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ABSTRACT Vancomycin is a frequently used antibiotic in intensive care units, and 
the patient’s renal clearance affects the pharmacokinetic characteristics of vanco-
mycin. Several advantages have been reported for vancomycin continuous intrave-
nous infusion, but studies on continuous dosing regimens based on patients’ renal 
clearance are insufficient. The aim of this study was to develop a vancomycin serum 
concentration prediction model by factoring in a patient’s renal clearance. Children 
admitted to our institution between July 1, 2021, and July 31, 2022 with records of 
continuous infusion of vancomycin were included in the study. Sex, age, height, 
weight, vancomycin dose by weight, interval from the start of vancomycin adminis-
tration to the time of therapeutic drug monitoring sampling, and vancomycin serum 
concentrations were analyzed with the linear regression analysis of the mixed effect 
model. Univariable regression analysis was performed using the vancomycin serum 
concentration as a dependent variable. It showed that vancomycin dose (p < 0.001) 
and serum creatinine (p = 0.007) were factors that had the most impact on vancomy-
cin serum concentration. Vancomycin serum concentration was affected by vanco-
mycin dose (p < 0.001) and serum creatinine (p = 0.001) with statistical significance, 
and a multivariable regression model was obtained as follows: Vancomycin serum 
concentration (mg/l) = –1.296 + 0.281 × vancomycin dose (mg/kg) + 20.458 × serum 
creatinine (mg/dl) (adjusted coefficient of determination, R2 = 0.66). This prediction 
model is expected to contribute to establishing an optimal continuous infusion regi-
men for vancomycin.

INTRODUCTION
Vancomycin is one of the most frequently used antibiotics in 

intensive care units (ICU) for methicillin-resistant Staphylococ-
cus aureus (MRSA) infection [1]. Initial vancomycin dosing for 
the treatment of children with MRSA bacteremia or infective 
endocarditis is usually 15 mg/kg/dose intravenously every 6 h [1]. 

The dosing needs to be adjusted on the basis of trough and peak 
serum concentrations [1]. Continuous intravenous (CIV) infusion 
of vancomycin may be an alternative administration method. 
Previous studies suggest that CIV infusion can be more beneficial 
over intermittent intravenous (IIV) infusion. This is because the 
therapeutic level of vancomycin could be reached more quickly 
than IIV infusion, carries a lower risk of nephrotoxicity, and 
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requires a smaller number of samplings for monitoring [2,3]. 
However, current consensus guidelines lack recommendations on 
vancomycin CIV dosing for pediatric patients.

Several studies in the adult population have explored the op-
timization of vancomycin CIV administration [2-6]. Although 
their results and recommendations varied, these studies unani-
mously agreed that renal clearance is a crucial factor in titrating 
the dosage of vancomycin CIV infusion [2-6]. Hong et al. [4] 
administered vancomycin CIV infusion using a dosing regimen 
with loading doses of 20 mg/kg and 15–40 mg/kg as a mainte-
nance dose based on the patient’s serum creatinine. Roberts et al. 
[5] suggested administering vancomycin at 35 mg/kg for 3 h as a 
loading dose and 35 mg/kg as a maintenance dose with adjust-
ments according to the patient’s renal clearance. Similar to the 
study by Roberts et al. [5], Cristallini et al. [6] suggested 35 mg/
kg as a loading dose and 7–45 mg/kg as a maintenance dose, de-
pending on the patient’s renal clearance.

Although previous studies on adults concluded that the renal 
clearance of the patient has a great influence on the pharmaco-
kinetic (PK) characteristics of vancomycin [7], vancomycin CIV 
dosing considering renal clearance has not been established in 
children. It is necessary to establish renal dosing of vancomy-
cin CIV administration based on renal clearance in pediatric 
patients, particularly critically ill pediatric patients who are ad-
mitted to the pediatric intensive care unit (PICU), because they 
generally have a wider range of renal clearance, from patients 
with augmented renal clearance, in which drug elimination is in-
creased [8], to patients with reduced renal clearance due to acute 
kidney injury. Several retrospective studies have been conducted 
on pediatric populations to determine the optimal CIV dosage 
for achieving therapeutic vancomycin serum concentrations. 
However, none of these studies considered renal clearance [9-14]. 
There are 2 studies done on neonates where serum creatinine was 
considered for determining the CIV dosage of vancomycin [15,16], 
yet it is difficult to apply the dosing regimen of neonates to older 
children due to differences in PK parameters such as volume of 
distribution, half-life, and drug clearance [17-19].

With studies on vancomycin CIV dosing based on renal clear-
ance for critically ill children lacking, our aim was to develop a 
prediction model of vancomycin serum concentration consider-
ing a patient’s renal clearance. Accurate prediction of vancomycin 
serum concentration is necessary to minimize subtherapeutic or 
toxic exposure [3]. Ultimately, this model would help determine 
the optimal vancomycin CIV dosing regimen for pediatric pa-
tients.

METHODS

Study population

This retrospective study was carried out at a tertiary teaching 

hospital based in Seoul, Republic of Korea. Pediatric patients un-
der the age of 18 who were admitted to the PICU between July 1, 
2021, and July 31, 2022 with records of vancomycin CIV adminis-
tration and therapeutic drug monitoring (TDM) were included in 
the study.

Exclusion criteria were: (i) cases in which vancomycin serum 
concentration did not reach steady state; (ii) cases in which blood 
samples were collected within 16 h after the start of administra-
tion; (iii) cases with a difference in sampling time of more than 
24 h between serum creatinine and vancomycin serum con-
centration; (iv) patients diagnosed with neuromuscular disease 
that could affect serum creatinine levels; and (v) patients on 
continuous renal replacement therapy (CRRT) or patients with 
extracorporeal membrane oxygenation (ECMO) therapy. Cases 
not reaching a steady state were defined as those failing to reach 
a plateau when plotting a time-vancomycin serum concentration 
graph using the Abbott base PK system version 1.10 (DOSBox 
version 0.74). The samples were drawn at least 16 h after the start 
of administration to ensure that the serum level of vancomycin 
has reached a plateau.

Data collection and definition

Data were obtained through the electronic medical record sys-
tem of the hospital. Basic information such as the patient’s age, 
sex, height, weight, body surface area (BSA), body mass index 
(BMI), underlying disease, and CRRT/ECMO application status 
was collected. Data needed for determining the PKs of vancomy-
cin CIV infusion, including the total daily amount of vancomycin 
infused, the start date and duration of vancomycin therapy, the 
serum concentration of vancomycin along with its sampling time, 
and laboratory test results reflecting a patient’s renal clearance 
such as serum creatinine and cystatin C, were also collected.

Administration protocol

In accordance with the hospital protocol, vancomycin was 
administered as CIV infusion at 15 mg/kg over 1 h as a loading 
dose, followed by 45 mg/kg as a maintenance dose. The target 
serum concentration was 20–25 mg/l regardless of indication [2]. 
The sampling time for checking vancomycin serum concentra-
tion was 18–30 h after the start of administration. As the trough 
level could not be determined during CIV infusion [20], we con-
sidered the daily dosing of vancomycin therapeutic as long as the 
vancomycin serum concentration remained within the range of 
20–25 mg/l. Follow-up TDM was conducted every 48 h or in the 
event of a significant change in the patient’s condition. The dos-
ing of vancomycin was adjusted to meet the target serum concen-
tration of 20–25 mg/l.
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Outcomes

The initial objective of this study was to identify the factors 
that may affect vancomycin serum concentration in critically ill 
pediatric patients. Employing these factors, a prediction model 
of vancomycin serum concentration was derived as the primary 
outcome.

Statistical analysis

To prevent the undue influence of multiple data points from a 
single patient, we employed a mixed-effects model for our statisti-
cal analysis [21]. The correlation between each factor and the van-
comycin serum concentration was analyzed using the univariate 
mixed-effects model regression analysis, with patients as random 
variables and vancomycin serum concentration as fixed variable 
to identify factors that could affect vancomycin serum concentra-
tion. Factors identified to be correlated with vancomycin serum 
concentration were included in the multivariate regression analy-
sis of the mixed-effects model to derive an equation for the van-
comycin dosage according to a patient’s serum creatinine and tar-
get serum concentration. R software version 4.2.1 (R Project for 
Statistical Computing) was used for data analysis, and a p-value < 
0.05 was evaluated as statistically significant. Continuous data are 
presented as medians (interquartile range), and categorical data 
are presented as numbers (%).

Ethics statement

This study was conducted with the approval of the Institution 

Review Board (IRB) of Seoul National University Hospital. In-
formed consent was waived by the IRB due to the retrospective 
nature of the study (IRB No. 2207-069-1339).

RESULTS

Characteristics of patients

Among 477 cases (86 patients) of vancomycin CIV administra-
tion with vancomycin TDM, a total of 103 cases (29 patients) met 
the inclusion criteria. The selection process for the cases is shown 
in Fig. 1. The median age of patients was 13 (6.5–50.5) months, 
and patients with underlying respiratory disease were the most 
common at 41 patients (39.8%). The median value of the vanco-
mycin dose was 45 (33.2–68.8) mg/kg/day, and the vancomycin 
serum concentration was 22.1 (18.3–24.6) mg/l. The median 
serum creatinine of patients included in the study was 0.36 (0.31–
0.46) mg/dl (Table 1).

Factors affecting vancomycin serum concentration

A univariate regression analysis of the mixed effect model was 
performed for each of the 103 cases, with vancomycin serum 
concentration as a dependent variable and the patient’s age, sex, 
height, weight, BSA, BMI, vancomycin dose, Tsample (time between 
the start of vancomycin administration and TDM sample col-
lection), and serum creatinine as an independent variable. The 
analysis showed that vancomycin dose (p < 0.001) and serum 
creatinine (p = 0.007) were 2 factors that affected the serum con-

Fig. 1. Patient selection. IIV, intermittent intravenous; CIV, continuous intravenous; SCr, serum creatinine; TDM, therapeutic drug monitoring; CRRT, 
continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation.
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centration of vancomycin (Table 2). Renal clearance did not have 
a statistically significant impact on the vancomycin serum con-
centration.

Vancomycin concentration prediction model 
considering patient’s renal function

Based on the results of the univariate regression analysis of the 
mixed effect model, the multivariate regression analysis of the 
mixed effect model was done. The vancomycin serum concentra-
tion was employed as the dependent variable, and the vancomy-
cin dose and serum creatinine were employed as independent 
variables (Table 2). The analysis showed that both factors had 
statistically significant relationships with the vancomycin serum 
concentration (p-values were < 0.001 and 0.001, respectively). A 
multivariate regression model was derived as follows (adjusted 
coefficient of determination, R2 = 0.66):

 Table 1. Baseline characteristics of the cases

Variables
Number of 

cases 
(n = 103)

Number of 
patients
(n = 29)

Age (mo) 13.0 (6.5–50.5) NAa

Sex
   Male 64 (62.1) 18 (62.1)
   Female 39 (37.9) 11 (37.9)
Underlying disease
   Cardiovascular 3 (2.9) 2 (6.9)
   Gastrointestinal 7 (6.8) 4 (13.8)
   Hemato-oncologic 19 (18.4) 8 (27.6)
   Neurologic 21 (20.4) 5 (17.2)
   Pulmonary 41 (39.8) 9 (31.0)
   Trauma 12 (11.7) 1 (3.4)
Physical findings
   Height (cm) 73.0 (66.5–87.0) NAa

   Weight (kg) 9.0 (7.4–16.7) NAa

   Body surface area (m2) 0.4 (0.4–0.7) NAa

   Body mass index (kg/m2) 17.6 (14.7–19.8) NAa

Vancomycin
   Daily dosingb (mg/kg) 45.0 (33.2–68.8)
   Tsample

c (h) 40.8 (31.5–64.2)
Laboratory findings
   Vancomycin concentration 
      (mg/l)

22.1 (18.3–24.6)

   Serum creatinine (mg/dl) 0.4 (0.3–0.5)

Continuous data are presented as medians (interquartile range), 
and categorical data are presented as numbers (%). aNot 
applicable because the values vary depending on the timing of 
samples. bThe daily dosing was adjusted according to the 
therapeutic drug monitoring report. cTime between vancomycin 
administration and therapeutic drug monitoring sample 
collection.

Table 2. Factors affecting vancomycin concentration

Variables
Univariable analysis Multivariable analysis

Coefficient β Standard error p-value Coefficient β Standard error p-value

Age (mo) 0.014 0.013 0.292
Sex
   Female Reference
   Male –1.602 1.648 0.34
Physical findings
   Height (cm) 0.024 0.022 0.285
   Weight (kg) 0.047 0.041 0.25
   Body surface area (m2) 1.882 1.701 0.272
   Body mass index (kg/m2) 0.142 0.211 0.503
Vancomycin
   Daily dose (mg/kg) 0.277 0.047 < 0.001 0.281 0.043 < 0.001
   Tsample

a (h) –0.007 0.01 0.516
Laboratory findings
   Serum creatinine (mg/dl) 10.726 3.849 0.007 20.458 4.861 0.001

aTime between vancomycin administration and therapeutic drug monitoring sample collection.

Fig. 2. Plot of observed vancomycin serum concentration vs. mod-
el-predicted vancomycin serum concentration. The median value of 
the predicted vancomycin serum concentrations for the study popula-
tion was 21.2 (17.1–25.1) mg/l, comparable to the observed vanco-
mycin serum concentration of 22.1 (18.3–24.6) mg/l. IQR, interquartile 
range.
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Vancomycin serum concentration (mg/l)
= –1.296 + 0.281 × vancomycin dose (mg/kg) + 20.458  

× serum creatinine (mg/dl)

The median value of the predicted vancomycin serum concen-
trations for the study population was 21.2 (17.1–25.1) mg/l (Fig. 2).

DISCUSSION
This study validates the high impact of renal clearance, re-

flected by serum creatinine, on vancomycin serum concentra-
tion, consistent with multiple studies [2-6]. With this finding, 
we derived a multivariate regression model for the prediction 
of vancomycin serum concentration during CIV infusion. The 
median value of the predicted vancomycin serum concentrations 
for the study population was 21.2 (17.1–25.1) mg/l, comparable to 
the observed vancomycin serum concentration of 22.1 (18.3–24.6) 
mg/l (Fig. 2). Despite the relatively low coefficient of determina-
tion at R2 = 0.66, we can conclude that serum creatinine, available 
in routine lab workup, can also be used to predict vancomycin 
serum concentration. It would be beneficial to use a readily avail-
able lab value in rapidly changing clinical settings such as PICU 
because TDM can only be done in regular working hours, and it 
takes time to obtain the results. To our knowledge, this is the first 
attempt to predict the steady-state serum concentration of vanco-
mycin rather than the trough vancomycin concentration.

Vancomycin is a potent antibiotic agent against Gram-positive 
bacteria that inhibits the synthesis of the bacterial cell wall. It 
is regarded as the first-line treatment for infections caused by 
MRSA [22]. The minimal inhibitory concentration (MIC) of 
the pathogen and the risk of nephrotoxicity are 2 major compo-
nents that govern the optimal dosing of vancomycin. In order to 
determine the efficacy of vancomycin in terms of MIC, serum 
trough levels are measured for the titration of the traditional IIV 
infusion method. However, the risk of nephrotoxicity increases 
when the serum trough level of vancomycin is maintained at a 
high level [22]. Therefore, CIV infusion of vancomycin has been 
suggested as an alternative approach for increasing the efficacy of 
vancomycin and reducing unwanted nephrotoxicity [22], and in 
some parts of the world, including some European countries such 
as Germany, Italy, and Belgium, vancomycin is already employ-
ing CIV infusion instead of IIV infusion as a routine method of 
administration in the ICU setting [23-25].

The advantages of vancomycin CIV administration are high-
lighted in several other studies. In a retrospective cohort study of 
adult burn patients admitted to the ICU, the incidence of reaching 
therapeutic range was higher at 73.3% for CIV infusion and sig-
nificantly lower at 26.7% for IIV infusion [26]. In the same study, 
the time it took to reach therapeutic range was shorter (3.9 days 
for CIV infusion vs. 5.22 days for IIV infusion), and the incidence 
of renal toxicity was lower (23.3% for CIV infusion vs. 53.8% for 

IIV infusion) when vancomycin was infused continuously [26]. 
Another retrospective study performed on adult patients with 
ventilator-associated pneumonia caused by oxacillin-resistant S. 
aureus reported that vancomycin CIV administration was associ-
ated with a lower mortality rate of 25% compared to a mortality 
rate of 54.2% in patients who underwent treatment with the IIV 
infusion method or other antibiotics [27].

In addition, a high peak concentration of vancomycin is not 
required for antibiotic efficacy because vancomycin is not a con-
centration-dependent antibiotic [28]. In turn, it makes the trough 
vancomycin level and its measurement highly important, and the 
correct timing of a trough measurement becomes of utmost im-
portance [28]. However, measuring a trough measurement within 
30 min prior to the subsequent dose may not always be possible 
in a clinical setting, and inaccurate timing of sampling may result 
in a misleading vancomycin level. Since the serum concentration 
of vancomycin becomes linear after reaching a steady state with 
CIV administration, blood samples for TDM can be collected re-
gardless of time, as long as the serum concentration has reached 
a steady state [28]. The adjustment of the vancomycin dosage can 
be done according to a more accurate serum concentration [28].

However, even with these benefits, vancomycin CIV infusion 
is not a protective method against low efficacy and nephrotox-
icity. A study by Ingram et al. [29] reported that there was no 
significant difference in the risk of nephrotoxicity between CIV 
and IIV. A meta-analysis study carried out by Cataldo et al. [30] 
indeed concluded that vancomycin CIV infusion was associated 
with a lower risk of nephrotoxicity than IIV. Nevertheless, there 
was no difference in overall mortality between the two groups. 
Genuini et al. [12] conducted a retrospective study in which van-
comycin was administered as a CIV infusion to pediatric patients 
who were admitted to the PICU. The study found that pediatric 
patients receiving vancomycin CIV infusions often showed sub-
therapeutic levels, which led to treatment failure [10]. Another 
minor difficulty associated with CIV infusion is that a dedicated 
intravenous route is necessary due to the incompatibility of van-
comycin with other drugs.

This study has several limitations. First, this study excluded 
patients that were on CRRT or ECMO in an effort to eliminate 
factors that may have an excessive impact on renal clearance 
or renal blood flow, making our prediction model unsuitable 
for patients on CRRT or ECMO. However, one study reported 
that vancomycin serum concentration is more likely to be in the 
therapeutic range when vancomycin CIV infusion is used for pa-
tients on CRRT [31]. In another study, vancomycin CIV infusion 
for patients with CRRT was sufficiently advantageous over IIV 
infusion because severe nephrotoxicity or leukopenia were not 
observed in the CIV infusion group [32]. Also, patients in the CIV 
infusion group showed a generally higher serum concentration of 
vancomycin compared to the IIV infusion group [32]. Therefore, 
future studies need to be performed to identify equipment-related 
and hemodynamic factors that may affect renal clearance. It will 
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enable us to derive a more robust and accurate prediction model 
of vancomycin serum concentration, even for patients on CRRT 
and ECMO. Secondly, this is a retrospective single-center study 
that enrolled only a small number of patients and TDM cases. 
Conducting a prospective, large-scale study that encompasses 
multiple centers and institutions is necessary for the validation of 
the predictive model. Lastly, as mentioned earlier, the coefficient 
of determination was relatively low at R2 = 0.66, and it would not 
be suitable to apply this equation in a clinical setting. It would be 
possible for us to modify and formulate an equation with more 
predictive power once more data has been accumulated.

In conclusion, we identified that the factors affecting vancomy-
cin serum concentration during vancomycin CIV infusion are 
vancomycin dosage and serum creatinine. Then, we were able to 
derive an equation to calculate the vancomycin serum concentra-
tion. With the knowledge that renal clearance is an important 
factor in using vancomycin, careful titration of the drug based on 
renal clearance will allow for more effective and safe outcomes. 
Also, we believe that this prediction model will be able to contrib-
ute to establishing an effective vancomycin CIV dosing regimen 
for critically ill pediatric patients that vary in renal clearance.
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