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Steady-state Pharmacokinetics of Vancomycin in Children 
Admitted to Pediatric Intensive Care Unit of a Tertiary 
Referral Center
Nitin B Mali1, Milind S Tullu2, Poorwa P Wandalkar3, Siddharth P Deshpande4, Vinod C Ingale5, Chandrahas T Deshmukh6, 
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Ab s t r Ac t 
Aims and objectives: Vancomycin is a drug of choice for various gram-positive bacterial (GPB) infections and is largely prescribed to pediatric 
intensive care unit (PICU) patients. Despite the different pathophysiology of these patients, limited data are available on pharmacokinetics of 
vancomycin. There are lack of data for critically ill Indian children; hence, study was conducted to assess the steady-state pharmacokinetics in 
children admitted to PICU.
Materials and methods: Twelve subjects (seven males, five females) aged 1–12 years were enrolled. Vancomycin (dose of 20 mg/kg per 8 hours) 
was infused for over 1 hour and steady-state pharmacokinetics was performed on day 3. Vancomycin concentrations were measured by the 
validated liquid chromatography mass spectrometry method. Pharmacokinetic parameters were calculated using Winnonlin (Version 6.3; 
Pharsight, St. Louis, MO).
Results: The steady-state mean Cssmax was 40.94 μg/mL (±15.07), and mean AUC0–8 hours was 124.15 μg/mL (±51.27). The mean t1/2 was 4.82 hours 
(±2.71), Vd was 12.48 L (±4.43), and Cl was 2.08 mL/minute (±0.89). The mean AUC0–24 among 12 subjects was 372.44 μg/mL (±153.82). Among 
35 measured trough concentrations, 23 (65.71%) were below, 11 (31.43%) were within, and 1 (2.86%) was above the recommended range.
Conclusion: The pharmacokinetic parameters of vancomycin were comparable with previously reported studies. However, recommended 
trough levels (10–20 μg/mL) were not achievable with current recommended dosing of 60 mg/kg/day.
Keywords: Gram-positive bacterial infection, Liquid chromatography mass spectrometry, Pediatric intensive care unit, Pharmacokinetics–
pharmacodynamics, Vancomycin.
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In t r o d u c t I o n 
The systemic use of antibiotics is high in PICU patients due 
to critical illnesses and prevalence of community-acquired/
nosocomial infections.1–3 Vancomycin, one of the important 
systemic antibiotics, is largely used to treat suspected or proven GPB 
infections. Vancomycin, a large glycopeptide with time-dependent 
bactericidal activity, was discovered in mid-19th century and  
till date it is considered as the first-line therapy for methicillin-
resistant Staphylococcus aureus (MRSA) infection and other GPB 
infections.4–7

However, careful use of this antibiotic is imperative due 
to increasing prevalence of MRSA, rising minimum inhibitory 
concentrations (MIC) to vancomycin, and vancomycin-resistant 
enterococci (VRE). Also, there is a relative lack of clinical 
experience with new antimicrobial molecules vs vancomycin and 
limited discovery of newer molecules. High rates of vancomycin 
failure in MRSA infections have been increasingly reported.5,6 
Hence, to optimize vancomycin dosing, pharmacokinetics–
pharmacodynamics (pk–pd) assessment and therapeutic drug 
monitoring (TDM) are recommended.8 Vancomycin area under the 
curve/minimum inhibitory concentration (AUC/MIC) ratio of ≥400 
as a pharmacodynamics parameter is recommended for serious 
GPB infections. To avoid antibiotic resistance, vancomycin trough 
levels should be achieved between 10 μg/mL and 20 μg/mL. For 
better clinical outcomes in severe infections due to MRSA, it is 
recommended that the trough levels should be targeted between 

15 μg/mL and 20 μg/mL and most of the pharmacokinetics and TDM 
data have been generated in adult patients.8–10

Globally, very limited data are available on pharmacokinetics 
of vancomycin in pediatric patients and there is lack of data, 
particularly from India. Also, the empirical use of vancomycin at our 
PICU is high (up to 24%) with lack of TDM and without evidence of 
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pharmacokinetics data.11 Hence, the present study was conducted 
to assess the steady-state pharmacokinetics of vancomycin in 
children admitted to PICU.

MAt e r I A l s A n d  Me t h o d s 
Study Design and Duration
A single-center, single-arm, prospective steady-state pharmacoki-
netics study was conducted over the period of 9 months from 
December 2015 to August 2016 in children admitted to PICU of 
a tertiary care medical college and hospital from Western India.

Ethics
The study was initiated after obtaining institutional ethics 
committee approval.

This study was prospectively registered with clinical trial 
registry of India with registration number CTRI/2016/01/006527. A 
written informed consent was obtained from parents/guardians.

Study Subjects
Critically ill subjects of either gender aged 1–12 years with weight 
≥7 kg requiring vancomycin therapy (empirically or proven 
GPB infection) at the dose of 20 mg/kg for every 8 hours were 
considered for the study. Subjects with creatinine clearance (Crcl) 
<50 mL/minute at screening and on study day (day 3 of vancomycin 
treatment) and hypersensitivity to vancomycin hydrochloride or its 
excipients were excluded.

Study Procedure
Demographics (age, gender, and body weight), serum creatinine, 
pediatric risk of mortality (PRISM) III score, Gram's stain and culture 
(for blood or any other appropriate body fluid specimen), antibiotic 
sensitivity, and MIC for vancomycin were observed prior to initiation 
of vancomycin therapy.

Vancomycin Treatment
Vancomycin at a dose of 20 mg/kg was infused via an infusion pump 
over a period of 1 hour for every 8 hours. For the study purpose, 
vancomycin hydrochloride vials from the same batch, which were 
available on hospital schedule (free of cost to the subject), were 
used throughout the study period.

Blood Sampling
Steady-state pharmacokinetics was performed on day 3 of 
vancomycin treatment. A total of 11 blood samples of 2 mL at each 
time point were collected in a heparinized tube. The first blood 
collection was done at 48 hours from the first infusion (i.e., before 
administration of seventh dose on day 3), which was considered 
as 0 hour (baseline sample). Following this, blood samples were 
collected at 1 hour (at the end of infusion), 1.25, 1.5, 2, 2.5, 3, 4, 
6 hours, and just before the next dose (8 hours). Additionally, 2 mL 
of blood was also collected at 72 hours (day 4) before administration 
of the next dose for the trough level estimation.

Safety Assessment
All adverse events (AEs)/serious adverse events (SAEs) with 
reference to below definitions were noted during the entire 
study duration.12

• Adverse event: Any untoward medical occurrence in a patient 
or clinical investigation subject administered a pharmaceutical 
product and which does not necessarily have a causal relationship 
with this treatment. An AE can therefore be any unfavorable and 

unintended sign (including an abnormal laboratory finding), 
symptom, or disease temporally associated with the use of a 
medicinal (investigational) product, whether or not related to 
the medicinal (investigational) product.

• Serious adverse event or serious adverse drug reaction (ADR): 
Any untoward medical occurrence that at any dose:
– Results in death,
– Is life-threatening,
– Requires inpatient hospitalization or prolongation of existing 

hospitalization,
– Results in persistent or significant disability/incapacity,

or
– Is a congenital anomaly/birth defect.

Estimation of Vancomycin by Liquid Chromatography 
Tandem Mass Spectrometry (LCMS)
A bioanalytical method for the estimation of vancomycin from 
plasma samples was developed and validated based on the 
earlier described method and guidelines.13,14 Vancomycin and 
the internal standard (phenacetin) were extracted by the solid-
phase extraction technique using MCX 1 cc, 30 mg cartridges. 
Separation of components was performed on the C18 column using 
acetonitrile:ammonium formate:formic acid (60:40:0.1%) as a mobile 
phase by ultrafast liquid chromatography (Prominence, Shimadzu, 
Japan). Quantification was performed using the LCMS instrument 
API 2000 (Applied Biosystems, MDX Sciex, Toronto, Canada) by 
multiple reaction monitoring transitions as 725 (diprotonated 
molecule with actual molecular weight of 1449.265 g/mol) to 
144.0 and 180.10 to 110.10 for vancomycin and the internal standard, 
respectively. The spiked plasma drug concentrations were linear 
over the range of 0.250–100 μg/mL. The intraday and interday 
precision and accuracy was <15% deviation.

Statistical Analysis
No formal sample size calculation was made for this study and a 
total of 12 subjects were enrolled. Pharmacokinetic parameters 
were derived by noncompartment modeling15 using Winnonlin 
(Version 6.3; Pharsight, St. Louis, MO). The trapezoidal approach 
was used to estimate AUC and clearance. Area under the curve 
was performed from 0 hour to 8 hours; hence the AUC0–24 hours was 
calculated by tripling of AUC0–8.16 The Matzke equation was used 
to estimate vancomycin clearance for each subject.17

All statistical analysis was done on SPSS software version 20 
(IBM, Armonk, NY, USA). Continuous numerical variables (such 
as Crcl, PRISM III score, and all pharmacokinetics parameters) 
and categorical variables (such as age, gender, and weight) were 
assessed for the normality using the Kolmogorov–Smirnov test. 
Normally distributed data were expressed as mean ± SD, and that 
not normally distributed were presented as median [range].

re s u lts 
Demographics
A total of 18 subjects were approached, from whom 12 were 
enrolled (6 subjects refused consent). There were seven males 
and five female with mean age of 5.33 (±3.08) years and the mean 
weight was 15.58 (±4.50) kg. The mean PRISM III score was 10.58 
(±8.27) and mean Crcl was 88.16 (±26.11) mL/minute. A total of 
11 subjects received vancomycin for suspected GPB infection and 
one subject had MRSA with MIC of 1 μg. Demographic details are 
presented in Table 1.
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Pharmacokinetic Parameters
Steady-state pharmacokinetics was performed in all enrolled 12 
subjects. The steady-state mean maximum plasma concentration 
(Cssmax) was 40.94 μg/mL (±15.07) with mean maximum time (Tssmax) 
of 1 hour and mean minimum plasma concentration (Cssmin) of 7.01 
μg/mL (±5.83). The mean half-life (t1/2) was 4.82 hours (±2.71), mean 
volume of distribution (Vd) was 12.48 L (±4.43,) and mean total body 
clearance (Cl) was 2.08 mL/minute (±0.89). Mean area under the 
plasma concentration curve from 0 hour to 8 hours (AUC0–8 hours) 
was 124.15 μg (±51.27). The mean AUC0–24 among 12 subjects was 
372.44 μg/mL (±153.82), and AUC0–24 of >400 μg was achieved in half 
of study population. All pharmacokinetics parameters of individual 
subjects are depicted in Table 2, and mean concentrations following 
the steady state at various time points are shown in Figure 1.

Two subjects died post steady-state pharmacokinetics, 
wherein the cause of death for the first subject (female; age 8 
years) was acute hepatic encephalopathy in chronic liver disease 
and cause of death for the second subject (male; age 9 years) was 
bronchopneumonia with hypertension in case of ulcerative colitis. 
None of study subject experienced AE related to vancomycin 
infusion; however, one subject (female; age 8 years) was shifted to 
linezolid due to raised creatinine.

Over the study period, a total of 35 trough concentrations were 
measured among 12 subjects, from which 23 (65.71%) were below 
the recommended range (10–20 μg/mL), 11 (31.43%) were within 
the range, whereas 1 (2.86%) was above the recommended value 
(21.96 μg/mL). All measured trough concentrations have been 
presented in Table 3.

Table 1: Demographics of the study population

ID Age (years) Sex Weight (kg) PRISM III score
Creatinine 
clearance Clinical diagnosis

1 3 Male 18 0 92.58 Nephrotic syndrome
2 3 Female 12 7 64.40 Post-measles pneumonia
3 4 Male 14 18 83.28 Aplastic anemia
4 3 Male 11 0 53.40 Meningitis
5 1 Female 8 12 75.60 Post-measles bronchopneumonia
6 8 Female 18 9 56.70 Pneumonia
7 8 Female 23 17 126.90 Chronic liver disease
8 10 Male 21 24 66.40 Intracranial abscess
9 5 Male 20 8 109.80 Hepatic encephalopathy with hepatic 

failure
10 8 Female 15 4 118.80 Bilateral pneumonia
11 9 Male 15 23 122.10 Ulcerative colitis
12 2 Male 12 5 88.00 Left-sided bronchopneumonia with 

pleural effusion
Mean (±SD) 5.33 (±3.08) Male = 7, female = 5 15.58 (±4.50) 10.58 (±8.27) 88.16 (±26.11)

Table 2: Pharmacokinetics parameters of vancomycin

Subject ID Cssmax (μg/mL) Tssmax (hours) T1/2 (hours)
AUCss0–8 hours 
(μg/mL) Vd (L)

Clearance 
(mL/minute)

AUC0–24 hours 
(μg/mL)

1 45.94 1.00 2.70 138.04 8.80 2.26 414.11
2 54.24 1.00 4.81 175.72 6.57 0.95 527.15
3 45.72 1.00 3.70 153.58 7.58 1.42 460.73
4 18.41 1.00 3.45 54.21 15.90 3.19 162.62
5 18.83 1.00 5.28 43.56 20.67 2.72 130.68
6 28.62 1.00 3.85 82.51 19.31 3.47 247.53
7 59.57 1.00 8.27 208.25 12.53 1.05 624.76
8 61.15 1.00 2.44 141.67 10.30 2.93 425.00
9 52.42 1.00 11.89 181.21 13.89 0.81 543.63

10 41.9 1.00 4.77 108.35 13.51 1.96 325.04
11 38.87 1.00 3.13 110.14 9.61 2.13 330.43
12 25.65 1.00 3.57 92.55 11.10 2.15 277.64
Mean (SD) 40.94 (±15.07) 1.00 4.82 (±2.71) median 

[range] = 3.78 
[2.44, 11.88]

124.15 (±51.27) 12.48 (±4.43) 2.08 (±0.89) 372.44 
(±153.82)

Cssmax, maximum concentration at the steady state; Tssmax, maximum time at the steady state; T1/2, elimination half-life; AUCss0–8, steady-state area under 
the concentration–time curve from 0 hour to 8 hours; Vd, volume of distribution; CL, clearance; AUCss0–24, steady-state area under the concentration–time 
curve from 0 hour to 24 hours
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dI s c u s s I o n 
To our knowledge, this is the first Indian study carried out to 
assess the steady-state pharmacokinetics of vancomycin in 
critically ill pediatric subjects. It is well known that short duration 
of vancomycin infusion is strongly associated with ADRs such as 
red man syndrome;8,18,19 in the present study, all subjects received 
vancomycin infusion for the duration of 1 hour and it was well 
tolerated. However, one subject with hepatic dysfunction was 
discontinued from vancomycin and shifted to linezolid due to 
raised creatinine.

Large interindividual variability in vancomycin pharmacokinetics 
has been reported from ill pediatric subjects.20 We also observed 
variability in major pharmacokinetics parameters; however, it 
is statistically insignificant (except half-life). The mean Cssmax 
(40.94 μg/mL ± 15.07) in our population with vancomycin dosing 
of 60 mg/kg/day aligns with the similar kind of pharmacokinetic 
study conducted in a South African infant, wherein mean Cssmax 
(35.5 ± 11.1 μg/mL) was measured with the vancomycin dosing of 
10 mg/kg/6 hours.21 However, with same vancomycin dosing (60 
mg/kg/day) in cancer PICU subjects, the mean Cssmax was quite less  

(26 ± 7 μg/mL). This finding could be due to the presence of 
malignancy since the malignancy was associated with a significantly 
higher clearance compared to subjects with no history of 
cancer.22–24

The volume of distribution in our pediatric subjects was 
high; this finding is quite similar with the published data. 
Pollard et al. also explained that the increase in the volume of 
distribution of aminoglycosides is based on the changes in the 
body compartments due to fluid overload in attempts to maintain 
hemodynamics.25

It is well known that the vancomycin is eliminated by the 
kidney; however, in our study we observed that the two subjects 
with liver disease had longer half-life (8.27 hours and 11.89 hours) 
compared to subjects with different disease conditions. A study 
conducted by Harada et al. in subjects with impaired liver disease 
(with normal renal function) also delineated prolonged half-life in 
the range of 6.4–11.4 hours.26 A historic study performed by Brown 
et al. similarly reported prolonged half-life (37.0 ± 74.3) in subjects 
with hepatic dysfunction and shorter half-life (2.6 ± 1.3) in subjects 
with normal liver function.27 Our finding aligns with above two 
studies; however, large-scale population specific study is required 
to evaluate further conclusion.

We found that 50% of children achieved AUC0–24 ≥400 μg/mL by 
receiving the dose 60 mg/kg/day of vancomycin and our findings 
are similar to the study conducted by Chhim et al., where 40% 
children achieved AUC0–24 ≥400 μg/mL by receiving the same 
dose.28 The study conducted by Hwang et al. also showed that 
54.3% of children achieved AUC0–24 ≥400 μg/mL by receiving 
the dose of 15 mg/kg every 6 hours.29 In routine clinical practice, 
measuring AUC/MIC by the traditional method is not practical; 
hence, steady-state trough concentration is recommended 
as a surrogate pharmacodynamic parameter for vancomycin 
therapy.8,10 In the present study, we found that 65.71% of trough 
concentrations were below the recommended range of 10–20 
μg/mL with receipt of the recommended dose of 60 mg/kg/day. 
These huge subtherapeutic proportions are strongly correlated 
with previously reported studies.28–30 A prospective study from 
Iranian children also found that 69% trough concentrations were 
subtherapeutic with current recommended doses.31 A recent 
study with recommended vancomycin doses conducted by Buckel 
et al. found that more than 60% vancomycin courses associated 
subtherapeutic steady-state trough concentrations.32 To improve 
adherence to the IDSA/ASHP, Miloslavsky et al. had developed new 
standardized vancomycin dosing guidelines and implemented 
intervention in pediatric patients. According to this study, the 
post-intervention analysis of patients compliant with the guidelines 
showed an in-control process with a substantial improvement in 
trough measurements.33

Looking at the current scenario and recommendations from 
the guidelines and various authors to achieve appropriate trough 
concentration to get the treatment benefits and to avoid resistance, 
there is need of individualized vancomycin dosing optimization; 
however, close observation is highly required since higher doses 
may induce nephrotoxicity.31,34,35

lI M I tAt I o n s 
The main limitation was small sample size with homogeneous 
population; hence, findings of this study may not be applicable 
to infants and patients aged >12 years and to subjects with renal 
insufficiency.

Fig. 1: Steady-state concentration plot of vancomycin (n = 12). Data are 
presented as the mean and standard deviation

Table 3: Vancomycin trough concentrations

Subject ID

Trough concentrations in μg/mL

48 hours 56 hours 72 hours
1 6.95 5.41 No data
2 12.85 11.23 14.45
3 28.04 8.17 21.96
4 1.76 2.95 3.02
5 2.72 2.02 7.71
6 7.01 3.79 6.41
7 19.42 18.47 17.54
8 16.02 3.40 8.14
9 19.63 18.22 18.03

10 4.72 6.47 5.33
11 4.92 6.82 5.09
12 2.52 4.56 2.88
Mean (SD) 10.55 (±8.51) 7.63 (±5.60) 10.05 (±6.72)
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co n c lu s I o n 
The pharmacokinetics profile achieved in our pediatric population 
is comparable to previously reported studies. However, in hepatic 
dysfunction subjects, the half-life was prolonged; however, more 
data should be generated to get further conclusion regarding safety 
and efficacy of vancomycin in such population. Recommended 
trough concentrations were not achievable with current 
recommended dosing since 65.71% of trough concentrations of 
vancomycin were subtherapeutic. However, large-scale study with 
standardized vancomycin dosing guidelines along with proper 
intervention plan is required to derive further conclusion regarding 
optimization of vancomycin dosing.

What is already known

• Vancomycin is commonly used in intensive care units; however, 
careful use of this antibiotic is necessary.

• To optimize vancomycin dosing, pk–pd assessment and TDM 
are recommended.

• For better clinical outcomes, it is recommended that the 
trough levels should be targeted between 15 μg/mL and 
20 μg/mL but most of the pharmacokinetics and TDM data 
have been generated in adult patients.

What this study adds

• The pharmacokinetics profile achieved in our pediatric 
population is comparable to previously reported studies.

• Recommended trough concentrations were not achievable 
with current recommended dosing since 65.71% of trough 
concentrations of vancomy cin were subtherapeutic.

• A large-scale study is required to derive further conclusion 
regarding optimization of vancomycin dosing in children.
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