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Abstract. – OBJECTIVE: Although vancomy-
cin is an effective antibiotic against methicil-
lin-resistant Staphylococcus aureus, its usage 
is often associated with nephrotoxicity which 
necessitates optimization of the vancomycin 
dose to be both precise and appropriate. To 
achieve this, the importance of therapeutic drug 
monitoring arises, and serum trough vancomy-
cin concentrations are the most accurate and 
practical method for monitoring vancomycin ef-
fectiveness and even risk of nephrotoxicity. This 
study evaluated the influences on the trough 
levels of vancomycin given to admitted patients 
at King Fahad Specialist Hospital (KFSH).  

PATIENTS AND METHODS: This cross-sec-
tional hospital-based study has been conducted 
at KFSH among 197 patients, of which 53.3% 
were male and 46.7% were female. They re-
ceived intravenous vancomycin at intermittent 
dose of 30 mg/kg/day with no clinical or labo-
ratory renal impairment. The serum was drawn 
trough concentrations within 15 to 45 minutes 
before the fourth vancomycin dose.

RESULTS: One-way ANOVA test showed a 
significantly higher trough level of vancomycin 
among females, patients older than 50 years, 
and CCU and CSICU admitted patients (p-value 
< 0.05). Spearman correlation test also showed 
significant correlation with the serum vancomy-
cin trough levels, site of infection (Rho=0.406, 
p=0.009), age (Rho=0.341, p=0.044) and patients’ 
admission (Rho=0.321, p=0.041).

CONCLUSIONS: Even at body adjusted dosing, 
vancomycin serum trough levels varied among 
patients with significant variations of age, gen-
der, site of infection and type of admission, espe-
cially CCU and CSICU, which raises the concept 
of dose individualization, age and gender consid-
erations especially among critically ill patients. 
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Introduction

Vancomycin is an effective antibiotic that is 
commonly used in treating serious bacterial infec-
tions caused by methicillin-resistant staphylococcus 
aureus. Although the mechanism is not well under-
stood, vancomycin usage is often associated with 
nephrotoxicity1. The reported pathological changes 
associated with vancomycin include acute tubu-
lar necrosis and acute interstitial nephritis with the 
suggestion of an underlying allergic mechanism in 
some patients with vancomycin nephrotoxicity2. 
The optimization of vancomycin dosing is rath-
er important when considering the emergence of 
vancomycin resistant strains, especially vancomy-
cin-resistant enterococci, and more recently van-
comycin-resistant Staphylococcus aureus. Vanco-
mycin overdosing significantly raise the possibility 
of toxicity, while sub-dosing participates in vanco-
mycin resistance and ineffective treatment3. These 
points raise the importance of therapeutic drug 
monitoring (TDM) in individualizing the dosage to 
achieve maximum efficacy of a drug and at the same 
time minimizing adverse drug reactions4. Hopeful-
ly, TDM is not needed for the majority of drugs and 
only needed for those with narrow therapeutic rang-
es, drugs with marked pharmacokinetic variabili-
ty, medications for which target concentrations are 
difficult to monitor, and for drugs known to cause 
therapeutic and adverse effects5. The selection of 
the initial therapeutic goal is a very important clin-
ical decision, since the goal choice (too high or too 
low serum concentration) can make the difference 
between effective therapy and toxic overdosage. Be-
cause of this, when planning the initial regimen for 
a new patient, it is necessary to consider how much 
each individual patient needs the drug in question6.
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The most accurate and effective method in 
monitoring and adjusting vancomycin dose is 
serum trough levels. Trough samples should be 
obtained just before the 4th dose in patients with 
normal renal functions to ensure that target con-
centrations are attained7.

When interpreting the plasma drug concen-
tration of a patient, it is necessary to modify the 
treatment based on patient physiological needs. 
So, beside drug concentration, clinicians need to 
consider patients’ specific clinical features that 
may affect the association between concentration 
of a drug and its clinical effects8.

The daily dose, the dose interval and the 
urine output are known factors that affect the 
trough levels of vancomycin9. However, other 
factors, including patient demographics, medi-
cal conditions, type and site of infections and the 
severity of the disease might affect vancomycin 
trough levels. Therefore, this study evaluated the 
possible influences on the trough levels of van-
comycin given to admitted patients at KFSH in 
Qassim province in 2021. Its aim was to partici-
pate effectively in targeting individual optimiza-
tion of therapeutic dosing and minimizing drug 
toxicity.  

Patients and Methods

Study Design and Participants
A cross-sectional, hospital-based study was 

conducted at KFSH in Qassim province from 2 
January to 30 March 2021. A total of 197 patients 
were included, based on the following criterium: 
“patient should be diagnosed with infection, giv-
en intravenous vancomycin at intermittent doses 
of 30 mg/kg/day and have serum creatinine with-
in the range of 65 to 110 micromoles/liter.” Pa-
tients with clinical or laboratory evidence of renal 
impairment and patients under 10 years old were 
excluded from the study. All serum vancomycin 
trough level assays were run at the hospital cen-
tral laboratory and the samples were drawn with-
in 15 to 45 minutes before the administration of 
the 4th vancomycin dose. 

Data Collection
The patients’ data were obtained from the 

laboratory and inpatients’ records. A data collec-
tion sheet was designed into 3 parts: the first part 
included patients’ demographics – age, gender, 
weight, height and body mass index. The second 
part concerned the medical condition – diagno-

sis, site of infection, type of organism, ICU vs. 
non-ICU admission. The third part targeted van-
comycin related data – dose, frequency and the 
trough level. 

Statistical Analysis
Statistical analysis of the results was done us-

ing the SPSS IBM software v. 25.0 (IBM Corp., 
Armonk, NY, USA). One-way ANOVA was used 
to determine the significant variation between 
treatment and baseline groups. Spearman correla-
tion test was used to determine the association 
between the variables and serum trough level of 
vancomycin. The confidence interval of 95% (up-
per and lower) was computed for all the variables 
tested in the study. p-value <0.05 was considered 
to indicate the significance of the results.

Results

The Demographic Characteristics 
and Serum Vancomycin Trough Levels 
of Participants

Among the total of 197 patients, the gender 
distribution was found to be 53.3% male and 
46.7% female. The female patients showed a 
significantly (p-value <0.05) higher trough level 
of vancomycin compared to baseline value. In 
the age groups, patients in the age group of 61-
70 years were found to be the larger recipients 
of vancomycin (18%), followed by 51-60 years 
(15.5%) and 41-50 years (15%). Patients within the 
age group of 51-90 years had significantly (p-val-
ue <0.05) higher trough serum levels of vancomy-
cin compared to baseline value. In addition, pa-
tients above 91 years indicated a further increase 
(p-value<0.01) in the trough level when compared 
with baseline data (Table I). 

Effect of Body Weight and Body 
Mass Index on the Serum Trough 
Levels of Vancomycin

Table II suggests the influence of body weight 
and body mass index on the serum trough levels 
of vancomycin. The analysis suggested that the 
body weight of the patients did not significantly 
alter the trough levels of vancomycin. However, 
patients with 29.1-34.9 BMI and those less than 18 
BMI showed significantly higher (p-value<0.05) 
trough levels of vancomycin compared to base-
line value. The majority of patients receiving the 
vancomycin treatment had body weight between 
50 and 100 kg (84%) and BMI was 18-25 (49.5%). 
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Effect of Type of Patients’ Admission
and Site of Infection on the Serum 
Trough Levels of Vancomycin

The results of serum vancomycin trough lev-
els depending on the type of patients’ admission 
and site of infection is represented in Table III. 
The analysis of the results indicated that CCU and 
CSICU admission patients had significantly high-

er trough levels of vancomycin (p-value<0.05) 
compared to baseline value. Similarly, the patients 
diagnosed with infections in the abdomen, heart, 
urinary tract and wounds had significantly higher 
trough levels of vancomycin (p-value<0.05) com-
pared to baseline data. ICU patients (52%) treat-
ed for lung (42.3%) and blood (40.7%) infections 
were found to be the maximum receivers of van-
comycin.

Correlation Summary of Various 
Variables on the Serum Trough Levels
of Vancomycin

The summary of the correlation between the 
variables and the serum trough levels of vanco-
mycin is shown in Table IV. The following vari-
ables showed a significant correlation with the 
serum vancomycin trough levels: site of infection 
(Rho=0.406, p=0.009), age (Rho=0.341, p=0.044) 
and patients’ admission (Rho=0.321, p=0.041).

Discussion

This cross-sectional, hospital-based study 
evaluated the influence of vancomycin pre-
scribed to patients admitted at KFSH on trough 
levels. Among 197 patients, there were more 
males than females; however, female patients 
showed significantly higher trough levels of van-
comycin (p-value<0.05), a finding that reflects 

Table I. Serum trough levels of vancomycin according 
to demographic characters.

Values are expressed as Mean ± S.E. Statistics: One-way 
ANOVA. *p < 0.05, **p < 0.01 compared with baseline 
value.

Demographic Frequency Trough level
 characters  (N and %)

Baseline value  — 12.5 ± 0.83
Gender  
 Male 105 (53.3) 16.29 ± 1.09
 Female 92 (46.7) 17.91 ± 0.92*
Age  
 10 - 20 years 9 (4.5) 14.42 ± 3.87
 21 - 30 years 25 (12.5) 16.35 ± 2.22
 31 - 40 years 19 (10) 16.64 ± 2.83
 41 - 50 years 28 (15) 14.89 ± 1.74
 51 - 60 years 31 (15.5) 17.46 ± 2.21*
 61 - 70 years 36 (18) 17.07 ± 1.40*
 71 - 80 years 24 (12) 17.65 ± 1.36*
 81 - 90 years 20 (10) 17.85 ± 1.90*
 91 years and above 5 (2.5) 22.13 ± 2.97**

Table II. Effect of body weight and body mass index on the 
serum trough levels of vancomycin.

Values are expressed as Mean ± S.E. Statistics: One-way 
ANOVA. *p < 0.05, **p < 0.01 compared with baseline 
value.

Variables Frequency Trough level
  (N and %)

Baseline value   — 12.5 ± 0.83
Body weight  
 Less than 50 kgs 20 (11) 16.92 ± 3.47
 50 - 70 kgs 84 (42) 12.21 ± 2.03
 71 - 100 kgs 84 (42) 16.34 ± 1.21
Above 101 kgs 9 (5) 15.08 ± 2.16
Body mass index  
 Less than 18 5 (2.5) 20.30 ± 6.06*
 18 - 25 99 (49.5) 12.39 ± 1.96
 25 - 29 48 (24) 15.15 ± 1.15
 29.1 - 34.9 31 (15.5) 21.15 ± 2.23*
 35 - 39.9 10 (6.5) 11.77 ± 2.20
 Above 40 4 (2) 12.95 ± 0.92

Table III. Effect of type of patients’ admission and site of 
infection on the serum trough levels of vancomycin.

Values are expressed as Mean ± S.E. Statistics: One-way 
ANOVA. *p < 0.05, **p < 0.01 compared with baseline 
value.

Type of patients’  Frequency Trough level
 admission  (N and %)

Baseline value   — 12.5 ± 0.83
Patients’ admission  
 CCU 14 (7) 23.57 ± 4.32*
 ICU 105 (52) 16.71 ± 1.08
 CSICU 2 (1) 27.60 ± 5.90*
Site of infection  
 Blood 77 (40.7) 16.97 ± 3.99
 Abdomen 3 (1.5) 21.50 ± 4.50*
 Brain 4 (2.1) 11.52 ± 1.04
 Heart 7 (3.7) 32.63 ± 4.50**
 Sepsis risk 8 (4.2) 14.47 ± 3.63
 Urinary tract 6 (3.2) 19.74 ± 5.50*
 Wounds 4 (2.1) 17.14 ± 2.93*
 Lungs  80 (42.3) 15.57 ± 1.13
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gender variation of vancomycin trough level. 
This finding is in line with a study10 developed in 
2017, as authors revealed supratherapeutic con-
centrations of vancomycin for females compared 
to males. In another study11 in ICU patients the 
female gender also showed significantly higher 
vancomycin trough levels. Interestingly, in a sys-
tematic review12 of preclinical studies in animals 
it was found that vancomycin dose-response 
curves were shifted left for females compared to 
males. Our results also found that patients aged 
61-70 years were the larger recipients of vanco-
mycin. Elderly patients need to be closely mon-
itored and the dose perfectly adjusted as vanco-
mycin-associated nephrotoxicity was reported 
to be higher among patients over 60 years13,14. 
Moreover, the patients in this study aged 51-90 
years had significantly higher trough serum lev-
els of vancomycin (p-value<0.05) compared to 
baseline value and patients over 91 years indicat-
ed an even greater increase (p-value<0.01). As 
previously reported3,15,16, vancomycin associated 
nephrotoxicity linearly coexists with increased 
trough levels of vancomycin.

This study found that body weight of the pa-
tients did not significantly alter the trough levels 
of vancomycin. However, the significantly high-
er trough levels were seen in patients with 29.1-
34.9 BMI and those with less than 18 BMI, while 
Zonozi et al17 reported that “patients with high-
er body mass index had more elevated trough lev-
els of vancomycin”. Another study18 also revealed 
that obese patients had significantly higher mean 
trough levels of vancomycin compared to non-
obese patients.

Regarding the type of patients’ admission and 
site of infection, the analysis of this study indicat-
ed that CCU and CSICU admitted patients had 
significantly higher trough levels of vancomycin 
(p-value<0.05) compared to baseline value. This 

could be explained by the state of hemodynamic 
changes among critically ill patients and in CSI-
CU, the surgical situation further complicates 
this condition. Consistent with this, Qian et al10 
reported a significant variation in the concentra-
tion of vancomycin trough among ICU patients 
with a quarter of patients demonstrating suprath-
erapeutic concentrations of vancomycin. Mann et 
al19 highlighted the importance of individualized 
dosing for vancomycin, as dosing in critically ill 
patients using a common nomogram for vary-
ing renal function showed serum concentrations 
higher than expected. Besides this, we observed 
that ICU patients treated for lung and blood in-
fections were found to be the maximum receivers 
of vancomycin. As mentioned earlier, the major 
concern behind supratherapeutic concentrations 
of vancomycin is the associated nephrotoxicity. 
Many studies16,20,21 proposed that the higher doses 
of vancomycin (4 g/d), high serum trough concen-
trations and an increased duration of therapy in 
critically ill patients were associated with a sig-
nificant nephrotoxicity. 

This study also indicated that sites of infec-
tion influenced the serum concentration of vanco-
mycin and that infections of the abdomen, heart, 
urinary tract and wounds had significantly high-
er trough levels of vancomycin (p-value<0.05) 
compared to baseline data. Inversely, Elyasi et 
al22 reported no correlation between the patients’ 
serum vancomycin trough levels and the type of 
infection. However, the high trough levels in this 
study could be explained by the state of critical 
illness rather than the site of infection. Hence, 
the effect of patient pathophysiological status on 
drug disposition and the marked heterogeneity 
of critically ill patients needs to be considered in 
vancomycin dosing, which further improves both 
precision and appropriateness of dosage selection 
in the target patients. 

Table IV. Correlation summary of various variables on the serum trough levels of vancomycin

Statistics: Spearman correlation test. p-value indicated comparison between groups.

Variables                             Trough level

 Spearman  Lower 95% CI Upper 95% CI p-value
 correlation (Rho)

Gender 0.012 - 0.132 0.232 0.345
Age 0.342 0.413 0.993 0.044
Body weight 0.009 - 0.380 0.106 0.103
BMI 0.135 0.560 0.820 0.203
Patient’s admission 0.321 0.414 0.729 0.041
Site of infection 0.406 0.216 0.557 0.009

https://www.sciencedirect.com/topics/medicine-and-dentistry/body-mass-index
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Limitations of the Study
The primary limitation of this study was the 

retrospective design with a limited number of pa-
tients. The inherent individual variation in reacting 
to pharmacodynamics and kinetics of medications 
has represented an additional limitation. Moreover, 
the COVID-19 pandemic and related protective 
measures constituted an obstacle to complete the 
research within the planned period of time.  

Conclusions

Finally, we concluded that even at body ad-
justed dosing, vancomycin serum trough levels 
varied among patients with significant variation 
of age, gender, site of infection and type of admis-
sion, especially CCU and CSICU. These findings 
significantly increase the concept of dose individ-
ualization with consideration of gender, site and 
types of infection, especially among critically ill 
patients. 
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