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ABSTRACT
The present work aims to study the pharmacokinetics parameters of vancomycin in Saudi
patients, also to develop new equations for the prediction of these parameters from the
population data based on their lab data. Data were coded individually, and analyzed as a single
cohort or with stratification by the gender, age, and age group. The statistical software SPSS 22
was used for all analyses. 131 patients met the inclusion criteria and their data were analyzed in
this study. The patients’ sample comprised 83 males (63.4%) and 48 females (36.6%). The mean
age was 44.0+27.5 years (mean£SD) with an age range of 0.5-86 years. The mean weight of
patients was 60.8£31.2 kg (range, 3-176 kg) and mean height 140.3+42.0 cm (range, 30-185
cm). The dosing rate of vancomycin in these patients was 11.74+89.24 mg/hr (range, 1.83-562.5
mg/hr, n=131). These is no statistically significant difference between newborn-infant group in
ke (t-test, p=0.408). Although the half-life of vancomycin in newborns and infants was almost
double its respective value in children, the difference was statistically insignificant (t-test,
p=0.154). There is no significant difference in V4 between the two groups (newborn/infant &
children) (t=0.681, p=0.509). When V4 was normalized to body weight as usually reported in
population pharmacokinetics, the difference stayed insignificant (t=1.86, p=0.087). The lack of

insignificant difference may be due to the assumption of normality of calculated data. The small
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sample of newborns, infants and children may render the data non-normally distributed; hence t

test may not be the appropriate choice for this analysis.
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1. INTRODUCTION:

Population pharmacokinetic can be defined
as the study of variability in the plasma drug
concentration between individuals when
standard dosage regimens are administered
[1]. This model consists of the collection of
pharmacokinetic parameter estimates in a
given patient population which provides the
means to store past experience with
behaviors of drugs, and apply it to the care of
future patients [2].

Population pharmacokinetic seeks to identify
the extent of these changes so that if such
changes are associated with clinically
significant shift in the therapeutic index,
dosage can be appropriately modified [2].
Vancomycin, an antibiotic with glycopeptide
structure, is one of a few antibiotics available
to treat patients infected with methicillin-
aureus  and

resistant  Staphylococcus

methicillin  resistant  coagulase-negative
staphylococcal species. Vancomycin is used
only for the treatment of antibiotic pseudo
membranous colitis, which is caused by a
toxin produced by Clostridium Difficile, a
spore-forming, G (+) obligate anaerobic
bacillus (in absence of oxygen). Its’

pharmacokinetics could be changed by the

patient conditions such as renal function [3]
age [4], body weight [5], critical illness [6],
type of dialysis [7] and type of infection [8].
According to (Freeman et al., 1993)
following the widespread appearance and
increasing prevalence of MRSA, the

worldwide usage of vancomycin has
increased tremendously [9]. It is bactericidal
to most susceptible Gram (+) bacteria at
levels 0.5 - 3 mg/L (MIC). Staphylococci
including  f-lactamase  producing and
methicillin resistant species are killed at
levels <10 mg/L (MIC). Resistant mutants
are very rare, except for vancomycin resistant
enterococcus. The emergence of
vancomycin-intermediate  susceptible and
vancomycin-resistant pathogens [10].

Vancomycin kills bacteria mainly by
inhibiting bacterial cell wall synthesis.
However, it also damages the bacterial cell
membrane and interferes with bacterial RNA
synthesis. ~ Approaches to dosing of
vancomycin include empirical dosing [10]
and dosing by monograms [11, 12]. S aureus
quickly developed resistance to early
antibiotics. It is mode of action of

vancomycin that inhibits the polymerization
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of peptidoglycan (an essential component of
the bacterial cell wall), is the drug of choice
for MRSA isolates. 17 Vancomycin is less
bactericidal against MSSA than are B-lactam
agents, and vancomycin has been associated
with clinical failure in treatment of MSSA
infections [13]. Vancomycin was first
approved by the Food and Drug
Administration in 1958, and resistance first
emerged in coagulase-negative staphylococci
in 1987 [14]. In 1996, the first clinical isolate
of S aureus with reduced susceptibility to
vancomycin was identified in Japan [15].
Risk factors for infection with § aureus with
reduced vancomycin susceptibility include
antecedent vancomycin use and prior MRSA
infection [16]. Therapeutic drug monitoring
(TDM) is defined as the clinical laboratory
measurement of a chemical parameter and,
with appropriate interpretation will directly
influence prescribing procedure [17]. It is
unnecessary to employ TDM for the majority
of medication. TDM is used mainly for
monitoring drugs with narrow therapeutic
index, which are known to cause therapeutic
and adverse effect at the same time, drugs
with marked pharmacokinetic variability and
also have difficult monitoring of target
concentration [18]. Early reports regarding
the possibility of nephrotoxicity and

ototoxicity had led a concern about the use of

vancomycin and its serum concentration
monitoring [19]. This aims to study the
pharmacokinetics parameters of vancomycin
in Saudi patients to develop new equations
for the prediction of these parameters from
the population data based on their lab data.

2. MATERIELS AND METHODS

2.1 Study design:

After receiving approval from an Institutional
Review Board (IRB) at King Saud
University, the study was conducted
prospectively at King Khalid University
Hospital (KKUH), Riyadh, Kingdom of
Saudi Arabia, from September 5, to October
26, 2014. One-hundred thirty one patients,
newborns and adults (79 males and 45
females) who were treated with vancomycin
with complete data regarding dosage
regimens, serum drug concentration, and
precise timing of dose administration and
blood sampling over the entire course of
vancomycin therapy for different infections
enrolled in the study. Patient is included in
the study if: he/she received vancomycin as
treatment or prophylaxis within the indicated
period or is not suffering from other diseases
and not on a chronic therapy for diseases
such as epilepsy or diabetes, etc. The cases of

pregnant women, outpatients, non-Saudis,

allergic or hypersensitive to vancomycin and
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patients on chronic therapy for other ailments
were excluded from the study.

2-2. Data collection:

It was done retrospectively using a data
collection form. Pertinent patient information
and parameters of vancomycin therapy were
recorded and included demographic data
(age, gender, body weight, height, IBW,
BMI, BSA and diagnosis), serum creatinine,
BUN and vancomycin treatment parameters
(dose, dosing interval, sampling time,
infusion time, peak and trough or random
serum  concentration (LEVEL).  The

information required to complete the data

collection form was obtained from the TDM,

_In (C3=/ C=)

k,
At

]

D(1—e )

patient records and from pharmacokinetic lab
in the hospital.

2. 3. Pharmacokinetic analysis
Individual

vancomycin  pharmacokinetic

parameters  including elimination rate
constant (K , hr'l), elimination half-life (t;, ,
hr), apparent volume of distribution (Vd,
L/kg) and total body clearance (CL, L/h.kg)
was  determined assuming a  one-
compartment model using two serum
vancomycin concentrations and taking into
account to have constant pharmacokinetics in
patients who had both peak and trough

measurements using the following equations:

(eq. 1)
(eq. 2)

(eq. 3)

kT, (O — Ol (¢ 5n)

In which K¢ is the elimination rate constant
(in hr'"), (C™™) is the peak concentration in
mg/L and (C™") is trough concentrations in
mg/L at steady-state as described above, V4
is apparent volume of distribution at steady
state in L/kg, (D) is the dose of vancomycin
administered in mg/kg, At is the time interval
(hr) between measured peak and trough

concentration and T, (hr) is the infusion time

(eq. 4)

(duration of infusion) which will be set at 1
hour.

roF adolescent, adult and elder patients K
was calculated wusing the following
population equation (Matzke): ke =0.00083
CL.r +0.0044 (eq. 5)

Where CLer is the creatinine clearance

(mL/min).
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The creatinine clearance for adolescent, adult

and elder patient was calculated by Cockroft

(T’rl (males) =

CL CI

or (females) —

Where age is in years, W is the weight (kg)
and S, is the serum creatinine concentration

(mg/dL).

Where L is the length of the patient (cm) and
Ser 1S the serum creatinine concentration
(mg/dL).If Sy will be provided in pmole/L
units, it will be converted to mg/dL units
through multiplying by the conversion factor
of (0.0113).

2.4. Moral confirmation:

The present study was approved by the
Institutional Review Board & Ethical
Committee of Riyadh Colleges of Dentistry
& pharmacy (RCsDP)

2-5.Statistical analyses: Data were coded
individually, and analyzed as a single cohort
or with stratification by the gender, age, and
age group. The statistical software package
SPSS 22 was used for all analyses (IBM
Corp. Released 2014. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY:
IBM Corp.) Descriptive statistics including
numbers and percentages for categorical

variables and mean and standard deviations

(140— Age)W
T 78,

e (malkes)

and Gault formula as follows:

(eq. 6)

% 0.85 (eq.7)

For pediatric patients (newborns, infants and
children), creatinine clearance was be

calculated using Schwartz formula:

(eq.7)

(SD) for continuous variables were
calculated. The level of significance for all
tests was set at 0.05. Results were analyzed
and, depending on the type of data,
appropriate statistical tests were used for
comparisons (e.g., an independent t-test was
used to compare continuous variables such as
age). For data that were not normally
distributed, either the Wilcoxon rank sum or
Mann-Whitney U test was used. The chi-
square and Fisher exact tests were used to
assess the differences in case of discrete
variables. Agreement among responses of
physicians was assessed using the Kendall-
tau rank correlation, Spearman rho test and
kappa statistic. Additional analyses (e.g.,
analysis of wvariance and Kruskal-Wallis
tests) were used when appropriate. If the
question of data normality arose (based on a

probability plot, Shapiro-Wilk test and/or

Kolmogorov-Smirnov test), log-transformed
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data were used followed by a parametric test.
Otherwise, a nonparametric alternative was
used. Homoscedasticity and
heteroscedasticity were tested by both
plotting the residuals and Breusch-Pagan test.
Pearson or Spearman correlation coefficients
were also utilized to investigate the
correlation between variables of interest.
One-way analysis of variance was performed
for testing any significant difference between
the pharmacokinetic parameters as a function
of age groups with Scheffe, Duncan or
Student-Neuman-Keuls as post hoc tests.

3. RESULTS AND DISCUSSION
One-hundred thirty one patients met the
inclusion criteria and their data were
analyzed in this study. The patients’ sample
comprised 83 males (63.4%) and 48 females
(36.6%). The mean age was 44.0+27.5 years
(mean+SD) with an age range of 0.5-86
years. The mean weight of patients was
60.8+31.2 kg (range, 3-176 kg) and mean
height 140.3£42.0 cm (range, 30-185 cm).
Table 1 shows the distribution of age, weight
and height as a function of gender.

Patients were classified according to their
age into 5 age groups, namely, newborns (0-2
months), infants (2 months -2 years),
children (2-12 years), adolescents (13-19
years), adults (20-65 years) and elders (over

65 years). The age distribution in these
groups is reported in Figure (2).

The ideal body weight for these patients
averaged 56.76+11.77 kg (mean+SD) with a
range of 14-80 kg, and the body mass index
(BMI) was found to be 26.66+5.63 kg/m2
with a range of 15.8-46.5 kg/m2. It is
noteworthy to mention that BMI was only
calculated for those patients who are older
than 18 years of age. A new variable was
created using BMI called obesity where
patients were classified into 6 groups
according to their calculated BMI. Table 2
shows the distribution of patients according
to variable obesity.

Vancomycin is prescribed in case of
infections in all hospital wards. Figure 2
shows the wards from which our present
sample was originated.

Serum creatinine concentration ( Scy) in these
patients averaged 125.64+144.07 umol/L
(range, 10-815 umol/L) or 1.43£1.63 mg/dL
(range, 0.11-9.21 mg/dL). The creatinine
clearance ( CL.) was calculated using
Cocroft and Gault method for adults or
Schwartz formula for pediatric patients. The
results of creatinine clearance in our sample
of patients are reported in table 3.

In the present study, we have observed that,
there was no

statistically  significant
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difference in CL. between males and
females (t-test, p=0.328).

Vancomyin concentration demonstrates no
change in the incidence (30% ) of levels at
sub therapeutic values (< 5p g/mL) between
the compared years. Furthermore, therapeutic
levels (10pug/mL<) [20]. On contrast, there
was an extremely significant difference in
CL. between the patients with respect to
their age groups (ANOVA, p<0.0001).
Scheffe and Tukey post hoc tests of ANOVA
showed that the source of this difference was
originated from the adults group whereas all
other groups are similar to each other (Figure
3).

In the present study also we were
investigated the degree of renal impairment
in these patients. The results of this
classification on our sample of patients are
shown on figure 4.

Most of the patients in the study
sample were suffering from mild to moderate
renal impairment. There is no way to
ascertain how chronic is the degree of renal
impairment in these patients due to the lack
of data regarding proteinuria, BUN and
baseline values of creatinine clearance just
before hospitalization. In the present data, no
statistically significant differences between
males and females in the degree of chronic

kidney disease (Chi-square test, p=0.865).

The dosing rate of vancomycin in these
patients was 11.74489.24 mg/hr (range, 1.83-
562.5 mg/hr, n=131). All vancomycin
concentrations were considered at steady
state due to the short half-life of the drug.
The minimum serum concentration of
vancomycin (C*™)) (i.e., trough level) and
its maximum serum concentration (Cig**

(i.e., peak level) were only monitored in
newborns, infants and children. Therefore,
our trough and peak levels only represent
these patients. In adolescents, adults and
elders, peak level is not monitored and only
trough is reported. In newborns and infants
combined trough and peak levels were found
to be 14.09+7.74 mg/L (range, 1-38 mg/L,
n=131) and 24.68+13.51 mg/L (range, 266
mg/L, n=21), respectively. These values, on
the average, were within the normal reported
values in literature where normally the
trough level is between 5-15 mg/L and peak
level is between 30-40 mg/L. The lowest
values of trough concentrations was observed
in adolescents compared to other age groups
and the highest trough levels, on the average,
were observed in elder groups. This
observation is logical since the renal function
in elders is usually lower than that in other
age groups and the result is consistent with
the fact that vancomycin is predominantly

eliminated via the renal route ( Figure 4).
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Calculation of Elimination rate
constant (K ) of vancomycin and the half-
life (t;2) of the drug:

The elimination rate constant ( K¢ )
was calculated from the slope of the decline
of the serum concentration vs. time curve for
21 patients since only peak and trough were
monitored in these patients. Most of the
patients have only trough value. Both peak
and trough together were monitored in
newborns, infants and children. In adults and
elders only trough level was monitored. The
average el k value observed in these 21
patients was 0.1349+0.074 hr'' and the half-
life (t;») of the drug averaged 7.52+5.9 hr.
Table 4 shows the calculated values for the
elimination rate constant and half-life in
these patients.

In the present data, we have noted
that, There was no statistically significant
difference between newborn-infant group in
ke (t-test, p=0.408). Although the half-life of

vancomycin in newborns and infants
was almost double its respective value in
children, the difference was statistically
insignificant (t-test, p=0.154). Numerous
studies have shown that a high percentage of
TDM tests may provide inaccurate
information because of improper collection
furthermore, the TDM tests may lead to

inappropriate dosage adjustments or over

ordering of tests [23,29] In the present data
for adolescents, adults and elders k . was
predicted from creatinine clearance values
using Matzke equation (eq. 5) exploiting the
creatinine clearance ( Kg 0 00083CL.,
[110.0044 ). Additionally, for the sake of
comparison, ke was predicted for newborns,
infants and children. Table 7 shows the
predicted ke; and t;;values for all age groups.

Paired t-test shows that there is a
statistically significant difference between
the calculated and predicted t;, and k¢ values
and in newborns and infants (t=3.639,
p=0.007 for t;) and (t=3.476, p=0.008 for
ke)). for other investigators, several studies in
the past decades evaluated the utilization of
vancomycin in hospitalized adults and
pediatric patients, the investigators reported
up to 65% inappropriate use of vancomycin
based on institution specific
recommendations [22-28]. Similarly, paired
t-test proved to be extremely significant
between the calculated and predicted t in
children (t=4.869, p<0.0001). the
discrepancy between the calculated and
predicted 48 values of half-loves and ke
could have arisen from the fact that Matzke
equation may not be suitable for the
prediction of half-lives in Middle Eastern
subjects since it was derived from data taken

from Caucasian patients or it may be due to
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the small sample size of newborns, infants
and children in this study. To clarify this
difference in k. between age groups, Tukey
post hoc test was performed. The correlation
between the predicted and the calculated is

weak (Pearson correlation coefficient

r=0.126). To compare the difference between

the various age groups regarding the

predicted half-lives, ANOVA test was

performed which proved that the difference

1S

statistically

p<0.0001).

To illustrate the

significant

(F=5.568,

difference between

the calculated and the predicted values of K¢

and t,, f for newborns, infants and children,

the predicted values were plotted as a

function of the calculated values as shown in

figure 6 and figure 7 respectively.

Table (1): Demographic characteristics of patients’ sample as a function of gender.

Mean£SD
(Range) p-value
(n) (Sig)
Males Females Total
46.3 £27.9 40.1 +26.5 44.0 £27.5 0.231*
Age(Years) (0.5-85) (0.5-85) (0.5 -86) (NS)
(n=79) (n=45) (n=124)
62.4 +£30.6 57.9+32.3 60.8+31.2 0.427*
Weight(Kg) (3-147) 4-176) 3-176) (NS)
(n=83) (n=8) (n=131)
144.9+42.1 132.2 +41.0 140.3+42.0 0.096*
Height(Cm) (31-185) 30-170) (30-185) (NS)
(n=83) (n=48) (n=131)

NS=Not significant; * Student’s t-test for independent samples; There were no statistically significant differences in age, weight or height
between males and females (p>0.05)

Age Distribution as function of age groups
300% 1 2 Lk
//
25.0% - .
20.0% A 2 y
7 12.9%
15.0% - V% 97%
0, - ’
10.0% j/r poye 47%
o s B8 ,
/ //"
0.0% T T T T 1
0-2y 3y-12y 13y-19y 20y -65y <65y
Figure 1: Age distribution as function of age groups
Table (2): Obesity variable
Group N% Group N%
Underweight (BMI<18.5) 5(5.3) Obese class 1 (BMI=30-35) 11 (11.7)
Normal (BMI=18.5 — 24.9) 33 (35.1) Obese class 2 (BMI=35 — 40) 7(7.4)
Overweight (BMI=25 — 30) 35@37.2) Morbidly obese (BMI>40) 3(3.2)
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40.0%
30.0%
20.0%
10.0%

0.0%

CKD classification of patients receiving vancomycin

Normal

Mild

Moderate Severe

Renal
Failure

0 Male

0 Female

Figure 2: The hospital wards in which vancomycin were prescribed for patients in this study

Table 3: Creatinine clearance as a function of age group in patients receiving vancomycin

Age group Creatinine Clearance (ml/min) Mean + SD
Males Females
Newborns &Infants 34.5+11.8 33.248.9
Children 58.5+23.5 65.1+£20.0
Adolescent 72.6+28.2 81.4
Adults 78.4+30.9 65.5+31.0
Elders 40.2+£17.9 26.6+11.8
Total (gender) 53.7£29.8 (n=45) 59.3+£30.9 (n=79)
Total 57.3 +£30.9 (n=124)
90 -~
]
E 80 -+
E 70 A
o
o 60 -
£
% a0 7 B Male
4]
& 90 1 BFemale
et
5] 30 -
c
g 20 -
>
2 10 4
[
0
Infants Children Adolescent Adults Elders

Figure 3: Creatinine clearance as a function of age group in patients receiving vancomycin
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Figuer 4: (CKD) classification of patients receiving vancomycin
Table 4: Elimination rate constant and half-life in newborns, infants and children.
puorg egA [ t120n)
Newborn sand , infants 0.1243+0.076 8.97+8.04
children 0.147+0.014 4.75+0.45
Table 5: The predicted and calculated k,; and t;,values for all age groups
puorg egA Ker e ) ti20r)
Calculated Predicted Calculated Predicted
Newborn sand , infants 0.1243+0.076 0.0327+0.0087 8.97+8.04 (n=16) 23.56+10.47 (n=16)
children 0.147+0.014 0.0552+0.0177 4.75+0.45 (n=12) 16.11+13.73 (n=12)
Adolescents - 0.0665+0.0194 - 11.43+4.6 (n=4)
Adults - 0.0651+0.0259 - 13.95+10.10 (n=59)
Elders - 0.0347+0.0145 - 25.51+16.38 (n=33)
042 28
26 -
010 -I L] L] ..
24 4 L
] L o~
— = = ¥
£ £ 20
: .
g E 18
g 3,
= 16
8 g
& g 14 < ™ .
*
12 4 .
L] 10 4 - .
0.00 T T T T T T 8 T T T T T
0.00 0,05 0f0 015 020 0.25 0.30 035 5 10 5 20 25 0
Calculated k, ("'} Calculated half-life (hr)

Figure 6: Predicted k as a function of calculated k,,

t;, for newborns, infants and children

Figure 7: Predicted t;, as a function of calculated

for newborns, infants and children
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4. CONCLUSION

Our results revealed the high variability
in vancomycin pharmacokinetics between
age groups in Saudi Arabia which is
consistent with the reported values for other
ethnic groups. There is a great need to
monitor both the peak and trough
concentrations for all age groups to properly
calculate the clearance of the drug and
individualize the dosing regimen for our
patients. We also concluded that the
comparison between various factors affecting
vancomycin  administration is  closely
dependent on patient’s characteristics.
It was proved that the difference is
statistically ~ significant. There is no
significant difference in volme distribution
between the two groups (newborn/infant &
children).

It is recommended that the physicians
prescribing the drug should be educated
about the pharmacokinetics of this
medication. They should learn how to
calculate the pharmacokinetic parameters
including the elimination rate constant and
the clearance of the drug to enable them to
tailor the appropriate dosage regimen in
order to avoid the dangerous side effect of
this medication. A more elaborate study in

Saudi patients with a larger sample size and

wider spectrum of ages to investigate the

various  pharmacokinetic ~ aspects  of

vancomycin is highly recommended.
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