concentration within a defined target range, par-
ticularly to help this large molecule to penetrate 
certain sites, such as the cerebrospinal fluid, 
endocardial tissue or bone.23,33 Subsequently, 
because vancomycin’s central nervous system 
penetration into the meninges is suboptimal, 
guidelines for pneumococcal infections from the 
American Academy of Pediatrics recommend 
serum trough concentrations of 10 to 15 mg/L 
and peak concentrations of 35 to 40 mg/L when 
treating meningitis.34 

When recommending higher than traditionally 
published doses (i.e., 40 mg/kg/day), there may 
be concern surrounding toxicity associated with 
higher than target peak concentrations. There 

were early reports of ototoxicity associated with 
elevated vancomycin peak concentrations, pos-
sibly due to the contaminants (such as pyrogens 
and impurities that may have produced other 
adverse effects, namely nephrotoxicity) in the 
manufacturing process; however, manufacturing 
of vancomycin has since included a purification 
process.31 Farber et al. reported no cases of audi-
tory toxicity in the report mentioned previously, 
although one patient developed vertigo.30 A re-
view of vancomycin-induced hearing loss found 
no reports of ototoxicity in animals but found 
multiple reports of hearing loss in humans. All 
of the patients with hearing loss had received an 
aminoglycoside in addition to the vancomycin.35 
Only 44 patients (12%) in our study had peak 
concentrations greater than 40 mg/L; most of 
these patients were receiving 15 mg/kg every 
8 hours. Considering that a higher dose usually 
results in a higher peak, a similar number of pa-
tients who had peaks over 40 mg/L were in the 
groups receiving 20 mg/kg/dose. With the mini-
mal concern of vancomycin-induced ototoxicity 
related to higher peaks, it is unlikely that utilizing 
15 to 20 mg/kg/dose will result in an increased 
incidence of ototoxicity. We did not assess the 
occurrence of ototoxicity or nephrotoxicity in 
our patient population due to the retrospective 
nature of the investigation.

Our study is limited in that smaller patient 
numbers in 3 of the groups (the 10 mg/kg every 
8 hours, 15 mg/kg every 12 hours, and 20 mg/
kg every 12 hours groups) limit one’s ability to 
extrapolate these data broadly. In addition, while 
we graphically separated out those patients with 
above target levels, our study was not designed 
to explore the occurrence of toxicity in these 
patients. Lastly, patients were only included if 
they had normal renal function as defined by age-
adjusted creatinine clearance;14,15 some patients 
who actually had reduced renal function due 
to some unknown disease state with a normal 
serum creatinine may have been included in our 
study population.

CONCLUSIONS

The data presented herein suggest that the 
recommended vancomycin intravenous dose 
of 10 mg/kg administered every 6 hours often 
produces below target peak and trough serum 
concentrations, and that vancomycin doses of 
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15 to 20 mg/kg administered every 6 to 8 hours 
more consistently produce targeted peak and 
trough serum concentrations. In addition, these 
doses infrequently exceed the recommended 
peak or trough ranges, decreasing the likelihood 
of toxicity. Vancomycin dosing in pediatric pa-
tients should be further evaluated in prospective 
studies to define the precise dosing regimen ap-
propriate for the pediatric population. 
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