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This study aims to examine the vancomycin initial dosing and the resultant trough level in paediatric patients. In this retrospective observational study, all therapeutic drug monitoring (TDM) records of paediatric patients admitted to Sabah Women and Children Hospital (SWACH) from January 2011 to September 2013 were reviewed and 116 patients without renal disease were included in the study. Of the total, 38.8% were neonates, 32.8% were infants and 28.4% were children. The majority of the patients were intensive care patients (69.0%) and the most common clinical indication for vancomycin was sepsis (44.8%). The four initial dosing regimens identified were 40 mg/kg/day (38.8%), 30 mg/kg/day (31.0%), 60 mg/kg/day (25.0%) and 45 mg/kg/day (5.2%). The distribution of initial dosing regimen was significantly different between the three age groups (p<0.001). The proportion of those who achieved the target therapeutic range (10–20 mg/L) was 39.7% whereas the proportions of those who were in sub-therapeutic range (<10 mg/L) and supra-therapeutic range (>20 mg/L) were 43.1% and 17.2% respectively. The distribution of trough level was significantly different between those who received ≤40 mg/kg/day and those who received >40 mg/kg/day (p=0.007). The proportions of those who achieved the target therapeutic range (10–20 mg/L) in the 2 dosing groups were 30.9% and 60.0% respectively. In conclusion, the study showed that the initial dosing of >40 mg/kg/day is more likely to achieve the target therapeutic range (10–20 mg/L) compared to the initial dosing of ≤40 mg/kg/day.
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INTRODUCTION

Vancomycin, a glycopeptides antibiotic, acting on the bacterial cell wall, was first used clinically in 1958. It is primarily used in the treatment of infections with Gram positive organism resistant to beta lactam antibiotics such as methicillin resistant Staphylococcus aureus (MRSA), coagulase negative staphylococci and penicillin resistant Streptococcus pneumonia central nervous system infections (Broome and So 2011; Dehority 2010).

Even after 60 years in clinical use, it is still not clear what is the most appropriate initial dosing of vancomycin to be used in paediatric. Major paediatric dosing references for vancomycin recommend a daily dose of 40–60 mg/kg/day (Dehority 2010; Kim et al. 2010) with 40 mg/kg/day being the most widely used worldwide (Benner et al. 2009). In Malaysia, the dosing practices have relied solely on literature data from Caucasian infants (Lo et al. 2010).

Serum monitoring is important in optimising vancomycin therapy (Zhao et al. 2013; Pacifici and Allegaert 2012; Lo et al. 2010). In the past, the main reason for vancomycin monitoring was to prevent nephrotoxicity and ototoxicity. However, in recent years, the emphasis of vancomycin monitoring has moved from the prevention of largely reversible toxicity to ensuring optimum pharmacodynamic exposure with the hope of ensuring efficacy in serious infections and potentially to avoid the development of resistance (Gordon et al. 2012).

On the basis of evidence suggesting that S. aureus exposure to trough level of <10 mg/L can produce strains with vancomycin-intermediate S. aureus (VISA), the Infectious Diseases Society of America (IDSA), the American Society of Health–System Pharmacists (ASHSP) and the Society of Infectious Diseases Pharmacists have recently increased the lower limit of trough level from 5 mg/L to 10 mg/L in their 2009 guidelines (Liu et al. 2011). Today, most clinicians have adopted the higher trough level but ironically the approach to initial dosing has remained unchanged (Legal and Wan 2010), possibly due to the concerns for toxicity or the unfamiliarity of the clinicians with the new dosing guidelines.

At Sabah Women and Children Hospital (SWACH), currently there is no standard guideline on the initial dosing of vancomycin. The dosing is usually guided by the resultant trough level. The initial dosing commonly prescribed by the clinicians in the institution ranges from 30–60 mg/kg/day with the target trough level of 10–20 mg/L. The blood sample for trough level monitoring is taken within 30 minutes before the fourth dose.

The purpose of this study was to examine the vancomycin initial dosing, and the resultant trough level among paediatric patients of all age groups with normal renal functions. The resultant trough level of the initial dosing is of interest in the study as it may predict both the development of antibiotic resistance and the mortality of the patients especially the intensive care patients (Truong, Levkovich and Padiglione 2012). It was hoped that this study would be able to identify the initial dosing regimen that is most likely to achieve the trough level in the range of 10–20 mg/L (target therapeutic range) in an effort to avoid the potential emergence of vancomycin resistant pathogens as well as to maximise efficacy from vancomycin therapy.

MATERIALS AND METHODS

This retrospective observational study reviewed therapeutic drug monitoring (TDM) vancomycin data of paediatric patients admitted to SWACH between January 2011 and September 2013.

SWACH is a referral hospital for women and children patients in Sabah, Malaysia. The institution consisted of five paediatric wards that include Melur 1 (General Medical), Melur 2 (General Medical and Oncology), Melur 3 (General Medical and Surgery), PICU (Paediatric ICU) and NICU (Neonatal ICU). The NICU is further stratified into Level 1, Level 2 and Level 3 according to the severity of illness.

The past TDM request forms in the study period were retrieved from the TDM archive and the relevant information were transcribed onto the case report form. Information extracted from a patient’s TDM records included age, weight, gender, race, diagnosis, vancomycin indication, dose, trough serum concentration, concomitant medications and ward.

The inclusion criteria were of patients 12 years old and below with the TDM results of the initial dosing of vancomycin. The exclusion criteria were the presence of at least one of the following: patients older than 12 years old, repeated serum measurements, patients on renal dosing of vancomycin which was defined as dosing of vancomycin at 24 hours interval or stat vancomycin dosing and/or the presence of one the following diagnosis in the TDM forms — end stage renal disease (ESRD), chronic renal failure (CRF), acute renal failure (ARF) and/or acute kidney injury (AKI).


For the analysis purpose, Melur 1, Melur 2 and Melur 3 were classified as non-intensive care wards and PICU and NICU were classified as intensive care wards. The initial dosing of vancomycin was divided into 2 groups: ≤40 mg/kg/day and >40 mg/kg/day based on the previous findings postulating that the empiric dose of 40 mg/kg/day is inadequate in paediatrics (Chhim, Arnold and Lee 2012; Kim et al. 2010; Benner et al. 2009; Frymoyer, Hersh and Guglielmo 2009; Glover, Cole and Wolfsdorf 2000; Chang 1995).

All vancomycin trough levels were measured by the ARCHITECT iVancomycin assay [Abbott Laboratories (M) Sdn. Bhd, Selangor, Malaysia]. It is an in vitro chemiluminescent microparticle immunoassay (CMIA). The lower limit of quantitation (LLOQ) of the assay method is 3 mg/L. All vancomycin doses were given by intermittent intravenous infusion over at least 60 minutes. All blood samples were taken within 30 minutes before the fourth dose. The target therapeutic range is 10–20 mg/L.

Descriptive statistics were used to depict the demographic data and outcomes. Proportions were compared using Chi–Square Test of Independence. In circumstances where the assumptions for the Chi–Square Test of Independence cannot be met, Exact Tests was used (Mehta and Patel 2011). The association between nominal/ordinal and continuous variables was assessed by using Kruskal–Wallis test. Post–hoc paired comparisons were done by using Mann–Whitney U test. The p value of <0.05 was considered statistically significant. SPSS version 16 (SPSS Inc., Chicago, USA) was used for the data analysis.

The approval for conducting the study was obtained from the Medical Research Ethic Committee (MREC), Ministry of Health Malaysia.

RESULTS

From January 2011 to September 2013, the total number of TDM for vancomycin performed at SWACH was 713. After exclusions, the total number of patients included in the study was 116 (16.3%). The demographic and clinical data of the patients were shown in Table 1.

The clinical indications for vancomycin as stated by the clinicians in the TDM forms were shown in Table 2. The indications for vancomycin were unclear in 15.3% of the TDM forms as only the underlying diseases or health problems were stated. These included prematurity, congenital heart disease, chronic lung disease, biliary atresia, duodenal atresia, ileal perforation, severe dehydration, severe haemophilia A, omphalocoele, gastroparesis, congenital myopathy and Total Parenteral Nutrition (TPN) extravasation into peritoneal cavity.

The mean body weight in kilogram for the patients were 1.6 [SD = 0.9; 95% confidence interval (CI) = 1.3; 1.9] in neonates, 5.1 (SD = 3.3; 95% CI = 4.0; 6.2) in infants and 18.1 (SD = 6.2; 95% CI = 15.9; 20.3) in children. There was a significant association between the body weight and dosing regimen [X2(3) = 22.175; p<0.001]. The mean ranks for the 30 mg/kg/day, 40 mg/kg/day, 45 mg/kg/day and 60 mg/kg/day dosing were 38.0, 67.7, 47.2 and 72.1 respectively. Post-hoc paired comparisons showed that there were significant differences in the body weight between the 30 mg/kg/day and 40 mg/kg/day dosing (p<0.001), 30 mg/kg/day and 60 mg/kg/day dosing (p<0.001) and 45 mg/kg/day and 60 mg/kg/day dosing (p=0.023). The median body weight in the 30 mg/kg/day, 40 mg/kg/day, 45 mg/kg/day and 60 mg/kg/day dosing were 1.4, 6.8, 2.2 and 8.4 kg, respectively.

The distribution of vancomycin initial dosing by age group was shown in Table 3. There was a significant difference in the distribution of the initial dosing between the three age groups (p<0.001). Generally, the neonates received a lower initial dosing of vancomycin compared to the infants and the children groups. It was shown that 51.1% of the neonates were started on the 30 mg/kg/day dosing compared to only 26.3% and 9.1% in infants and children respectively.

Table 1: Demographic and clinical data of the patients.



	Parameters
	Number of patients, N (%)




	Gender



	   Male
	76 (65.5)




	   Female
	40 (34.5)




	Age group



	   Neonates (0–4 weeks)
	45 (38.8)




	   Infants (1–23 months)
	38 (32.8)




	   Children (2–12 years)
	33 (28.4)




	Ward



	   Intensive care
	80 (69.0)




	   Non-intensive care
	36 (31.0)




	Initial dosing



	   30 mg/kg/day
	36 (31.0)




	   40 mg/kg/day
	45 (38.8)




	   45 mg/kg/day
	6 (5.2)




	   60 mg/kg/day
	29 (25.0)




	Trough levels



	   Sub-therapeutic (<10 mg/L)
	50 (43.1)




	   Therapeutic (10–20 mg/L)
	46 (39.7)




	   Supra-therapeutic (>20 mg/L)
	20 (17.2)





Table 2: Clinical indications for vancomycin infusion.



	Clinical indications
	Number of patients, N (%)




	Sepsis
	52 (44.8)




	Cancer related infection
	11 (9.5)




	Meningitis
	8 (6.9)




	Pneumonia
	7 (6.0)




	Abscess
	6 (5.2)




	Neutropenic fever
	4 (3.5)




	Catheter related infection
	4 (3.5)




	Blood culture positive
	4 (3.5)




	Endocarditis
	1 (0.9)




	Chronic otitis media
	1 (0.9)




	†Not clearly stated
	18 (15.3)





Note: †Refer to text


The percentages of achieving the target therapeutic range (10–20 mg/L) in neonates, infants and children were 44.4%, 36.8% and 36.4% respectively. The percentages of having sub-therapeutic range (<10 mg/L) were 33.3%, 44.7% and 54.5% in the same order. The percentages of having supra-therapeutic range (>20 mg/L) were 22.2%, 18.4% and 9.1% also in the same order. The association between the age group and the trough level however, was not significant [X2(4) = 4.398; p=0.355].

Table 3: Distribution of initial dosing between different age groups.



	Age group
	Dosing (mg/kg/day)

	p valuea




	30

	40

	45

	60




	Neonates (0–28 days)
	23 (51.1)

	14 (31.1)

	3 (6.7)

	5 (11.1)

	



	Infants (1–23 months)
	10 (26.3)

	11 (28.9)

	3 (7.9)

	14 (36.8)

	<0.001




	Children (2–12 years)
	3 (9.1)

	20 (60.6)

	0 (0.0)

	10 (30.3)

	




Notes: All values expressed as number of patients and percentage, N (%)

aExact tests

Table 4 shows that there was no significant difference in the trough level between the different dosing regimens. However, when the dosing were reclassified as shown in Table 5, there was a significant difference in the trough level between those who received ≤40 mg/kg/day dosing and those who received >40 mg/kg/day dosing [X2(2) = 9.999; p=0.007). Figure 1 shows the distribution of trough level by age group for dosing of ≤40 mg/kg/day and >40 mg/kg/day.

Table 4: Distribution of trough level between different initial dosing regimens.



	Dosing (mg/kg/day)
	Trough level (mg/L)

	p valuea




	<10

	10–20

	>20




	30
	20 (55.6)

	9 (25.0)

	7 (19.4)

	0.054




	40
	22 (48.9)

	16 (35.6)

	7 (15.6)




	45
	1 (16.7)

	3 (50.0)

	2 (33.3)




	60
	7 (24.1)

	18 (62.1)

	4 (13.8)





Notes: All values expressed as number of patients and percentage, N (%)

aExact tests


Table 5: Distribution of trough level between initial dosing ≤40 mg/kg/day and >40 mg/kg/day.



	Dosing

	Trough level (mg/L)

	X2(df)

	p valueb




	<10

	10–20

	>20




	≤40 mg/kg/day
	42 (51.9)

	25 (30.9)

	14 (17.3)

	9.999 (2)

	0.007




	>40 mg/kg/day
	8 (22.9)

	21 (60.0)

	6 (17.1)





Notes: All values expressed as number of patients and percentage, N (%)

bChi-Square Test of Independence


[image: art]

Fig. 1: Distribution of trough level by age group.



DISCUSSION

The study showed that the majority of paediatric vancomycin recipients admitted to SWACH were neonates and infants (71.6%), treated mainly for sepsis (44.8%) and most of them were intensive care patients (69.0%). These findings agree with the findings of previous studies that vancomycin is a primary therapeutic choice against Gram positive pathogens in newborns and infants (Marsot et al. 2012) and is mainly indicated for the treatment of serious or severe infections caused by susceptible strains of methicillin-resistant staphylococci (Lasky et al. 2012).

There was a significant association between the body weight of the patients and the initial dosing. The post-hoc analysis revealed that for all the initial dosing pairs with significant difference, median body weights were significantly higher in those who received higher initial dosing compared to those who received lower initial dosing. This concurs with the current knowledge that body weight is one of the three main covariates important for optimising vancomycin dosage in paediatric population. When controlling for the other covariates, higher body weight would require higher dose of vancomycin. The other two covariates are the age and the creatinine clearance (CLCR) (Marsot et al. 2012). A more extensive list of other covariates affecting the dosing of vancomycin has been discussed recently (Marsot et al. 2012).

As shown in Table 3, there was a significant difference in the dosing regimens received by the three age groups. In general, the neonates received much smaller vancomycin initial dosing compared to their older counterparts. According to the Paediatric Protocols for Malaysian Hospitals (Imam, Phak and Thomas 2008), the general vancomycin dosing for neonates is 30 mg/kg/day. The general dosing for infants and children meanwhile ranges from 30–40 mg/kg/day (Imam, Phak and Thomas 2008). In comparison, reports from international researchers recommend the vancomycin dosing of 25–50 mg/kg/day in neonates and 45–60 mg/kg/day in infants and children (Avent et al. 2013). According to the MD Consult Drug Monograph (2014), the vancomycin dosing ranges from 20–45 mg/kg/day in neonates and 45–60 mg/kg/day in infants and children. Even though there are many guidelines existing on the vancomycin dosing, there is a general consensus of using lower dosing in neonates (Avent et al. 2013; Zhao et al. 2013). The result of this study showed that with the exception for the neonates, the dosing practice at this institution was towards the lower end of the dosing range as suggested by both the MD Consult Drug Monograph (2014) and Avent et al. (2013).

Even though the majority of the neonates received a lower initial dosing of vancomycin, the proportion of them achieving the target therapeutic range (10–20 mg/L) was higher than both that of infants and children whom received a higher initial vancomycin dosing. This may be explained by the lower clearance of vancomycin in neonates compared to the infants and children. The lower vancomycin clearance can be attributed to the immature renal function in neonates. As vancomycin is almost exclusively eliminated by the renal route, the vancomycin elimination capacity is lower in neonates compared to that of infants and children (Zhao et al. 2013). This explains why lower vancomycin dosing is needed to achieve the target therapeutic range in neonates. The renal function maturity of the neonates is positively correlated with age (Marsot et al. 2012). According to Cukuranovic and Vlajkovic (2005), the adult levels of renal blood flow, concentration capacity and glomerular filtration are reached after 12 months, 18 months and 24 months of life respectively.

The study observed that the number of patients with sub-therapeutic range was higher than those who achieved the target therapeutic range of 10–20 mg/L. When analysed for the association between the initial dosing regimen and the trough level, there was no significant difference in the trough level between the four initial dosing regimens. This may be explained by the small sample size. After regrouping the initial dosing into ≤40 mg/kg/day and >40 mg/kg/day, it was shown that the distribution of trough level between the two groups differed significantly (p=0.007). Table 5 shows that the patients who received the initial dosing of >40 mg/kg/day were more likely to achieve the target therapeutic range and less likely to have sub-therapeutic range compared to those who received the initial dosing of ≤40 mg/kg/day. The proportions of having supra-therapeutic range were almost the same between the two groups. The above observation was seen almost identical across all age groups as shown in Figure 1. This observation was consistent with previous studies that were in contention that a starting dose of <40 mg/kg/day might not be optimal to achieve the recommended trough level of ≥10 mg/L (Chhim, Arnold and Lee 2012; Kim et al. 2010; Benner et al. 2009; Glover, Cole and Wolfsdorf 2000; Chang 1995).

The study found that 69.8% of the paediatric patients received the initial dosing of ≤40 mg/kg/day with 40 mg/kg/day being the most commonly used. The empiric dosing regimen of 40 mg/kg/day was first proposed in 1980 based on the pharmacokinetic data in 55 paediatric patients with a recommendation of higher dose at 60 mg/kg/day for those patients with staphylococcal central nervous system infection (Glover, Cole and Wolfsdorf 2000). However, the target lower limit of the trough level in the study at that time was >5 mg/L, which was lower than the current recommendation of ≥10 mg/L. This raises the question of the need to employ a higher initial dose to achieve the target therapeutic range of 10–20 mg/L.

A failure to achieve the target therapeutic range is detrimental as previous studies suggested that low level of vancomycin early in the treatment course of MRSA infections might predict therapeutic failure (Truong, Levkovich and Padiglione 2012) and the potential for the emergence of VISA, heteroresistance VISA (hVISA) and vancomycin-resistant S. aureus (VRSA) (Hu et al. 2013; Sakoulas et al. 2006; Charles et al. 2004; Howden et al. 2004). The major implications of the development of these resistant pathogens are prolonged illness, greater risk of death and higher treatment costs.

The concerns regarding vancomycin toxicity, especially nephrotoxicity, are the main reason why many clinicians prefer the conventional 40 mg/kg/day. This safety issue stemmed from a number of impurities present in the initial formulation, which was termed the “Mississippi Mud” due to the brown colour of the compounds (Moellering 2006). However, today’s formulation is a much safer preparation without those impurities. Although reports of nephrotoxicity and ototoxicity during vancomycin therapy do exist, they are difficult to interpret as most vancomycin therapies are usually accompanied by other nephrotoxic and ototoxic agents (Elyasi et al. 2012; Hazlewood et al. 2010; Glover, Cole and Wolfsdorf 2000). No matter how much toxicity is related to vancomycin, many researchers were convinced that problems could be avoided by careful monitoring of serum concentrations (Levine 2006).

The results of this study indicate that the vancomycin initial dosing of ≤40 mg/kg/day failed to produce the desired target therapeutic range of 10–20 mg/L most of the time, thus a need to review the current dosing practice. The observed high proportion of patients who were under-dosed after the initial dosing requires interventions, especially in the infants and children groups which have very high proportions of those who were in the sub-therapeutic range (see Fig. 1). One of the interventions is to increase the vancomycin initial dosing to at least 45 mg/kg/day as suggested by Avent et al. (2013) and MD Consult Drug Monograph (2014) in infants and children. For the neonates, the initial dosing is more complex and should be tailored according to the age group in weeks and body weight as suggested by the Micromedex drug database (Drug Information 2014). The alternative intervention is to use a standardised vancomycin loading dose (LD). This dosing strategy is advocated mainly in critically ill patients whose vancomycin volume of distribution (Vd) and clearance are altered due to their pathophysiological conditions. The vancomycin Vd in septic patients for example may increase significantly as a result of the increase in capillary permeability as a response to sepsis. The hyperdynamic state of sepsis may also increase the cardiac output and renal blood flow which in turn increase the renal elimination of vancomycin. This phenomenon results in a rapid drop of serum vancomycin level (Roberts and Lipman 2006). As a result, higher than normal vancomycin dose is needed to achieve the target therapeutic range; hence the use of LD as LD is proportional to the target trough level and Vd. Other pathophysiological conditions that may increase Vd are oedema, pleural effusion and ascites (Truong, Levkovich and Padiglione 2012). The Vd is also known to be larger in neonates, especially in those with very low body weight due to their larger volume of extracellular fluid compared to the infants and children (Marsot et al. 2012). A standardised loading dose of 20–25 mg/kg is suggested by Liu et al. (2011) in seriously ill infants and children followed by the maintenance dose of 45–60 mg/kg/day. In neonates, a loading dose of 15 mg/kg is suggested by MD Consult Drug Monograph (2014) followed by the maintenance dose of 20–30 mg/kg/day.

There were several limitations in the study. Firstly, this was a retrospective, observational single-centre study. Secondly, there was no evaluation on the serum creatinine of the patients which is an important covariate in optimising vancomycin dosing. Thirdly, there was no evaluation on the association between the initial dosing regimens and clinical outcomes. The results of the study however may be used as a guide to form the hypothesis for future studies on the appropriate vancomycin dosing in paediatrics. It is also advisable that future studies on paediatric vancomycin dosing should separate the neonates from the infants and children due to their complex pharmacokinetic and physiological properties.

CONCLUSION

In conclusion, the study demonstrates that the initial dosing of vancomycin of >40 mg/kg/day is more likely to achieve the current therapeutic vancomycin trough level of 10–20 mg/L than the initial dosing of ≤40 mg/kg/day. At minimum, earlier achievement of the target therapeutic range would reduce the workload related to ordering and interpreting unnecessary vancomycin levels. At best, it might reduce the likelihood of antibiotic failure (Legal and Wan 2010). However, further studies with more robust designs on the relationship between initial dosing, clinical outcomes and toxicities are necessary before the recommendation to increase the vancomycin initial dosing in paediatric patients can be made. In practice, it is imperative for the clinicians to weigh between the risk of patients developing the toxicities and the risk of accelerating the emergence of vancomycin–resistant pathogens in selecting the right doses of vancomycin in paediatric patients.

ACKNOWLEDGEMENT

The authors would like to thank the Director of Health Malaysia for permission to publish this paper.

REFERENCES

AVENT, M. L., VASKA, V. L., ROGERS, B. A., CHENG, A. C., VAN HAL, S. J. & HOLMES, N. E. (2013) Vancomycin therapeutics and monitoring: A contemporary approach, Internal Medicine Journal, 43: 110–119.

BENNER, K. W., WORTHINGTON, M. A., KIMBERLIN, D. W., HILL, K., BUCKLEY, K. & TOFIL, N. M. (2009) Correlation of vancomycin dosing to serum concentrations in pediatric patients: A retrospective database review, Journal of Pediatric Pharmacology and Therapeutics, 14: 86–93.

BROOME, L. & SO, T. Y. (2011) An evaluation of initial vancomycin dosing in infants, children, and adolescents, International Journal of Pediatrics. http://www.hindawi.com/journals/ijped/2011/470364/ (31 May 2013).

CHANG, D. (1995) Influence of malignancy on the pharmacokinetics of vancomycin in infants and children, The Pediatric Infectious Disease Journal, 14: 667–673.

CHARLES, P. G., WARD, P. B., JOHNSON, P. D., HOWDEN, B. P. & GRAYSON, M. L. (2004) Clinical features associated with bacteremia due to heterogeneous vancomycin-intermediate Staphylococcus aureus, Clinical Infectious Diseases, 38: 448–451.


CHHIM, R. F., ARNOLD, S. R. & LEE, K. R. (2012) Vancomycin dosing practices, trough concentrations, and predicted area under the curve in children with suspected invasive staphylococcal infections, Journal of the Pediatric Infectious Diseases Society, 2: 1–4.

CUKURANOVIC, R. & VLAJKOVIC, S. (2005) Age related anatomical and functional characteristics of human kidney, Medicine and Biology, 12: 61–69.

DEHORITY, W. (2010) Use of vancomycin in pediatrics, The Pediatric Infectious Disease Journal, 29: 462–464.

DRUG INFORMATION. (2014) Micromedex (version 2.0). https://play.google.com/store/apps/details?id=com.thomson.druginfo&hl=en (26 February 2014).

ELYASI, S., KHALILI, H., DASHTI-KHAVIDAKI, S. & MOHAMMADPOUR, A. (2012) Vancomycin-induced nephrotocixity: Mechanism, incidence, risk factors and special populations. A literature review, European Journal of Clinical Pharmacology, 68: 1243–1255.

FRYMOYER, A., HERSH, A. L. & GUGLIELMO, B. J. (2009) Current recommended dosing of vancomycin for children with invasive methicillin-resistant Staphylococcus aureus infections is inadequate, The Pediatric Infectious Disease Journal, 28: 398–402.

GLOVER, M. L., COLE, E. & WOLFSDORF, J. (2000) Vancomycin dosage requirements among pediatric intensive care unit patients with normal renal function, Journal of Critical Care, 15: 1–4.

GORDON, C. L., THOMPSON, C. T., CARAPETIS, J. R., TURNIDGE, J., KILBURN, C. & CURRIE, B. J. (2012) Trough concentrations of vancomycin adult therapeutic targets are not appropriate for children, The Pediatric Infectious Disease Journal, 31: 1269–1271.

HAZLEWOOD, K. A., BROUSE, S. D., PITCHER, W. D. & HALL, R. G. (2010) Vancomycin-associated nephrotoxicity: Grave concern or death by character assassination, American Journal of Medicine, 123: 182.e1–182.e7.

HOWDEN, B. P., WARD, P. B., CHARLES, P. G., KORMAN, T. M., FULLER, A. & DU CROS, P. (2004) Treatment outcome for serious infections caused by methicillin-resistant Staphylococcus aureus with reduced vancomycin susceptibility, Clinical Infectious Diseases, 38: 521–528.

HU, J., MA, X. X., TIAN, Y., PANG, L., CUI, L. Z. & SHANG, H. (2013) Reduced vancomycin susceptibility found in methicillin resistant and methicillin-sensitive Staphylococcus aureus clinical isolates in northeast China, PLOS ONE, 8: e73300.

IMAM, H., PHAK, N. H. & THOMAS, T. (2008) Paediatric protocols for Malaysian hospitals, 2nd edition, pp. 113, 411 (Selangor: ANF Pro Enterprise).

KIM, D. I., IM, M. S., CHOI, J. H., LEE, J., CHOI, E. H. & LEE, H. J. (2010) Therapeutic monitoring of vancomycin according to initial dosing regimen in pediatric patients, Korean Journal of Pediatrics, 53: 1000–1005.


LASKY, T., GREENSPAN, J., ERNST, F. R. & GONZALEZ, L. (2012) Pediatric vancomycin use in 421 hospitals in the United States, 2008, Public Library of Science, 7: e43258.

LEGAL, M. & WAN, M. (2010) Influence of age on frequency of vancomycin dosing, Canadian Journal of Hospital Pharmacy, 63: 13–19.

LEVINE, D. P. (2006) Vancomycin: A history, Clinical Infectious Diseases, 42: S5–S12.

LIU, C., BAYER, A., COSGROVE, S. E., DAUM, R. S., FRIDKIN S. K. & GORWITZ, R. J. (2011) Clinical practice guidelines by the Infectious Diseases Society of America for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and children, Clinical Infectious Diseases, 52: 18–55.

LO, Y. L., HASSELT, J. G. C., HENG, S. C., LIM, C. T., LEE, T. C. & CHARLES, B. G. (2010) Population pharmacokinetics of vancomycin in premature Malaysian neonates: Identification of predictors for dosing determination, Antimicrobial Agents and Chemotherapy, 54: 2626–2632.

MARSOT, A., BOULAMERY, A., BRUGUEROLLE, B. & SIMON, N. (2012) Vancomycin a review of population pharmacokinetic analyses, Clinical Pharmacokinetics, 51: 1–13.

MD CONSULT DRUG MONOGRAPH. (2014) Vancomycin (MO, USA: Elsevier). http://ezproxy.usm.my:2084/das/pharm/body/438882048-3/0/full/638?infotype=1 (26 February 2014).

MEHTA, M. R. & PATEL, C. R. (2011) IBM SPSS exact tests, pp. 11–29 (Massachusetts: IBM Corporation).

MOELLERING, R. C. (2006) Vancomycin: A 50-year reassessment, Clinical Infectious Diseases, 42: S3–S4.

PACIFICI, G. M. & ALLEGAERT, K. (2012) Clinical pharmacokinetics of vancomycin in the neonate: A review, CLINICS, 67: 831–837.

ROBERTS, J. A. & LIPMAN, J. (2006) Antibacterial dosing in intensive care: Pharmacokinetics, degree of disease and pharmacodynamics of sepsis, Clinical Pharmacokinetics, 45: 755–773.

SAKOULAS, G., GOLD, H. S., COHEN, R. A., VENKATARAMAN, L., MOELLERING, R. C. & ELIOPOULUS, G. M. (2006) Effects of prolonged vancomycin administration on methicillin-resistant Staphylococcus aureus (MRSA) in a patient with recurrent bacteremia, Journal of Antimicrobial Chemotherapy, 57: 699–704.

TRUONG, J., LEVKOVICH, B. J. & PADIGLIONE, A. A. (2012) Simple approach to improving vancomycin dosing in intensive care: A standardized loading dose results in earlier therapeutic levels, Internal Medicine Journal, 42: 23–29.

ZHAO, W., LOPEZ, E., BIRAN, V., DURRMEYER, X., FAKHOURY, M. & JACQZ-AIGRAIN, E. (2013) Vancomycin continuous infusion in neonates: Dosing optimization and therapeutic drug monitoring, Archives of Disease in Childhood, 98: 449–453.



OEBPS/images/Art_P15.jpg





OEBPS/images/Art_P10.jpg
et it

g 8 8 g8 8
gE§E8EE8:¢

RN R

2

Time (minute)

e p— e p— - — " g— -






OEBPS/images/Art_P28.jpg
% wound contraction =

Woundareaonday U-woundareaonNthday 100
‘Wound areaonday 0





OEBPS/images/Art_P24.jpg
E

o

w0

B

o

ie

w

e e w  w w m m
Concetesionst N (1008
(a)

©

w

»
3w
g
I
o
¥ a0

»

©

f

wm ame am s omm 7em awe ow  wmi o

Concentration of CAR (<104M)

(b)





OEBPS/images/Art_P5.jpg
BIOADHESIE STRENGTH

i
s ]
H 1100
b 000
dnugalginae | calcium carbonate
s 2V
ARGASME 100
TOTAL FLOATING THE
& 018242424 W1224-1824 W624-1224
8

L 000
Drug: alginate

DRUG RELEASE 052.92-98.55 W87.28-9292 WE165:87.28

- CRIGING CALED RATE

Calcium
-1.00 Carbonate

100






OEBPS/images/Art_P23.jpg
Peak Area

10

§ Peak Area g

5

Concentration
waimL

(b)







OEBPS/images/Art_P9.jpg
[2o-=>cr ><m]|






OEBPS/images/Art_P19.jpg
Retention Time






OEBPS/images/Art_P32.jpg
Re-epithelialisation period (days)

15

10

Negauve 10%  Positive
control mhexane n—hexane methanol methanol  control

Treatment group





OEBPS/images/Art_P8.jpg
BICALCIUM CARBONATE

010

240

00

A DRUG AL GINATE

100





OEBPS/images/Art_P22A.jpg
00 25 50 15 100 125 min

(d)





OEBPS/images/Table4.jpg
Checkpoint A . Response  Prediction Experimental Percentage
batch variables values values error

VD1 040 020 Quo (%) 90.65 90.50 01654715

(1:7.8)  (7.60) EE (%) 76.87 76.65 0.2861974

MS (mm) 173 1735 -0.2890173

TFT (hour) 17.74 17.75 -0.0563697

BS (d/em?) 373 3725 01340482

VD2 02 016 Quo (%) 9212 90235 02496743

(1:7.44)  (7.28) EE (%) 7633 76.46 ~0.1703131

MS (mm) 171 172 05847953

TFT (hour) 18.03 18.00 0.1663893

BS (d/em?) 360 365 —1.3388888

vD3 034 020 Quo (%) 91.12 91.20 ~0.0877963

(17.68)  (7.56) EE (%) 7662 7654 01044113

MS (mm) 173 1725 02800173

TFT (hour) 17.83 17.75 0.4486819

BS (d/em?) 369 370 ~0.2710027

VD4 020 060 Quo (%) 90.96 91.00 ~0.0439753

(1:7.4)  (7.48) EE (%) 7513 7511 0.0266205

MS (mm) 168 170 11904761

TFT (hour) 17.34 17.40 03460207

BS (d/em?) 368 360 02717391






OEBPS/images/Art_P3.jpg
Percentagerelease

100

——GFB1
—=—GFB2
——GFB3
—=—GFB4
—=—CFB5
—e—GFB6
—=—GFB7
——GFB8
—-—GFB9

Time (hours)






OEBPS/images/Art_P20.jpg
swer

23






OEBPS/images/Art_P12.jpg
Metformin

HC—NH

2
I5)

HN
Metformin Impurity ( D1) Metformin Impurity ( D3)





OEBPS/images/Art_P1C.jpg
GFBr

GFB8

GFBY

GFB10

GFB11

GFB12

GFB13

1.68+0.01

1.86£0.01

1.7620.02

1.76:0.03

1.74:0.02

1.75:0.02

1.7320.02

f4.0¢1.2

79.123.2

76.5:1.5

76.6:1.8

76.5:1.2

75.9:1.7

76.721.1

0.8r

074

085

085

084

085

0.84

9./:0.4

3.3:0.2

3.4:06

3.4:0.4

3.4:0.3

3.5:0.3

3.4£0.2

00

00

00

00

00

00

1IASOW

1ASOW

IASOW

1ASOW

1AsOW

1ASOW

IASOW

FF

FF

FF

FF

FF






OEBPS/images/Art_P11.jpg
140.000
B S eadrons

4.43136
39 8986
24 182
19,707
96111

140.000
3 aad





OEBPS/images/Art_P25.jpg
Oofree concentration.
B ¥ 8

H

14

28 12 56 7 84 98
Concentration of ACE (<105M)

—+—% free concentration of NEBI _ —#—% free concentration of CAR

11





OEBPS/images/Art_P1B.jpg
Mean

saon S Ty cesewmem P TSR
(mm) (%) (gmicm?)  (Oyneicm?)  (S66ONd)  (houn)  coguy  Flowability

GFB1  152:002 710:24 073 31202 00 >18 Isow FF
GFB2  179:001 775:24 099 45101 o7 62 ISOWTT FF
GFB3  178:001 770:21 066 29401 00 >24  Isow F
GFB4  191:001 830:42 086 39403 00 >18  ISOWT F
GFBS  159:002 755:32 072 30402 00 >18 Isow FF
GEBE  185:007 803<18 097 42:03 05 18 ISOWT e





OEBPS/images/Art_P29.jpg





OEBPS/images/Art_P23A.jpg
300000

-

s L

q

x

3

H

a
200000
100000 -

[}
0 5 0
Concentration
wgimL
(c)

81031
400000 -

H

S

k]

a
200000 -

0
] 5 0
Concentration
waimL

(d)






OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
srrs

8 rzer

e

e






OEBPS/images/Art_P4.jpg
We7151 WIel175 OL75189

P

< 000

Corbonate
100

77728172 W73727772  WE9727372







OEBPS/images/Table3.jpg
Ba Q. G i, NOSRer Wouew Pt o2ee,

GFB1 7134 9776 9860 0.9761 0.9917 0.9477 0.8972 0.4596
GFB2 6080 8239 87.10 09914 0.9951 09912 09133 0.5061
GFB3 233 9921 9509 09753 0.9913 0.9264 0.9001 0.4681
GFB4 6843 9253 96.55 09864 0.9932 0.9796 0.9245 05154
GFB5 7166 9660 9821 09816 0.9941 09616 0.8941 04632
GFB6 6131 8488 8800 0.9899 0.9945 0.9888 09136 0.5011
GFB7 6776 8998 9515 0.9900 0.9947 0.9875 0.9205 0.5170
GFB8 7100 9511 97.05 09828 0.9945 09714 0.8875 0.4568
GFB9 7000 9481 9634 09425 09722 09428 0.8849 0.4470
GFB10 6917 9422 96.00 0.9820 0.9939 0.9695 08915 04584
GFB11 70.00 9491 97.05 09821 0.9938 0.9689 0.8952 04638
GFB12 6835 90488 96.63 09819 0.9934 0.9709 0.8924 0.4598
GFB13 6867 9438 96.15 09815 0.9936 0.9730 0.8907 0.4568






OEBPS/images/Art_P2.jpg
2

2eBRUARE "

i ERIIR 00T TrEO AR

o

600

400

200

Time (minutes)

—&—Pure

——Floating microcarrier






OEBPS/images/Art_P21.jpg
vio

b2






OEBPS/images/Art_P1A.jpg
Coded level Actual amount Distilled
S.  Batch Glipizide ~ water
hon lcods Factor A Factor Factor A Factor B (mg) (mL; to
(drug:polymer) B (CC) (drug:polymer)  (CC), % ‘make)

1 GFB1 -1 ] 15 B 500 100
2 GFB2 +1 -1 19 6 500 100
3 GFB3 El + 15 10 500 100
4 GFB4 +1 + 19 10 500 100
5 GFBS -1 0 15 8 500 100
B GFBS + 0 19 8 500 100
7 GFB7 0 -1 17 6 500 100
8 GFBS 0 + 17 10 500 100
9 GFBY [ 0 17 8 500 100
10 GFB10 ) 0 17 8 500 100
1 GFB11 0 0 17 8 500 100
12 GFB12 0 0 17 8 500 100
13 GFB13 0 0 17 8 500 100






OEBPS/images/Art_P13.jpg
/

N
‘ B
Ploglitazone

JTN

Ploglitizoe Tmporty (D11} Pioglitazone Impurity (D12)

NG
=
Tl s BT
NNy & i

Phealiaxois Tmpatily 1D





OEBPS/images/Art_P20A.jpg
% degradation Impurities (Dx) (x = 1-15)

Conditions

. Control Combined Control Combined

(duration)

MET PIO MET PO MET __ PIO MET PIO
Methanol
atRT 314 554 2089 1062 2 8 11 2,5 8,10, 11
(10 days)
INHel . 1,2

@ ’ :
o 2516 1814 4246 2891 813 1,24 8,13
OINNGOH 5924 1665 2043 2336 2,5 7,9 25 7,12
@8 h)
3% H.0;

A 1958 000 2084 000 1 - 1 -

(10 days)
Thermal
105°C 4734 4216 6075 67.80 23,5 3,60911 235 601114
6 h)
Photolytic 95 834 1695 2434 235 1 235 "

(70 h)






OEBPS/images/Art_P26.jpg
% free concentration

70

60

50

a0

30

20

10

> *
27 54 81 11 13

26

4 54 67 81 94

Concentration of LOR (<10-°M)

107

—+—9% free concentration of NEBI

—m—% free concentration of CAR






OEBPS/images/Art_P17.jpg
15013

ro.






OEBPS/images/Art_P30.jpg
‘Wound area (mm?)

i
S
S

s

3

o0

00

%

g

-
)
3

3

o

—+— 5% n-hexane
—m—10% n-hexane
—i— 5% methanol
—<10% methanol
——Negative control
—e— Positive control

8 12
Time (days)

16







OEBPS/images/Art_P14.jpg
Reteution Tine|







OEBPS/images/Art_P1.jpg





OEBPS/images/Art_P22.jpg
¥181337nm 4nm (1.00)






OEBPS/images/Art_P27.jpg
n

w05
79

26

"7
s

I

0

2 sfllirs

1

ca0my/kg/day > Wamg/i/dsy

Cilmg/kg/dsy > Amg/kg/day | <AOmg/kg/day > d0mg/ks/day
Intaae Chidren

Agegroups

<W0mg/L 810 Dag/L 0> Damg/L





OEBPS/images/Art_P18.jpg





OEBPS/images/Art_P6.jpg
769
= 9239+ 57544 /
= 1227320686
206 09042 =09665 Py

3
s §
2
&

7
9L012

Predicted

05 4 : 51 !
€05 91.012 91524 92036 751 BT 763 769
Observed Observed
(a) (b)
173 181
¢ =0597x+ 06976 ¥=05109x+ 2811
R Lo 4 179 RE-09769 ¥

/

gLz H
z Zv7 Y
£
Ein s
17 173
T8 19 17 17 1? 1B 173 175 177 179 181
Observed
Observed serv
(© ()
£
¥ = 05702x+15957
-09915
5371+
:
- A
Z
LR

365 367 36 37 am
Observed

(e)





OEBPS/images/Art_P31.jpg
Percentage wound contraction

120

2
8

8 12
Time (days)

16

16

—+—5% n-hexane
—#—10% n-hexane
—4—5% methanol
——10% methanol
—#—Negative control

—e—Positive control






