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Abstract 

Introduction: Vancomycin is commonly used to treat neonatal late-onset sepsis. It is the first-line antibiotic 

for treatment of infections caused by coagulase-negative staphylococci (CoNS) and methicillin-resistant 

Staphylococcus aureus (MRSA). However, data for dosing and monitoring of vancomycin in the local 

neonatal population is lacking.  

Objective: This study aimed to assess the percentage of neonates achieving a vancomycin serum trough 

concentration between 10 to 20 mcg/mL with initial vancomycin dosing. 

Methods: A retrospective cross-sectional study was conducted to review the therapeutic drug monitoring 

serum trough levels in Hospital Kajang Neonatal Intensive Care Unit (NICU) patients who received at least 

48 hours of intravenous vancomycin therapy from January 2013 to December 2018. The percentage of 

neonates achieving sub-therapeutic (<10mcg/mL), therapeutic (10-20mcg/mL), and supra-therapeutic 

(>20mcg/mL) vancomycin trough levels were compared.  

Results: Of the 51 patients included, the mean gestational age was 31.8 ± 4.7 weeks whereas mean 

postmenstrual age was 35.3 ± 5.2 weeks. Majority of them were preterm neonates (82.4%). On average, 

vancomycin therapy was initiated at a mean postnatal age of 24.1 ± 20.3 days and mean weight of 1,922.5 

± 1,012.8 grams. These neonates received vancomycin for an average of 6.7 ± 2.8 days. Overall, 41.2% 

achieved the target vancomycin trough level, while 21.6% of trough concentrations were sub-therapeutic  

and 37.3% were supra-therapeutic. Supra-therapeutic trough concentrations were more often observed in 

the preterm group compared to term neonates (45.2% vs 0%, p < 0.05). Only one neonate experienced 

nephrotoxicity (defined as double increment of serum creatinine from baseline). 

Conclusion: The current vancomycin dosing regimens used in NICU patients yielded 41.2% of therapeutic 

trough concentrations. Preterm neonates experienced higher occurrence of supra-therapeutic trough levels. 

Further studies are required to assess the optimal dosing regimen to attain therapeutic trough concentrations 

in this neonatal population. 
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Introduction 

Vancomycin is a glycopeptide antibiotic that is commonly used for empiric treatment of late-onset sepsis in 

the neonatal intensive care unit (NICU) (1). The most frequent pathogens responsible for late-onset sepsis 

in NICU patients were Coagulase negative Staphylococcus (CoNS) and Staphylococcus aureus (S. aureus) 

(2). The area under the curve (AUC) and minimum inhibitory concentration (MIC) of vancomycin were 

evaluated by multiple pharmacokinetic/ and pharmacodynamic studies in neonates. The studies 

demonstrated that serum vancomycin troughs of around 10 mcg/mL (range, 7 to 15 mcg/mL) for MICs of 1 

mcg/mL or less may be sufficient for the treatment of the most common neonatal gram-positive infections, 

predominantly CoNS (3,4).  

In the setting of Hospital Kajang, the initial vancomycin dosing commonly prescribed by the 

clinicians was based on Micromedex NeoFax Reference with the target trough level of 10 to 20 mcg/mL. 

Micromedex NeoFax Reference is a neonatal drug information intended for full-term babies up to 28 days 

of postnatal age (PNA) and preterm babies up to 44 weeks postmenstrual age (PMA). The dosing 
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recommendation from NeoFax suggested intravenous vancomycin 10 to 15 mg/kg every 12 or 18 hours for 

PMA 29 weeks or less and 10 to 15 mg/kg every 8 or 12 hours for PMA more than 30 weeks, depending on 

PNA (5). The subsequent dosing of vancomycin will be guided by the therapeutic drug monitoring (TDM) of 

serum vancomycin trough level (6). 

In 2009, the consensus guidelines by the Infectious Diseases Society of America (IDSA) increased 

the lower limit of trough concentration from 5 to 10 mcg/mL due to the findings that exposure of 

Staphylococcus aureus to trough level of less than 10 mcg/mL can yield strains with vancomycin-

intermediate Staphylococcus aureus (VISA). In 2011, the IDSA Methicillin-resistant Staphylococcus aureus 

(MRSA) guidelines suggested a higher trough level of 15 to 20 mcg/mL to improve vancomycin bacterial 

killing when treating serious MRSA infections in adults (7). Although a higher trough level was implemented, 

the approach of initial vancomycin dosing was not addressed (8). Given the lack of data for vancomycin 

efficacy and monitoring in the paediatric and neonatal population, the information was often based on data 

extrapolated from the adult population (9). Moreover, the current dosing practices in Malaysia were derived 

from literature data of Caucasian infants. The pharmacokinetic variability among these populations should 

be considered (10).  

This study aimed to evaluate the attainment of trough vancomycin concentration between 10 to 20 

mcg/mL in NICU patients with the current initial vancomycin dosing. The finding of this study will help the 

optimisation of vancomycin therapy in this patient group. Besides prevention of toxicity, achieving the 

therapeutic serum level of vancomycin is crucial in ensuring the efficacy and to avoid the development of 

resistance (11). 

 

Methods 

A retrospective cross-sectional study was conducted to review the therapeutic drug monitoring (TDM) 

records of vancomycin serum trough levels in Hospital Kajang Neonatal Intensive Care Unit (NICU) patients. 

The ethical approval was obtained from the Medical Research Ethics Committee (MREC), Ministry of Health 

Malaysia (MOH). The study was registered with the National Medical Research Register (NMRR-17-3080-

39364). 

All neonates who received intravenous vancomycin for at least 48 hours and had steady-state 

vancomycin trough concentrations records between January 2013 and December 2018 were included in 

this study. In the ward, vancomycin was infused at a constant rate over 60 minutes via an infusion pump. 

Blood samples were usually collected 30 minutes prior to the fourth or a subsequent dose of vancomycin to 

assess the vancomycin trough concentrations, ensuring the evaluation of steady-state concentrations as 

recommended by Clinical Pharmacokinetics Pharmacy Handbook (6). A minimum vancomycin therapy 

duration of 48 hours was required as one of the inclusion criteria to achieve steady-state serum 

concentration. Moreover, TDM was deemed impractical for therapy durations under 48 hours, as dose 

adjustments cannot be carried out unless toxicity was suspected. Repeated serum measurement such as 

TDM after dosing adjustment and follow-up TDM after toxic concentrations were excluded in this study. In 

addition, patients who had renal impairment before the initiation of vancomycin therapy were excluded. 

Renal impairment was defined as a serum creatinine (SCr) greater than 1.5 mg/dL (133 µmol/L) or urine 

output less than 1 mL/kg/hour (12). Other exclusion criteria were medical records with missing data, trough 

levels not drawn at steady state and inappropriate sampling time.   

The TDM requests during the study period were retrieved from the TDM database while the detailed 

information was further retrieved from patients’ records at the Medical Record Department. Data collected 

included demographic characteristics, vancomycin doses and administration intervals, the resultant serum 

trough concentrations, duration of vancomycin therapy and serum creatinine levels. 

The primary study outcome was the percentage of NICU patients achieving therapeutic trough 

concentrations between 10 to 20 mcg/mL with initial vancomycin dosing. Trough concentrations below 10 

mcg/mL were classified as sub-therapeutic while trough concentrations more than 20 mcg/mL were 

classified as supra-therapeutic. Additional outcome included the incidence of nephrotoxicity. Nephrotoxicity 

was defined as double increment of the serum creatinine from baseline.  

Descriptive statistics were used to illustrate the demographic data and outcomes. Proportions were 

compared using Chi–Square Test of Independence. Fisher’s Exact Test was used when assumptions for 

the Chi–Square Test of Independence cannot be met. SPSS version 21 was used for the data analysis with 

p–value of less than 0.05 was considered as statistically significant.  
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Results 

A total of 132 TDM observations were obtained. Forty-eight repeated TDM results were excluded. Another 

33 observations were excluded based on criteria summarised in Figure 1, leaving 51 vancomycin TDM 

records for analysis.  

 

 
Figure 1: Flowchart of included vancomycin therapeutic drug monitoring (TDM) observations 

 

The demographic characteristics of included patients were presented in Table 1. The mean 

gestational age (GA) was 31.8 ± 4.7 weeks. Preterm neonates comprised the majority of patients (82.4%), 

with 10 (19.6%) patients at less than 28 weeks GA, 20 (39.2%) patients were born at a GA of 28 to 32 

weeks and 12 (23.5%) at a GA of 32 to 37 weeks. The mean postmenstrual age (PMA) was 35.3 ± 5.2 

weeks. Majority of the neonates (76.5%) had a birth weight of less than 2500 grams, and 21.6% of neonates 

were small for gestational age (SGA). Small for gestational age (SGA) is defined as a birth weight of less 

than 10th percentile for gestational age. On average, vancomycin therapy was initiated at a postnatal age 

(PNA) of 24.1 ± 20.3 days with weight of 1,922.5 ± 1,012.8 grams. These neonates received vancomycin 

for an average of 6.7 ± 2.8 days. 

The primary clinical indication of vancomycin therapy was sepsis (43.1%) as shown in Table 1. 

Most (76.5%) of the patients were covered with vancomycin empirically. Among twelve patients who had 

positive cultures, seven cultures grew MRSA (13.7% from total samples). Other cultures included 

Staphylococcus aureus, CoNS and other gram-positive bacteria.  

 

 

 

 

 

 

 

 

 

All vancomycin TDM results  

N = 132 

TDM results of initial dosing 

N = 84 

48 results excluded: 

- TDM after dosing adjustment (33) 

- follow up TDM sampling (15) 

TDM results retained  

N = 51 

33 results excluded: 

- missing data (7) 

- trough level not at steady state (5) 

- inappropriate sampling time (18) 

- renal dysfunction (3) 



PHARMACY RESEARCH REPORTS VOLUME 7 ISSUE 2  November 2024 

PHARMACEUTICAL SERVICES PROGRAMME, MINISTRY OF HEALTH MALAYSIA             14 

 

Table 1: Demographic characteristics of patients (n=51) 

Characteristics  n (%) or 

Mean ± SD 

Gender  

   Male  

   Female  

 

27 (52.9) 

24 (47.1) 

Ethnicity  

   Malay 

   Chinese  

   Indian  

   Foreigner  

 

30 (58.8) 

6 (11.8) 

7 (13.7) 

8 (15.7) 

Mean gestational age (weeks) 31.8 ± 4.7 

Gestational age categories 

   <28 weeks 

   28 weeks - 31 weeks 6 days 

   32 weeks - 36 weeks 6 days 

   >37 weeks  

 

10 (19.6) 

20 (39.2) 

12 (23.5) 

9 (17.6) 

Mean postnatal age (days) 24.1 ± 20.3 

Mean postmenstrual age (weeks) 35.3 ± 5.2 

Postmenstrual age categories 

     ≤29 weeks 

     30-36 weeks 

   ≥37 weeks 

 

8 (15.7) 

24 (47.1) 

19 (37.3) 

Mean birth weight (g) 1,659.7 ± 936.3 

Birth weight categories 

     ELBW (<1,000g) 

   VLBW (<1,500g) 

     LBW (<2,500g) 

     ≥2,500g 

 

13 (25.5) 

20 (39.2) 

6 (11.8) 

12 (23.5) 

Mean weight at vancomycin initiation (g) 1,922.5 ± 1,012.8 

SGA/AGA status 

     SGA 

     AGA 

 

11 (21.6) 

40 (78.4) 

Mean SCr at vancomycin initiation (µmol/L) 50.6 ± 17.4 

Mean WBC at vancomycin initiation (x103/µl) 14.8 ± 6.3 

Mean duration of antibiotic (days) 6.7 ± 2.8 

Clinical indications for vancomycin therapy 

     Sepsis  

Pneumonia  

Catheter related infection 

Meningitis  

Conjunctivitis  

Urinary tract infection 

 

22 (43.1) 

14 (27.5) 

10 (19.6) 

2 (3.9) 

2 (3.9) 

1 (2.0) 

Infection type 

MRSA  

Staphylococcus aureus  

CoNS 

Other gram-positive bacteria  

(enterococcus, cellulomonas, bacillus species) 

     Negative blood culture 

 

7 (13.7) 

1 (2.0) 

1 (2.0) 

3 (5.9) 

 

39 (76.5) 

Abbreviation: ELBW = Extremely low birth weight; VLBW = Very low birth weight; LBW = Low birth weight; SGA = Small 

for gestational age; AGA = Appropriate for gestational age; SCr = Serum creatinine; WBC = White blood cell 

 

With initial vancomycin dosing, only 21 (41.2%) patients achieved the target vancomycin trough 

concentration of 10 to 20 mcg/mL. Eleven (21.5%) patients had sub-therapeutic (less than 10 mcg/mL) 

trough concentrations and 19 (37.3%) were supra-therapeutic (more than 20 mcg/mL). Comparing preterm 

and term neonates (Table 2), 45.2% of preterm neonates had supra-therapeutic trough concentrations 

whereas none of the trough values from term neonates were supra-therapeutic. The percentage of sub-
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therapeutic troughs were 16.7% and 44.4% for preterm and term neonates respectively. These differences 

were statistically significant with a p-value less than 0.05. Among neonates with PMA <37 weeks, 80% who 

received total daily dose (TDD) of more than 30 mg/kg/day had supratherapeutic levels compared with 31.8% 

who received 30 mg/kg/day or less (p <0.05). 

 

Table 2: Achievement of vancomycin trough concentrations between preterm and term neonates and overall 

achievement of vancomycin trough concentrations (n=51) 

Parameters Trough levels, N (%) 
p-value a 

 <10 mg/L 10-20 mg/L >20 mg/L 

Preterm  7 (16.7) 16 (38.1) 19 (45.2) 0.014 

Term  4 (44.4) 5 (55.6) 0 (0)  

Overall  11 (21.5) 21 (41.2) 19 (37.3)  

a Fisher’s exact tests 

 

Table 3: Distribution of vancomycin trough concentrations with different total daily dose in neonates with 

PMA <37 weeks (n=32) 

Total daily dose  Trough levels, N (%) 
p-value b 

 <10 mg/L 10-20 mg/L >20 mg/L 

≤30 mg/kg/day 5 (22.7) 10 (45.5) 7 (31.8) 0.043 

>30 mg/kg/day 0 (0) 2 (20.0) 8 (80.0)  

b Fisher’s exact tests 

 

In our study, there was one patient who was on concomitant nephrotoxin, furosemide experienced 

nephrotoxicity. Nephrotoxicity is defined as double increment of serum creatinine from baseline. This 

patient’s serum creatinine increased from 52 µmol/L before initiation of vancomycin therapy to 152 µmol/L 

after two days of vancomycin therapy. Vancomycin was withheld due to supratherapeutic vancomycin trough 

concentration. 

 

Discussion  

In the neonatal population, the key factors influencing vancomycin pharmacokinetics are body weight, 

maturation and serum creatinine (1). Maturation of neonates is reflected by postmenstrual age (PMA), 

gestational age (GA) and postnatal age (PNA). Micromedex NeoFax Reference recommends vancomycin 

dosing based on a combination of PMA and PNA. The initial dose suggested is 10 to 15 mg/kg intravenously 

every 6 to 18 hours, depending on the PMA and PNA (5).  

Based on the dosing recommendation from Micromedex NeoFax Reference, we found that 41.2% 

of patients achieved the target trough vancomycin concentration of 10 to 20 mcg/mL. A higher percentage 

of trough concentrations were supra-therapeutic (37.3%) compared to sub-therapeutic concentrations 

(21.5%). This was in contrast to several studies which reported a higher proportion of sub-therapeutic trough 

concentrations. Studies conducted by Ringenberg et al. and Vandendriessche et al. recorded 71.9% and 

76.2% of sub-therapeutic trough concentrations, respectively. The attainment of therapeutic levels was low, 

25.1% and 23.8%, respectively. Both the studies were using Micromedex NeoFax Reference as dosing 

regimen in their settings. It was proposed that the current dosing regimen was insufficient to yield trough 

levels of 10 to 20 mcg/mL (1, 13). 

Our findings showed that supra-therapeutic trough concentrations were more often observed in the 

preterm group compared to term neonates. On the other hand, sub-therapeutic troughs were more often 

observed in the term neonates compared to the preterm group. This could be explained by the glomerular 

filtration (GFR) development in neonates. Nephrogenesis begins at the fifth week of gestation and continues 

until 34 to 36 weeks. In neonates born at 34 weeks of gestation or later, the development of GFR is linear. 

For premature neonates, the GFR development is slower (14). As vancomycin is eliminated primarily 

through glomerular filtration, the vancomycin elimination capacity in early days of life in premature neonates 

is lower, resulting in significant reduction of drug clearance (15,16). 

Further analysing the distribution of vancomycin trough concentrations among neonates with PMA 

less than 37 weeks, the incidence of supratherapeutic levels were significantly higher in patients who 

received total daily dose (TDD) of more than 30 mg/kg/day compared with those who received 30 mg/kg/day 
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or less (80% vs 31.8%, p <0.05). The dosing recommendation from Micromedex NeoFax Reference 

suggested 10 to 15 mg/kg of vancomycin every 12 or 18 hours for PMA 29 weeks or less and 10 to 15 mg/kg 

every 8 or 12 hours for PMA 30 to 36 weeks, depending on PNA. For neonates with PMA 37 weeks and 

above, the dose recommended is 10 to 15 mg/kg every 6 to 12 hours, depending on PNA. The results of 

our study suggested that our premature neonatal population required lower dosages than the current 

recommendation. This could be explained by a local study conducted by Lo et al. which demonstrated that 

the clearance of vancomycin was lower than that estimated in the Caucasian patients. Current dosing 

practice was derived from literature data of Caucasian infants. Hence, it is important to consider the 

pharmacokinetic variability among these populations (10).  

A retrospective population pharmacokinetic analysis conducted by Mehrotra et al. in 2012 assessed 

four different dosing regimens: based on standard weight, postmenstrual age (PMA), both postmenstrual 

and postnatal age (PMA/PNA), and based on serum creatinine (SCr). The study found that SCr-based 

dosing resulted in the least variability in predicted trough concentrations for both premature and full-term 

neonates. Furthermore, SCr-based dosing was the most effective in achieving trough levels of 5 to 15 

mcg/mL in 63% of cases, followed by PMA/PNA-based dosing (52%), PMA-based dosing (42%), and 

weight-based dosing (34%) (17). 

Currently, there is no consensus among the experts on the optimal dosing regimen for neonatal 

vancomycin (15). Developing an appropriate dosing strategy remains challenging due to the influence of 

multiple covariates (1), and the complex relationship between these factors and vancomycin clearance in 

premature neonates (10). Recently, revised consensus guidelines and reviews have recommended AUC-

guided therapeutic dosing and monitoring, ideally using Bayesian estimation, to achieve the target 

vancomycin exposure needed for effective treatment of MRSA infections in all neonates. Monte Carlo 

simulations with Bayesian estimation indicated that trough concentrations between 7 and 11 mg/L are highly 

predictive of an AUC24 >400 mg·h/L in at least 90% of neonates. Assuming a minimum inhibitory 

concentration (MIC) of 1 mg/L, the guidelines suggest dosing between 10 to 20 mg/kg every 8 to 48 hours 

in neonates and infants up to 3 months old, depending on PMA, weight, and SCr, to achieve an AUC of 400 

mg·h/L (18). Thus, an AUC24/MIC target should be considered alongside traditional trough concentration 

targets to minimise the risk of treatment failure and prevent vancomycin overexposure (19). 

In our study, there was one (2%) incidence of nephrotoxicity from vancomycin therapy. The patient 

was concomitantly on furosemide. This was in accordance with a review by Lestner et al. which reported 1% 

to 9% occurrence of nephrotoxicity in neonates, supporting the favourable safety profile of vancomycin in 

neonates (20). Despite higher vancomycin trough concentrations were positively correlated with an 

increased risk of acute kidney injury (AKI), it was proposed that vancomycin was associated with AKI when 

administered concomitantly with other nephrotoxins or in other nephrotoxic disease states (21, 22). 

The present study has several limitations. Because of its retrospective design, medical records that 

were not originally intended for research purposes were used for data collection. Also, confounders affecting 

vancomycin trough concentrations such as concurrent nephrotoxins and renal dysfunction were unable to 

be controlled. As dosing recommendations were stated in a range, different clinicians may prescribe 

vancomycin doses differently based on their own clinical judgement while some may be more conservative 

with initial dosing. Nonetheless, the study's findings may provide valuable insights for future research on 

optimal vancomycin dosing in neonates. 

 

Conclusion 

The current vancomycin dosing regimens used in NICU patients (10 to 15 mg/kg intravenously every 6 to 

18 hours, depending on PMA and PNA) yielded 41.2% of therapeutic trough concentrations. Preterm 

neonates experienced higher occurrence of supra-therapeutic trough levels. Further studies are needed to 

determine the optimal vancomycin dosing regimen to attain therapeutic trough concentrations in this 

neonatal population. 
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