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The Adequacy of Vancomycin Fixed-loading Dose Regimen in CRBSI for Patients
Receiving Haemodialysis in Hospital Melaka
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Abstract
Introduction: Catheter-related bloodstream infection (CRBSI) is the major cause of mortality in
haemodialysis patients. Vancomycin is the first-line treatment for Methicillin Resistant Staphylococcus
aureus (MRSA). Inadequacy of vancomycin loading dose during initial treatment has been speculated as
the cause of delayed achievement of vancomycin level within therapeutic range.
Objective: This study aimed to identify whether the vancomycin fixed-loading dose regime can produce
vancomycin level within therapeutic range (15-20ug/mL) and to determine the total duration of vancomycin
treatment required to achieve negative MRSA blood culture.
Methods: This was retrospective, non-randomised and one-year descriptive study. Patients with end-stage
renal failure undergoing high-flux haemodialysis who were prescribed with vancomycin to treat MRSA
CRBSI were included. The vancomycin fixed-loading dose protocol used was IV vancomycin 1,000mg on
Day 1 and 750mg on Day 2 with the first vancomycin level monitoring on Day 3 or Day 4 (pre-haemodialysis
sample). Subjects were stratified into three groups based on the first vancomycin level which were
therapeutic level (15-20ug/mL), subtherapeutic level (<15ug/mL) and supratherapeutic level (>20ug/mL).
Demographic details, descriptive data on duration to clearance of blood culture and the total duration of
vancomycin treatment were collected and analysed.
Results: A total of 34 subjects were included (58.8% male, mean age 53.5 (standard deviation 12.9) years).
Of these, 41.2% (n=14) had subtherapeutic, 35.3% (n=12) had supratherapeutic and 23.5% (n=8) had
therapeutic vancomycin level. There was no difference in the duration to obtain clearance of MRSA from
blood culture (p=0.660) and duration of vancomycin treatment (p=0.155) among these three groups of
subjects.
Conclusion: This study showed that vancomycin fixed-loading dose protocol was unable to achieve first
vancomyecin level within the therapeutic range. Further clinical studies to identify suitable dosing regimen of
vancomycin such as weight-based regimen in local population is warranted.
Keywords: fixed-loading dose, vancomycin, catheter-related bloodstream infection, Methicillin Resistant
Staphylococcus aureus, haemodialysis
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Introduction

The prevalence of end-stage renal disease has been on an increasing trend and it is estimated to continue
rising in the next decade. In 2010, around 2.6 million people received renal replacement therapy (RRT)
worldwide, in which approximately 2 million people received dialysis (78%) and 0.6 million people received
renal transplant. The number of people undergoing RRT was estimated to reach 5.4 million people by 2030
(1). In 2014, the total number of patients who required dialysis in Malaysia was 34,767 people and the
annual death rate for patients with haemodialysis was 11.6% in year 2014 (2).

Catheter-related bloodstream infection (CRBSI) is common among end-stage renal failure (ESRF)
patients undergoing haemodialysis via a catheter (3). With the incidence rate of 10% and mortality rate of
25%, CRBSI is a major complication resulting from long term use of catheter (4). The systemic progressions
due to CRBSI include septic shock, multiorgan failure and deep-seated infection such as endocarditis and
septic arthritis (5). One of the common pathogens found in CRBSI is staphylococcal species, with Methicillin
Resistant Staphylococcus aureus (MRSA) being the emerging pathogen (6). Vancomycin is the first-line
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treatment in CRBSI infection with MRSA (7). Trough level of vancomycin has been established to be within
15-20ug/mL to be able to achieve the area under the curve (AUC) to minimum inhibitory concentration (MIC)
ratio within 400 to 600 (8-9). The therapeutic range of AUC / MIC ratio is crucial to ensure adequate
penetration of vancomycin into the infected sites and effective antibiotic exposure, hence improved clinical
outcome and reduced mortality rate (10).

Vancomycin dosing in patients with ESRF who receive haemodialysis, however, is poorly defined
currently with different approaches in initial loading dose being proposed for fast attainment of therapeutic
vancomycin level (11). The delay in achieving therapeutic vancomycin level has been linked to the
emergence of Vancomycin-intermediate Staphylococcus aureus (VISA) and Vancomycin-resistant
Staphylococcus aureus (VRSA) infections, as well as treatment failure in MRSA bacteraemia from CRBSI
(12).

The current protocol used in Hospital Melaka for CRBSI in haemodialysis patients is a fixed-loading
dose of intravenous (IV) vancomycin 1,000mg on Day 1 followed by 750mg on Day 2. To ensure the clinical
outcomes of our patients, it is highly crucial to investigate the effectiveness of this protocol. Therefore, our
study aimed to identify whether the current vancomycin fixed-loading dose regime can produce vancomycin
levels within the therapeutic range of 15-20pg/mL in ESRF patients receiving stable intermittent high-flux
haemodialysis and to determine the total duration of vancomycin treatment required to achieve negative
MRSA in blood culture.

Methods

This was a retrospective, non-randomised study conducted in Hospital Melaka, Malaysia. The study was
approved by the Hospital Research Review Committee (HRRC) and the Ministry of Health (MOH) of
Malaysia Medical Research & Ethics Committee (MREC). The study population involved of this study was
admitted ESRF patients on regular high-flux haemodialysis who received vancomycin due to MRSA
CRBSI during their stay in the hospital. The diagnosis of MRSA CRBSI was based on the blood culture
from peripheral, red lumen, and blue lumen. Patients were excluded from the study if they did not complete
the haemodialysis session while on vancomycin treatment and age below 18-years-old.

The vancomycin fixed-loading dose protocol used in Hospital Melaka was IV vancomycin 1,000mg
on Day 1 followed by 750mg on Day 2. The first blood sampling for therapeutic drug monitoring (TDM) of
vancomycin was conducted on Day 3 or Day 4 as pre-haemodialysis sample (Figure 1). The research team
was alerted when patients were prescribed with vancomycin by the nephrologists and monitoring of serum
vancomycin level was conducted for patients who were treated with vancomycin. The vancomycin was
administered intravenously in normal saline and infused during the last hour of dialysis if the vancomycin
dosing schedule fall on the haemodialysis day. The vancomycin serum concentrations were analysed in
the Biochemistry Unit, Department of Pathology of Hospital Melaka using Viva-Pro E Siemens
(immunoassay method). To evaluate this fixed-loading dose protocol, data on patient demographics, types
of haemodialysis, duration of haemodialysis sessions, culture and sensitivity test data, dosing details of
vancomycin, and serum concentration of vancomycin were collected using a pre-designed data collection
form for the period of one year, from 1 December 2017 to 31 December 2018.

The sample size was calculated using Raosoft, an online calculator software for power analysis.
All power analyses are assuming an alpha=0.05 with 95% power. From the calculation, the sample size
required for this study was 30 patients. To cater for incomplete medical records, an additional 20% was
added to the required sample sizes. The final sample size targeted was 36 patients.

The subjects were categorised into three groups based on their first TDM vancomycin level, which
were subtherapeutic level (<15pug/mL), within therapeutic range (15-20pg/mL) and supratherapeutic level
(>20pg/mL). The first blood culture monitoring was conducted after 3 days upon initiation of vancomycin
treatment and repeated subsequently every 3 days until obtaining negative MRSA in the blood culture.
These three groups of patients were compared in terms of duration to the clearance of blood culture from
MRSA and the total duration of vancomycin treatment using one-way ANOVA test. Demographic data
gathered were analysed using descriptive statistics in the form of frequency and percentages (mean + SD
or median + IQR). All statistical analyses were performed using IBM Statistical Package for Social Science
(IBM SPSS) programme version 22.0 and Microsoft Excel version 2013.
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Results

Thirty-four patients were included in this study instead of 36 targeted. The recorded adverse events of
vancomycin were infusion-related side effects such as skin itchiness and redness if the rate of infusion was
too fast. However, no patient was withdrawn from the study. The patient characteristics were shown in Table
1. The mean age of our patients was 53.5 (standard deviation (SD)12.9) years old, with 58.8% male patients.
The common comorbidities of our patients were hypertension (88.2%) and diabetes (67.6%). In terms of the
type of dialysis port used, most of the patients (61.8%) had internal jugular catheter (IJC) and femoral
line(35.3%).

From the total of 34 patients, only eight (23.5%) patients achieved vancomycin level within the
therapeutic range of 15-20ug/mL, 14 patients (41.2%) had subtherapeutic vancomycin level of <15ug/mL
while 12 patients (35.3%) had supratherapeutic vancomycin level >20ug/mL. The mean duration for
clearance of blood culture for the therapeutic range group was 12.9 (SD 6.5) days, subtherapeutic range
group was 10 (SD 7.5) days and supratherapeutic range group was 10.4 (SD 10.2) days with no significant
differences among these three groups (p =0.660).

The mean duration of vancomycin treatment for our patients who achieved therapeutic range 15-
20ug/mL with the first TDM level was 25.8 (SD 19.8) days, group with subtherapeutic range was 32.7 (SD
14.4) days and group with supratherapeutic range was 20.9 (SD 12.4) days with no significant differences
among these three groups (p =0.155) (Table 2).

Table 1: Patient demographics for vancomycin regimen in ESRF patients (n=34)

Variable Value

Age, year, mean (SD) 53.5 (12.9)
Gender, n (%)

Male 20 (58.8)

Female 14 (41.2)
Race, n (%)

Malay 29 (85.3)

Chinese 4(11.8)

Indian 1(2.9)
Weight, kg, median (IQR) 63.5 (18)
Comorbidities, n (%)

Hypertension 30 (88.2)

Diabetes 23 (67.6)

Dyslipedemia 4(11.8)

Others * 21 (61.8)
Type of catheter, n (%)

IJC 21 (61.8)

Femoral 12 (35.3)

Flstula 1(2.9)

* liver cirrhosis, shoulder arthritis, gouty arthritis, young parkinsonism and glaucoma
Abbreviation: IJC - interjugular catheter; IQR - interquartile range; SD - standard deviation.

Table 2: Duration of vancomycin treatment and duration required to obtain first MRSA negative culture
(n=34)

First Duration to MRSA F-statistic Duration of F-statistic
vancomycin n (%) negative culture, (df)@ P-value vancomycin treatment, (df) P-value
level day, mean (SD) day, mean (SD)
<15ug/mL 14 (41.2) 12.9 (6.5) 32.7 (14.4)
15-20pg/imL 8 (23.5) 10.0 (7.5) ?2'43211) 0.660 25.8 (19.8) (12'93813) 0.155
>20ug/mL 12 (35.3) 10.4 (10.2) 20.9 (12.4)

@ One-way ANOVA
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Discussion

Our analysis showed that 76.5% of the patients did not achieve first vancomycin level that was within the
therapeutic range, with 41.2% had vancomycin level that was below while 35.3% was above the therapeutic
range of 15-20ug/mL. This indicated that the current loading dose protocol was not able to attain targeted
therapeutic vancomycin levels. The Infectious Diseases Society of America (IDSA) 2009 guidelines had
established that the ideal duration for clearance of MRSA bacteraemia is 72 hours for the optimal clinical
outcome. Therefore, vancomycin level needs to be within the therapeutic range on Day 3 or Day 4 as it is
the surrogate marker for vancomycin exposure which translates to clinical progression, as therapeutic
vancomycin level associates with better clinical outcome (7). In a study using a loading dose 1g, followed
by a subsequent maintenance dose of 500mg or 1g, the targeted trough level of >15ug/mL was only 25.2%
(13). Our study showed a similar result with only 23.5% of patients achieving the target range. The recent
guideline suggested that weight-based vancomycin dosing appeared to be superior to fixed-dose dosing as
the weght-based dosing considers patient’s body size and may decrease the risk of subtherapeutic level on
the first day of therapy (14). The National Antibiotic Guideline 2014 published by MOH Malaysia suggested
vancomycin loading dose at 15-20mg/kg and then subsequently 500mg to 1000mg after each dialysis
session (15). Furthermore, some studies demonstrated that the targeted vancomycin trough levels were
more rapidly obtained by using a weight-based loading dose of 20mg/kg (11,16).

Our analysis showed that the first vancomycin level did not significantly affect the duration for
clearance of MRSA from the blood culture and the total duration of vancomycin treatment. Factors that could
have been significantly affecting these two clinical outcomes were the removal of the infected catheter or
haemodialysis port, the involvement of deep-seated infection sites, and the presence of MRSA skin
colonizer (17). However, our study showed that higher first vancomycin level did not associate with faster
clearance of MRSA bacteraemia nor shorter duration of vancomycin treatment. Although the subtherapeutic
level of vancomycin has not shown to affect clinical outcome, it is still important to maintain vancomycin
trough at a minimum level of 10ug/mL to prevent treatment failure (8).

Vancomycin is a drug with high inter-individual and intra-individual variations in its pharmacokinetic
parameters (18). Hence it is important to establish a loading dose protocol that is specific to the local
population as an adaptation from other populations will not be suitable for drugs with a narrow therapeutic
index. Vancomycin is substantially removed in patients who receive high-flux haemodialysis (19). Thus, the
current fixed loading dose of vancomycin may not be suitable for patients undergoing high-flux
haemodialysis in Hospital Melaka and more frequent dosing of vancomycin is needed to maintain the target
serum concentrations.

The limitations of this study include the small sample size which might affect the significant effect
of first vancomycin level on clinical outcomes. This study was also unable to determine whether the
persistent subtherapeutic or supratherapeutic level of vancomycin will significantly affect the clinical
outcomes. Nevertheless, the findings of this study would serve as a baseline to identify the best vancomycin
initiation regimen for patients receiving haemodialysis. Further clinical studies can be carried out to identify
other suitable dosing of vancomycin, such as the weight-based regimen, for patients undergoing
haemodialysis with CRBSI.

Conclusion

Current vancomycin fixed-loading dose protocol for haemodialysis patients with MRSA induced CRBSI was
unable to achieve therapeutic vancomycin level on Day 3 or Day 4 of vancomycin treatment. However, it
was found that the first vancomycin level was not significantly associated with the clinical outcomes of
CRBSI infection and the duration of vancomycin treatment.
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