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Abstract

Background Vancomycin is one of the commonly used anti-microbial drugs in intensive care units (ICUs). Guidelines
recommend maintaining therapeutic trough levels of vancomycin (10-20 mg/L). The success of achieving the recom-
mended therapeutic concentration of vancomycin is influenced by several factors, and this is even more complex in children,
particularly those admitted in the ICU. Hence, we carried out the present study in children admitted in the ICU who were
administered vancomycin.

Methods We carried out a chart review of children admitted in the paediatric ICU unit of a tertiary care hospital over a
period of 3 years. Information on their demographic factors, diagnoses, duration of hospital stay, vancomycin treatment (dose,
frequency and time of administration) and concomitant drugs, and vancomycin trough levels were retrieved. Descriptive
statistics were used for representing the demographic factors, and multivariable logistic regression analyses were carried
out to assess the determining factors.

Results One-hundred and two children were identified, of whom 13 had renal dysfunction. Two-hundred and fifty-two van-
comycin trough levels were available, of which only 25% were observed in the recommended range (10-20 mg/L) amongst
patients without any renal dysfunction and 22% amongst patients with renal dysfunction. Vancomycin was administered
intravenously at an average [standard deviation (SD)] dose (mg/dose) of 13 (3.9) mostly either thrice or four times daily. Even
in patients receiving vancomycin as a definitive therapy, only 40.9% achieved the recommended trough levels. Lower trough
levels were associated with an increased risk of mortality. Nearly 4% of the levels were above 20 mg/L (toxic range). Seven
children were suspected to have acute kidney injury (AKI) during the course of therapy where the cumulative vancomycin
dose and mortality rate was higher. Only one serum vancomycin level during augmented renal clearance was observed in
the recommended range. All the patients received at least one concomitant drug that either had nephrotoxic potential or
predominant renal elimination, and use of a greater number of such drugs was associated with an increased risk of AKI.
Conclusion The current vancomycin dosing strategy is ineffective in achieving therapeutic trough levels in children admitted
to the ICU. Sub-therapeutic vancomycin trough levels significantly increase the risk of mortality.

1 Introduction

Vancomycin is the most widely used antibiotic for pre-
venting and treating methicillin-resistant Staphylococcus The current recommended vancomycin dose is ineffec-
aureus (MRSA) infections [1]. Around two-thirds of the tive in children admitted to the intensive care unit.
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S. aureus isolates in the intensive care units (ICUs) are
observed to be resistant to methicillin [2]. MRSA infec-
tions in the ICU are associated with increased morbidity,
mortality and costs [3].

Standard treatment guidelines recommend maintaining
trough levels of vancomycin between 10 and 20 mg/L [4].
The recommended trough levels are likely to ensure opti-
mum bactericidal activity of vancomycin, based on the min-
imum inhibitory concentrations (MICs) for MRSA. Con-
flicting evidence exists on whether the MICs of MRSA for
vancomycin have significantly increased over recent years
[5, 6]. Studies have reported a threefold increase in the risk
of worsening of infections if the MICs for MRSA exceed
1.5 mg/L [7]. However, guidelines suggest maintaining a
minimum trough level of 10 mg/L for vancomycin [8]. On
the other hand, higher trough levels of vancomycin increase
the risk of nephrotoxicity by two times [9]. The area under
the time—concentration curve over 24 h (AUC,,) is a better
predictor for vancomycin’s therapeutic effect, and trough
levels are surrogate indicators for AUC,, [10]. However,
therapeutic trough concentrations of vancomycin in the
paediatric population have been argued to be significantly
different from adults for achieving the desired AUC,, [11].

Pharmacokinetic parameters of several drugs have been
observed to significantly change in patients admitted to
the ICUs due to the critical nature of their disease [12].
Due to widespread systemic inflammation, patients may
often have an augmented renal clearance (ARC) [13].
Increased volume of distribution and drug clearance were
observed for vancomycin, resulting in sub-therapeutic
trough levels of vancomycin [14]. This is further compli-
cated in the paediatric age group because of different lev-
els of organ function, depending on the age of the children
[15]. Hence, unique challenges exist for dosing vancomy-
cin in children admitted to ICUs. Although recommenda-
tions exist for appropriate levels to be maintained in the
adult population, these are clearly lacking in children. In
children, vancomycin has been dosed at 15 mg/kg/dose
as per the recommendations of the British National For-
mulary; however, a recent study from the UK observed
that only 26% of children receiving this dose achieved
the appropriate trough levels [16]. Recent studies from
neonates admitted to ICUs and children with cancers
corroborate the inadequate serum levels of vancomycin
achieved with the recommended dosing strategies [17,
18]. Hence, we undertook the present study to assess the
use of vancomycin and the corresponding trough levels
in children admitted in the ICU of the largest tertiary care
public hospital in Bahrain.
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2 Methods
2.1 Study Population and Study Ethics

Children admitted in the ICU of Salmaniya Medical Com-
plex, Manama, Bahrain who were administered vancomycin
between January 2016 and March 2019 were included if at
least one serum sample was assessed for therapeutic drug
monitoring of vancomycin. Patients with incomplete details
relating to drug administration were excluded. Approval
from the local ethics committees and the Ministry of Health
was obtained prior to the study being conducted. The study
was carried out in compliance with the Declaration of Hel-
sinki. The following details were captured for each eligible
child: demographic factors (age, gender and body weight);
diagnoses; duration of hospital stay; vancomycin-related
details (dose, frequency and duration); serum vancomycin
levels, blood urea and serum creatinine; concomitant drugs;
and outcome (dead/alive). Steady state was considered to
have been reached after three doses of vancomycin [19].
Creatinine clearance was assessed using the Shull equation
that is specific for the paediatric population [20]. We used
the Kidney Disease Improving Global Outcomes (KDIGO)
clinical practice guidelines to assess the incidence of acute
kidney injury (AKI) based only on the serum creatinine cri-
teria [21]. Children were considered to have ARC if their
estimated glomerular filtration rate (eGFR) was >20%
the upper limit for their age [22]. The reference range is
adapted from the results following a single injection of
Tc-99 m diethylene triamine penta acetate (DTPA) [23],
based on which the following are the upper limits of eGFR
(mL/min/1.73 m?) considered for defining ARC: <1 year,
above 287; 1-2.5 years, above 277.2; > 2.5-5 years, above
350.4;>5-10 years, above 301.4;> 10-15 years, above 264;
and > 15 years, above 247.2. Children with renal dysfunction
were analysed as a separate group. Only drugs for which
predominant renal elimination or nephrotoxicity has been
documented as a common adverse effect, such as aminogly-
cosides (gentamicin/amikacin), acyclovir and non-steroidal
anti-inflammatory drugs (NSAIDs) (paracetamol and ibu-
profen), were considered in this study. Use of vancomycin
was considered empirical when the therapy was initiated,
within 72 h of admission in the ICU or pending microbio-
logical culture reports, whereas it was considered definitive
if the therapy was initiated following appropriate microbio-
logical culture reports [24]. The prescribed daily dose (PDD)
was calculated as the average dose prescribed per day [25].
The World Health Organization—Uppsala Monitoring Centre
(WHO-UMC) probability scale was used to assess the causal
relationship of AKI with vancomycin use [26].



Vancomycin Use in the PICU

305

2.2 Statistical Analysis

Descriptive statistics were used to represent the demo-
graphic details. Distribution of the numerical data was
assessed using the Kolmogorov—Smirnov test, and accord-
ingly, they were described using mean [standard deviation
(SD)] or median (range). The Kruskal-Wallis H test was
used to assess the initial dose of vancomycin per kilogram of
body weight. Multivariable logistic regression analysis was
used to assess the factors determining adequate trough levels
in the study population. Although most of the guidelines
recommend trough levels 10-20 mg/L, some suggest main-
taining between 5 and 15 mg/L for suspected mild infections
[4]. Hence, we carried out logistic regression analyses for
both these categories. The dependant factor was the serum
vancomycin trough levels, and the independent factors were
age, body weight, gender, creatinine clearance, dosing inter-
vals, number of concomitant drugs (<3 or> 3) that are either
nephrotoxic or undergoing predominant renal elimination,
and whether vancomycin was administered as an empirical
or definitive therapy. A scatter plot between the predicted
probabilities of AKI with the number of concomitant drugs
with nephrotoxic potential was developed following the
logistic regression. The diagnoses were grouped based on
the organ systems, and the variable on the concomitant drugs
was categorical (yes/no). Sub-group analyses were carried
out for the following age groups: 1-12 months (infants); tod-
dler (13—24 months); young children (2-5 years); and older
children (above 6 years) [27]. Additional analyses were done
for patients with renal dysfunction and outcome status (dead/
alive). Trend analyses for absolute and percentage changes in
the serum creatinine were assessed using the Mann—Kendall
test, and the Chi-square test was used for trend analysis for
the categorical variables. Association of categorical vari-
ables was tested with Chi-square, and where appropriate,
the Fisher-exact probability test was employed. A P value
of <£0.05 was considered significant.

3 Results
3.1 Demographic Details

Four-hundred and eighty children were admitted during the
study period, of whom 146 were tested for serum vanco-
mycin levels. Details of the concomitant medications and
time of administration of vancomycin were not available
for 44 children. Data from 102 children were included in
the final analysis, of which 13 had renal dysfunction. The
baseline characteristics of the participants are summarized
in Table 1. The following were the diagnoses amongst the
study participants: cystic fibrosis with acute exacerbation
(n=4); bronchiolitis (n=8); cerebral palsy with or without

Table 1 Baseline characteristics of the study participants (N=102)

Characteristics Parameter value

Patients without any renal impairment (n=89)

Age (years), n (%) Overall® 1.7 (0.03-17)
<1 40 (44.9)
> 1-2 11 (12.4)
>2-5 10 (11.2)
>5 28 (31.5)
Male:female (n:n) 42:47
Alive:died (n:n) 79:10
Body weight (kg)° 14.1 (13.5)
Patients with renal impairment (n=13)
Age (years), n Overall® 4 (0.04-13)
<1 4
>1-2 1
>2-5 1
>5 7
Male:female (n:n) 10:3
Alive:died (n:n) 10:3
Body weight (kg)® 15.3 (12)

*Median (range)

"Mean (standard deviation)

post-operative ventriculo-peritoneal shunt with shunt mal-
function (n=3); encephalitis/metabolic encephalopathy
(n=06); congenital heart disease with heart failure/pneumo-
nia (n=17); status epilepticus with tracheostomy (n=2);
status epilepticus on mechanical ventilator (n=3); status
epilepticus with aspiration pneumonia (n=3); post-operative
trachea-oesophageal fistula (n =2); pneumothorax/bacterial
tracheitis (n=2); metabolic disorder on mechanical ventila-
tor (n=3); Guillain—Barre syndrome (n=2); Prader—Willi
syndrome with bacterial tracheitis (n=1); severe hypothy-
roidism with cardiac failure (n=1); cystic hygroma com-
plicated by sepsis (n=1); infantile spasm (n=1); pleural
effusion with lung abscess (n=35); head injury with sub-
dural/intraventricular hematoma (n =2); oesophageal perfo-
ration due to acid battery ingestion (n=1); severe cellulitis
complicated by sepsis (n=1); severe acute exacerbation
of bronchial asthma (n=3); Glanzmann’s thrombasthenia
with epistaxis (n=1); severe sepsis (n=7); vaso-occlusive
crisis in sickle cell disease (n =3); post-operative repair of
congenital heart disease (n=2); hydrocephalus with right
posterior fossa excision (n=1); post-operative drainage of
para-pharyngeal/retro-pharyngeal abscess (n =2); renal dys-
function (chronic kidney disease/acute renal failure) with
sepsis/peritonitis/pneumonia (n=13); bacterial pericarditis/
pericardial effusion (n=1); and mitochondrial disease with
pneumonia (n=1). The following were the indications (as
empirical/definitive) for initiating vancomycin in the study
population: sepsis (n=18); ventilator-associated pneumonia
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(n=2); meningitis/encephalitis (n =4); post-operative cases
(n="7); and pneumonia (n=71).

3.2 In Patients Without Any Renal Dysfunction

3.2.1 Vancomycin Regimen and Serum Trough
Concentrations

Vancomycin was administered intravenously in all the
patients at an average (SD) dose (mg/dose) of 13 (3.9). The
mean (SD) of initial dose in the study population was 12
(4) mg/kg, and the following was observed for the indi-
vidual sub-groups: <1 year, 12.5 (3.2); > 1-2 years, 11.4
(3.8);>2-5 years, 13 (4.2); and > 5 years, 11.2 (3.8). The
differences in the initial vancomycin dose between the age
groups were not statistically significant (P> 0.05). The
median (range) duration (in days) of vancomycin admin-
istration was 5.5 (1-67). The median (range) cumulative
dose (mg) of vancomycin administered to the participants
was 1500 (60-19,500). Overall, the PDD (mg) was esti-
mated to be 386.7 (338.5), and in the sub-groups of age it
was as follows: <1 year, 181.6 (153.1); 1-2 years, 227.8
(120.1); > 2-5 years, 463.2 (165.3); and > 5 years, 692.1
(377.7).

Two-hundred and fifty-two serum trough levels were
checked. The median (range) for vancomycin concentration
(mg/L) was 7.3 (0.6-44.5). The median (range) for van-
comycin dose (mg) administered before the assessment of
serum trough levels was 125 (15-750). One-hundred and
three out of the total 252 (40.9%) levels ranged between 5

and 10 mg/L; 75 (29.8%) were less than 5 mg/L; 63 (25%)
were between 10 and 20 mg/L; and 11 (4.3%) were above
20 mg/L. No significant association was noted between age
groups and attaining the recommended serum trough lev-
els of vancomycin (Table 2). Of the 252 sample timepoints,
22 (8.7%) received vancomycin twice a day; 119 (47.2%)
received it thrice daily; and 111 (44%) received it four times
daily. No significant association was observed between the
frequency of administration and vancomycin trough levels.
The median (range) of vancomycin doses before the assess-
ment of serum trough levels was five (1-123). The median
(range) time of the trough samplings from drug administra-
tion was 8.5 (1-48) h. Similarly, median (range) time of
trough samplings from the initiation of vancomycin was 48
(4-672) h. Two-hundred and thirty samples were carried
out when vancomycin was administered empirically and 22
when it was administered as definitive therapy. A signifi-
cantly higher number of patients were observed with thera-
peutic trough levels of vancomycin with definitive therapy
compared to empirical (Table 2), although this was in only
40.9% of the patients with proven infection. Also, a sig-
nificantly lower number of serum samples were observed in
the therapeutic range, along with a higher proportion above
20 mg/L, amongst patients who died compared to alive
patients (Table 2). Twenty-two samples were obtained for
vancomycin concentrations following the first dose, while
186 were checked after steady state had been achieved. No
significant differences were observed in the proportion of
therapeutic versus sub- or supra-therapeutic range between
single dose and steady state measurements (Table 2).

Table 2 Association of serum vancomycin levels with various parameters [n (%)]

Parameters Groups (number of serum Serum levels either at single dose or steady state P value
trough levels)
<10 10-20 > 20
Age (years) <1117 78 (66.7) 33(28.2) 6(5.1) 0.5
> 1-2(27) 21 (77.8) 6(22.2) 0
>2-5@31) 23 (74.2) 8 (25.8) 0
>5(77) 57 (74) 15 (19.5) 5(6.5)
Frequency of vancomycin Twice daily (22) 14 (63.6) 6(27.3) 29.1) 0.6
Thrice daily (119) 88 (73.9) 28 (23.5) 3(2.6)
Four times daily (111) 76 (68.5) 27 (24.3) 6(7.2)
Type of vancomycin therapy Empirical (230) 212 (92.2) 16 (7) 2(0.8) 0.0001%*
Definitive (22) 13 (59.1) 9 (40.9) 0
Outcome status Alive (191) 62 (32.4) 127 (66.5) 2(1.1) 0.0001*
Dead (61) 34 (55.7) 20 (32.8) 7(11.5)
Renal clearance Normal (n=244) 171 (70.1) 62 (25.4) 11 4.5) 0.8
Augmented (n=38) 7 1 0
Timepoints of trough concentration First dose (n=22) 17 (77.3) 5(22.7) 0 0.5
assessment Steady state (n=186) 128 (68.8) 44 (23.7) 11(7.5)

*Statistically significant
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3.2.2 Monitoring of Serum Creatinine During the Course
of Vancomycin Therapy

The mean (SD) serum creatinine (mg/L) was 0.3 (0.2), with
a creatinine clearance (mL/min/1.73 mz) of 127.3 (72.7).
Absolute and percentage changes in serum creatinine dur-
ing vancomycin therapy are depicted in Figure 1a, b, and no
significant trends were observed (P> 0.05).

Seven children showed elevation of serum creatinine
more than 1.5-fold compared to baseline. The key charac-
teristics of these patients with suspected AKI are listed in
Table 3. All these adverse events could have possibly been
related to vancomycin administration, as there were con-
comitant drugs that could also be attributed. Four out of the
seven suspected AKI children died, while six out of 82 who
did not develop any renal insufficiency died (P =0.0025).
The cumulative dose (mg) of vancomycin for children with
suspected AKI was 6059 (4724), while it was 2802 (3818)
for the others (P=0.034). In contrast, only one out of the
seven suspected AKI children had trough levels ranging
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Fig.1 Changes in the average serum creatinine during vancomycin
therapy: a absolute changes in the serum creatinine; b percentage
changes in the serum creatinine. No significant trends were observed
in both the average absolute and percent changes in serum creatinine

between 10 and 20 mg/L, while 21 out of 82 (25.6%) in the
others had similar trough levels (P=0.7).

Eight timepoints out of the total 253 were carried out on
the days when patients had ARC. Six of these were observed
in the age group of 5-10 years and the remaining in those
between 10 and 15 years. Only one out of these eight had
serum trough levels between 10 and 20 mg/L. No statisti-
cally significant (P =0.4) difference was observed in the pro-
portion of timepoints with serum trough levels between 10
and 20 mg/L during the times of ARC compared to patients
with normal renal clearance (Table 2).

3.2.3 Concomitant Medications

The median number (range) of concomitant drugs was 13
(5-45). Concomitant antimicrobials used along with vanco-
mycin included gentamicin (n =57), meropenem (n =39),
piperacillin/tazobactam (n=37), cefotaxime (n=15),
clarithromycin (n=13), ceftazidime (n=13), metronida-
zole (n=11), fluconazole (n=10), clindamycin (n=10),
cefepime (n=38), ceftriaxone (n=28), amikacin (n=06), acy-
clovir (n=26), co-trimoxazole (n=35), cloxacillin (n=4),
ampicillin (n =4), ciprofloxacin (n=2), caspofungin (n=2),
tigecycline (n=2), azithromycin (n=2), cefuroxime (n=1),
voriconazole (n=1), ganciclovir (n=1), levofloxacin (n=1),
and erythromycin (n=1).

The median number (range) of concomitant drugs with
potential nephrotoxicity/with predominant renal elimina-
tion was three (1-8). Such drugs included the following:
gentamicin, piperacillin/tazobactam, acyclovir, fluconazole,
amikacin, frusemide, cefepime, meropenem, paracetamol,
cefotaxime, captopril, ceftriaxone, ganciclovir, ibuprofen,
clindamycin, mannitol, acetazolamide, and cefuroxime.
Patients with suspected AKI had a significantly higher
number of such drugs compared to the others [5 (3-7) vs. 3
(1-8); P=0.005]. An increase in the number of concomitant
drugs with nephrotoxic potential by one increases the odds
of AKI by 1.7 [95% confidence interval (CI) 1.1-2.5]. The
scatter plot (Fig. 2) of the predicted probabilities of AKI
revealed that the presence of more than five concomitant
nephrotoxic drugs significantly increases the risk of AKI.
However, no significant association was observed in the pro-
portion of serum concentrations between 10 and 20 mg/L
with the number of concomitant drugs that have poten-
tial nephrotoxicity or with predominant renal elimination
(P=0.2).

3.2.4 Factors Determining the Serum Vancomycin Levels
Logistic regression analysis revealed creatinine clearance
as the only significant predictor for attaining the therapeutic

serum levels of vancomycin in the range between 10 and
20 mg/L (Table 4). The overall accuracy of the model was
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Table 3 Characteristics of patients with acute kidney injury amongst children administered vancomycin

Demographic features

Age (years) Gender Body
weight
(kg)

Concomitant
diseases

Cumulative

serum creatinine

Serum trough Maximum percent- Dead/alive Concomitant drugs
vancomycin dose levels (mg/L) age change in
(mg)

1.5 F 8

0.33 M 9.3

0.25 M 4.2

0.5 F 6

TOF/VSD

Acute bronchiolitis

AFP/encephalomy-
elitis

Mitochondrial
disease

Acute bronchiolitis

Refractory status
epilepticus

Guillian—Barre
syndrome

320 1.1

5454 1.3

1700 12.2

6240 5.8

14700 2.3

8600 7.8

5400 2.8

182.8

188.9

464.7

288.9

981.6

150

400

Alive

Alive

Alive

Dead

Dead

Dead

Dead

Frusemide,
gentamicin, aceta-
zolamide

Frusemide,
gentamicin,
acetazolamide,
piperacillin

Frusemide, ceftri-
axone, acyclovir,
paracetamol

Gentamicin, flucon-
azole, acetazola-
mide, cefepime,
ciprofloxacin,
frusemide, pipera-
cillin

Gentamicin, flu-
conazole, pipera-
cillin, frusemide,
amikacin

Gentamicin, fru-
semide, piperacil-
lin, acyclovir,
meropenem, ami-
kacin, ganciclovir

Fluconazole, gen-

tamicin, frusem-
ide, paracetamol

Concomitant drugs considered here include those with nephrotoxic potential or with predominant renal elimination
AFP acute flaccid paralysis, F female, M male, TOF tetralogy of Fallot, VSD ventral septal defect, WHO World Health Organization

Fig.2 Scatterplot between the
predicted probabilities of acute
kidney injury (AKI) and the
number of concomitant drugs
with nephrotoxic potential. The
probability of AKI significantly
increases with more than five
concomitant drugs with nephro-
toxic potential
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Table 4 Logistic regression analyses for predicting the recommended vancomycin trough levels
Parameters For serum trough levels between 10 and 20 mg/L. For serum trough levels between 5 and
15 mg/LL
B Wald  Pvalue OR[95% CI] B Wald  Pvalue OR[95% CI]

Crel —-0.008 6502 0.011%* 0.9910.99-0.99] —0.001 0.593 0.441 0.99 [0.99-1]
Dose 0.075 3.235 0.072 1.1 [0.99-1.2] 0.007  0.040 0.841 1.1[0.94-1.1]
Body weight -0.010 0.174 0.676 0.99 [0.95-1.1] 0.028 1.664 0.197 1.1[1-1.1]
Age -0.015 0.072 0.788 0.99 [0.88-1.1] 0.025 0.254 0.615 1.1[0.9-1.1]
Female gender —-0.563 2847 0.092 0.57 [0.3-1.1] —-0.257  0.823 0.364 0.8 [0.45-1.3]
Frequency 0.739  0.691 0.057 0972
Thrice daily frequency —-0.115 0.042 0.838 0.9 [0.3-2.7] 0.031 0.004 0.951 1.1 [0.4-2.8]
Four times daily -0.303 0.731 0.393 0.74 [0.4-1.5] —0.062 0.040 0.841 0.9 [0.5-1.7]
Definitive therapy -0.801 2.667 0.102 0.510.2-1.2] 0.587 1.576  0.209 1.8 [0.7-4.5]
Concomitant drugs with potential nephro- 0.100 0.097 0.755 1.1[0.6-2.1] 0.116 0.177 0.674 1.1 [0.7-1.9]

toxicity/predominant renal elimina-

tion>3
Constant 0.099 0.012 0914 1.104 - 0406 0.249 0.618 0.666

CI confidence interval, Crcl creatinine clearance, OR odds ratio
* Statistically significant

76.2%, with a good model fit as indicated by the Hosmer
and Lemeshow test (P=0.769). Similarly, accuracy of the
model prediction was 58.3%, and a good fit (P=0.281) was
observed for therapeutic serum levels of vancomycin of
5-15 mg/L; none of the variables were observed to signifi-
cantly predict the vancomycin levels.

Serum trough levels of vancomycin were also observed
to significantly predict the risk of mortality. The haz-
ard ratio (HR) of death with serum levels of vancomycin
either < 10 mg/L or>20 mg/L was 1.1 (95% CI 1-1.1;
P=0.05). Similarly, a trend was observed when vancomy-
cin levels were considered as a categorical variable (either in
the recommended trough levels of 10-20 mg/L or not) with
mortality [HR =0.6 (95% CI1 0.3-1); P=0.09].

3.3 Patients with Renal Dysfunction

Thirteen children had renal dysfunction at the time of vanco-
mycin initiation, and their baseline characteristics are men-
tioned in Table 1. The median (range) vancomycin dose (mg/
dose) administered in this sub-population was 100 (15-500)
and the duration of administration was 2 (1-22) days. The
median (range) cumulative vancomycin dose (mg) was
167.5 (30-3850). Thirty-six serum vancomycin concentra-
tions were available and ranged between 0 and 38.7, with a
median concentration of 7.4 mg/L. All patients received van-
comycin as an empirical therapy. The median (range) serum
creatinine (umol/L) was 94.4 (50.7-723), and the mean (SD)
creatinine clearance (mL/min/1.73 m?) was 25.1 (14.9).
The median (range) number of concomitant drugs admin-
istered was 14 (7-37). Concomitant antimicrobials included

the following: gentamicin (n=6), meropenem (n=3), piper-
acillin/tazobactam (n=3), metronidazole (n=1), and one
each for fluconazole, acyclovir, ceftriaxone, amikacin, and
cefepime. Similarly, median (range) number of concomitant
drugs with nephrotoxic potential/predominant renal elimina-
tion was three (0-7).

4 Discussion

We carried out the present study to evaluate the use of van-
comycin in children admitted in the ICU. One-hundred and
two children were identified, of whom 13 had renal dysfunc-
tion. Two-hundred and fifty-two vancomycin trough levels
were available, of which only 25% were observed in the
recommended range (10-20 mg/L) amongst patients with-
out any renal dysfunction and 22% were observed amongst
patients with renal dysfunction. Even in patients receiving
vancomycin as definitive therapy, only 40.9% achieved the
recommended trough levels. Lower trough levels were asso-
ciated with increased risk of mortality. Nearly 4% of the lev-
els were above 20 mg/L (toxic range). Seven children were
suspected to have AKI during the course of therapy where
cumulative vancomycin dose and mortality rate was higher.
Only one serum vancomycin level during ARC was observed
in the recommended range. All the patients received at least
one concomitant drug that had either nephrotoxic potential
or predominant renal elimination, and a higher number of
such drugs has been observed with an increased risk of AKI.

Dosing strategies of vancomycin need to be revis-
ited immediately, particularly in children. Current dosing
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of vancomycin is 15 mg/kg/day three to four times a day
(40-60 mg/kg/day). Studies from other parts of the world
have similar conclusions [17, 28-33]. Chang et al. pre-
dicted a mean dose of 75 (22) mg/kg/day in paediatric can-
cer patients with normal renal function for achieving the
therapeutic trough vancomycin concentration [34]. AUC,,
upon the MIC for MRSA is the best predictor for bacte-
ricidal activity of vancomycin [35]. In adults, it has been
established that AUC,,/MIC>400 is optimum for treating
MRSA [36]. In children, the same cut-off value may not be
appropriate due to altered renal function compared to adults,
particularly when admitted to the ICU, altering the AUC,,
of vancomycin. Studies suggest an increase in the MIC for
MRSA from 0.5 to 2 mg/L [36, 37]. With an MIC of less
than 0.5 mg/L, a 40 mg/kg/day dosage of vancomycin might
be adequate; but when the MIC is around 1 mg/L, the dosage
has to be increased to 60 mg/kg/day; and even in the latter
scenario, the dosage may be insufficient if the MIC is 2 mg/L
[38]. Currently, there are no published reports from Bah-
rain for MIC of MRSA. Recent studies suggest estimating
AUC,, and titrating the vancomycin regimen accordingly
rather than only trough-based adjustments [39]. Assessment
of AUC,, by a Bayesian approach using validated software
from population-specific pharmacokinetic parameters was
observed to be superior compared to manual assessment
[40]. Validated user-friendly software is available that can
be tailored to the needs of each hospital/unit for estimating
the real-time parameters in the patients [41]. However, cost-
effectiveness studies are lacking that demonstrate the util-
ity of the Bayesian approach over conventional methods in
achieving therapeutic vancomycin concentrations. A recent
study from the UK suggests an increase in the frequency of
vancomycin administration to four instead of three times a
day [42]. We did not observe any significant benefits with a
6-hourly regimen of vancomycin in the present study. On the
other hand, the risk of AKI is higher with increased dosages
of vancomycin. Vancomycin doses resulting in AUC,, above
563 mgeh/L significantly increase the risk of AKI [43]. This
was also evident in the present study, where the cumulative
vancomycin dose was significantly higher amongst patients
with suspected AKI compared to others. We also observed
that concomitant drugs with potential nephrotoxicity, such as
meropenem, gentamicin, piperacillin, and frusemide, were
significantly more commonly present amongst children with
AKI as compared with others [44, 45]. Critically ill children
with initial higher vancomycin concentrations were observed
with increased risk of AKI [46]. Hence, if the MIC is more
than 1 mg/L, it may be prudent to use alternative antibi-
otics such as linezolid, eravacycline, omadacycline, plaz-
omicin, clindamycin, tedizolid, dalbavancin, and oritavancin
[47]. Continuous infusion of vancomycin was observed to
be superior in terms of efficacy and safety in several stud-
ies, and thus could serve as an alternative to intermittent
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administration of vancomycin [48-50]. Interestingly, only
20% of children admitted in the ICU with appropriate trough
levels had adequate AUC,,/MIC ratio in a study [51]. Hence,
it is judicious to use AUC,,/MIC ratio directly rather than
depending on the serum trough level. Intervention by a
multi-disciplinary team consisting of physicians, nurses, and
pharmacists and constant dissemination of information on
dosing strategies based on the severity of infections has been
shown to dramatically improve the success rate of achieving
appropriate vancomycin trough levels, shortening of the time
to reach such levels, and a reduced incidence of toxicity [52].
Also, measurement of unbound vancomycin concentrations
is a better indicator than total levels particularly in critically
ill neonates and children, and where possible methods for
estimating free concentrations have to be established and
practised [53, 54]. However, a consensus on the therapeutic
levels for free vancomycin is yet to be reached.

We observed a significant association between creatinine
clearance and therapeutic vancomycin concentrations. A pre-
vious study with a high empirical vancomycin regimen has
concluded that an increase of 10 mL/min/1.73 m? in creati-
nine clearance increases the odds of sub-therapeutic vanco-
mycin levels by 47% for 20 mg/kg and 18% for 15 mg/kg
dosing regimens [55]. Children admitted in the ICUs often
exhibit ARC [56]. A recent study has estimated that chil-
dren older than 7.9 years exhibit ARC significantly more
compared to younger age groups [57]. We observed eight
children, with the median age of 7 years, exhibiting ARC,
of which only one had therapeutic vancomycin levels. Lim-
ited sample size and the method of estimation of creatinine
clearance would have had an impact on the prevalence of
ARC assessed in this study. Studies suggest increasing the
vancomycin dosage to 70-90 mg/kg/day for achieving the
desired therapeutic outcome, and this recommendation is
more appropriate particularly in critically ill children with
ARC [58].

5 Conclusion

This is the first study in the region that has assessed vanco-
mycin use in children admitted to ICUs. Further, we have
assessed the influence of various factors in achieving the
desired trough levels for vancomycin as well as in each of
the categories of children. The study is limited by the fol-
lowing: the severity of the critical illness and co-morbid dis-
eases could not be scored; details regarding the urine output
were unavailable; and the height of the children during their
ICU admission was not recorded, which is the case in a large
majority of hospitals in developing countries, due to which
Shull’s equation was used to assess the creatinine clearance.
Nevertheless, we feel that the identified data and interpreta-
tion is generalizable to a similar population elsewhere. To
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conclude, we observed that the current vancomycin dos-
ing strategy is less effective in achieving the recommended
trough levels and the sub-therapeutic vancomycin levels are
associated with an increased risk of mortality.
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