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Abstract \
The vancomycin dosing range for safe and effective treatment remains uncertain for children who had corrective surgery for a
congenital heart disease (CHD). We aimed to determine the vancomycin dosing requirements for this subgroup of patients.

This prospective cohort study included children younger than 14 years old with CHD who received intravenous vancomycin for
at least 3 days at the Pediatric Cardiology section of King Abdulaziz Medical City, Riyadh.

In total, 140 pediatric patients with CHD were included with a median age of 0.57 years (interquartile range 0.21-2.2). The
mean vancomycin total daily dose (TDD), 37.71 + 6.8 mg/kg/day, was required to achieve a therapeutic trough concentration of
7-20mg/L. The patient’s age group and the care setting were significant predictors of the vancomycin dosing needs. Neonates
required significantly lower doses of 34 + 6.03mg/kg/day (P = .002), and young children higher doses of 43.97 + 9.4 mg/kg/day
(P =.003). The dosage requirements were independent of the type of cardiac lesion, cardiopulmonary surgery exposure, sex, and
BMI percentile. However, the patients in the pediatric cardiac ward required higher doses of vancomycin 41.08 + 7.06 mg/kg/day
(P = .039). After the treatment, 11 (8.5%) patients had an elevated S _, and 3 (2.3%) patients developed AKI; however, none of the
patients’ sociodemographic factors or clinical variables, or vancomycin therapy characteristics was significantly associated with
the renal dysfunction.

Overall, the vancomycin TDD requirements are lower in pediatric post-cardiac surgery compared to non-cardiac patients and
are modulated by several factors.

Abbreviations: AKI = acute kidney injury, AUC = area-under-the-curve, CHD = congenital heart disease, CL = clearance, CPB
= cardiopulmonary bypass, ECMO = extracorporeal membrane oxygenator, MIC = minimum inhibitory concentration, MRSA =
methicillin-resistant Staphylococcus aureus, PCICU = pediatric cardiac intensive care unit, PCW = pediatric cardiac ward, TDD =

total daily dose, TTT = time to therapeutic trough, VD = volume of distribution.
Keywords: cardiology, congenital heart disease, pediatrics, pharmacokinetics, vancomycin

1. Introduction

Vancomycin, a glycopeptide compound, is a bactericidal anti-
biotic that inhibits the synthesis of the cell wall of gram-posi-
tive bacteria.l"*! Vancomycin is widely used to treat infections
caused by methicillin-resistant Staphylococcus aureus (MRSA)
(e.g., complicated skin and bone infections, bacteremia,
endocarditis, and meningitis).’! Typically, the initial vanco-
mycin dose is from 40 to 60 mg/kg/day, divided every 6 to 8
hours. The dose is adjusted based on the target trough level.
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However, current literature reports that the total daily doses
(TDDs) below 60 mg/kg are inadequate to achieve the desired
vancomycin trough concentration (7-10mg/L) or the target
area-under-the-curve (AUC > 400mg/h/L). Such target values
are often required to treat MRSA strains with a vancomycin
MIC < 1mg/L.*1° In addition, dosing requirements vary for
each pediatric age group, with younger children requiring
higher doses per body weight. However, limited data are cur-
rently available to support the specific dosing regimens for dif-
ferent pediatric subgroups.6>11
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A recent consensus guideline of the American Society of Health-
System Pharmacists (ASHP), Infectious Disease Society of America
(IDSA), and the Society of Infectious Diseases Pharmacists (SIDP)
suggests a daily dose of 60 to 80mg/kg vancomycin for children
younger than 12 years old and a 60 to 70mg/kg dose for children
aged 12 years and older to be given in divided doses to achieve the
target AUC level required for the treatment of MRSA strains with a
MIC <1 mg/L. These recommendations were not based on pediatric
data, but were extrapolated from research studies with adults.'
The estimation of the AUC for monitoring vancomycin therapy is
a useful pharmacodynamic surrogate marker used to predict drug
safety and efficacy.'>'¥ Although this approach has been adopted
in some medical centers, trough concentration is still widely used
in clinical practice as a surrogate marker of the AUC/MIC ratio for
vancomycin monitoring because it correlates quite well with the
AUC.I">51The serum trough concentration is obtained at the steady-
state condition which is generally achieved before the fourth dose.
The recommended target trough level is 10 to 15mg/L for general
indications, and 15 to 20mg/L for complicated infections.>'*! The
peak level is not routinely done due to a lack of clinical correlation.

Nephrotoxicity is a major concern of vancomycin therapy
and is mainly associated with higher trough concentrations
>15mg/L, and a prolonged treatment duration (>4 days).
Although this side effect is well documented with vancomy-
cin, other factors such as preexisting renal dysfunction, critical
illness, and concurrent use of nephrotoxic drugs strongly con-
tribute to an increased incidence.'”->") To ensure the safety and
efficacy of the vancomycin, many pediatric care centers develop
a successful prescribing guideline for the initiation and subse-
quent monitoring of this drug.?¢!

Variations of vancomycin pharmacokinetics have been
reported in children with certain characteristics and dis-
ease states. For instance, a lower serum trough level of 7 to
10mg/L is, unlike adults and older children, highly predic-
tive of an AUC >400 in neonates and infants younger than 3
months.1?”?8) However, burns enhances vancomycin clearance
(CL) and increases the dosage requirement.?>**) Other sources
reported variability in cancer patients and critically ill chil-
dren.B'=33 Changing vancomycin pharmacokinetics in children
post-cardiac surgery is also possible. Alteration in renal perfu-
sion, drug volume of distribution (VD), and CL, in addition to
aggressive use of diuretics, necessitate close monitoring of the
vancomycin level. Two retrospective studies with children fol-
lowing heart surgery suggested the use of vancomycin in doses
lower than the generally recommended doses for the pediatric
population between 20 and 40 mg/kg/day.!'5>4

To our knowledge, few studies investigated the appropri-
ate vancomycin dosing for children post corrective surgery of
congenital heart disease (CHD), and the vancomycin dosing
range for safe and effective treatment remains uncertain for this
subgroup of children. We conducted this prospective study to
determine the dosing requirements of vancomycin for pediatric
patients post-cardiac surgery.

2. Methods
2.1. Design and settings

This was a single-center prospective cohort study conducted at
the Pediatric Cardiology Section of King Abdulaziz Medical City,
Riyadh; an American College of Cardiology international cen-
ter for excellence.® This center provides tertiary level care for
children with complex congenital and acquired heart diseases.

2.2. Patient selection

All the children post-surgical correction of CHD receiving intra-
venous vancomycin from November 2019 to November 2020,
at the pediatric cardiac intensive care unit or pediatric cardiac
ward were screened for eligibility. The patients were included
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if they were 14 years old or younger and received intravenous
vancomycin for at least 3 days. However, patients were excluded
if they had a preexisting chronic or acute kidney disease, have
been receiving renal replacement therapy or extracorporeal
membrane oxygenator (ECMO), or the drug duration was less
than 3 days. Patients could only be included once during the
study period. If the same patient received the drug during 2 sep-
arate events, the latter event was not counted regardless of the
time interval between the 2 incidents.

2.3. Outcome measures

The hospital’s electronic health information system was the
primary source for data collection. Researchers checked the
records of all the patients admitted to the pediatric wards daily.
Whenever a vancomycin order was identified, the child was
promptly added to the data collection sheet, assigned a serial
number, and screened for eligibility. For eligible children, age,
weight, height, sex, comorbidities, cardiac lesion type, and
concomitant nephrotoxic medications were recorded. Fever
and pertinent laboratory values (WBC, platelet count, ESR,
CRP, S_, BUN), and culture results were recorded at baseline
and daily when available. The details of vancomycin therapy
were collected throughout the treatment course, including
the indication, initial dose and frequency, first trough level
at steady state, number of dosage adjustments, and duration
of therapy. In case of a regimen adjustment, the same details
associated with the new regimen were recorded. The serum
vancomycin concentrations were measured and analyzed at
the chemistry laboratory of our institution using the parti-
cle-enhanced turbidimetric inhibition immunoassay method
(Siemens Dimension; Dade Behring, Deerfield, Illinois,
PETINIA).

The primary outcome of this study was to determine the van-
comycin TDD (mg/kg/day) required to achieve a serum trough
concentration between 7 and 20 mg/L and the incidence of van-
comycin-associated acute kidney injury (AKI), defined as an
absolute increase in S of 0.3 mg/dL, or a percentage increase
in S, exceeding 50% (1.5-fold) from the baseline at day 3, day
6, and post-treatment.3¢ The secondary outcomes were the time
to therapeutic trough (time needed to reach therapeutic level
and the number of adjustments), in addition to studying the
extent of the resolution of signs of the infection (fever, WBC,
Platelet, ESR, CRP) on days 3 and 6.

2.4. Sample size calculation

In a study conducted by Thomas et al to determine the optimal
vancomycin dosing regimen in pediatric CHD patients, ther-
apeutic troughs were achieved in 50.6% of patients.['’! Using
OpenEpi, the minimally required sample size was determined
to be 112 as 156 pediatric cardiac patients received vancomycin
during the study period, with the confidence level at 95% and
the margin of type 1 error set as 5%.

2.5. . Ethical considerations

This study was reviewed and approved by the Institutional
Review Board at King Abdullah International Medical Research
Center (Study approval # SP18/197/R).

2.6. Statistical analysis

The data were analyzed using SPSS version 25.0. The quan-
titative data are reported as mean = SD or as median (inter-
quartile range [IQR]) for skewed data, and the qualitative data
as frequencies. Wilcoxon’s test was used to track the changes
in nominal variables over 2 separate readings. Student-t-test
or Mann-Whitney’s test was used to analyze the association
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between the quantitative (i.e., TDD, trough level) and bino-
mial categorical variables, while y* test was used for cate-
gorical data. A P-value of <.05 was considered statistically
significant.

3. Results

Figure 1 demonstrates the study’s flow diagram with 140 of
the 156 initially screened patients enrolled in this study. The
median age of the participants was 0.57 years (IQR: 0.21-2.2).
Almost half of the sample were infants and 25.7% (n = 36)
young children (Table 1). An approximately equal percentage
was included from both genders. The median weight was 5.5 kg
(IQR: 3.4-10.97), and more than half of the patients (57.9%,
n = 81) were underweight, 55 (39.3%) patients had a normal
weight, and a small proportion was overweight or obese (2.8 %,
n=3).

The baseline clinical data are presented in Table 1. The
cardiac lesions were primarily acyanotic (60%, n = 84), more
than two-thirds of the patients (69.3%, n = 97) received car-
diopulmonary bypass (CPB) surgery, and an approximately
equal proportion of patients received the drug while admit-
ted to the intensive care unit (ICU) or non-ICU regular ward
units. Nephrotoxic medication use was frequent when the van-
comycin was initiated. Furosemide was the most used neph-
rotoxic drug (91.4%, n = 128), followed by ACE inhibitors
(68.6%, n = 96), ceftazidime (58.6%, n = 82), and spirono-
lactone (35%, n =49). At baseline, the majority of patients
had fever (57.1%, n = 80), negative blood culture (43.6%,
n = 61), slightly increased WBC (12.7 = 6.14 x 10°/L), and an
increased CRP (2.6 mg/dL (IQR: 0.9-7.4) and (BUN 12.43 mg/
dL + 6.16).

Vancomycin therapy was prescribed empirically (80.7%,
n=113), or because of fever (37.9%, n=53), followed by
clinical deterioration (19.3%, n=27), or sepsis (14.3%,
n = 20). Most cultures were negative for causatives microbes
(78.6%, n =110), only 8 (5.7%) had MRSA and 5 (3.6%)
enterococcus.

The mean initial vancomycin dose received was 36.7 = 6.6 mg/
kg/day divided every 6 hours (65.7%, n = 92), or every 8 hours
(32.1%, n =45). The mean treatment duration was 6.4 = 4.8
days.

Screened Patients
(n=156)

Excluded patients
(n=16

Have pre-existing acute/chronic renal failure
(n=4)
On ECMO (n=2)
Used vancomycin for < 3 days
(n=10)

Included patients
(n=140)

Figure 1. The study’s flow diagram.
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Patients’ baseline characteristics and the characteristics of
vancomycin therapy (N = 140); n (%) unless otherwise stated.

Demographic
Age (years) Median (IQR) 0.57 (0.21-2.2)
Age category, n (%) Neonates 16 (11.4)
Infants 71 (50.7)
Young child (1-6 years) 36 (25.7)
0ld child (~6—14 years) 17 (12.1)
Sex, n (%) Female 68 (48.6)
Male 72 (51.4)
Weight (kg) Median (IQR) 5.5(3.4-10.97)
BMI* percentile (category), <5™ (underweight) 81 (57.9)
n (%) >5" to0 85™ (normal weight) 55 (39.3)
>85M to 95" (overweight) 1(0.7)
>95" (obese) 3@1)
Baseline clinical data
Cardiac lesion, n (%) Acyanotic 84 (60)
Cyanotic 56 (40)
CPB surgery exposure, n (%) Exposed 97 (69.3)
Setting, n (%) ICU 72 (51.4)
Non-ICU 68 (48.6)
Nephrotoxic medication, n (%) Piperacillin/tazobactam 11(7.9
Meropenem 36 (25.7)
Aminoglycosides 20 (14.3)
Ceftazidime 82 (58.6)
Amphotericin B 2(1.4)
Furosemide 128 (91.4)
Angiotensin-converting enzyme 96 (68.6)
Inhibitors (ACEI)
Spironolactone 49 (35)
Colistin 1(0.7)
Baseline lab data
Fever, n (%) Positive 80 (57.1)
Culture, n (%) Negative 61 (43.6)
Positive 24 (17.1)
Not available 55 (14)
WBC x 10%L Mean (+SD) 12.7 +6.14
Platelet count x 10%L Mean (+SD) 315.3+199.9
ESR (mm/hr) Median (IQR) 9 (3-20)
CRP (mg/dL) Median (IQR) 2.6 (0.9-7.4)
S, (mg/dL) Mean (+SD) 0.45 +0.09
BUN (mg/dL) Mean (+SD) 12.43 + 6.16
Vancomycin therapy
Indication, n (%) Therapeutic 24 (17.1)
Empirical 113 (80.7)
Prophylaxis 3(2.1)
Infection type, n (%) Fever 53 (37.9)
Endocarditis 8 (5.7)
Bacteremia 11(7.9)
Pneumonia 4(2.9)
Sepsis 20 (14.3)
Urinary tract infection (UTI) 3(2.1)
Osteomyelitis/cellulitis 2 (1.4)
Skin infection 1(0.7)
Wound infection 9(6.4)
Central line infection 2(1.4)
Clinical deterioration 27 (19.3)
Culture, n (%) No positive culture 110 (78.6)
MSSA 429
MRSA 8(5.7)
S. epidermidis 11(7.9
Enterococcus 5(3.6)
Streptococcus 2 (1.4)
Dose-initial (mg/kg/day) Mean (=SD) 36.7 (6.6)
Mode 40
Dose category, n (%) >45mg/kg/day 429
40 + 5mg/kg/day 86 (61.4)
<35 mg/kg/day 50 (35.7)
Frequency category, n (%) 06 92 (65.7)
Q8 45(32.1)
Q12 2(1.4)
024 1(0.7)
Duration of therapy (days) Mean (+=SD) 6.4+48

*CDC BMI (age < 24 months), or CDC weight-for-length (age > 24 months).
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The mean vancomycin TDD required to achieve a
serum trough concentration between 7 and 20mg/L was
37.71 = 6.8 mg/kg/day (Table 2). The required vancomy-
cin doses were modulated by different factors, the neonates
required significantly lower doses (34 = 6.03 mg/kg/day,
P =.002) and the young children higher doses (43.97 = 9.4 mg/
kg/day, P =.003). The dosage requirements did not differ
between gender, or BMI percentile categories. The dosage
requirements were also independent of the type of cardiac
lesion and exposure to CPB surgery. However, the non-ICU
patients required higher doses of vancomycin to reach thera-
peutic levels (41.08 = 7.06 mg/kg/day, P = .039).

Table 3 demonstrates the change in renal function following
treatment initiation and post-treatment. At day 3, 96 (96%)
of the sample had a normal S_ with only 4 (4%) an elevated
S... However, elevated S_ cases were more frequent on day 6
(8%, n =4), and post-treatment (8.5%, n =11). AKI was only
observed after treatment in 3 (2.3%) patients.

Table 4 presents the possible factors that may affect the inci-
dence of AKI and S_ elevation. None of the sociodemographic
factors (age, BMI percentile) or clinical variables (cardiac lesion
type, CPB exposure, concurrent nephrotoxic medications, or
care setting), vancomycin therapy characteristics (TDD, trough
level, duration of therapy, or frequency of administration)
was significantly associated with the occurrence of AKI or S_
elevation.

Table 5 displays the number of days and dosage adjustments
to reach target therapeutic levels. Around half of the patients
(55.7%, n = 78), achieved the target trough levels without any
dosage adjustments; a third (30%, n = 42) necessitated a sin-
gle adjustment. The majority of the patients (69.3%, n=97)
required 2 days to reach the target level, with 29 (20.7%)
requiring 3 days.
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The change in the signs of infection and laboratory data by
days 3 and 6 are reported in Table 6. No significant change was
reported on days 3 and 6 in WBC, platelets counts and ESR
levels. However, the CRP was significantly increased on day 3
to 3.5mg/dL (IQR: 1.3-7.0) (P =.041), followed by a signifi-
cant reduction on day 6 to 1.4 mg/dL (IQR: 0.9-4.1) (P = .013).
Fever cases were also decreased on days 3 and 6 successively
(P <.001).

4. Discussion

In this study, the mean vancomycin TDD required to achieve
therapeutic trough concentrations for pediatric cardiac patients
were lower than the recommended dosing. The vancomycin
therapy pharmacokinetics was affected by several attributes of
this subgroup of patients such as altered renal perfusion, drug
distribution, drug CL, in addition to aggressive use of diuretics.
Literature reports a few studies regarding the safe, effective,
and optimal vancomycin dosing regimen for pediatric patients
with CHD.!15:223437.38] Although not verified yet, Marlowe et al
suggested that the vancomycin pharmacokinetic variables (e.g.,
Vd and elimination half-life) are similar between cardiac and
non-cardiac pediatric patients.** However, pediatric cardiology
patients are susceptible to changes in the vancomycin pharma-
cokinetics, possibly due to varying body functioning between
the age groups or the questionable impact of CHD.5”! More
importantly, several nephrotoxic medications are often admin-
istered to CHD patients as a part of the treatment plan, which
may affect the safety of the vancomycin and obtained vanco-
mycin levels.*! Many patients in the current report were con-
currently taking such agents (e.g., furosemide, ACE inhibitors,
ceftazidime, and spironolactone), supporting the analysis of the
dosing requirements and the variables necessitating changes.

Sociodemographic and clinical variables affecting the total daily dose requirements to achieve the target level; n (%) unless

otherwise stated (n = 114).

Sociodemographic and clinical variables TDD required to achieve the target level (Mean = SD) p-value

Reference 3771 +6.8 Reference

Age category 0.001
Neonates (n = 15) 34 +6.03 0.002
Infants (n = 61) 37.84 £ 6.2 0.033
Young child (n = 29) 4397 +94 0.003
0Old child (n=7) 357+11.3 0.723

Sex, n (%) Female (n = 62) 38.32 £ 9.02 0.12
Male (n = 52) 40.76 + 7.17

BMI* percentile (category), n (%) <5" (underweight) (n = 66) 38.75 +7.55 0.305
> 5" to 85" (normal) (n = 46) 40.38 9.4 0.314
Overweight-obese (n = 2) 40 0.807

Cardiac lesion, n (%) Acyanotic (n = 64) 38.59 +8.13 0.22
Cyanotic (n = 50) 40.5+8.43

CPB surgery exposure Non-exposed (n = 37) 384 +73 0.348
Exposed (n = 77) 39.94 8.7

Setting ICU (n = 59) 37.89 +9.07 0.039
Non-ICU (n = 55) 41.08 +7.06

*CDC BMI (age < 24 months), or CDC weight-for-length (age > 24 months.

The change in renal function on days 3 and 6 and post-treatment; N (%) unless otherwise stated.

Renal function test Baseline Day 3 (n = 100), N (%) Day 6 (n = 50), N (%) Post-treatmentt (n = 129), N (%)
Change in S, Less than 25% increase in S_(normal) Reference 96 (96%) 46 (92%) 115 (89.1%)

25-50% increase in S , (elevated) Reference 4 (4%) 4 (8%) 11 (8.5%)

>50% increase in S, (AKI) Reference 0 0 3(2.3%)
BUN level mean (+SD) 4,44 + 224 417 +2.44 4.42 +3.98 439 +2.77

1S, 24—48 hours after completion of the treatment course
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Variables affecting the incidence of vancomycin-associated acute kidney injury (AKI) and elevated serum creatinine; N (%) unless

otherwise stated

AKI (n = 3), elevated S
Variables N (%) P-value* (n=15),N (%) P-value*

Total daily dose (mg/kg/day) Mean (+SD) 425+35 0.517 36.15+6.5 0.878
Trough levels of vancomycin Mean (+=SD) 9.25+39 0.54 8.17 + 4.08 0.115
Duration of therapy Mean (+SD) 76728 0.67 7.2 +5.96 0.55
Frequency gq24h (n=1) 0 0.97 0 0.88
gqi2h (n=1) 0 0.97 0 0.78

q8h (n = 44) 2 (66.7) 0.26 5(33.3) 0.65

qéh (n = 83) 1(33.3) 0.28 10 (66.7) 0.93

Concomitant nephrotoxic medication, n (%) Piperacillin/tazobactam (n = 9) 0 0.804 16.7) 0.69
Meropenem (n = 36) 0 0.56 4(26.7) 0.63

Aminoglycosides (n = 20) 1(33.3) 0.39 0 0.12

Ceftazidime (n = 73) 3(100) 0.26 11 (73.3) 0.18

Amphotericin B (n = 2) 0 0.95 0 0.78

Furosemide (n = 118) 3(100) 0.76 14 (93.3) 0.64

Angiotensin-converting enzyme inhibitors (ACEl) (n = 89) 1(33.3 0.23 8 (563.3) 0.23

Spironolactone (n = 47) 1(33.3) 0.7 4(26.7) 0.43

Colistin 0 0.97 0 0.88

Age category Neonates (n = 16) 1(33.3 0.33 16.7) 0.47
Infants (n = 70) 2 (66.7) 0.56 11 (73.3) 0.12

Young child (n = 30) 0 0.45 2(13.3) 0.35

0ld child (n = 11) 0 0.76 1(6.7) 0.64

BMIt percentile (category), n (%) Underweight (n = 75) 1(33.3) 0.57 6 (40) 0.11
Normal (n = 50) 2 (66.7) 0.55 8 (63.3) 0.19

Overweight-obese (n = 4) 0 0.9 16.7) 0.38

Cardiac lesion Cyanotic (n = 52) 1(33.3) 0.64 8 (63.3) 0.24
CBP surgery exposure Exposed (n = 84) 3(100) 0.55 10 (66.7) 0.53
Setting, n (%) ICU (n = 68) 2 (66.7) 0.56 9 (60) 0.56

Non-ICU (n = 58) 1(33.3) 6 (40)

*Compared to patients with normal renal function.
+CDC BMI (age < 24 months), or CDC weight-for-length (age > 24 months).

Number of days and dosage adjustments to reach target
therapeutic levels.

Variable N(%)

Number of adjustments 0 = no adjustment 78 (55.7%)
1=once 42 (30%)

2 = twice 12 (8.6%)

3 =thrice 6 (4.3%)

4 = four times 1(0.7%)

5 = five times 1(0.7%)
Number of days to reach 1 day 97 (69.3%)
the first target level 2 days 29 (20.7%)
>2 days 14 (10%)

Vancomycin is usually administered in doses ranging between
40 and 60 mg/kg/day divided every 6 to 8 hours. More recently,
a higher vancomycin TDD was recommended for children
because of the inadequacy of doses lower than 60 mg/kg/day
to achieve the desired trough levels. However, the altered CHD

patient pharmacokinetics, due to the changed kidney function
or fluid overload with the varying pharmacokinetic profile of
the pediatric population, is not always considered when project-
ing these guidelines. In this study, the majority of the patients
received a vancomycin dose between 35 and 45 mg/kg/day
divided every 6 hours. The mean vancomycin TDD required to
achieve a serum trough concentration between 7 and 20 mg/L
was 37.71 = 6.8 mg/kg/day. This dose is much higher than that
reported by Marlowe et al with an initial vancomycin dose of
10 mg/kg/dose every 12 hours was optimal to achieve thera-
peutic trough concentration (5-10mg/L) in CHD patients."*!
However, our study and Marlowe’s findings oppose what is rec-
ommended by the consensus statement of the IDSA/ASHP/SIDP
2020 (60-80 mg/kg for children <12 years old and 60-70 mg/kg
children >12 years).l*?!

It is noteworthy that the required vancomycin TDD to achieve
the therapeutic outcomes was highly dependent on the age
group, as was previously noted in a similar study by Thomas et
al.1' Neonates enrolled in this study required significantly lower
doses (34 = 6.03 mg/kg/day, P =.002), infants (37.84 = 6.2mg/
kg/day) and young children (1-6 years) required higher doses

The change in signs of infection and lab data by days 3 and 6.

Baseline (n = 140) * D3 (n = 140) P-value D6 (n = 84) P-value
Fever, n (%) 80 (57.14) 23 (16.4) <0.001 13 (15.4) <0.001
WBC, median (IQR) 11.45 (8.5-15.14) 11.4 (7.7-15.1) 0.111 11.7 (9.3-14.7) 0.958
Platelet, median (IQR) 298 (188-398.25) 253 (157.5-405.5) 0.49 250.5 (159.75-421.75) 0.705
CRP, median (IQR) (mg/L) 2.6 (0.9-7.4) 3.5(1.3-7.0) 0.041 1.4(0.9-4.1) 0.013
ESR, median (IQR) (mm/hr) 9 (3-20) 7.5 (2.75-30.25) 0.414 24 (9-64.75) 0.125

*Reference.
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(43.97 + 9.4 mg/kg/day, P = .003). The findings echo Thomas et
al’s recommendations to empirically load patients with CHD,
with a normal renal function, with the following doses: 30 mg/
kg/day for neonates, 35 to 40 mg/kg/day for infants, and 45 mg/
kg/day in children to be divided every 6 to 8 hours.!*! This dos-
ing variation may be due to the lower glomerular filtration rate
in neonatal kidneys compared to other age groups; the CL of
renally excreted vancomycin is greatly affected and lower doses
are required compared to older children.*!!

Surprisingly, the non-ICU patients required the use of higher
vancomycin doses (41.08 = 7.06, P = .039). The patients admit-
ted in an ICU often have compromised cardiac circulation caus-
ing a reduced renal and hepatic perfusion which necessitates
lower dosing. This is especially true for 2-compartment-model
drugs, such as vancomycin.

In a review conducted by Grace, the vancomycin dosing in
obese patients was altered compared to non-obese patients.[*?!
This may be caused by an increased VD due to the increased adi-
pose tissue and muscle mass.*? In addition, obese patients have
an increased glomerular filtration rate due to an increased renal
plasma flow.*”! Exposure to CPB surgery was also associated
with an increased vancomycin systemic CL (P <.0005) in the
Gracia et al study,*! and it would be expected to have increased
dosing requirements for obese and CPB-exposed patients.
However, the vancomycin’s TDD requirements (i.e., vancomycin
CL) were relatively independent of sex (P =.12), CPB surgery
exposure (P =.348), BMI percentile category (P > .05), and the
type of cardiac lesion (P =.22), which supports Thomas et al’s
findings.!*!

Literature frequently suggests that vancomycin may be asso-
ciated with nephrotoxicity; however, a direct cause-effect rela-
tionship has not yet been determined.®! In this study, 8.5%
of the patients had an elevated S_ and 2.3% developed AKI
post-vancomycin treatment. This is slightly lower than the inci-
dence of vancomycin-associated AKI reported by Moffett et al
as 7.2% of the sample developed AKI.*?! Similarly, a higher inci-
dence, 14% of 167 patients receiving vancomycin, was recorded
by Mckamy et al in the general pediatric population.”®! In gen-
eral, vancomycin-associated AKI is less frequent in children
compared to adults, as concluded by Moffett et al, affecting 12
to 42% of the adult population, especially when concurrently
administered with aminoglycosides.?22’]

In our study, none of the sociodemographic factors (age, BMI
percentile) or clinical variables (cardiac lesion type, CPB expo-
sure, concurrent nephrotoxic medications, or care setting), van-
comycin therapy characteristics (TDD, trough level, duration
of therapy, or frequency of administration) was significantly
associated with the occurrence of AKI or S__ elevation. Similarly,
exposure to cardiac surgery and serum vancomycin levels were
not independent predictors for vancomycin-associated AKI
in Moffett et al’s report; however, higher vancomycin dosing
requirements were significantly associated with AKI occurrence,
independent of the serum drug level.??! This is surprising as
pediatric cardiac surgery patients are especially vulnerable to
AKI which affects approximately 40 to 50% of the cases, pri-
marily because of fluid disturbances and changed drug metab-
olism and other causes.*¥! It has also been noted by Mckamy
et al that nephrotoxicity was associated with supratherapeutic
trough levels (OR: 3.27 [95% confidence interval: 1.19-8.95],
P =.021) and furosemide administration in the ICU (OR: 9.45
[95% confidence interval: 3.44 to 26.00], P < .0001).2% In addi-
tion, a meta-analysis by Fiorito et al reported that higher trough
levels (215 mg/L), baseline renal impairment, dehydration, and
concurrent use of nephrotoxic medications are possible predic-
tors of vancomycin-associated nephrotoxicity in the pediatric
population.?!

In summary, the currently recommended vancomycin dosing
(40mg/kg divided every 6-8 hours) coincides with the most
appropriate dosing (37.71 = 6.8 mg/kg/day); that is, it is both
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safe and effective. However, this dosing should be modified by
age, as is highlighted by our study, where neonates need lower
doses (34 = 6.03mg/kg/day), and young children higher doses
(43.97 + 9.4mg/kg/day). Dosage requirements were indepen-
dent of sex, BMI percentile categories, type of cardiac lesion,
and exposure to CPB surgery. It is also suggested that non-ICU
patients may need higher vancomycin doses (41.08 = 7.06 mg/
kg/day). Renal function changes were independent of vancomy-
cin dosing and trough levels.

Overall, cardiac patients enrolled in this study required lower
vancomycin doses compared to the doses regularly dispensed.
This may be due to the aggressive diuresis received by this pop-
ulation group as most of the patients were receiving furosemide.
However, the TDD and trough levels were non-significantly
changed between patients placed on diuretics or not. It is sug-
gested in future studies that the VD and body fluid composi-
tion changes occurring in cardiac patients be measured. In this
regard, the current physiologic status can be measured and cor-
related with dosing changes.

4.1. Strengths and limitations

This was a prospective cohort study investigating the optimal
vancomycin dosing in pediatrics with CHD and different vari-
ables affecting dosing requirements with a relatively big sam-
ple size. One major limitation of the study design is its lack
of a comparative control group (non-cardiac patients) which
limits the conclusive correlations in the present study. The
study was a single-center study that may not be representative
of the general population. In addition, some key trough lev-
els were missing which may have affected the study findings.
Even though, our study addressed the effects of CPB exposure
on the vancomycin dosing, it did not investigate the impact of
the CPB time which potentially could affect the postoperative
drug pharmacokinetics. In addition, the study included all eli-
gible patients irrespective of their underlying genetic disorders
that could affect the drug metabolism such as Down syndrome.
Despite the big sample size, the number of patients developing
AKI or overweight/obese patients remained low, which limits
the generalizability of data about these subgroups. Although
AKI occurred during the first week of therapy in McKamy et
al’s study, some adult studies suggested that nephrotoxicity may
not be directly obvious until after 1 to 3 weeks,?"! and a fol-
low-up Scr measurement would have been essential for more
robust results.

5. Conclusion

Overall, pediatric CHD patients generally require a lower van-
comycin TDD compared to the general pediatric population.
The findings indicate that vancomycin should be administered
to pediatric cardiology patients using a patient-specific dosing
approach (age and care setting) rather than through a general-
ized dosing regimen (60 mg/kg/day divided every 6-8 hours) as
previously suggested.

Acknowledgments

We acknowledge the assistance of the Research Unit at the
College of Pharmacy, King Saud bin Abdulaziz University for
Health Sciences (KSAU-HS).

Author contributions

Conceptualization: Yousif S. Alakeel

Data curation: Ghadah A. Alanazi, Bushra S. Alawbathani, Kadi
1. Alshutwi

Formal analysis: Yousif S. Alakeel, Yazeed S. Alahmed



Alakeel et al. ® Medicine (2022) 101:41

Investigation: Yousif S. Alakeel, Ghadah A. Alanazi, Bushra S.
Alawbathani, Kadi I. Alshutwi

Supervision: Yousif S. Alakeel

Writing — original draft: Ghadah A. Alanazi, Bushra S.
Alawbathani, Kadi I. Alshutwi

Writing — review: Yousif S. Alakeel, Yazeed S. Alahmed

References

(1]
(2]

[3]

[4

(5

(6

[7

(8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wilhelm MP. Vancomycin. Mayo Clin Proc. 1991;66:1165-70.

Levine DP. Vancomycin: a history. Clin Infect Dis. 2006;42(Suppl
1):S5-12.

Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the
infectious diseases society of America for the treatment of methicil-
lin-resistant Staphylococcus aureus infections in adults and children.
Clin Infect Dis. 2011;52:e18-55.

Hoang J, Dersch-Mills D, Bresee L, et al. Achieving therapeutic vanco-
mycin levels in pediatric patients. Can J Hosp Pharm. 2014;67:416-22.
Frymoyer A, Hersh AL, Benet LZ, et al. Current recommended dos-
ing of vancomycin for children with invasive methicillin-resistant
Staphylococcus aureus infections is inadequate. Pediatr Infect Dis J.
2009;28:398-402.

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

Eiland LS, English TM, Eiland EH 3rd. Assessment of vancomycin
dosing and subsequent serum concentrations in pediatric patients. Ann
Pharmacother. 2011;45:582-9.

Hwang D, Chiu NC, Chang L, et al. Vancomycin dosing and target
attainment in children. ] Microbiol Immunol Infect. 2017;50:494-9.
Geerlof LM, Boucher J. Evaluation of vancomycin dosing and cor-
responding drug concentrations in pediatric patients. Hosp Pediatr.
2014;4:342-7.

Glover ML, Cole E, Wolfsdorf J. Vancomycin dosage requirements
among pediatric intensive care unit patients with normal renal func-
tion. J Crit Care. 2000;15:1-4.

Le ], Bradley JS, Murray W, et al. Improved vancomycin dosing in
children using area under the curve exposure. Pediatr Infect Dis J.
2013;32:e155-63.

Rybak M], Le J, Lodise TP, et al. Therapeutic monitoring of vancomy-
cin for serious methicillin-resistant Staphylococcus aureus infections:
a revised consensus guideline and review by 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. Am ] Health Syst Pharm. 2020;77:835-64.
Lodise TP, Drusano GL, Zasowski E, et al. Vancomycin exposure in
patients with methicillin-resistant Staphylococcus aureus bloodstream
infections: how much is enough? Clin Infect Dis. 2014;59:666-75.
Heil EL, Claeys KC, Mynatt RP, et al. Making the change to area under
the curve-based vancomycin dosing. Am J Health-Syst Pharm. 2018;
75:¢828-37.

Thomas CA, Picone A, Menon S, et al. Empiric vancomycin dosing
in pediatric patients with congenital heart disease and the impact of
cardiopulmonary bypass on trough concentrations. Pharmacotherapy.
2017;37:1341-6.

Martin JH, Norris R, Barras M, et al. Therapeutic monitoring of vanco-
mycin 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. Clin Biochem Rev.
2010;31:21-4.

Bosso J, Nappi J, Rudisill C, et al. Relationship between Vancomycin
trough concentrations and nephrotoxicity: a prospective multicenter
trial. Antimicrob Agents Chemother. 2011;55:5475-9.

Hidayat L, Hsu D, Quist R, et al. High-dose vancomycin therapy for
methicillin-resistant Staphylococcus aureus infections. Arch Intern
Med. 2006;166:2138.

Pritchard L, Baker C, Leggett J, et al. Increasing vancomycin serum
trough concentrations and incidence of nephrotoxicity. Am | Med.
2010;123:1143-9.

Jeffres M, Isakow W, Doherty J, et al. A retrospective analysis of pos-
sible renal toxicity associated with vancomycin in patients with health
care-associated methicillin-resistant Staphylococcus aureus pneumo-

nia. Clin Ther. 2007;29:1107-15.

(21]

[22

(23]

[24

[25]

(26]

[27]

(28]

[29]

[30

[31]

(32]

[33]

[34

[36

[37

(38

[39

[40

[41

[42

[43

[44]

www.md-journal.com

Fiorito T, Luther M, Dennehy P, et al. nephrotoxicity with vancomycin
in the pediatric population. Pediatr Infect Dis J. 2018;37:654-61.
Moffett B, Morris J, Kam C, et al. Vancomycin associated acute kidney
injury in pediatric patients. PLoS One. 2018;13:¢0202439.

van Hal S, Paterson D, Lodise T. systematic review and meta-analysis
of vancomycin-induced nephrotoxicity associated with dosing sched-
ules that maintain troughs between 15 and 20 milligrams per liter.
Antimicrob Agents Chemother. 2012;57:734-44.

Tongsai S, Koomanachai P. The safety and efficacy of high versus low
vancomycin trough levels in the treatment of patients with infections
caused by methicillin-resistant Staphylococcus aureus: a meta-analysis.
BMC Res Notes. 2016;9:455.

McKamy S, Hernandez E, Jahng M, et al. Incidence and risk factors
influencing the development of vancomycin nephrotoxicity in children.
J Pediatr. 2011;158:422-6.

Miloslavsky M, Galler M, Moawad I, et al. The impact of pediatric-spe-
cific vancomycin dosing guidelines: a quality improvement initiative.
Pediatrics. 2017;139:¢20162423.

Frymoyer A, Hersh A, El-Komy M, et al. Association between vanco-
mycin trough concentration and area under the concentration-time
curve in neonates. Antimicrob Agents Chemother. 2014;58:6454-61.
Frymoyer A, Guglielmo B, Hersh A. Desired vancomycin trough serum
concentration for treating invasive methicillin-resistant staphylococcal
infections. Pediatr Infect Dis J. 2013;32:1077-9.

Rybak M, et al. Vancomycin pharmacokinetics in burn patients
and intravenous drug abusers. Antimicrob Agents Chemother.
1990;34:792-5.

Garrelts JC, Peterie JD. Altered vancomycin dose vs. serum concentra-
tion relationship in burn patients. Clin Pharmacol Ther. 1988;44:9-13.
Orr H, Trone D, Elder J, et al. Assessment of initial vancomycin dosing
in pediatric oncology patients. Children. 2017;4:79.

Abdel Hadi O, Al Omar S, Nazer L, et al. Vancomycin pharmacokinet-
ics and predicted dosage requirements in pediatric cancer patients. ]
Oncol Pharm Pract. 2015;22:448-53.

Shahrami B, Najmeddin F, Mousavi S, et al. Achievement of vanco-
mycin therapeutic goals in critically Il patients: early individualization
may be beneficial. Crit Care Res Pract. 2016;2016:1245815.

Marlowe KEF, Chicella MF, Claridge TE, et al. An assessment of vanco-
mycin pharmacokinetic variability in pediatric cardiology patients. ]
Pediatr Pharmacol Ther. 2003;8:132-7.

American College of Cardiology. The international center of excellence
program-American College of Cardiology. 2022. Available at: <https://
www.acc.org/membership/sections-and-councils/international-center/
features/2019/09/the-international-center-of-excellence-programs.
[access date January 18,2022].

Kellum JA, Lameire N, Aspelin P, et al. Kidney disease: improving
global outcomes (KDIGO) acute kidney injury work group. KDIGO
clinical practice guideline for acute kidney injury. Kidney inter Suppl.
2012;2:1-138.

Baltimore RS, Gewitz M, Baddour LM, et al. Infective endocarditis in
childhood: 2015 update: a scientific statement from the American heart
association. Circulation. 2015;132:1487-515.

Nichols KR, Israel EN, Thomas CA, et al. Optimizing guideline-rec-
ommended antibiotic doses for pediatric infective endocarditis. Ann
Pharmacotherapy. 2016;50:423-7.

Asbury W, Darsey E, Rose B, et al. Vancomycin phar- macokinetics in
neonates and infants: a ret- rospective evaluation. Ann Pharmacother.
1993;27:490-6.

Moellering R. Monitoring serum vancomy- cin levels: climbing the
mountain because it is there? Clin Inf Dis. 1993;94:544-6.

Bizzarri C, Pedicelli S, Cappa M, et al. Water balance and “salt wasting”
in the first year of life: the role of aldosterone-signaling defects. Horm
Res Paediatr. 2016;86:143-53.

Grace E. Altered vancomycin pharmacokinetics in obese and mor-
bidly obese patients: what we have learned over the past 30 years. |
Antimicrob Chemother. 2012;67:1305-10.

Ortega Garcia MP, Marti-Bonmati E, Guevara JG, et al. Alteration
of vancomycin pharmacokinetics during cardiopulmonary bypass
in patients undergoing cardiac surgery. Am ] Health Syst Pharm.
2003;60:260-5.

Li S, Krawczeski CD, Zappitelli M, et al. Incidence, risk factors, and
outcomes of acute kidney injury after pediatric cardiac surgery: a pro-
spective multicenter study. Crit Care Med. 2011;39:1493-9.


<https://www.acc.org/membership/sections-and-councils/international-center/features/2019/09/the-international-center-of-excellence-program>
<https://www.acc.org/membership/sections-and-councils/international-center/features/2019/09/the-international-center-of-excellence-program>
<https://www.acc.org/membership/sections-and-councils/international-center/features/2019/09/the-international-center-of-excellence-program>

