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ABSTRACT

Vancomycin, a glycopeptide antibiotic, is widely used to treat severe gram-positive
infections, particularly methicillin-resistant Staphylococcus aureus (MRSA). Its narrow
therapeutic index and variable pharmacokinetics make dosing challenging, especially in
resource-limited hospitals where therapeutic drug monitoring (TDM) is unavailable. This study
evaluates the appropriateness of vancomycin dosing and factors contributing to deviations from
recommended regimens.

This retrospective study was conducted at a district hospital in Nakhon Si Thammarat,
Thailand, from January 2012 to August 2015. Seventy-one patients receiving vancomycin were
included. Demographic, clinical, and dosing data were collected from medical records.
Regimens were categorized as therapeutic, subtherapeutic, or supratherapeutic based on
established guidelines. Chi-square and Fisher’s exact tests assessed associations between dosing
adequacy and patient characteristics.

Among 78 regimens analyzed, 55.1% achieved therapeutic levels, while 44.9% were
outside the target range (16.7% subtherapeutic, 28.2% supratherapeutic). The 15-20
mg/kg/dose regimen, the most frequently used, showed significant subtherapeutic dosing
(44.4%, p <0.05), particularly in patients >67 kg. The 500 mg HD regimen exhibited the highest
rate of supratherapeutic dosing (76.9%, p < 0.05), highlighting challenges in post-hemodialysis
dosing. Pediatric patients on the 10—15 mg/kg/dose regimen achieved therapeutic levels in 75%
of cases, though 25% had supratherapeutic levels (p < 0.05).

This study underscores the need for individualized vancomycin dosing, adherence to
evidence-based protocols, and expanded TDM access, particularly for high-risk groups like
pediatric and hemodialysis patients. Standardized guidelines and real-time monitoring could
improve therapeutic outcomes and reduce toxicity risks.
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1. Introduction

Vancomycin, a glycopeptide antibiotic,
is widely used to treat severe gram-positive
bacterial infections, particularly those caused
by methicillin-resistant Staphylococcus aureus
(MRSA) and methicillin-resistant Staphylococcus
epidermidis."” Due to its bactericidal action
through inhibition of cell wall synthesis,
vancomycin remains a critical therapeutic
option, especially in cases where other
antibiotics fail.> However, the drug’s narrow
therapeutic index poses challenges in dosing,
as the difference between effective and toxic
concentrations is small, increasing the risk of
adverse effects if not careful.**

The pharmacokinetics of vancomycin
can vary considerably among patients,
influenced by factors such as weight, renal
function, and underlying health conditions.”™
This variability makes weight-based dosing
essential to achieving therapeutic efficacy
while minimizing toxicity. Inaccurate dosing
can result in subtherapeutic levels, risking
treatment failure, or supratherapeutic levels,
leading to adverse effects such as nephrotoxicity,
ototoxicity, and red man syndrome.'%!?
Therapeutic drug monitoring (TDM) ensures
safe and effective dosing, targeting specific
serum trough levels. However, TDM
resources may not be readily available in all
settings, especially in smaller hospitals.'3

The present study was conducted at
a district hospital in Nakhon Si Thammarat,
where vancomycin is frequently administered
to hospitalized patients with severe infections.
Given the variability in patient weights and
the difficulty in maintaining therapeutic
levels, there is a critical need to evaluate
current dosing practices and their clinical
outcomes. This study aims to assess the
appropriateness of weight-based dosing for
vancomycin, focusing on its ability to
achieve therapeutic concentrations while
minimizing the risk of toxicity.
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2. Materials and Methods
2.1 Study design

This study was designed as a
descriptive, retrospective cohort analysis to
evaluate the appropriateness and outcomes of
weight-based vancomycin dosing among
hospitalized patients. The research was
conducted at a district hospital in Nakhon Si
Thammarat, Thailand, utilizing electronic
medical records from the HOSxP system to
obtain comprehensive patient and dosing
data from January 2012 to August 2015.

Patients were eligible for inclusion if
they: (1) were hospitalized and received at
least one dose of vancomycin, (2) had
documented body weight and renal function
(serum creatinine levels) at admission, (3)
had complete treatment records, including
vancomycin dosing details for the study
period.

Patients were excluded if they: (1)
lacked adequate documentation on dosing
regimens or serum trough levels, (2) received
vancomycin for less than 48 h at the time of
treatment.

2.2 Data collection

Patient demographic data (age,
gender, body weight), clinical parameters
(serum creatinine levels for renal function),
and vancomycin dosing details (dosage,
administration frequency, and route) were
retrieved from electronic records. Where
available, therapeutic drug monitoring (TDM)
results, including serum trough levels, were
also collected to provide insight into dosing
efficacy and safety.

2.3 Dosing evaluation

Vancomycin dosing regimens were
categorized based on the guidelines and
previous studies into empirical and documented
therapy. Empirical therapy referred to initial
dosing in cases where the infective organism
was not identified, while documented therapy
was tailored to confirmed pathogens. Regimens
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were assessed for alignment with dosing
recommendations, considering patient-specific
factors such as age, weight, renal function,
and clinical condition.

Empirical Therapy: for adults,
empirical dosing was defined as 15-20
mg/kg/dose every 8-12 h for patients with
normal renal function.'* Pediatric dosing varied
by age and weight: Neonates <7 days and
<1,200 g: 15 mg/kg every 24 h. Neonates >7
days and 1,200-2,000 g: 10-15 mg/kg every 12-
18 h. Neonates >7 days and >2,000 g: 10-15
mg/kg every 8-12 h. Children >1 month: 10-15
mg/kg/dose every 6 h (maximum 2 g/day).'

Documented Therapy: Regimens
were classified based on the specific infections
and recommendations. For infective endocarditis,
dosing varied by pathogen and -clinical
condition, with adult dosing typically at 30
mg/kg/day IV divided into two doses, not
exceeding 2 g/day. Pediatric dosing was 40
mg/kg/day IV in 2-3 divided doses.'® For
MRSA pneumonia and bacteremia: 15-20
mg/kg/dose every 8-12 h for 2-6 weeks,
depending on severity.? For Clostridium
difficile infections: 125 mg PO every 6 h for
10-14 days, adjusted for recurrent cases.'®!”
For diabetic foot, cellulitis, and infected
wounds: 1 g IV every 12 h, often combined
with other antibiotics for synergy.'

Renal function adjustments were
incorporated: for CrCl 10-50 mL/min: 1 g
every 24-96 h; for CrCl <10 mL/min: 1 g every
96-168 h. Dosing in hemodialysis patients
included a loading dose of 1,000 mg/dose
followed by maintenance doses of 500
mg/dose post-dialysis.'

Regimens were categorized in the
therapeutic range: doses and intervals that
adhered to the guidelines and were expected to
achieve adequate serum levels. Subtherapeutic:
doses or intervals fell below recommendations,
risking insufficient exposure. Supratherapeutic:
doses or intervals exceeded recommendations,
increasing the risk of toxicity.

2.4 Outcome measures

The primary outcome was the

proportion of dosing regimens achieving the
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targeted therapeutic range. Secondary outcomes
included the identification of subtherapeutic
or supratherapeutic dosing incidences and
associations between dosing accuracy and
patient-specific factors, such as renal function
and body weight.
2.5 Statistical analysis

Data were analyzed using Microsoft
Excel (version 2016) for initial data management
and descriptive statistics, including means,
standard deviations, frequencies, and percentages
to summarize patient characteristics and
dosing outcomes. Further statistical analyses
were conducted using SPSS (version 23).
Chi-square or Fisher’s exact tests were employed
in SPSS to compare dosing adequacy across
distinct patient subgroups (e.g., hemodialysis
vs. non-hemodialysis), allowing for a more
robust categorical data analysis. A p-value of
<0.05 was considered statistically significant,
underscoring findings with practical implications
for dosing practices.
2.6 Ethical considerations

Ethical approval was obtained from
the Ethics Committee in Human Research,
Walailak University, Nakhon Si Thammarat,
Thailand (Approval Number: WU-EC-PC-2-
081-58), and all procedures adhered to
institutional and ethical guidelines for
research involving human subjects.

3. Results
3.1 Demographic and characteristics of
patients

This descriptive retrospective study
used inpatient medical records and data from
the HOSxP system at a district hospital in
Nakhon Si Thammarat. In the study period
from January 2012 to August 2015, 73
patients were initially identified. After
applying exclusion criteria, 71 patients were
included in the final analysis (Fig.1).

Seventy-one patients received
vancomycin therapy, with 34 males
(47.9%) and 37 females (52.1%). Among the
82 vancomycin regimens administered, most
patients (46.5%) were aged 35-65 years,
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Study period: January
2012 to August 2015

\J

Inpatients received both
empirical and documented

vancomycin therapy Excluded Patients
(n=73) Two patients
»  were excluded
v due to missing
Included in the analysis weight records

(n="71)

Fig. 1. Study enrolment flow chart.

followed by 31.0% who were 65 years or (22.5%). The most common indication
older. Regarding weight distribution, for vancomycin therapy was sepsis,
most patients fell within the 51-60 kg accounting for 36.6% (26 cases) of all
range (23.9%), followed by 61-70 kg cases (Table 1).

Table 1. Demographic and characteristics of patients (n = 71).

Characteristic N (%)
Gender
Male 34 (47.9)
Female 37 (52.1)
Age Groups
Newborn/Neonate (0-1 month) 5(7.0)
Infant (1 month-1 year) 3(4.2)
Children (1-12 years) 5(7.0)
Adolescent (12-18 years) 0(0.0)
Young Adult (18-35 years) 3(4.2)
Adult (35-65 years) 33 (46.5)
Elderly (>65 years) 22 (31.0)
Indications for Vancomycin
Sepsis 26 (36.6)
CRBSI 7(9.9)
Infected wound 5(7.0)
Pneumonia 5(7.0)
Infective endocarditis 4 (5.6)
Acute pyelonephritis 34.2)
Cellulitis 3(4.2)
Osteomyelitis 34.2)
Septic shock 34.2)
Infected CAPD 2(2.8)
Respiratory distress syndrome 2(2.8)
Febrile neutropenia 2(2.8)
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Table 1. (Cont.)

Characteristic N (%)
Closed fracture intertrochanteric 1(1.4)
Conjunctivitis 1(1.4)
Diarrhea and gastroenteritis 1(1.4)
Diabetic foot 1(1.4)
Fever unknown origin 1(1.4)
Meningoencephalitis 1(14)

Weight Groups (kg)

0-10 8 (11.3)
11-20 34.2)
21-30 2(2.8)
31-40 0(0.0)
41-50 7(9.9)
51-60 17 (23.9)
61-70 16 (22.5)
71-80 11 (15.5)
81-90 4 (5.6)
91-100 1(1.4)
>100 2(2.8)

Abbreviations: CRBSI, Catheter-related bloodstream infections; CAPD, continuous

ambulatory peritoneal dialysis

3.2 Vancomycin regimens

A total of 78 vancomycin regimens
were administered. Among these, 43 regimens
(55.1%) were within the therapeutic range,
while 35 (44.9%) were outside. Of the
regimens outside the therapeutic range, 13
regimens (16.7%) were below the therapeutic
range, indicating subtherapeutic dosing,
while 22 regimens (28.2%) exceeded the
therapeutic range, reflecting supratherapeutic
dosing (Fig.2).

The vancomycin 15-20 mg/kg/dose
regimen had the highest rate of under-dosing,
with 12 out of 27 cases (44.4%) being
subtherapeutic. A Chi-square test revealed a
statistically significant difference (p < 0.05)
in the distribution of under-dosed instances
compared to other regimens. This finding
suggests variability in weight-based dosing
accuracy and underscores the importance of
precise weight measurements and calculations
to achieve optimal therapeutic outcomes.
Patients weighing 50-67 kg were most likely
to achieve therapeutic levels, while those
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weighing under 50 kg were prone to overdosing,
and those over 67 kg were more commonly
underdosed. Shorter-than-recommended dosing
intervals contributed to overdosing in heavier
patients.

The 1,000 mg fixed-dose regimen
was used in 22 cases, with 16 regimens
(72.7%) achieving the therapeutic range. One
regimen (4.6%) was subtherapeutic, while
five regimens (22.7%) were supratherapeutic.
Supratherapeutic dosing in this group was
attributed to shortened dosing intervals,
which caused drug accumulation.

The 10-15 mg/kg/dose regimen,
primarily used in pediatric patients, showed
nine regimens (75%) within the therapeutic
range, with no subtherapeutic cases but three
(25%) supratherapeutic. Supratherapeutic
dosing occurred more frequently in low-
weight children, likely due to immature renal
function affecting vancomycin clearance.

The vancomycin 500 mg HD
regimen demonstrated a significantly higher
rate of overdosing, with 10 out of 13 cases
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(76.9%) exceeding the therapeutic range.
Fisher’s exact test, applied due to the small
sample size, showed a statistically significant
deviation in dosing (p < 0.05). This result
highlights the challenges in post-hemodialysis
dosing adjustments and emphasizes the need
for better protocols to prevent vancomycin
accumulation in hemodialysis patients
(Table 2).

4. Discussion

This study highlights the challenges
and variability in achieving optimal vancomycin
dosing across different patient populations
and dosing regimens. The findings align with
prior research, including a prospective study
conducted in Iranian medical schools from
October 2011 to June 2012, which demonstrated
similar deviations from the therapeutic range
despite drug use evaluation protocols.'®
Subtherapeutic dosing, where serum levels fall
below the minimum inhibitory concentration
(MIC), risks treatment failure, incomplete
bacterial eradication, and the development of
resistance, particularly methicillin-resistant
Staphylococcus aureus (MRSA)." Conversely,
supratherapeutic dosing, with serum levels
exceeding 15-20 pg/mL, increases the risks
of nephrotoxicity and ototoxicity.>’

The 15-20 mg/kg/dose regimen, the
most frequently prescribed, demonstrated
substantial variability in outcomes. Only
44.4% of regimens achieved therapeutic
levels, 44.4% were subtherapeutic, and
11.1% were supratherapeutic. Weight played
a significant role in these deviations. Patients
weighing 50-67 kg were most likely to
achieve therapeutic levels, while those weighing
less than 50 kg were prone to overdosing, and
patients over 67 kg were commonly
underdosed. Shorter-than-recommended dosing
intervals exacerbated overdosing in heavier
patients. These findings emphasize the
critical need for accurate weight-based
dosing adjustments and adherence to dosing
interval guidelines to maintain adequate
serum levels throughout the dosage interval.
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The 1,000 mg fixed-dose regimen,
used predominantly in patients with renal
impairment (CrCl <20 mL/min), achieved
therapeutic levels in 72.7% of cases.
However, 22.7% were supratherapeutic, often
due to shortened dosing intervals leading to
drug accumulation and toxicity. Conversely,
extended dosing intervals resulted in
subtherapeutic levels and reduced efficacy.
These findings highlight the importance of
renal function-based dosing adjustments and
precise interval management.

The 10-15 mg/kg/dose regimen,
primarily used in pediatric patients,
demonstrated better performance, with 75%
of regimens within the therapeutic range. No
subtherapeutic cases were observed, but 25%
were supratherapeutic, particularly in low-
weight children. Immature renal function and
age-related pharmacokinetics significantly
influence vancomycin clearance in pediatric
populations.?® These results underscore the
importance of incorporating age- and weight-
specific dosing adjustments to prevent toxic
drug accumulation in pediatric patients.

The 500 mg HD regimen for
hemodialysis patients exhibited the highest
rate of supratherapeutic dosing, with 76.9%
of regimens exceeding the therapeutic range.
High-flux dialysis membranes effectively
clear vancomycin, necessitating precise post-
dialysis dose adjustments.”! Despite guidelines
recommending 500 mg post-hemodialysis,'
10 out of 13 regimens administered 1,000 mg,
leading to significant risks of nephrotoxicity.’
This highlights the urgent need for stricter
adherence to post-dialysis dosing protocols.

This study has several limitations.
The retrospective design relied on medical
records, which may have contained incomplete
or missing data, particularly for patient weights
and serum vancomycin levels, potentially
affecting accuracy. The absence of
comprehensive TDM data and variations in
measurement timing limited the ability to
correlate dosing with outcomes precisely. The
findings at a single hospital may not be
generalized to other settings or patient
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populations, and small sample sizes in
subgroups like pediatric and hemodialysis
patients reduce statistical power. Additionally,

practical constraints in dose adjustments,
such as partial vial usage, may have
influenced dosing accuracy.

Table 2. Vancomycin dosage regimens, deviations, and statistical analysis (N = 78 regimens).

Regimen N tO(?]?ij;lg?% ) P-value tocI))l(:) s;g(e(:) %) P-value

15-20 mg/kg/dose 27 3(11.1) p <0.05** 12 (44.4) p < 0.05%**
1,000 mg 22 5(22.7) 1 (4.6)

10-15 mg/kg/dose 12 3(25.0) 0

500 mg HD* 13 10 (76.9) 0

500-1,000 mg 1 0 0

1,000-2,000 mg 2 0 0

15-30 mg/kg 1 0 0

* HD: Post-hemodialysis dosing

** Fisher’s exact test statistically significant (p < 0.05)
*** Chi-square test statistically significant (p < 0.05)

B Within therapeutic range
& Supratherapeutic dosing

B Subtherapeutic dosing

Fig.2. Distribution of vancomycin regimens by therapeutic range.

5. Conclusion

This study highlights the complexity
of achieving optimal vancomycin dosing,
emphasizing the significant impact of
weight, renal function, and dosing intervals
on therapeutic outcomes. The 15-20
mg/kg/dose regimen was associated with
substantial underdosing in heavier patients.
In contrast, the 500 mg HD regimen
demonstrated a high rate of overdosing in
hemodialysis patients, underscoring the
critical need for precise post-dialysis
adjustments. In pediatric patients, the 10-15
mg/kg/dose regimen showed favorable
results, though supratherapeutic levels were
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observed in those with lower body weight
due to age-related renal immaturity.

The findings underscore the necessity
of individualized vancomycin dosing strategies,
robust therapeutic drug monitoring, and
adherence to evidence-based protocols tailored
to specific patient populations. Particular
attention should be given to high-risk groups,
such as pediatric and hemodialysis patients,
where pharmacokinetic variability is most
pronounced.

Standardizing dosing guidelines and
incorporating real-time monitoring can
significantly reduce deviations, improve
therapeutic outcomes, and mitigate the risks
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of nephrotoxicity, ototoxicity, and antimicrobial
resistance. Future multi-center, prospective
studies are warranted to validate these
findings, refine dosing practices, and ensure
vancomycin's safe and effective use in
diverse healthcare settings.
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