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Vancomycindosing error and inappropriate monitoring is a common problem in hospital daily practice. In
King Abdulaziz Medical City (KAMC) in Jeddah, a high percentage of abnormal vancomycin trough levels
is still detected despite using the recommended dose. Therefore, the current research objective is to study
the major causes of vancomycin dosing errors. This retrospective, single-center, cross-sectional study was
carried out at KAMC hospital in Jeddah from January 1st until December 31st 2019. All adult patients
(�15 years) who received vancomycin and had an initial abnormal trough level at the measured
steady-state were included in this study. 472 patients have met the study inclusion criteria.
The current study evaluated the factors that play a role in causing vancomycin trough level abnormal-

ities such as sampling time, vancomycin dosing, and patient’s pharmacokinetic and pharmacodynamic
variations.
In this study, we found that pharmacokinetic and pharmacodynamic variability was attributed to 65%

of vancomycin’s abnormal trough level. Also, the result showed a significantly increased odds of the low
trough in the non-elderly group (OR 6, 95% CI 2.48 – 14.9, P < 0.001) and febrile neutropenic patients (OR
2.21, 95% CI 1.119 – 4.365, P < 0.05). However, the odds of high trough levels were significantly elevated
among patients who have CrCl < 50 ml/min (OR 5, 95% CI 1.262–20.539, P < 0.05). In addition, the present
investigation revealed that the occurrence of abnormal vancomycin levels was not affected by daily duty
time or working days (p > 0.05). The current study indicated that vancomycin dosing errors were com-
mon in KAMC patients; thus, there is an unmet need to evaluate the causes of vancomycin abnormal
trough level and optimize a strategy that would enhance the therapeutic effectiveness and minimize
the potential toxicity.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vancomycin is one of the old antibiotics used in treating
infected patients with methicillin-resistant staphylococcus aureus
(MRSA). One of the major reasons for vancomycin resistance is
using a universal empirical dose (1 g every 12 h) in all patients
regardless of their weight, creatinine clearance, or conditions.
The universal empirical dose may lead to a sub-therapeutic
level < 10 mg/ml in patients with a weight � of 80 kg and normal
renal function i.e. � 90 ml/min (Devabhakthuni et al., 2012). There-
fore, using a personalized vancomycin dose is essential to mini-
mize the toxicity that arises from pharmacokinetics variability.
Differences in pharmacokinetics might be attributed to certain
conditions such as neutropenia, intensive care units (ICU), and
body burns (Al-Kofide et al., 2010). In neutropenic and obese
patients, studies revealed that the volume of distribution and
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clearance of neutropenic patients is high; thus, a higher dose is
required to compensate the vancomycin decreased level (Hochart
et al., 2011; Guilhaumou et al., 2016; Bury et al., 2019). Moreover,
the obese vancomycin dose is calculated based on the actual body
weight; however, in some patients with a short half-life, they may
require increasing dosing frequency (Vance-Bryan et al., 1993;
Bauer et al., 1998). Furthermore, many physiological variations
occurred in elderly patients play a role in increasing the volume
of distribution and decreasing creatinine clearance, making them
vulnerable to toxicity more than adult and young patients
(Sánchez et al., 2010; Barber et al., 2016).

Despite the use of vancomycin since the middle of 1950, the
optimal dosing strategy remained controversial, and the dosing
practice differs from one institution to another (Jarkowski et al.,
2012). Koppula et al., 2015 reported that the patients’ high trough
level is attributed to wrong sampling time (21%), improper dosing
(19%), changes in renal function (23%), and pharmacokinetics phar-
macodynamics variability (36%). Another factor that has to be con-
sidered in all patients is the individual biological variation, such as
the volume of distribution, protein binding, and drug clearance,
that affect vancomycin dosing (Koppula et al., 2015). (Kabbara
et al., 2018) revealed that only 15.7% of the patients were within
the target therapeutic level; while, 69% of the patients had impro-
per vancomycin monitoring (Kabbara et al., 2018). Based on the
above-mentioned causes of the vancomycin dosing errors, there
is an unmet need to create a strategy to improve the accuracy of
vancomycin dosing and minimize the potential toxicity.

The current single-centered study was conducted in KAMC -
Jeddah to identifying the associated causes of vancomycin abnor-
mal trough level and improve the overall vancomycin dosing accu-
racy. Knowing the causes will facilitate creating a strategy to
minimize the dosing error and the overall vancomycin toxicity.
2. Materials and methods

2.1. Place of study

The current work was carried out at KAMC hospital in Jeddah in
2019.
2.2. Study Design, Setting, and patient population

This retrospective, single-center, cross-sectional study was
approved by the institutional review board at King Abdullah Inter-
national Medical Research Center (KAIMRC) (RJ/20/026/J). The Data
collection was conducted in the period from January 1st until
December 31st, 2019 by using a data collecting sheet evaluated
by two expert clinical pharmacists in the field, the data was
derived from the electronic reporting and recording system. All eli-
gible patients in that period were reviewed. The initial vancomycin
trough levels, which were greater than 20 mg/ml or below 10 mg/ml,
were evaluated to determine the abnormal levels’ causes. Patients
were divided into three groups based on the first steady-state
trough level: low, normal, and high groups.
2.3. Vancomycin dosing and monitoring

Based on the current clinical practice at KAMC - Jeddah, the ini-
tial vancomycin dose is 15–20 mg/kg every 12–8 h using the actual
body weight and administered over 90 to120 min. Serum trough is
usually done as a routine for all patients with normal kidney func-
tion 30 min before the 4th dose (Murphy et al., 2006; Adane et al.,
2015). The subsequent doses were adjusted according to the
trough level.
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2.4. Inclusion and exclusion criteria

All adult patients (�15 years) who received vancomycin and
had an initial abnormal trough level measured at a steady-state
were included in this study. We excluded ICUs, hemodialysis,
burned, and pediatric patients. Abnormal trough level was defined
as a sub-therapeutic level (<10 mg/ml) or supra-therapeutic level
(>20 mg/ml) measured at a steady state. Steady-state was defined
as a ‘‘serum sample drawn 30 min to 1 h before the fourth sched-
uled vancomycin dose”. The causes of abnormal trough levels were
classified into four categories: trough level checked at the wrong
time, improper dosing, pharmacokinetic and pharmacodynamic
(PK/PD) variability, and others. The PK/PD variability was included
(age, BMI, CrCl, and neutropenia). The patients who did not meet
the study criteria to categorize for one of the three categories of
abnormal trough causes during the data collection were classified
as others.

2.5. Patient groups

To examine the effect of each PK variable on the abnormal
trough level, our patients were divided based on age, BMI, CrCl,
and neutropenia into two groups for each variable; elderly
(�65 years) and non-elderly groups (<65 years), obese (�30 kg/
m2) and non-obese patients (<30 kg/m2), patients with
CrCL � 50 ml/min (receive a full dose every 12 h), while patients
with CrCL < 50 ml/min required dose adjustment. Moreover,
patients were categorized based on neutropenia occurrence into;
neutropenic patients ‘‘absolute neutrophil count (ANC) < 1.5
cells/nL ” and non-neutropenic patients ‘‘the absence of neutrope-
nia was defined as ANC � 1.5 cells/nL, or in case no differential of
the WBC was available, a normal WBC value defined as WBC > 4
cells/nL plus no clinical suspicion of neutropenia” (Bury et al.,
2019).

2.6. Endpoints

2.6.1. Primary endpoints
To find the prevalence and causes of vancomycin dosing error

that leads to sub-therapeutic level (<10 mg/ml) or supra-
therapeutic level (>20 mg/ml) in adult non-ICU patients at KAMC
hospital.

2.6.2. Secondary endpoints:

& To assess the appropriateness of interventions performed to
achieve the optimal vancomycin trough concentration.
Appropriate intervention is defined as the dose modification by

the physician or clinical pharmacist after detection of abnormal
trough level, which leads to obtaining the target level. Otherwise,
it will be considered inappropriate.

& To determine the impact of the time of vancomycin initiation on
the likelihood of abnormal trough serum vancomycin
concentrations.

& To investigate the effect of working during weekdays or week-
ends on the occurrence of abnormal trough serum vancomycin
concentrations.

In KAMC - Jeddah, inpatient services are covered 24 h, seven
days per week. KAMC - Jeddah used a three-shift system (morning,
afternoon, and night) with eight hours of duty. The clinical phar-
macist duty only during business hours from 0800 to 1700 from
Sunday to Thursday. There is no clinical pharmacist coverage after
business hours, and during weekends, all clinical responsibilities
during this time are covered by a senior expert pharmacist.



Table 1
Demographic characteristics of the study patients.

Variable Frequency (%)

Age (yrs)
Young Adult (�30) 77 16.3
Adult (>30 - <65) 220 46.5
Elderly (�65) 176 37.2

BMI (kg/m2)
Underweight (�18.5) 53 11.2
Normal (18.5–24.9) 151 31.9
Overweight (25.0–29.9) 140 29.6
Class I obesity (30.0–34.9) 66 14.0
Class II obesity (35.0–39.9) 35 7.4
Class III obesity (�40) 28 5.9

CrCl (ml/min)
>90 206 43.6

A.M. Alzahrani, A. Naeem, A.F. Alwadie et al. Saudi Pharmaceutical Journal 29 (2021) 616–624
& To determine the number (s) of interventions required to reach
the target vancomycin level.

2.7. Statistical analysis

All data were analyzed using a statistical package for the social
sciences (SPSS) version 26.0 (SPSS Inc, Chicago, IL, USA). The
Kolmogorov-Smirnov test and histogram were used to determine
the distribution of the data. Demographics were expressed as fre-
quencies and percentages for categorical variables and continuous
variables were presented as mean ± SD or median (interquartile
range) where applicable. The comparisons between the two groups
were performed using contingency table analysis with a v2 test or
Fisher exact test and Mann-Whitney U tests for categorical vari-
ables. The Kruskal Wallis test was used to compare three or more
groups for categorical variables. The crude odds ratio with a 95%
confidence interval (95% CI) of abnormal trough level was calcu-
lated among each PK variables (age, BMI, CrCl, and neutropenia)
and different hospital units (medical, oncology, surgical, and ER).
The significant PK variable association found in v2 test was
included in multivariate logistic regression analysis. Multivariate
logistic regression analysis was performed to identify independent
predictors of abnormal trough level using age, BMI, CrCl, and neu-
tropenia as potential predictor variables. The adjusted odds ratio
with 95% IC in the multivariate logistic regression model was also
calculated. All reported P values were 2-sided, P-value of <0.05 was
considered statistically significant.
50–90 187 39.5
15–50 77 16.3
<15 3 0.6

Gender
Male 247 52.2
Female 226 47.8
Trough (mg/ml)
Low (�10) 204 43.6
Normal (10–20) 188 39.7
High (�20) 80 16.9

BMI = Body Mass Index, CrCl = Creatinine Clearance.
3. Result

Out of the 1497 patients who received vancomycin, 472
patients were met the study inclusion criteria and effectively ana-
lyzed, while 1025 were excluded (Fig. 1). The majority of the
enrolled patients were in the oncology unit (n = 195, 41.2%) and
medical area (n = 117, 24.7%). The mean vancomycin dose was
1884 mg/day and SD of ± 586 mg. The patient’s BMI was ranged
from normal (31.9%) to underweight (11.2%) and class III obesity
Fig. 1. Flow diagram for the in
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(5.9%). 46.5% of the patients were adults, whereas the young adult
and elderly were 16.3% and 37.2%, respectively. Men and women
were distributed equally in this study. Among the 472 trough con-
centrations, 204 (43.6%) were lower than 10 mg/ml while 80
(16.9%) were higher than 20 mg/ml (Table 1).
3.1. Prevalence and causes of vancomycin abnormal level

Sixty-five percent of the abnormal vancomycin trough level was
due to the PK/PD variability. The improper dose was responsible
clusion of study patients.



Fig. 2. (A) Prevalence of identified causes for abnormal vancomycin trough levels.
(B) The proportion and the 95% confidence interval (CI) of abnormal Vancomycin
trough concentrations observed in different hospital units. n = 284.
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for 24.56% of the total abnormal trough level causes and 6.67% of
all cases were due to the obtaining of the specimen at the
wrong time (Fig. 2A). 44% of abnormal trough level was in the
oncology unit, and 24% in the medical unit while surgical and
Fig. 3. The association between abnormal trough levels and v
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emergency department representing 16% and 8% of the total events
(Fig. 2B).

Interestingly, there is an increased odds of low trough levels
among non-elderly patients (OR = 5.56, CI 95% = 3.5–8.7,
P < 0.001) compared to an elderly patient. Moreover, the low
trough’s odds are increased in patients with high CrCl
(CrCl � 50 ml/min) (OR = 3.55, CI 95%: 1.87 to 6.6, P < 0.001) com-
pared to the low CrCl group (CrCl < 50). Also, subgroup analyses
were performed based on units, and the results showed that a sig-
nificantly increased odds of the low trough in medical unit patients
with CrCl � 50 ml/min (OR = 6.192, 95% CI = 2.084 to 16.39,
P < 0.001) compared with medical unit patients have
CrCl < 50 ml/min. Similarly, the results demonstrated a significant
increase in odds of high troughs among oncology patients those
with CrCl < 50 ml/min (OR = 5.022, 95% CI = 1.362 to 16.15,
P < 0.05) as compared with patients with CrCl � 50 ml/min
(Fig. 3A). Furthermore, it has been noticed that the oncology
patients with febrile neutropenia were associated with lower
trough vancomycin levels compared with the non-neutropenic
group (OR = 2.424, 95% CI = 1.293 to 4.526, P < 0.01) and the med-
ian trough of the neutropenic group was 8, which corresponded to
the sub-therapeutic range, whereas the non-neutropenic patient
13 (P < 0.0001) (Fig. 3A) and (Fig. 4). After controlling all covariates,
the multivariable logistic regression analysis showed that age,
renal function, and febrile neutropenia were markedly associated
with abnormal vancomycin trough levels. (Fig. 3B) illustrated a sig-
nificantly increased odds of low trough in; the non-elderly group
(OR 6, 95% CI 2.48 – 14.9, P < 0.001), febrile neutropenic patients
(OR 2.21, 95% CI 1.119–4.365, P < 0.05) compared to the elderly
and non-neutropenic groups respectively while the odds of high
trough levels was significantly higher among CrCl < 50 ml/min
patients (OR 5, 95% CI 1.262–20.539, P < 0.05) compared with
patients have CrCl � 50 ml/min. Also, the other variable in the
model was not associated with increased or decreased the odds
of abnormal trough comparing with the normal trough.
arious variables. (A) odds ratio. (B) Adjusted odds ratio.



Fig. 4. Box plot showing significant differences in trough serum vancomycin
concentrations between patients with and without neutropenia (p < 0.0001).
Middle line: median; upper/lower box: upper or lower 25% of data; upper/lower
bar: greatest or least value excluding outliers; dots: outliers (greater or lesser than
1.5 times of upper quartile).
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3.2. The appropriateness of interventions performed to achieve optimal
vancomycin trough concentration

One hundred ninety-two interventions were evaluated and the
result showed that there is no significant difference among groups
Fig. 5. Distribution of interventions were taken to achieve the optimal vancomycin trou
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in terms of the appropriateness of interventions U = (Low = 144,
High = 48) = 3384, z=� 0.254, P > 0.05. Depending on different hos-
pital units, interventions were also assessed, and the result demon-
strated that there is no statistical difference between low and high
trough groups in all units v2 (4, n = 192) = 1.608 value, P > 0.05
(Fig. 5).

3.3. Impact of the time of vancomycin initiation on the likelihood of
abnormal trough serum vancomycin concentrations.

Four hundred seventy-two trough values were evaluated. The
summary of the distribution of trough between three different
shifts illustrated in (Fig. 6A). A Kruskal-Wallis H test was con-
ducted to examine the differences in trough groups (low, normal,
high) across the duties time of initiation of the vancomycin dose
during different shifts. The results showed no statistically signifi-
cant difference in trough level groups between the different shifts,
v2(2) = 1.117, P > 0.05, with a mean rank 241.1 for the morning
shift, 232.96 for the evening shift, and 224.14 for the night shift.

3.4. Effect of working during weekdays or weekend on the occurrence
of abnormal trough serum vancomycin concentrations

A Kruskal-Wallis H test was conducted to examine the differ-
ences in distributions of trough groups across the working days
of initiation of vancomycin and the result showed there is non-
statistical significance on the distribution of trough groups
between weekdays and weekend, (v2 = 1.067, P > 0.05, df = 1), with
a mean rank 233.22 for the weekdays and 247.42 for the weekend.
(Fig. 6B) illustrated the distribution of normal and abnormal van-
comycin trough concentrations cross working days.

3.5. Number of interventions required to reach the target vancomycin
level

A total of 214 interventions were taken to reach the target level.
The low-level group had higher proportions of patients who
gh Concentration between low and high trough groups in different hospital units.



Fig. 6. (A) Distribution of normal and abnormal vancomycin trough concentrations cross daily duty time. (B) Distribution of normal and abnormal vancomycin trough
concentrations cross working days.
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required intervention more than the high-level group, 74.6%, and
25.4%. The most common source of errors associated with an
increased number of the intervention was PK/PD
variability > 40% for both groups. PK/PD variability was included
(age, BMI, CrCl, and neutropenia). The result demonstrated that
the oncology units account for the highest number of patients
who required one intervention (Fig. 7.) Moreover, the result
showed that the vast majority of the non-elderly patient with
CrCl > 50 ml/min required one intervention as showed in (Table 2).
4. Discussion

The current study concluded that using a universal empirical
dose of vancomycin (1 g every 12 hrs) is one of the reasons that
cause receiving a sub-optimal dose in King Abdulaziz Medical
621
City’s patients. The data revealed that the sub-therapeutic initial
trough concentrations of vancomycin were 43%. Interestingly, the
improper sampling time led to 6.6% of the total error which con-
sider low compared to other studies(Kabbara et al., 2018)
(Melanson et al., 2013). We also found that neutropenic patients
are associated with high odds of low trough compared with non-
neutropenic patients OR = 2.4, P < 0.001. In agreement with this
finding, Choi et al. found a strong association between low van-
comycin trough level and neutropenia (Choi et al., 2017). The pre-
sent investigation revealed that the distribution of abnormal
vancomycin levels were not affected by weekends or weekdays
shift. Thus, the abnormal vancomycin level was not associated
with the weekend effect (P > 0.05). Moreover, we observed no dif-
ference in abnormal level rates during evenings and nighttime
compared with the morning shift.



Fig. 7. The percentage of interventions required to reach the target vancomycin level among patients with low and high trough levels based on the source of vancomycin
dosing error.

Table 2
The percentage of interventions required to reach the target vancomycin level among patients with CrCl < 50 ml/min and CrCl � 50 ml/min based on the age group.

Age group Number of interventions

1 2 3 >3

Elderly n (%) CrCl < 50 ml/min 11(5.1) 4(1.9) 1(0.46) 3(1.4)
CrCl � 50 ml/min 22(10.2) 9(4.2) 3(1.4) 2(0.93)

Non- elderly n (%) CrCl < 50 ml/min 4(1.9) 2(0.9) – –
CrCl � 50 ml/min 100(46.7) 32(14.9) 16(7.5) 5(2.33)

Total 137 47 20 10
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Other studies have reported that administering of 1 g
vancomycin to 92% of the ER department patients led to under-
dosing in 78% of those patients(Fuller et al., 2013). Thus, weight-
based dosing is recommended to overcome the vancomycin
sub-therapeutic level (Patanwala et al., 2009; Rybak et al., 2009).
The cause of using an empirical fixed dose of vancomycin might
be attributed to several reasons, such as lack of knowledge and fear
of nephrotoxicity (Fuller et al., 2013; Al-Dorzi et al., 2019). The
odds ratio of low trough among adult patients < 65 years is 5.5
folds higher than elderly patients > 65 years. The low trough level
among adult patients is attributed to the rapid elimination process
of vancomycin; thus, an increase in the dose frequency is sug-
gested to be every 8 hr (Legal and Wan, 2010). Increasing the dose
frequency (every 8 hr) helps in achieving the goal therapeutic con-
centration (13–22 mg/ml) in patients with CrCl > 70 ml/min (Kullar
et al., 2011). On the other hand, the new vancomycin guideline-
recommended a dose of 15 mg every 12 to 8 hr for all patients with
normal kidney function. However, there are no specific criteria for
who should start on twice or thrice daily dose (Rybak et al., 2020).
Indeed the standardization of the vancomycin dose and using the
same initial dose for all patients i.e., 15 mg/kg every 12 hr might
be the cause of 46% of the adult patient with CrCl � 50 ml/min
required one intervention. Intervention which is easy to avoid
and easy to correct by applying direct and straightforward phar-
macokinetics calculation.
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Inappropriate sampling time is another factor that impacts the
vancomycin trough negatively. Kabbara et al. conducted a study in
a tertiary hospital in Lebanon, and the results have shown that
two-thirds of the patients had inappropriate sampling time
(Kabbara et al., 2018). Kabbara et al. attributed the Inappropriate
sampling time to several factors such as insufficient monitoring
of renal failure patients. Melanson et al. performed and assessed
educational, informational technology-based intervention for the
nurses to reduce the vancomycin sampling error. The errors
decreased from 39% to 32% which is not significant. The author
summarized the reasons for that to unclear order by the prescriber
and lack of effective communication between healthcare providers
(Melanson et al., 2013). On the contrary, our results showed that
the wrong sampling time led to 6.6% of the total errors. This per-
centage is considered low compared to the other studies
(Melanson et al., 2013; Kabbara et al., 2018). This can be attributed
to high adherence to the KAMC guideline and the wide expansion
in clinical pharmacist services, which positively impacts the reduc-
tion of sampling time error and increasing commitment to the
policy.

Regarding neutropenic patients, other studies found a strong
association between low vancomycin trough level and neutropenia
(Choi et al., 2017) which is comparable with our finding. A sys-
temic review conducted in 2020 by He et al. confirmed that the
current conventional vancomycin protocol is accompanied by a
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low sub-therapeutics trough in patients with hematological malig-
nancy or neutropenia. The mechanism by which neutropenia
induces the sub-therapeutic level is not well understood (He
et al., 2020); However, other studies explained this sub-
therapeutic level due to the high volume of distribution and clear-
ance in a neutropenic patient (Hochart et al., 2011; Guilhaumou
et al., 2016). Neutropenia can cause the augmentation of van-
comycin clearance, and many hypotheses exist to explain that,
including; i) kidney function and urine output can be altered by
cancer and excessive hydration, ii) induction of non-renal metabo-
lism of vancomycin such as hepatic elimination by conjugation,
and iii) vascular permeability is enhanced by infection and neu-
tropenia, which leads to extravasations of vancomycin and caused
decreased serum concentration (Al-Kofide et al., 2010; Choi et al.,
2017).

The present investigation found no effect of weekends, week-
days, nighttime, or morning time on the distribution of abnormal
vancomycin levels. This result is inconsistent with published stud-
ies that evaluate this effect on specific disease states. Miller et al.
reported an increase in medication error rate during the evening
and nighttime shifts relative to day shift and weekends relative
to weekdays at academic, tertiary care children’s hospitals
(Miller et al., 2010). This variation can be explained by a gap of
pharmacokinetic knowledge and wrong practice among all pre-
scribers. Furthermore, understanding vancomycin pharmacokinet-
ics and individualized the initial dose will enhance and decrease
the abnormal level in a specific populations.
5. Conclusion

The present study showed that the underdosing of vancomycin
in our hospital is predominant. Using universal dose in all patients
was one of the leading causes of the vancomycin therapeutic level.
Furthermore, age, renal function, and febrile neutropenia were
markedly associated with abnormal vancomycin trough levels.
The patient’s pharmacokinetic and pharmacodynamic variations
were another player that causes vancomycin trough level abnor-
mality. Therefore, Personalized dosing would be one of the poten-
tial tools to minimize vancomycin toxicity. Also, evaluating the
causes of vancomycin abnormal trough level and optimizing a
strategy that would enhance the therapeutic effectiveness and
reduce the potential toxicity is needed in our hospital.
6. Limitations

The study is retrospective in nature, which was done in one ter-
tiary care center, limiting the ability to generalize the results. Our
study was conducted in approximately medically stable patients,
so such a result should not be extrapolated out of this range. Addi-
tionally, we evaluated only the initial trough resulting from
empiric or therapeutic vancomycin dosing, and we did not evaluate
clinical endpoints, such as microbiological cure or emergence of
resistance. Finally, data collection was done through the institu-
tion’s computerized system; consequently, no interventions were
done on the hospital wards. Such studies enable you only to deter-
mine the association between vancomycin trough and various vari-
ables while the causality cannot be determined.
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