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AbsTrACT
Objective This study aimed to characterise vancomycin 
pharmacokinetics in critically ill neonates undergoing 
extracorporeal membrane oxygenation.
Methods In a retrospective analysis, the 
pharmacokinetics of vancomycin were determined in 25 
full- term neonates receiving extracorporeal membrane 
oxygenation and compared with those of matched 
controls (n = 25) not receiving extracorporeal membrane 
oxygenation.
results The half- life of vancomycin in the neonates 
undergoing extracorporeal membrane oxygenation 
was significantly prolonged compared with that in 
the controls (17.45 ± 11.01 hour vs 5.92 ± 2.70 hour, 
P<0.001). Clearance decreased significantly in the 
extracorporeal membrane oxygenation group relative to 
the control group (0.03 ± 0.02 L/kg/hr vs 0.08 ± 0.05 L/
kg/hr, P<0.001). No significant difference was found 
in the volume of distribution between the two groups 
(0.63 ± 0.30 L/kg in the extracorporeal membrane 
oxygenation group vs 0.57 ± 0.14 L/kg/hr in control, 
P=0.596). Clearance values were significantly correlated 
with serum creatinine (r = - 0.528, P<0.001). In the 
subgroup analysis using patients with serum creatinine 
< 0.5 mg/dL, similar results were obtained including 
significantly prolonged half- life (11.52 ± 6.31 hour vs 
5.44 ± 2.36 hour, P<0.001) and decreased clearance 
(0.05 ± 0.02 L/kg/hr vs 0.09 ± 0.05 L/kg/hr, P<0.001) in 
the extracorporeal membrane oxygenation group relative 
to the control group.
Conclusions Vancomycin clearance decreased 
significantly in the neonates undergoing extracorporeal 
membrane oxygenation compared with the controls. 
Dosing adjustments of vancomycin and close therapeutic 
drug monitoring are required for the safe and effective 
management of neonates during extracorporeal 
membrane oxygenation.

InTrOduCTIOn
Extracorporeal membrane oxygenation (ECMO) is 
a life support system for the management of severe 
respiratory or cardiorespiratory failure.1 Veno- 
venous (VV) ECMO is used for patients with respi-
ratory failure only, while veno- arterial (VA) ECMO 
support is used in patients with both heart and lung 
problems.2–4 To maintain the ECMO circuit and to 
treat underlying diseases, patients undergoing ECMO 
treatment require numerous drugs, such as heparin, 
analgesics and antibiotics.

In neonates, ECMO is widely used for respiratory 
failure due to pulmonary hypertension, congen-
ital diaphragmatic hernia or meconium aspiration 
syndrome, and is used after surgery addressing 
congenital cardiac defects.5 Because ECMO increases 

the circulating blood volume and transiently alters 
renal function, the pharmacokinetics of many drugs 
can be affected.6 7 In addition, the pharmacokinetics 
of many drugs in neonates are different from those in 
adults. The volume of distribution (Vd) in neonates is 
usually larger for water- soluble drugs.8 Neonates also 
have decreased clearance (CL) of drugs eliminated by 
glomerular filtration.9

Vancomycin is frequently used in neonates with 
indwelling intravenous catheters to provide coverage 
for potentially antibiotic- resistant bacterial strains. 
Because vancomycin is eliminated by glomerular 
filtration, the CL of vancomycin is related to renal 
function.10 It has been reported that serum creatinine 
(SCr) has a negative correlation with the CL of vanco-
mycin in neonates.11 12 Several studies have been 
conducted on the effects of ECMO on the pharmaco-
kinetics of vancomycin in neonates and infants.13–15 
Since poor understanding of vancomycin pharmaco-
kinetics led to an increase in medical costs,16 17 study 
of the pharmacokinetic characteristics of vancomycin 
in patients with ECMO could be of practical impor-
tance. However, most studies had small sample sizes 
and lacked adequate control groups. Moreover, 
conflicting results have been reported. Therefore, 
the purpose of this study was to characterise the 
pharmacokinetics of vancomycin in neonates under-
going ECMO. An additional subgroup analysis was 
conducted based on SCr levels.

MATerIAls And MeThOds
study patients
This retrospective study was conducted in the Paedi-
atric Intensive Care Unit (PICU) in the Asan Medical 
Centre from August 2006 to May 2013. This study 
was approved by the Institutional Review Board of 
the Asan Medical Centre (IRB # 2014–0040).

All full- term neonates who received vancomycin 
during ECMO support were included in the case 
group (ECMO group). A postconceptional age- and 
weight- matched control group was randomly selected 
among patients receiving vancomycin without ECMO 
support during the same period (non- ECMO group). 
Patients receiving ECMO for less than 24 hours were 
excluded. Other exclusion criteria were as follows: 
vancomycin concentrations sampled at inaccurate 
times, vancomycin not dosed according to standard 
regimen and abnormal concentrations (table 1).

Administration and monitoring
Vancomycin was infused over 1 hour at a dose of 
10 mg/kg every 6, 8 or 12 hours based on postnatal 
age and postconceptional age according to standard 
paediatric dosing recommendations (table 1).18 
Blood samples were taken after steady state was 
achieved (ie, after the third dose). The peak blood 
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Table 1 Vancomycin dosing for full- term neonates at the Asan 
Medical Centre

PCA (weeks) PnA (days) dosing (mg/kg) Interval (hr)

37 to 44 0 to 7 10 12

>7 10 8

≥45 ALL 10 6

PCA, postconceptional age; PNA, postnatal age.

level was measured using samples collected 1 hour after the end 
of the infusion, and the trough level was obtained 30 min before 
the dose. To achieve target trough therapeutic range, routine 
vancomycin therapeutic drug monitoring was conducted by a 
pharmacist in cases of initiating or dosing adjustment. Blood 
samples were analysed using the TDx immunoenzymatic assay 
(Abbott Laboratories, Abbott Park, IL). The detection limit of 
the assay was 0.3 mg/L, and the coefficient of variation was 
<5%.

data collection
The following patient characteristics were recorded: sex, weight, 
gestational age, postnatal age, postconceptional age, underlying 
disease diagnosis, paediatric risk of mortality (PRISM) III score, 
length of PICU stay, mortality, start and end dates of ECMO, 
ECMO type and SCr. Vancomycin dosage, administration and 
sampling time, and values for the peak and trough concentra-
tions were also recorded.

Pharmacokinetic analysis
Pharmacokinetic analysis was performed using the software 
program CAPCIL (Simkin, Gainesville, FL). Because serum 
concentrations were collected in the post- distribution phase, a 
one- compartment model and a first- order kinetic model were 
used. Patient- specific pharmacokinetic parameters of vanco-
mycin, including half- life (t1/2), Vd, elimination rate constant (k), 
and CL, were calculated using the multiple- point linear method. 
The percentage of cases within the target range for vancomycin 
trough concentrations (10–20 mg/L) was analysed.

statistical analyses
Continuous variables were compared using the Student’s t- test: 
when there were more than two comparison groups, a one- way 
ANOVA was used. If the variables were not normally distrib-
uted, as determined by the one- sample Kolmogorov–Smirnov 
and Levene tests, additional Mann–Whitney U and Kruskal–
Wallis tests were used. The Chi- square test was used to compare 
categorical variables. Correlation analysis between pharmaco-
kinetic parameters and patient characteristics such as SCr was 
performed using Pearson's correlation coefficient. Multivariate 
analysis was performed using variables with a P- value less than 
0.05 from univariate analysis. Also an additional subpopulation 
analysis was performed based on SCr concentrations. P- values 
<0.05 were considered statistically significant. SPSS Version 
17.0 for Windows (IBM Corporation, Armonk, NY) was used 
for all statistical analyses.

resulTs
Twenty- five full term neonates (75 peak and trough pairs) who 
received vancomycin with ECMO support between August 
2006 and May 2013 were enrolled in the ECMO group. Nine 
preterm neonates, one neonate with abnormal drug concentra-
tion and one neonate with vancomycin not dosed according 
to the standard regimen were excluded. The postconceptional 

age- and bodyweight- matched control group who received 
vancomycin without ECMO consisted of 25 patients (69 peak 
and trough pairs). The demographic and clinical character-
istics of patients in both the ECMO and non- ECMO groups 
are shown in table 2. There were no significant differences in 
baseline characteristics except for PICU survival, underlying 
diseases, SCr levels and renal replacement therapy. The survival 
rate was significantly higher in the non- ECMO group than in 
the ECMO group. SCr levels were significantly higher in the 
ECMO group than in the non- ECMO group. The mean dura-
tion of ECMO was 11.92±8.13 days, and the numbers of VV 
ECMO and VA ECMO cases were eight and 17, respectively. 
Underlying diseases included congenital heart disease (52%) 
and lung disorders (48%) in the ECMO group, whereas most 
neonates in the non- ECMO group had congenital heart disease 
(88%). The peak and trough concentrations were measured 
2.8±2.0 times per patient. The mean number of doses of vanco-
mycin received by each patient was 40.5±25.0.

The pharmacokinetic parameters of vancomycin are shown 
in table 3. In the ECMO group, the t1/2 was significantly 
prolonged compared with the values measured in the non- 
ECMO group (P<0.001). The values for k and CL were signifi-
cantly decreased in the ECMO group compared with those 
in the non- ECMO group (P<0.001). No significant differ-
ence was found in the Vd between the two groups. The mean 
peak and trough levels of vancomycin in the ECMO group 
were 31.51±12.82 and 17.86±10.04 mg/L, respectively, 
whereas those in the non- ECMO group were 23.43±9.65 and 
10.94±6.93 mg/L, respectively. Thus, peak and trough levels 
were significantly higher in the ECMO group than in the non- 
ECMO group (P<0.001). The percentage of neonates with a 
trough vancomycin concentration of >20 mg/L was signifi-
cantly higher in the ECMO group than in the non- ECMO 
group (36.0 vs 7.2%, P<0.001).

Because vancomycin CL showed a negative correlation with 
SCr (r = - 0.528, P<0.001), pharmacokinetic parameters in the 
ECMO group were evaluated based on SCr levels. As shown in 
table 4, as SCr increased, CL values decreased: the mean value 
in neonates with SCr of >1.5 mg/dL was 5- fold lower than the 
mean value in neonates with SCr <0.5 mg/dL.

An additional analysis was conducted in patients with SCr 
<0.5 mg/dL (table 5). Seventeen cases in the ECMO group and 
56 cases in the non- ECMO group were included in this analysis. 
The values of t1/2 in the ECMO group were significantly prolonged 
compared with those in the non- ECMO group (11.52±6.31 
hour vs 5.44±2.36 hour, P<0.001). CL decreased significantly 
in the ECMO group relative to that in the non- ECMO group 
(0.05±0.02 L/kg/hr vs 0.09±0.05 L/kg/hr, P<0.001). No signif-
icant difference was found in the Vd between the two groups 
(0.75±0.41 L/kg in the ECMO group vs 0.59±0.14 L/kg in 
control, P=0.069). Similar to the results from patients with SCr 
<0.5 mg/dL, in the case of patients having SCr between 0.5 and 
1.0 mg/dL, t1/2 in the ECMO group was significantly prolonged 
compared with that in the non- ECMO group (12.31±4.88 hour 
vs 7.99±3.14 hour, P=0.005).

Since patients with ECMO had high levels of SCr, it was diffi-
cult to match baseline renal function with the control group. 
To adjust confounding variables such as renal function and 
physiologic maturation, multiple linear regression analysis was 
carried out, including variables with P<0.05 from univariate 
analysis. ECMO was significantly associated with vancomycin 
clearance after adjusting potential confounding factors (adjusted 
r2=0.289, P<0.001).
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Table 2 Demographic and clinical characteristics of patients

eCMO non- eCMO P- values

Patients 25 25

Pairs of drug concentrations (peak and trough) 75 69

Gestational age, weeks 39.01±1.11 38.80±1.14 0.511

Postnatal age, days 8.00±7.94 10.72±8.07 0.235

Postconceptional age, weeks 40.15±1.40 40.33±1.47 0.664

Males, n (%) 14/25 (56) 18/25 (72) 0.239

Bodyweight, kg 3.06±0.36 3.04±0.36 0.721

PRISM III score at 24 hours (range) 13.92±4.80 (3–23) 11.04±5.40 (4–27) 0.052

Length of PICU stay, days (range) 17.44±10.66 (5–45) 17.56±11.24 (4–54) 0.965

PICU survival, n (%) 5 (20) 21 (84) <0.001

Underlying disease 0.004

  Congenital heart disease 13 22

  Lung disorder 12 0

  Endocrine disorder 0 1

  Haematologic disorder 0 1

Achondroplasia 0 1

Duration of vancomycin therapy, days (range) 18.96±9.17 (4–38) 20.17±9.12 (3–36) 0.428

Serum creatinine, mg/dL (range) 1.03±0.70 0.34±0.14 <0.001

Median (IQR) 0.70 (0.50–1.40) 0.32 (0.24–0.43)

Renal replacement 0.001

  Without dialysis, n (%) 39 64

  CRRT, n (%) 16 0

  Haemofiltration, n (%) 15 0

  PD, n (%) 1 5

Data are presented as the mean±SD (range) or n (%).
CRRT, continuous replacement therapy; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; PD, peritoneal dialysis; PRISM, paediatric risk of mortality; PICU, 
paediatric intensive care unit.

Table 3 Comparisons of serum vancomycin concentrations and pharmacokinetic parameters between the ECMO and non- ECMO groups

eCMO(n=75) non- eCMO(n=69) P- values

Trough concentrations (mg/L) 17.86±10.04 10.94±6.93 <0.001

Median (IQR) 15.00 (10.50–24.20) 8.30 (6.65–13.60)

  <5 mg/L, n (%) 3 (4.0) 5 (7.2) <0.001

  5–10 mg/L 11 (14.7) 37 (53.6)

  10–15 mg/L 23 (30.7) 14 (20.3)

  15–20 mg/L 11 (14.7) 8 (11.6)

  >20 mg/L 27 (36) 5 (7.2)

Peak concentrations (mg/L)
Median (IQR)

31.51±12.82
29.40 (21.60–39.70)

23.43±9.65
21.10 (16.85–27.20)

<0.001

Vd (L/kg)
Median (IQR)

0.63±0.30
0.55 (0.48–0.72)

0.57±0.14
0.56 (0.46–0.68)

0.596

t1/2 (hr)
Median (IQR)

17.45±11.01
13.70 (9.62–22.40)

5.92±2.70
5.50 (3.97–7.38)

<0.001

k (hr-1) 0.06±0.04 0.14±0.06 <0.001

CL (L/kg/hr)
Median (IQR)

0.03±0.02
0.03 (0.02–0.04)

0.08±0.05
0.07 (0.05–0.09)

<0.001

Data are presented as the mean±SD or median (IQR).
AUC24, area under the curve for 24 hr; CL, clearance of vancomycin related to weight; ECMO, Extracorporeal membrane oxygenation;IQR, interquartile range; Vd, volume of 
distribution related to weight; k, elimination rate constant; t1/2, half- life.

dIsCussIOn
The main findings of this study are that there was no significant 
difference in Vd, but a longer t1/2 and a lower CL were observed 
in ECMO patients compared with non- ECMO patients. Similar 
results were obtained after controlling for SCr: a prolonged t1/2 
and a lower CL without a significant difference in Vd were found 
in the ECMO group based on a subgroup analysis using neonates 
with SCr <0.5 mg/dL.

Similar previous studies have reported inconsistent results, 
and no study has been conducted on Asian infants. The first 
study on this topic was conducted on six neonates and reported 
that there were no significant differences in the pharmacokinetic 
parameters of vancomycin in neonates undergoing ECMO. In 
that study, a historical control was employed as the compar-
ison group and neonates whose SCr exceeded 1.5 mg/dL were 
excluded.13 Amaker et al obtained pharmacokinetic parameters 
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Table 4 Vancomycin pharmacokinetic parameters based on serum 
creatinine values in patients undergoing ECMO

sCr (mg/
dl) n Vd (l/kg) t1/2 (hr) k (hr-1) Cl (l/kg/hr)

<0.5 17 0.75±0.41 11.52±6.31 0.08±0.04 0.05±0.02

0.5–0.9 26 0.62±0.27 12.31±4.88 0.07±0.03 0.04±0.02

1.0–1.4 14 0.51±0.18 16.13±6.93 0.05±0.17 0.02±0.01

≥1.5 15 0.63±0.30 31.53±11.45 0.06±0.04 0.01±0.02

P- values 0.141 <0.001 <0.001 <0.001

Data are presented as the mean±SD.
CL, clearance of vancomycin related to weight; ECMO, Extracorporeal membrane 
oxygenation; SCr, serum creatinine; Vd, volume of distribution related to weight; k, 
elimination rate constant; t1/2, half- life.

Table 5 Vancomycin pharmacokinetic parameters in neonates with 
SCR <0.5 mg/dL

eCMO non- eCMO P values

Patients 13 26

Cases 17 56

Vd (L/kg) 0.75±0.41 0.59±0.14 0.069

t1/2 (hr)
Median (IQR)

11.52±6.31
10.59 (6.70–14.75)

5.44±2.36
5.06 (3.70–6.71)

<0.001

k (hr-1) 0.08±0.04 0.15±0.06 <0.001

CL (L/kg/hr)
Median (IQR)

0.05±0.02
0.05 (0.03–0.06)

0.09±0.05
0.08 (0.06–0.10)

0.001

Data are presented as the mean±SD or median (IQR).
CL, clearance of vancomycin related to weight; ECMO, extracorporeal membrane 
oxygenation;IQR, interquartile range; SCr, serum creatinine; Vd, volume of 
distribution related to weight; k, elimination rate constant; t1/2, half- life.

What this paper adds

What is already known on this subject
 ► Extracorporeal membrane oxygenation (ECMO) is used for 
the management of severe respiratory or cardiorespiratory 
failure in neonates.

 ► Because ECMO increases the circulating blood volume and 
transiently alters renal function, the pharmacokinetics of 
many drugs can be affected by ECMO.

 ► Several studies have been conducted on the effects of ECMO 
on the pharmacokinetics of vancomycin in neonates and 
infants. However, most studies had small sample sizes and 
lacked adequate control groups. Moreover, conflicting results 
have been reported.

What this study adds
 ► Alterations in the pharmacokinetics of vancomycin occurred 
in neonates on ECMO. In the ECMO group, half- life was 
significantly prolonged compared with that in the non- ECMO 
group. The values for elimination rate were constant and 
clearance decreased significantly in the ECMO group relative 
to those in the non- ECMO group. No significant difference 
was found in the volume of distribution measured for the two 
groups.

 ► Dosing adjustments of vancomycin and close therapeutic 
drug monitoring are required for the safe and effective 
management of neonates during ECMO.

from 12 infants undergoing ECMO, and the results were also 
compared with previously published data.14 They reported 
increased Vd and t1/2 and decreased CL in infants undergoing 
ECMO.14 Another study showed that, among the vancomycin 
pharmacokinetic parameters measured, only t1/2 increased 
significantly in neonates undergoing ECMO relative to those not 
receiving ECMO.15 Unlike the first two studies, this study had 
an appropriate control group. However, the sample size was still 
small (n=30). Our study has the strengths of a relatively large 
sample size (n=50) and the use of an appropriate control group. 
Moreover, this is the first study of vancomycin pharmacokinetics 
in Asian neonates receiving ECMO.

Studies using gentamicin have shown that the Vd of hydro-
philic drugs can be increased during ECMO. This finding can 
be explained by the increased circulating volume caused by the 
dilution of blood during ECMO.19 20 Although vancomycin is 
a hydrophilic compound, our results did not show a signifi-
cant difference in the Vd between the two groups. One possible 
reason could be that vancomycin is less hydrophilic than genta-
micin.21 However, further research should be conducted for 
more clarification.

The CL values for the neonates in our study were comparable 
to previously reported values. In our study, the CL of vanco-
mycin in neonates receiving ECMO was 0.03±0.02 L/kg/hr, 
compared with 0.04 to 0.05 L/kg/hr in previous studies.14 15 
In the non- ECMO group, the CL values (0.08±0.05 L/kg/hr) 
were also similar to those from other studies (0.07~0.10 L/hr/
kg) using the Nonlinear Mixed Effects Modelling (NONMEM) 
program.22–24 Consistent with previous studies,25 26 our study 
showed that vancomycin CL was strongly associated with SCr, 
which is a measure of renal function. To achieve the target 

therapeutic range of vancomycin, an extended dosing interval is 
suggested for patients undergoing ECMO.

Because SCr was significantly higher in the ECMO group than 
in the non- ECMO group, and vancomycin CL showed a nega-
tive correlation with SCr, an additional subgroup analysis was 
conducted in patients with SCr <0.5 mg/dL. The pharmacoki-
netic differences between the ECMO and non- ECMO groups in 
patients with SCr <0.5 mg/dL were similar to those analysed in 
all study patients.

Unlike our results, a study using adult patients with normal 
SCr showed similar Vd and CL for vancomycin in patients 
with ECMO compared with those without ECMO.27 This was 
explained that the decreased vancomycin CL in neonates with 
ECMO was attributable to immature hepatic and renal antibiotic 
pathways rather than the ECMO circuitry itself.28

To the best of our knowledge, this is the first evaluation of 
vancomycin pharmacokinetics in Asian neonates undergoing 
ECMO. In particular, this is the first instance in which vanco-
mycin pharmacokinetic parameters from a subpopulation with 
SCr <0.5 mg/dL were compared between patients with and 
without ECMO. However, while some studies have reported 
that the pulsatility of pumps could affect the alteration of renal 
function,29 30 information about ECMO circuits could not be 
gathered in this study due to its retrospective nature. Given the 
limitations of this study, our study requires further independent 
validation using more robust prospective designs.

COnClusIOns
This study suggests that alterations in the pharmacokinetics of 
vancomycin occur in neonates on ECMO. In the ECMO group, 
the t1/2 was significantly prolonged compared with that in the 
non- ECMO group. The values for k and CL decreased signifi-
cantly in the ECMO group relative to those in the non- ECMO 
group. No significant difference was found in the Vd measured 
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for the two groups. Dosing adjustments of vancomycin and close 
TDM are required for the safe and effective management of 
neonates during ECMO.
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