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Abstract

Background: Vancomycin is used primarily for Gram-positive infections. Recommended dosage regimens and targeted therapeutic
levels vary between institutions.

Objectives: This study aims to describe therapeutic levels according to initial vancomycin doses and patient’s age. A secondary
objective was to evaluate appropriateness of vancomycin use in our hospital.

Methods: A retrospective chart review was conducted at the Children’s Hospital of Eastern Ontario. Patients included in this study
were classified by age (neonates, infants, children and adolescents) and categorized into those who received vancomycin <5 and >5
days. Initial vancomycin dosing regimens and corresponding initial trough levels obtained were evaluated. Initial trough levels drawn in
relation to the third, fourth, or fifth doses corresponding to the first course of therapy were analyzed. Acceptable trough levels ranged
from 5-20 mg/L.

Results: One-hundred-and-sixty-four patients who received intravenous vancomycin in 2013 were included. Of the 229 courses of
vancomycin, 190 (83%) were used 5 days or less (mean 4.9 days). Sixteen infants (88.9%) and 21 adolescents (100%), who received
vancomycin empiric dosing of 60 mg/kg/day, had initial trough levels >5mg/L. However, in the children’s group 20 (37.7%) did not
reach levels >5 mg/L. None of vancomycin minimum inhibitory concentration (MIC) values were >1mg/L for the four patients who had
infections due to methicillin-resistant Staphylococcus aureus strains.

Conclusions: In our institution, initial empiric vancomycin dosing of 60 mg/kg/day resulted in levels >5mg/L in most infants and
adolescents. It remains unclear why some children aged 1-12 years did not achieve these levels.
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INTRODUCTION

Vancomycin exhibits time-dependent antimicrobial killing.
Ideally, the area under the curve/minimum inhibitory
concentration (AUC/MIC) ratio is the best pharmacokinetic
parameter to monitor vancomycin efficacy with a target
AUC/MIC ratio of 400;1 however, obtaining a trough (pre-
dose) serum concentration is more practical in clinical
practice.Z A study has shown vancomycin serum
concentrations of 8-9 mg/L in children correspond with an
AUC/MIC ratio of 400.

Some strains of MRSA have demonstrated increased MICs
(from 0.5 to 1-2 mg/L). This progressive increase represents
the “MIC creep” phenomenon, and has been hypothesized
to result in sub-therapeutic serum levels for MRSA.> For
this reason, there has been renewed interest in vancomycin
pharmacokinetics. Changing the paragraph as suggested

Kevin RAJON. Pharmaceutical and Biological Sciences
Institute, Faculty of Medicine and Pharmacy. University of
Lyon. Lyon (France). kr.rajon@gmail.com

Regis VAILLANCOURT. PharmD. Department of Clinical
Pharmacy, Children’s Hospital of Eastern Ontario. Ontario,
Ottawa (Canada). rvaillancourt@cheo.on.ca

Nisha VARUGHESE. PharmD. Department of Clinical
Pharmacy, Children’s Hospital of Eastern Ontario. Ontario,
Ottawa (Canada). nvarughese@cheo.on.ca

Gilda VILLARREAL. PhD. Department of Clinical
Pharmacy, Children’s Hospital of Eastern Ontario. Ontario,
Ottawa (Canada). gvillarreal@ohri.ca

will lead into the discussion of the IDSA guidelines nicely.

In 2009, the Infectious Diseases Society of America, the
American Society of Health System Pharmacists, and the
Society of Infectious Diseases Pharmacists published
consensus guidelines for vancomycin dosing and patient
monitoring during MRSA treatment for adults." Children
were excluded from these recommendations, but more
recent guidelines stated that levels of 15-20 mg/L could be
considered in children with serious infections such as
bacteremia, infective endocarditis, osteomyelitis,
meningitis, pneumonia or severe skin and soft tissue
infections due to MRSA.* Additional sutides have shown
levels of 8-9 mg/L are effective.” Acceptable vancomycin
serum drug levels in CHEQ’s internal dosing guidelines
include levels greater than 5 mg/L.

Nevertheless, vancomycin dosing and optimal target levels
required in children with infections due to other methicillin
resistant gram positive organisms (e.g. coagulase negative
Staphylococci) or less severe infections remain
controversial because of pharmacokinetic variability within
pediatric populations. The lack of clarity on this issue is
illustrated by the fact that there is still a wide variation in
dosing regimens used and therapeutic levels talrgeted.s’7
Institution specific guidelines are presented in Table 1.

The purpose of this study was to evaluate the current initial
vancomycin dosing regimens and the resulting trough
serum concentrations achieved in the pediatric population
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Table 1. Institution specific guidelines for vancomycin administration
Age Dose Frequency

Neonates 0-14 days of life, <28 weeks gestational age 20-22mg/kg Every 24 hours
Neonates 0-14 days of life, 29-34 weeks gestational age 20-22mg/kg Every 18 hours
Neonates 0-14 days of life, >35 weeks gestational age 20-22mg/kg Every 12 hours
Neonates >14 days of life, <28 weeks corrected gestational age 20-22mg/kg Every 12 hours
Neonates >14 days of life, 29-34 weeks corrected gestational age 20-22mg/kg Every 12 hours
Neonates >14 days of life, >35 weeks corrected gestational age 20-22mg/kg Every 8-12 hours
Infants, age 1 month to <12 months of age 15mg/kg Every 6 hours
Children, age 1 and <12 years 15mg/kg Every 6 hours
Adolescents, age > 13 years 1000mg Every 6-8 hours

at our institution. A secondary objective was to describe
the prophylactic and therapeutic use of vancomycin in this
cohort of patients.

METHODS
Study design and population

The study was performed exclusively at the Children’s
Hospital of Eastern Ontario (CHEO), a 165-bed tertiary care
pediatric hospital in Ottawa, Ontario, Canada. Data was
reviewed retrospectively from inpatients aged 0 to 18 years
who were given intravenous vancomycin between January
1 and December 31, 2013. Patients were identified through
a drug utilization report obtained via the pharmacy
computer system (G.E. Centricity®). Patients with acute or
chronic kidney disease or injury, those on dialysis or
patients who were experiencing ongoing acute kidney
injury at the time of initiation of vancomycin therapy were
excluded. The study was approved by the CHEO Research
Ethics Board.

Review of medical record

Medical records were accessed to obtain the following
data: patient demographics (age, sex, weight, and height),
hospital unit, vancomycin indication and dosing regimen,
length of therapy, laboratory and microbiology culture
data, vancomycin serum concentrations (including their
temporal relationship to the preceding or subsequent
vancomycin dose, and number of doses administered prior
to trough levels), and concomitant use of other nephrotoxic
medications  (aminoglycosides,  diuretics,  acyclovir,
amphotericin B, non-steroidal anti-inflammatory drugs,
angiotensin-converting enzyme inhibitors, methotrexate,
and cyclosporine). Baseline and periodic serum creatinine
(SCr) values were collected up to 1 week before the start of

vancomycin therapy, when available, and up to 48 hours
following the discontinuation of vancomycin therapy.

Patients were considered to have acute kidney injury
during vancomycin therapy if they had an increase in serum
creatinine of greater than 1.5 times their baseline value
based on the KDIGO guidelines.'3 Creatinine clearance was
estimated using the Schwartz equation.9

Analysis

Patients included in this study were classified by age as
follows: neonates (0-28 days postnatal age and premature
children (<38 weeks gestational age) up to 10 weeks
postnatal age), infants (1 month to <12 months of age),
childreﬂ)lgbetween 1 and <12 years), adolescents (213
years).””

Patients were categorized into those who received
vancomycin for less than or equal to 5 days and greater
than 5 days. Categorization of >5 days was chosen to allow
for adequate time for empiric therapy to be discontinued
as cultures are finalized within this time period. From the
list of patients who received <5 days of therapy, a
convenience sample of patients was chosen alphabetically,
from a list of patient surnames. All patients who received
vancomycin for greater than 5 days were evaluated and
categorized according to treatment or prophylaxis.

Since 2010, the Children’s Hospital of Eastern Ontario has
adopted a hospital wide, empiric initial vancomycin dosing
recommendation: term neonates 20-22 mg/kg/dose every
8-12 hours, children >1 month 15 mg/kg/dose every 6
hours,. These guidelines are available on a hospital wide
intranet, accessible to all prescribers. Acceptable trough
vancomycin serum levels range from 5-20 mg/L and any
level 25 mg/L is reported numerically.

Nephrotoxicity was assessed for all courses of vancomycin.

634 vancomycin courses among 255 patients

35 patients with receipt of vancomycin
=5 days

220 patients with receipt of vancomycin
<5 days

3 patients were excluded
because of abnormal renal
function

1 patient was excluded
— because of abnormal renal
function

32 patients were included;
and accounted for 39 courses

132 patients were included;
and accounted for 190 courses

Figure 1. Flow diagram of reviewed patient charts
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Table 2. Demographics and initial vancomycin dosing for all included patients.
Neonates Infants Children Adolescents
(n=32) (n=27) (n=77) (n=28)
Sex, %
female 43.8 44.4 42.9 46.4
male 56.3 55.6 57.1 53.6
Location, %
NICU 75.0 7.4 0 0
PICU 3.1 29.6 18.2 25.0
General Pediatrics 21.9 63.0 58.4 50.0
Oncology 0 0 23.4 25.0
Age
median (range) 16 d (1-66 d) 124 d (29-329 d) 5.1y (1.0-12.9y) 15.6y (13.0-18.5y)
IQR 24d 101d 5.8 21
mean (SD) 21d(19d) 150d (89 d) 5.8y (3.5y) 15.8y(1.4y)
Weight, kg
median (range) 2.7 (0.7-4.0) 7.2 (3.1-12.3) 17.5(8.4-77.9) 64.1(32.0-109.4)
IQR 13 3.1 12.5 22.82
mean (SD) 2.5(0.9) 6.9 (2.2) 23.1(14.1) 66.0 (19.7)
Allergy to penicillin, % 0.0 3.7 3.9 14.3
Serum creatinine, umol/L mean (SD) 44.9 (18.8) 27.9 (17.8) 34.9 (13.2) 64.7 (21.1)
Initial dosing, mg/kg/day
median (range) | 40.8 (14.5-62.9) 59.6 (39.5-62.8) 59.7 (39.3-88.3) 60.0 (25.0-70.2)
IR 12.8 2.9 1.7 12.32
mean (SD) 41.9 (12.6) 57.7 (5.2) 59.1(4.7) 55.6 (10.5)
Dosing interval, hours mean (SD) 12.8 (5.0) 6.2 (1.2) 6.1(0.4) 6.2 (1.1)
The neonatal population was defined as full-term newborns 0-28 days postnatal age and premature children (<38 weeks
gestational age) up to 10 weeks postnatal age; patients aged 1 month to <12 months of age were classified as infants; patients
between 1 and 12 years were classified as children; and patients between 13 and 18 years were classified as adolescents.

For the purpose of the statistical analysis, use of one or
more aforementioned nephrotoxic drugs was considered as
a single categorical variable.

Data analysis was performed using SPSS, version 21. Patient
demographics, vancomycin dosing, and resulting trough
serum concentrations were analyzed using descriptive
statistics. Continuous data were reported as median and
interquartile range (SD), and categorical data were
reported as numbers and percentages. An independent
samples student t-test was used to compare means
between 2 groups, while a Pearson’s chi squared test was
performed to evaluate independence between categorical
variables.

RESULTS

A total of 634 courses of intravenous vancomycin were
prescribed to 255 children in 2013. Four patients with pre-
existing chronic or acute kidney disease were excluded. Of
the remaining 251 patients, 32 patients received
vancomycin for >5 days. A convenience sample of patients
who received courses of vancomycin of <5 days consisted
of 132 patients. There was no difference with respect to
age or gender between the patients in the convenience
sample (n=132) and those excluded (n=87) (Figure 1).

Patients’ demographics included in the analysis are shown
in Table 2. Of the 229 total courses, which accounted for
1111 days of therapy, the most common clinical indications
stated for initial vancomycin use were febrile neutropenia
58 courses (25.2%), presumed sepsis/catheter-related
infection 49 courses (21.3%), meningitis 33 courses (14.3%),
skin or soft tissue infection 19 courses (9.2%), and
pneumonia 20 courses (8.7%). Thirty-nine courses (21.3%)
were given for other indications such as urinary tract
infections, fever of unknown origin, or endocarditis. There

were differences in indication between age groups. No
infants or neonates received vancomycin for febrile
neutropenia, while this indication accounted for 44.7% of
stated indications in21 adolescents while sepsis/line
infection was the indication stated for 56.1% of courses in
19 neonates. Overall, the mean duration of vancomycin
therapy was 4.9 days (SD=19.4), with a median duration of
2.3 days and IQR of 2.11 in 164 patients. Of these, 153 (66.8
%) vancomycin courses were given for <3 days, 37 (16.2%)
courses for 3-5 days, and 39 (17.0%) courses in 32 patients
for >5 days. The mean duration of vancomycin is 1.86
(SD=1.16) in the convenience sample of 132 patients versus
9.73 days (SD=5.30) of patients on vancomycin for >5 days.

Overall, a total of 411 levels were drawn: in 43 (18.8%)
courses, no level was drawn; in 84 (36.7%) only one level
was drawn; in 56 (24.5%) two levels were drawn; in 20
(8.7%) three levels were drawn; and more than three levels
were drawn in 26 courses (11.3%).The mean number of
levels drawn in one course was 1.79 (SD 1.95). The number
of levels drawn per course increased with the duration of
therapy. Of the 411 levels collected, 372 (90.5%) were
trough levels.

Of the 164 patients, 119 (72.6%) had vancomycin levels
drawn. Eight (6.7%) were drawn before the second dose,
and were excluded leaving 111 levels available for analysis.
Of these, 56 (47.1%) were drawn before the third dose, 28
(23.5%) before the fourth dose, and 16 (13.4%) before the
fifth dose and 11 (9.2%) were drawn before the sixth or
greater dose. Overall, 19 (17.1%) neonates, 18 (16.2%)
infants, 53 (47.7%) children, and 21 (18.9%) adolescents
had initial trough levels that were analyzed.
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Figure 2. Distribution of initial vancomycin serum through concentrations achieved regarding initial dosing
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Table 3. Clinical characteristics of patients who received >5 days of vancomycin.
. . . Therapy duration, days
Bacteria isolated and type of infection N Mean (SD) Median Range
MRSA*
Bacteremia 2 21.9(8.8) 21.9 13.1-30.8
SSTIs ™ 1 7.0(-) - -
Coagulase negative Staphylococcal species
Line infection 12 12.1 (6.0) 10.3 6.5-28.2
Foreign body infection 3 83.3(118.8) 17.5 9.4-289.0
alpha-hemolytic Streptococcus, penicillin-1/R «
Bacteremia 3 13.1(5.9) 11.5 6.7-21.0
Urinary tract infection 1 13.0 () - -
Enterococcus ampicillin-S
Bacteremia (penicillin allergy) 1 15.8 (-) - -
Rothia mucilaginosa
Line infection 1 18.3 () - -
Total 24 25.5(55.4) 12.3 6.5—-289.0
No bacteria isolated
Febrile neutropenia therapy 4 8.0(2.2) 6.9 6.5-11.8
Treatment for presumed infection 3 8.3(3.5) 6.0 5.8-13.3
Presumed neonatal infection ¥ 8 7.1(1.0) 6.8 5.7-8.6
Total 15
*Methicillin resistant Staphylococcus aureus.
~ SSTIs = skin or soft-tissue infections.
“ Penicillin-I/R = intermediate susceptibility or resistant to penicillin.
¥ Presumed sepsis/line infection, necrotizing enterocolitis, or meningitis.

The serum trough levels corresponding to the initial doses
are shown in Figure 2. In neonates (n=19), 40 mg/kg/day
and 60 mg/kg/day dosing regimens were both used,
respectively in 12 (63.2%) and 6 (31.6%) patients, while one
(5.3%) received a dosing of less than 30 mg/kg/day. Only 2
patients (10.5%) did not achieve trough levels >5mg/L, they
received doses of 20 mg/kg/day and 40 mg/kg/day.

For infants (n=18), 16 (88.9%) received an initial dose of 60
mg/kg/day. These 16 patients achieved a mean vancomycin
level of 10.46 mg/L. The 2 patients (11.1%) who had trough
levels of <5 mg/L both received 40 mg/kg/day of
vancomycin as initial dosing.

For children (n=53), the dosing recommendation of 60
mg/kg/day was used in 52 patients (98.1%). Of these, 20
patients (37.7%) had initial vancomycin trough serum levels
<5 mg/L. One oncology patient who had already received
vancomycin prior to the study period was administered an
initial dose of 90 mg/kg/day. Further analysis of this group
revealed that both patient weight and age were
significantly lower (p=0.005, p=0.006, respectively) in the
group of children with troughs <5 mg/L (17.8; SD=7.7 kg
and 4.5; SD=2.9 years) compared to the group of children
who achieved through levels of >5 mg/L (28.3; SD= 17.6 kg
and 7.2; SD=3.5 years). There was no statistically significant
difference (p=0.152) in eGFR (available for 25/53 patients)
between the group of children with troughs <5 mg/L (202;
SD=67 mL/min/1.73 m?) and the group of children who
achieved through levels of =5 mg/L (169; SD=42
mL/min/1.73 m%).In the children group, oncology patients
were not more likely to achieve trough levels <5 mg/L
compared to non-oncologic patients (chi-square test,
p=0.831). In the adolescent age group (n=17), the oncology
patients were also not more likely to achieve trough levels
<5 mg/L compared to non-oncology patients (independent
sample t test p=0.884). Also, there was no association
between levels drawn before the third dose and levels
<5mg/L (chi-square test, p=0.663).

Among adolescents (n=21), all patients had trough levels of
>5 mg/L using various dosing regimens. Eleven (52%)
received 60 mg/kg per day, 5 (24%) received 50 mg/kg per
day, 3 (14%) received 40 mg/kg per day and 2 (10%)
received less than 40 mg/kg per day (35 mg/kg per day and
18 mg/kg per day).The five patients that received 50 mg/kg
per day weighed more than 80 kg and were administered
the maximum dose of 1g g6h for adults.

A total of 39 courses of vancomycin in 32 patients lasted for
greater than 5 days. Of those, 24 (61.5%) were
administered in patients with documented infections and
15 (38.5%) with no specific bacterial pathogen isolated
(Table 3).

The 24 cases in which vancomycin was used to treat gram
positive infections accounted for an absolute number of
532 days of vancomycin therapy (47.9% of the total 1111
days of vancomycin therapy analyzed in this study). All
patients who had treatment for culture confirmed
infections had negative cultures following initiation of
treatment. Four patients were found to have methicillin-
resistant Staphylococcus aureus infections (MRSA), all
isolates had MICs less than 1 mg/L. One patient, who was
treated successfully for MRSA bacteremia, confirmed by
negative blood cultures, had levels greater than 5 mg/L but
died after 13 days of vancomycin therapy of an unrelated
cause.

Among the 229 courses of vancomycin given, one or more
nephrotoxic drugs were administered concomitantly in 182
(79.5%) courses. The most common co-administered agents
were nonsteroidal anti-inflammatory drugs 52 (28.6%),
antivirals 47 (25.8%), gentamicin 46 (25.3%) and
furosemide 22 (12.1%). Other agents included
amphotericin B in 17 (9.3%), angiotensin-converting
enzyme inhibitors in 1 (0.5%) and methotrexate in 2 (1.1%).

Thirteen of the 229 vancomycin courses (5.7%) may have
led to nephrotoxicity, with a median serum creatinine
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Table 4. Concomitant nephrotoxic agents administered to patients
who experienced nephrotoxicity.

Case 1: acyclovir

Case 2: acyclovir, gentamicin, furosemide
Case 3: furosemide, pip/tazo

Case 4: pip/tazo

Case 5: amphotericin B

Case 6: furosemide

Case 7: acyclovir

Case 8: furosemide

Case 9: gentamicin, amphotericin B,cloxacillin
Case 10: methotrexate, cytarabine, pip/tazo
Case 11: gentamicin, amphotericin B, pip/tazo

increase of 84% (max 376%) of baseline value. Six of the 13
patients who experienced nephrotoxicity had a least one
trough level >20 mg/L during therapy. In 11 courses,
nephrotoxic drugs were administered concomitantly (Table
4).

Of the 32 patients who received greater than 5 days of
therapy, 5 (15.6%) experienced a serum creatinine increase
during the vancomycin therapy (greater than 1.5 times the
baseline level). Among these patients, 4 received
concomitant nephrotoxic drugs and 3 had at least one
trough level higher than 20 mg/L. The mean percentage of
serum creatinine increase was 136.6 (SD 119.8) and the
increase ranged from 50% to 344%.

DISCUSSION

In this study, we reviewed the initial vancomycin dosing
regimens and resulting vancomycin trough concentrations
in 164 pediatric patients with normal renal function.

The median initial dosing for vancomycin in children
greater than one month of age was approximately 60
mg/kg/day which is consistent with the current
recommendation for empiric vancomycin dosing in patients
older than one month.* Nearly 81% of our patients received
an initial vancomycin dosing in a range from 50 to 70 mg/kg
per day. Of the patients who received initial vancomycin
dosing of 50-70 mg/kg per day, 77.8% had a trough level
greater than 5 mg/L meeting our institution’s goal of 5-20
mg/L.

Of the groups studied, only the children between 1 and 12
years did not consistently have levels >5 mg/L. In this
group, about one third did not achieve detectable levels.
Patients with lower weight (p=0.005) and lower age
(p=0.006) were statistically more likely to have sub
therapeutic levels. The most likely pharmacokinetic
parameters causing low levels are the volume of
distribution and clearance. The volume of distribution may
be increased due to larger extracellular fluid stores in
younger children. Disease states such as oncological
disorders or cystic fibrosis may increase the volume of
distribution. However in this study, oncologic patients were
not more likely to achieve a trough level <5 mg/L than non-
oncologic patients (p=0.831). Children have shorter half-
lives (2-3 hours) than adults (5-11 hours) resulting in
increased clearance of vancomycin and lower serum trough
levels.

Previous studies have identified this age group as having
difficulty obtaining adequate levels. Benner et al reviewed
multiple dosing regimens for pediatric patients aged 1-18

years. Fifteen mg/kg per dose given every 6 hours more
consistently resulted in targeted trough concentrations of
5-15 mg/L. The study population included all pediatric
patients; however, it did not take into account
pharmacokinetic changes of the developing child.2
Another study by Broome and colleagues reviewed
vancomycin dosing in all pediatric patients under the age of
18 years but also grouped patients according to their
population pharmacokinetic half-lives for vancomycin. Even
though this study used vancomycin dosing regimens of 15
mg/kg per dose every 8 hours, they found significant
trough variations in the children’s group, 2-12 years of age
versus other groups: infants, 1-23 months, and adolescents,
13-18 years.5 This study is most closely alighed with our
study; further research is warranted to review children
between the ages of 1and 12 years.

In neonates, 40 mg/kg/day and 60 mg/kg/day dosing
regimens were both used. Dosing in neonates should be
considered separately; changes in body weight and/or
gestational or postnatal age may explain the variation,
which can potentially lead to an increased half-life of the
drug. Due to this large inter-patient variability, it is difficult
to provide standardized recommendations for this
population. The current guidelines do not make
recommendations for this population, therefore, dosing
guidelines differ extensively depending on the source and
institution.”*® In infants, the initial dosing prescribed was
globally in accordance with the recommendation of 60
mg/kg per day resulting in levels >5 mg/L.

We observed a low frequency of MRSA infections, all of
which had MICs of less than 1mg/L. The number of patients
in our study is too small to draw conclusions but Le et al
and Frymoyer et al. used pharmacokinetic modeling to
show that levels 25 mcg/mL equivalent to 5 mg/L are
sufficient if MICs are 1 mg/L or less.™™*

In our study, over half of the total number of days of
vancomycin was used for empiric therapy. In this group, the
overall incidence of nephrotoxicity was 5.7%. Concomitant
nephrotoxic agents, such as gentamicin, furosemide,
acyclovir or amphotericin B, were often administered
concurrently. Additionally, 6 of 13 patients who
experienced nephrotoxicity had at least one supra-
therapeutic vancomycin level >20 mg/L. Very few studies
have evaluated the toxicity of vancomycin with other
nephrotoxic drugs other than aminoglycosides. A majority
of nephrotoxicity that was associated with vancomycin plus
concomitant nephrotoxic agents occurred on the first day
of vancomycin therapy. Most studies report vancomycin-
associated nephrotoxicity generally occurring after several
days of receipt of drug and the relationship between
vancomycin serum concentrations, the presence of other
nephrotoxic drugs and incidence of nephrotoxicity remains
unclear but suggest that other drugs may be important
contributors.™™™ This is important to note for harm
reduction since slightly over a third of the longer courses
were given to patients who had no documented Gram-
positive bacterial infections.

Our study is limited in that we looked only at the initial
trough levels to assess the empiric dosing of vancomycin,
but dose adjustments were not assessed. Secondly, we did
not evaluate the vancomycin trough concentration
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variation if it was drawn prior to the third, fourth, or fifth ACKNOWLEDGEMENTS
dose. This would have enabled us to determine time to
steady state. Rates of MRSA are low at our institution,
enabling us to continue to target levels of 5 mg/L for most
infections however this may not encompass all pediatric
institutions. In addition, the convenience sample may not
have been representative of the entire cohort.

A poster related to the manuscript has been presented on
the 31st of August 2014 at the 74th FIP World Congress of
Pharmacy and Pharmaceutical Sciences 2014, Bangkok,
Thailand.

CONFLICT OF INTEREST

CONCLUSIONS The authors declare no conflicts or financial interest in any
product or service mentioned in the manuscript, including
grants, equipment, medications, employment, gifts, and
honoraria.

In conclusion, the findings of this study suggest that in our
institution, with a low rate of MRSA, initial empiric
vancomycin dosing of 60 mg/kg per day or adult dosing 1 g
every 6 hours was associated with achievement of levels
that are greater than 5 mg/L. Further prospective studies FUNDING
are required to better predict levels using empiric dosing

regimens especially in children aged 1-12 years of age. This study received CAD 9,900 from Medbuy Corporation.

All authors certify that no other funding has been received
for the conduct of this study.

REHAIAES

1. LeJ, Bradley JS, Murray W, Romanowski GL, Tran TT, Nguyen N, Cho S, Natale S, Bui |, Tran TM, Capparelli EV.
Improved vancomycin dosing in children using area under the curve exposure. Pediatr Infect Dis J. 2013;32(4):e155-
€163. doi: 10.1097/INF.0b013e318286378e

2. Rybak M, Lomaestro B, Rotschafer JC, Moellering R Jr, Craig W, Billeter M, Dalovisio JR, Levine DP. Therapeutic
monitoring of vancomycin in adult patients: a consensus review of the American Society of Health-System Pharmacists,
the Infectious Diseases Society of America, and the Society of Infectious Diseases Pharmacists. Am J Health Syst Pharm.
2009;66(1):82-98. doi: 10.2146/ajhp080434

3. Yeh YC, Yeh KM, Lin TY, Chiu SK, Yang YS, Wang YC, Lin JC. Impact of vancomycin MIC creep on patients with
methicillin-resistant Staphylococcus aureus bacteremia. J Microbiol Immunol Infect. 2012;45(3):214-220. doi:
10.1016/j.jmii.2011.11.006

4. Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ, Kaplan SL, Karchmer AW, Levine DP, Murray BE, J
Rybak M, Talan DA, Chambers HF; Infectious Diseases Society of America. Clinical practice guidelines by the infectious
diseases society of america for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and
children. Clin Infect Dis. 2011;52(3):e18-e55. doi: 10.1093/cid/ciq146

5. Broome L, So TY. An evaluation of initial vancomycin dosing in infants, children and adolescents. Int J Pediatr.
2011;2011:470364. doi: 10.1155/2011/470364

6. Frymoyer A, Guglielmo BJ, Wilson SD,Scarpace SB, Benet LZ, Hersh Al. Impact of a hospital wide increase in empiric
pediatric vancomycin dosing on initial trough concentrations. Pharmacotherapy. 2011;31(9):871-876. doi:
10.1592/phco.31.9.871

7. Eiland LS, English TM, Eiland EH 3rd. Assessment of vancomycin dosing and subsequent serum concentrations in
pediatric patients. Ann Pharmacother. 2011;45(5):582-589. doi: 10.1345/aph.1P588

8. KDIGO clinical practice guideline for acute kidney injury. Kidney Int Suppl. 2012;2(1):1-138.

9. Schwartz GJ, Mufioz A, Schneider MF, Mak RH, Kaskel F, Warady BA, Furth SL.New equations to estimate GFR in
children with CKD. J Am Soc Nephrol. 2009;20(3):629-637. doi: 10.1681/ASN.2008030287

10. Engle WA; American Academy of Pediatrics Committee on Fetus and Newborn. Age terminology during the perinatal
period. Pediatrics. 2004;114(5):1362-1364. doi: 10.1542/peds.2004-1915

11. Taketomo CK, Hodding JH, Kraus DM. Pediatric & Neonatal Dosage Handbook, 24th ed. Hudson, Ohio: Lexi-Com; 2015.

12. Benner KW, Worthington MA, Kimberlin DW, Hill K, Buckley K, Tofil NM. Correlation of Vancomycin dosing to serum
concentrations in pediatric patients: A retrospective database review. J Pediatr Pharmacol Ther. 2009;14(2):86-93. doi:
10.5863/1551-6776-14.2.86

13. De Hoog M, Mouton JW, Van Den Anker, JN. Vancomycin: Pharmacokinetics and administration regimes in neonates.
Clin Pharmacokinet. 2004;43(7):417-440. doi: 10.2165/00003088-200443070-00001

14. Frymoyer A, Hersh AL, Benet LZ, Guglielmo BJ. Current recommended dosing of vancomycin for children with invasive
methicillin-resistant Staphylococcus aureus infections is inadequate. Pediatr Infect Dis J. 2009;28(5):398-402. doi:
10.1097/INF.0b013e3181906e40

15. Sinkeler FS, de Haan TR, Hodiamont CJ, Bijleveld YA, Pajkrt D, Mathét RA. Inadequate Vancomycin therapy in term and
preterm neonates: A retrospective analysis of trough serum concentrations in relation to MIC. BMC Pediatr. 2014;14:193.
doi: 10.1186/1471-2431-14-193

16. Hidayat LK, Hsu DI, Quist R, Shriner KA, Wong-Beringer A. High-dose vancomycin therapy for methicillin-resistant
Staphylo-coccus aureus infections. Arch Intern Med. 2006 Oct 23;166(19):2138-2144. doi: 10.1001/archinte.166.19.2138

17. Buck ML. Vancomycin-associated nephrotoxicity and the use of higher trough concentrations in infants and children.
Pediatric Pharmacotherapy. 2014;20(10). Available at: https://med.virginia.edu/pediatrics/wp-
content/uploads/sites/237/2015/12/201410.pdf (accessed 15-Nov-2016).

www.pharmacypractice.org (eissn: 1886-3655 ISsN: 1885-642X) 7



https://doi.org/10.1097/INF.0b013e318286378e
https://doi.org/10.2146/ajhp080434
https://doi.org/10.1016/j.jmii.2011.11.006
https://doi.org/10.1093/cid/ciq146
https://doi.org/10.1155/2011/470364
https://doi.org/10.1592/phco.31.9.871
https://doi.org/10.1345/aph.1P588
https://doi.org/10.1681/ASN.2008030287
https://doi.org/10.1542/peds.2004-1915
https://doi.org/10.5863/1551-6776-14.2.86
https://doi.org/10.2165/00003088-200443070-00001
https://doi.org/10.1097/INF.0b013e3181906e40
https://doi.org/10.1186/1471-2431-14-193
https://doi.org/10.1001/archinte.166.19.2138
https://med.virginia.edu/pediatrics/wp-content/uploads/sites/237/2015/12/201410.pdf
https://med.virginia.edu/pediatrics/wp-content/uploads/sites/237/2015/12/201410.pdf

