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Abstract There is limited information available regarding clinical outcome and 

rate of mortality in relation to invasive methicillin-resistant Staphylococcus aureus 

(MRSA) infection in pediatric intensive care unit (PICU) patients treated with 

vancomycin in this tertiary hospital in northern Thailand. Therapeutic drug 

monitoring (TDM) is recommended vancomycin prescription; however, it is 

important to investigate the outcome of this monitoring in PICU patients.  This 

study aims to evaluate the mortality and factors related to these in PICU patients 

treated with vancomycin. A retrospective study was conducted in PICU patients 

given vancomycin from April 2018 to April 2019. The following variables were 

included: age, sex, underlying disease, diagnosis, length of stay (LOS) in PICU, 

Pediatric Index of Mortality 2 (PIM 2) score, mechanical ventilator use, renal 

replacement therapy (RRT), laboratory data, vancomycin dose, trough serum 

vancomycin concentration (Ctrough) and mortality rate. One hundred and sixty 

pediatric patients were enrolled into the study (median age 12 months, range 
2-180 months, 69.4% male). Ctrough of vancomycin (10–20 mg/L) was recorded in

32.5% (n = 52) of cases. Septic shock was the most common diagnosis (49.3%)

and the mortality rate was 39.4%. Results indicated that children who had a

vancomycin Ctrough outside the therapeutic range, mechanical ventilator use and

RRT use were statistically significantly associated with higher mortality rate

(adjusted OR 3.29, 95% CI, 1.41-7.69; P <0.05), (adjusted OR 6.22, 95%

CI, 1.67-23.16; P < 0.05) and (adjusted OR 10.41, 95% CI, 2.62-41.37;

P < 0.05). These factors were related to mortality and further studies are needed

to determine if this outcome can be improved.
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INTRODUCTION 

A pediatric intensive care unit (PICU) is a unit specifically designed for the 

treatment of pediatric patients with severity of illness or other life-threatening 

conditions, required comprehensive and continuous intensive care by a medical 

team with specialist relevant skills (de la Oliva et al., 2018). Children admitted to 

the PICU represent a highly vulnerable patient population in which serious infection, 

both as a primary cause for admission and as a secondary healthcare-associated 

infection (HAI), is one of the most common problems (Renk et al., 2020). Across 

the world, infections in intensive care units (ICU) are associated with high morbidity 

and mortality rates (Vincent et al., 2009). Patients admitted to the ICU most 

commonly require antibiotic therapy to treat complicated infections (Abbas, et al., 

2016). MRSA continues to be associated with significant morbidity and mortality, 

and vancomycin has become the gold standard for fighting this pathogen (Rodvold 

and McConeghy, 2014).  

Vancomycin is an antibiotic isolated from the bacterium Amycolatopsis 

orientalis (Katzung, 2017). It has been available for clinical use for more than 50 

years (Levine, 2006). It is a bactericidal drug, active primarily against gram-positive 

bacteria, and remains the most important drug for the treatment of MRSA (Holmes 

and Howden, 2014). In 2012, a review of the analyses of related population 

pharmacokinetics (Marsot et al., 2012) found that in adults dosing regimens for 

vancomycin should depend on creatinine clearance and body weight, whereas in 

children creatinine clearance, body weight and age were crucial factors. Early clinical 

studies suggest that in PICU patients with no renal impairment a vancomycin 

dosage regimen of 60 mg/kg/day, divided into 3 separate doses at 8 hourly 

intervals, is advisable (Glover et al., 2000).  

The goal of therapeutic drug monitoring (TDM) is to use drug concentrations 

to manage the medication regimen of the patient and optimize the outcome (Gross, 

2001). Vancomycin needs to be closely monitored to maximize clinical efficacy and 

limit toxicity. TDM is recommended and routinely used in many centers around the 

world (Monteiro, Hahn, Goncalves and Fresco, 2018; Ye et al., 2016)  especially in 

neonate (Pokorna et al. 2019) and pediatric populations (Balch et al., 2015). The 

routine monitoring of vancomycin serum concentrations in clinical situations is 

typically carried out to ensure the steady state of trough concentration, independent 

of the estimation of the initial dose. The recommended doses for pediatric patients 

with mild/moderate infection and severe infections were found to be 15 mg/kg and 

20 mg/kg, respectively (Ye et al., 2016). The target vancomycin trough 

concentration in pediatric patients with mild/moderate infection and severe infection 

were 10-15 mg/L and 15-20 mg/L, respectively (Ye et al., 2016).  

The aim of this study was to evaluate the mortality and factors related in PICU 

patients treated with vancomycin. 

MATERIAL AND METHODS 

This retrospective study was conducted in the PICU in Maharaj Nakorn Chiang 

Mai Hospital from April 2018 to April 2019. The study was approved by the 

Institution Review Board of the Faculty of Medicine Chiang Mai University (STUDY 

CODE: D-PHA-2562-06588) with a waiver for the granting of informed consent. A 

chart review from electronic data records was conducted for all pediatric patients 

who were admitted to PICU between the ages of 1 month and 15 years, who fulfilled 

the inclusion criteria, were given intravenous vancomycin and had at least 1 trough 

concentration recorded. The recommended doses for pediatric patients with 

mild/moderate infection and severe infections were 15 mg/kg and 20 mg/kg 

respectively. Exclusion criteria were pediatric patients who were not given 

intravenous vancomycin. The patient data collected included age, sex, weight, 

underlying diseases, diagnosis, Pediatric Index of Mortality (PIM2) (Slater et al., 

2003), length of PICU stay, mortality, serum creatinine and electrolyte levels, 
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vancomycin dosage, administration and blood sampling time, date of sampling time, 

mechanical ventilator use and renal replacement therapy (RRT). In accordance with 

the accepted protocol, vancomycin trough concentration was decided at a steady 

state within the 30 min prior to the fourth or subsequent dose. Serum vancomycin 

concentrations were analyzed using the Abbott Architect i1000SR Immunoassay 

system.  

Data analysis was carried out using IBM SPSS 23.0. The demographic data were 

analyzed using descriptive statistics. Normally distributed continuous variables were 

compared using student t-tests and skewed continuous variables were compared 

using the Mann-Whitney U test. Categorical data were analyzed using a Chi-square 

or Fisher’s exact test. The correlations between factors and mortality in PICU were 

assessed using univariable and multivariable logistic regression analysis. Variables 

with P-value <0.2 based on univariable logistic regression analysis were entered 

into a multivariable regression analysis. The -2 Log likelihood and the Hosmer–

Lemeshow test have been used for the goodness of fit results of the logistic 

regression model. Multicollinearity was checked using Spearmans’ rank correlation. 

A P-value less than 0.05 was used to indicate statistical significance. 

RESULTS 

A total of 160 patients (69.4% male) who received vancomycin treatment 

were enrolled into the study between April 2018 and April 2019. The demographic 

and clinical data of both the survival group (60.6%) and non-survival group (39.4%) 

are shown in table 1. In this study, the most common diagnosis found was septic 

shock (49.3%) and the mortality rate was 39.4%. There were no significant 

differences between survival and non-survival rates with regard to sex, blood urea 

nitrogen (BUN), serum creatinine and length of stay (LOS) in PICU. Significant 

differences were observed in the following criteria: patients aged over two years  

(P < 0.05), underlying disease (P < 0.05), diagnosis (P < 0.05), Ctrough of 

vancomycin (P < 0.05), dose of vancomycin (P < 0.05), PIM 2 score > 10  

(P < 0.05), mechanical ventilator use (P < 0.05) and RRT use (P <0.05). The results 

of the univariable and multivariable regression analysis were used to indicate factors 

associated with higher mortality rate (see Table 2). According to univariable 

analysis, children aged less than 2 years old (unadjusted OR 3.80, 95% CI,1.93-

7.49; P < 0.05), children with underlying disease (unadjusted OR 2.56, 95% CI, 

1.11-5.86; P < 0.05), children who had a vancomycin Ctrough outside the therapeutic 

range (unadjusted OR 2.69, 95% CI, 1.29-5.61; P < 0.05), mechanical ventilator 

use (unadjusted OR 4.58, 95% CI, 1.50-13.98; P < 0.05) and RRT use (unadjusted 

OR 12.48, 95% CI, 4.04-38.50; P < 0.05) were associated with mortality. Based on 

multivariable analysis, children who had a vancomycin Ctrough outside the therapeutic 

range, mechanical ventilator use and RRT use were statistically significantly 

associated with higher mortality rate (adjusted OR 3.29, 95% CI, 1.41-7.69;  

P < 0.05), (adjusted OR 6.22, 95% CI, 1.67-23.16; P < 0.05) and (adjusted OR 

10.41, 95% CI, 2.62-41.37; P < 0.05), respectively. However, there were no 

statistically significant differences in the different parameters in children aged over 

two years and children with underlying disease. 
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Table 1. Demographic and clinical characteristics of patients (N = 160) 
 

 

Note:  a median (interquartile range); Abbreviations: µg = microgram; mL = milliliter; dL = deciliter; LOS=length of stay; mg = milligram;  

*= statistically significant at P < 0.05, Ctrough = trough concentration 

 

Table 2.  Factors associated with higher mortality rate (N=160). 

Parameters 
Survived 
(n=97) 

Not-

survived 
(n=63) 

Unadjusted 
Odds Ratio 
(95% CI) 

P-value 
Adjusted 

Odds Ratio 
(95% CI) 

P-value 

Age >2 years old, n (%) 24 (24.70) 35 (55.60) 3.80  
(1.93-7.49) 

<0.05* - 0.10 

Underlying disease, n (%) 68 (70.10) 54 (85.70) 2.56  
(1.11-5.86) 

<0.05* - 0.28 

Ctrough of vancomycin outside 
the therapeutic range, n (%) 

58 (59.80) 50 (79.40) 2.69  
(1.29-5.61) 

0.05* 3.29 0.05* 

Mechanical ventilation, n (%) 74 (76.30) 59 (93.70) 4.58  
(1.50-13.98) 

0.05* (1.41-7.69) 0.05* 

Renal replacement therapy, 
n (%) 

4 (4.10) 22 (34.90) 12.48  
(4.04-38.50) 

<0.05* 6.22 0.00* 

 Note: *= statistically significant at P < 0.05; Abbreviation:  Ctrough = trough concentration 

DISCUSSION 

Vancomycin is a glycopeptide antimicrobial agent with an important 

therapeutic role in the treatment of invasive MRSA infection in pediatric patients 

(Liu et al., 2011; Fiorito et al., 2018; Maloni et al., 2019). However, to date, the 

mortality and factors related in PICU patients treated with vancomycin have not 

been analyzed. Our aims were to identify the factors having influence on the 

mortality pediatric patients treated with vancomycin in PICU. There is a significant 

burden of MRSA infection in hospitals and the community, therefore it is crucial that 

vancomycin is used appropriately to its efficacy in the long term and also to ensure 

optimal drug use in PICU patients.  

Parameters 
Survived 
(n=97) 

Not-survived 
(n=63) 

P-value 

Age >2 years old, n (%) 24 (24.70) 35 (55.60) <0.05* 

Male, n (%) 69 (71.10) 42 (66.70) 0.54 

No underlying disease, n (%) 29 (29.90) 9 (14.30) <0.05* 

Underlying disease 
  Congenital heart disease, n (%) 
  Gastrointestinal disease, n (%) 
  Bronchopulmonary dysplasia, n (%) 
  Hematologic disease, n (%) 

 
59 (60.80) 
9 (9.30) 
0 (0.00) 
0 (0.00) 

 
20 (31.70) 
26 (41.30) 
4 (6.30) 
4 (6.30) 

Diagnosis 
  Pneumonia, n (%) 
  Septic shock, n (%) 
  Heart failure, n (%) 
  Abdominal infection, n (%) 

 
30 (30.90) 
51 (52.60) 
16 (16.50) 
0 (0.00) 

 
14 (22.20) 
28 (44.40) 
0 (0.00) 

21 (33.30) 

<0.05* 

Ctrough of vancomycin  
  Within 10-20 µg/mL, n (%) 
  Outside 10-20 µg/mL, n (%) 

 
39 (40.20) 
58 (59.80) 

 
13 (20.60) 
50 (79.40) 

0.05* 

Vancomycin dose (mg/kg/day) 50 (40, 60) a 40 (20, 60) a 0.05* 

BUN (mg/dl) 10 (8, 30) a 14 (9, 16) a 0.71 

Creatinine (mg/dl) 0.3 (0.23, 0.59) a 0.23 (0.21, 0.49) a 0.10 

PIM 2 > 10, n (%) 0 (0.00) 30 (47.60) <0.05* 

LOS in PICU > 14 days, n (%) 87 (89.70) 57 (90.50) 0.87 

Mechanical ventilation, n (%) 74 (76.30) 59 (93.70) 0.05* 

Renal replacement therapy, n (%) 4 (4.10) 22 (34.90) <0.05* 
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In this retrospective study of 160 pediatric patients treated with vancomycin, 

only one-third of the patients (32.5%, n = 52/160) had a recorded trough 
concentration of vancomycin within the target concentrations (10–20 mg/L). The 

results of our study showed that a Ctrough of vancomycin outside the therapeutic 

range, being on a mechanical ventilator and undergoing RRT were all associated 

with higher mortality rate.  

Therapeutic drug monitoring (TDM) of vancomycin has been used to maximize 

therapeutic impact while minimizing adverse effects (Rybak et al., 2009). It is 

routinely recommended that the vancomycin serum trough concentration is 

ascertained after the fourth dose to optimize the vancomycin dosage regimen 

(Suryadevara et al., 2012). Most guidelines (Miloslavsky et al., 2017) suggest a 

vancomycin dose of 15 mg/kg every 6 hours for a mild to moderate infection and 

recommend the target trough is between 10 to 15 µg/mL. In the case of severe 

infections, including those caused by MRSA, guidelines suggest a dose of 20 mg/kg 

every 6 hours with a target trough concentration between 15 to 20 µg/mL  

(Ye et al., 2016). However, the dosage of vancomycin in pediatric patients with 

acute kidney injury or underlying kidney diseases need to be extremely closely 

monitored and adjusted in relation to creatinine clearance ability.  

In our study, there was an association between pediatric patients who had a 

vancomycin trough concentration outside the therapeutic range and a higher 

mortality rate. A retrospective review found that the mean vancomycin trough 

concentration in pediatric patients with complicated infections who received 60 

mg/kg per day (15 mg/kg per dose every 6 hours) was 10.7 mg/L and only 16.7% 

of patients between the ages of 2 and 5 years had a therapeutic trough within the 

guidelines (10 to 20 mg/L) (Madigan et al., 2013). A vancomycin regimen of 15 

mg/kg per dose every 6 hours is not likely to achieve a trough concentration of 15 

to 20 mg/L in pediatric patients with complicated infections whereas an initial 

regimen of 80 mg/kg per day for these patients is more likely to result in the 

recommended therapeutic steady-state concentrations of vancomycin (Durham  

et al., 2015). Relevant studies show that children who were younger than 6 years 

had lower repeat-adjusted trough concentrations of serum vancomycin when 

compared with children aged more than 6 years (Gordon et al., 2012). The half-life 

of vancomycin ranges from 2 to 10 hours depending on age. For example, in 

children from 3 months to 4 years old there is an approximate twofold difference in 

the half-life of vancomycin when compared to those older than 4 years. This 

knowledge can be used to adjust the vancomycin dose (Broome and So, 2011). 

In critically ill children the mean volume of distribution (VD) ranged from 0.44 

to 0.81 L/kg, the mean (± SD) clearance (CL) was 1.95 (± 1.1) mL/kg/min, and 

the mean half-life ranged from 3.1 to 5.3 hours (Giachetto et al., 2011; Gous et al., 

1995). Pharmacokinetics (PK) values for vancomycin, especially the VD, are highly 

variable in critically ill children and more cautionary vancomycin drug monitoring 

may be necessary in this population (Thakkar et al., 2017).Thus, the TDM is vital 

for individual adjustment of the dose maximizing its efficacy and safety. 

This study found that being on a mechanical ventilator was a factor which was 

directly related to mortality in PICU patients treated with vancomycin. Ventilator-

associated pneumonia (VAP) is still one of the major causes of mortality in PICUs 

(Amanati et al., 2017). Sanderson KR, et al. (Sanderson and Harshman, 2020)  

have shown that mortality rates for children on dialysis remain high, although 

outcomes are improving with the support of a multidisciplinary team and advances 

in dialysis technology. Our study found that RRT associated factors were a cause of 

mortality in PICU patients treated with vancomycin. Goals for the future, therefore, 

need to be healthcare development and technology which reduce mortality in cases 

of RRT.  

In this study, it was found that septic shock was the most common diagnosis 

associated with mortality. Sepsis and pneumonia, congestive heart failure, and 

hepatic encephalopathy with underlying diseases including malignancy, heart and 

liver disease are the most common causes of death (Fallahzadeh et al., 2015). 

Sepsis is defined as a systemic inflammatory response syndrome (Angus and van 

der Poll, 2013) in response to infection and is associated with high mortality and 



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 6 

 

CMUJ. Nat. Sci. 2022. 21(2): e2022031 

morbidity (Chuma et al., 2016). This study by Chuma et al. (2016), who found that 

there were significant deviations in vancomycin concentrations both above and 

below the predicted values in patients with sepsis and it is therefore reasonable to 

conclude that the duration of systemic inflammatory response syndrome influenced 

vancomycin concentration in these patients. Our results confirm that the monitoring 

of vancomycin is vital for the effective management of a vancomycin dosage 

regimen for pediatric patients in PICU.  

There are three main limitations of our study. Firstly, this study is a single-

center retrospective study; therefore, these results cannot be directly applied to 

other populations.  Secondly, there are a range of factors impacting on the mortality 

of PICU patients. Finally, there were more non-survived children undergoing RRT as 

children who underwent RRT were usually at risk for renal failure as well as multi-

organ failure resulting in a wide range of confidence interval for this group. 

Therefore, the clinical application for other children in PICU should be considered. 

Future prospective multicenter PICU studies are needed in order to clarify the 

factors or other conditions which impact on vancomycin concentration in critically 

ill pediatric patients and to determine if these interventions can reduce the mortality 

in the study population. 

CONCLUSION 

   PICU patients who were treated with vancomycin and had been on 

mechanical ventilators and RRT showed a correlation with mortality and need to be 

monitored closely. We also strongly suggest the use of TDM in all pediatric patients 

in PICU for the management of a vancomycin dosage regimen to maximize a 

positive outcome.  
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