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Abstract
The current recommendation for therapeutic monitoring of vancomycin has re-
cently suggested AUC-guided dosing in patients with serious methicillin-resistant 
Staphylococcus aureus infections. The study objective was to evaluate mathematical 
equations and trapezoidal methods for calculating the 24 h area under the plasma vanco-
mycin concentration-time curve (AUC24). The analysis of plasma vancomycin concentra-
tions was performed in 20 adult patients treated with intravenous vancomycin. For each 
patient, AUC24 was estimated using two methods including, equation and trapezoidal 
calculation. The AUC24 from two methods was analyzed for correlation. The correlation 
between the equation and trapezoidal methods was strong. The coefficient of deter-
mination (R2) values was greater than .99. The two plasma vancomycin concentrations 
to achieve the highest correlation were concentration at 2.5 to 3 h after starting the 
infusion and concentration at 1 h before the next dose. Moreover, the AUC24 calcula-
tion from trapezoidal and equation methods showed that 19 out of 20 patients (95%) 
had AUC24 of more than 400 mg·h/L, and more than 50% in this group had AUC24/
MIC greater than 600. Of those patients with AUC-trapezoidal >600, 15.38% of patients 
had trough under 15 mg/L, 15.38% of patients had trough in the range 15 to 20 mg/L 
and 69.23% of patients had trough more than 20 mg/L. The results of AUC-equation 
were similar to those of the AUC-trapezoidal method. Our study confirmed that the AUC 
monitoring is more appropriate than the trough vancomycin concentration. Given these 
considerations, the AUC-equation method is better and more practical to use in part of 
a point-of-care treatment, especially in the part of the Bayesian program is not available. 
The best sampling time point of the peak concentration was 0.5–1 h after 2-h infusion.
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1  |  INTRODUC TION

Vancomycin is an antimicrobial agent for the treatment of Gram-
positive bacterial infections and is the drug of choice for Methicillin-
resistant Staphylococcus aureus (MRSA) infection.1 Vancomycin is 
also used for infections caused by Methicillin-susceptible organisms 
in patients who are allergic to penicillins or cephalosporins. The 
vancomycin treatment target is the ratio of the 24-h area under the 
plasma concentration-time curve (AUC) to the minimum inhibitory 
concentration (MIC).2 The current recommendation for therapeutic 
monitoring of vancomycin in patients with serious MRSA infections 
has recently suggested AUC-guided dosing and monitoring. The use 
of vancomycin trough concentrations of 15–20 mg/L as a surrogate 
marker for the target AUC 400 mg·h/L is no longer recommended. 
The new vancomycin consensus guidelines have recommended AUC/
MIC of 400–600 mg·h/L, assuming a broth microdilution (BMD) MIC 
of 1 mg/L to achieve clinical efficacy and safety.3 Some studies sup-
port the 2020 guidelines by which some patients who had trough 
concentration in target level of 15–20 mg/L may not achieve the AUC 
target of ≥400, and more than half of patients may achieve the target 
despite their trough concentration was below 15 mg/L.4 Therefore, 
AUC-guided dosing is preferred over trough-guided dosing. However, 
AUC-trapezoidal calculation is not feasible in clinical practice since 
multiple samples are required from an individual patient.

Pai et al recently proposed methods for AUC calculation based 
on mathematical equations using 2-point concentrations by measur-
ing a peak concentration (CP) after the end of infusion, and a trough 
concentration (CT) before the next dose within the same dosing 
interval.5 Regarding vancomycin pharmacokinetics, it was best de-
scribed by a two-compartment model, showing an alpha-distribution 
phase of 0.5 to 1 h after a 1-h infusion in patients who have normal 
creatinine clearance. This has important implications for CP sam-
pling drawn after finishing the distribution phase to use a first-order, 
one-compartment PK equation to estimate AUC. Thus, the CP sam-
pling has been generally suggested to be taken approximately 1 to 
2 h after the end of infusion. This approach has been advocated by 
the revised guideline recommendation likewise Bayesian-estimated 
AUC using the one-trough concentration sampling.3 Although the 
Bayesian approach is preferred to estimate AUC values, this tool is 
limited for many institutions. Therefore, this study aimed to evalu-
ate the correlation between two methods for the calculation of AUC 
for utilization in the Thai population and to identify the appropriate 
peak sampling time for the best correlation.

2  |  MATERIAL S AND METHODS

The study was conducted at Siriraj Hospital, Mahidol University, 
Bangkok, Thailand from October 2016 to August 2017. The research 
protocol was approved by the Institutional Review Board of the 
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, 
Thailand (certification of approval number 288/2016). Patients 
were included in the study if they were 18 years of age or older, and 

received intravenous vancomycin for at least 72 h adjusted by his/
her renal clearance function. Exclusion criteria included end-stage 
renal disease, undergoing dialysis or continuous renal replacement 
therapy, pregnancy or breastfeeding, serum albumin below 2 g/dl, 
having an active cancer disease, receiving chemotherapy, and a his-
tory of allergy to vancomycin. All eligible patients provided informed 
consent. Patients received 25 to 30 mg/kg of total body weight 
(TBW) of loading dose vancomycin, then followed by 15 to 20 mg/kg 
of TBW every 8, 12, 24, or 72 h adjusted by individual renal function. 
The infusion time is based on a rate of no more than 10–15 mg/min 
to avoid infusion-related reactions.

Seven blood samples were taken from each patient for measure-
ment of vancomycin concentrations at the steady state in the same 
interval dosing. Blood samples for peak and trough concentrations 
were collected at 0.5 and 1 h after the end of infusion (C2.5 and C3), 
and 1 h before the next dose (CT), respectively. The infusion time 
was 1 and 2 h for doses of 500 mg and 750–1500 mg, respectively. 
According to the dosing interval of vancomycin, the serial plasma 
concentrations were collected as follows: The patients who had re-
ceived vancomycin dosing interval of 8 h, had blood samples taken at 
0, 2, 2.5, 3, 4, 6, and 7 h after starting the infusion. The patients who 
had received vancomycin dosing intervals of 12 h had blood samples 
taken at 0, 2, 2.5, 3, 4, 8, and 11 h after starting the infusion. The 
patients who had received vancomycin dosing intervals of 24 h had 
blood samples taken at 0, 2, 2.5, 3, 11, 17, and 23 h after starting the 
infusion. The patients who received vancomycin dosing intervals of 
48 h had blood samples taken at 0, 2, 2.5, 3, 11, 30, and 47 h after 
starting the infusion. The patients who received vancomycin dosing 
intervals of 72 h had blood samples taken at 0, 2, 2.5, 3, 11, 47, and 
71 h after starting the infusion. The blood samples collected by time 
and dosing interval are shown in supplement section.

All vancomycin concentrations were analyzed by 
Chemiluminescence Microparticle Immunoassay (CMIA; TDx, Abbott 
Laboratories). The minimum quantifiable vancomycin concentration 
was 0.24 mg/L. Seven vancomycin concentrations of each patient 
were then calculated for the AUC value. There were two methods 
for vancomycin AUC calculation. The first method was the “trap-
ezoidal method” which requires all concentrations for calculation 
(AUC-trapezoidal). The second method requires only two vancomycin 
concentrations for AUC calculation (equation method). The equation 
method was derived from a mathematical model comprised of two 
equations.5 The two equations are equations A and B (supplement) 
and the AUCs that were calculated from equations A and B were called 
“AUC-equation A” and “AUC-equation B,” respectively. The calculation 
of AUC from the equation method used two of the seven vancomycin 
levels and alternatingly switched the pair of levels until all was done. 
Vancomycin AUC24 of dose interval was calculated as follows; 8-h in-
terval by multiplying by 3 (AUC8 × 3), 48-h interval, or 72-h interval by 
dividing by 2 (AUC48/2) or 3 (AUC72/3), respectively. The data anal-
ysis was demonstrated as mean and standard deviation (SD) if data 
were normally distributed. For non-normal distributions, data were 
presented as the median and interquartile range (IQR). The relation-
ship between the equation method and the trapezoidal method was 
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analyzed using correlation analysis as well as regression analysis. The 
association of two continuous variables was presented as the coeffi-
cient of determination (R2). Data were analyzed by SPSS statistic 18.

3  |  RESULTS

Twenty adult patients were enrolled in this study (6 males and 14 
females) with a mean age of 63.75 ± 18.44 years, a mean total body 
weight (TBW) of 58.88 ± 12.99 kg, and a mean creatinine clearance of 
71.09 ± 37.33 ml/min. All patients received a loading dose with a mean 
loading dose of 25.67 ± 2.08 mg/kg of TBW and a mean maintenance 
dose of 16.37 ± 5.07 mg/kg of TBW. All patients received vancomycin 
with a median dosing interval of 12 h (range 8–48 h), and no patient 
received a vancomycin dosing interval of 72 h. The baseline charac-
teristics, trough vancomycin concentrations, and AUC-trapezoidal of 
each patient are shown in Table 1. There were 5 (25%), 6 (30%), and 
9 (45%) patients who had trough vancomycin concentrations of <15, 
15 to 20, and >20 mg/L, respectively. The correlation of trapezoidal 
AUCs has shown a strong relationship with the equation method 
when AUC-equation A and B were performed from concentrations at 
2.5 h (C2.5) and 1 h before true trough (CT), or 3 h (C3), and 1 h before 
true trough (CT) as shown in Figure 1. The median (IQR) of calculated 
AUC-trapezoidal was 664.60 (203.22) mg·h/L while the median (IQR) 
of AUC-equation A and AUC equation B were 697.25 (202.99) mg·h/L 
and 663.89 (211.91) mg·h/L, respectively. For AUC-equation A, the 
best correlation to AUC-trapezoidal was from C3 and CT of vancomy-
cin concentrations (R2 = .9932) while AUC-equation B had found the 
best correlation to AUC-trapezoidal when calculated from C2.5 and CT 
(R2 = .9961). The calculated AUCs from equation methods tended to 
over-predict when compared with a trapezoidal method as presented 
in Table  2. A median (IQR) of AUC-equation A to AUC trapezoidal 
and AUC-equation B to AUC trapezoidal ratio were 1.04 (0.05) and 
1.04 (0.08), respectively. In addition, we also found a good correlation 
(R2 =  .970 in Eq-A, and R2 =  .978 in Eq-B) among the patients with 
abnormal renal function (dosing interval 24–48 h).

For the calculated AUCs from trapezoidal and equation methods, 
19 out of 20 patients (95%) had AUC24 of more than 400 mg·h/L. We 
categorized patients into three groups by trough concentrations of 
<15, 15 to 20, and >20 mg/L which are represented in Figure 2. For 
AUC-trapezoidal (Figure 2A), 20%, 40%, and 40% of patients in the 
first group had AUC24/MIC of <400, 400 to 600, and >600, respec-
tively. In the second group, 0%, 66.67%, and 33.33% had AUC24/
MIC of <400, 400 to 600, and >600, respectively. Lastly, all patients 
(100%) in the third group with trough concentrations over 20 mg/L 
had AUC24/MIC of >600. Likewise, the results of the AUC-equation 
method were similar to the AUC-trapezoidal method (Figure 2B,C).

4  |  DISCUSSION

Using AUC for vancomycin monitoring was not practical due to the 
difficulty of techniques and calculation. Even though the Bayesian 

method is widely used in the western country, there is no generally 
validated program in Thailand. This study aimed to compare meth-
ods for AUC calculation, mathematical equations, and trapezoidal 
approaches using correlation. We found a relatively strong cor-
relation between the two approaches. The highest R2 were .9932 
and  .9961 of AUC-equation A (C3–CT) and B (C2.5–CT), respectively. 
Our results were similar to the study of Pai et al, which compared 
the equation method with the Bayesian method. The result demon-
strated that R2 values were .987 for AUC from equation A and .971 
for AUC from equation B method.5 However, their study used the 
Bayesian method that the AUCs were determined from predicted 
population pharmacokinetic parameters, which was a different 
method for AUC calculation from our study. Interestingly, we tested 
CP–CT pairs that included CP values after starting the infusion at 2.5 
and 3 h (0.5 and 1 h after the end of 2-h infusion) and CT (1 h before 
the next dose) to clarify the best-correlated sampling time (results 
are shown in Table 2 and Figure 1). This may differ from Pai et al. 
that tested CP between 1 and 3 h after the end of infusion. We found 
that the CP at 0.5 to 1 h after the end of 2-h infusion showed the best 
correlation, compared to the CP at 1.75 to 3 h after 1.5-h infusion 
as Pai et al. with the Bayesian approach. Nonetheless, our analysis 
showed that the trough concentration did not always correspond to 
vancomycin AUC24. All of our patients who had the trough range 
of 15 to 20 mg/L achieved the target AUC24/MIC over 400. On the 
contrary, patients who had a trough below 15 mg/L achieved the tar-
get AUC24/MIC over 400 in up to 80%. Most of the patients in our 
study had normal renal function (most of the dosing regimens were 
1000 mg every 12 h). The patient who had abnormal renal function 
was a small group (7 patients), which did not result in a different cor-
relation compared to the group with normal renal function.

Our findings are consistent with several previous studies that 
reported that the trough concentrations did not correlate well with 
the AUC.4,6,7 The study of Hale et al showed that patients who had 
trough concentrations <15 or 15–20 mg/L achieved AUC24/MIC 
≥400 in 50% and 45% of those patients, respectively.4 Similar to Bel 
et al., the significant correlation between AUC24 and trough was 
moderate (R2 = .51), which 30% and 95% of patients with a trough 
concentration <15 and over 15 mg/L had the AUC24/MIC ≥400.6 
The study by Neely et al. found that 68% of patients with a trough 
concentration <15 mg/L had AUC ≥400 mg·h/L.7 Furthermore, 
Finch et al. showed that AUC-guided dosing can reduce nephro-
toxicity incidence (40%) due to decreased vancomycin exposure. 
Of those, AUC24 > 400 mg·h/L, but the troughs were less than the 
trough-guided dosing group (p < .001).8 Considering obese patients, 
we found that 50% of patients who had BMI > 25 with trough in 
ranged 15–20 mg/L had AUC > 600 mg·h/L. Consistent with a recent 
study in obese patients, vancomycin monitoring with AUC24 was 
associated with a decreased risk of acute kidney injury (AKI) when 
compared with trough monitoring (OR 0.61; 95% CI, 0.42–0.89; 
p =  .010).9 These also supported the 2020 guidelines that recom-
mend AUC-guided dosing instead of trough concentration.

In addition, the AUC thresholds for nephrotoxicity are varied, 
but more previous evidence showed that nephrotoxicity increased 



4 of 8  |     CHANAPIWAT et al.

TA
B

LE
 1
 
Th
e 
ba
se
lin
e 
ch
ar
ac
te
ris
tic
s,
 tr
ou
gh
 v
an
co
m
yc
in
 c
on
ce
nt
ra
tio
ns
, a
nd
 A
U
C-
tr
ap
ez
oi
da
l o
f e
ac
h 
pa
tie
nt
.

Pa
tie

nt
s

A
ge

 (y
ea

rs
)

To
ta

l b
od

y 
w

ei
gh

t (
kg

)
Sc

r (
m

g/
dl

)
Cr

CL
 (m

l/m
in

)
A

lb
um

in
 

(g
/d

l)

D
os

in
g 

in
te

rv
al

 
(h

)
M

ai
nt

en
an

ce
 d

os
e 

(m
g/

kg
/d

os
e)

Tr
ou

gh
 v

an
co

m
yc

in
 

(m
g/

L)
AU

C-
Tr

ap
ez

oi
da

l 
(m

g·
h/

L)
AU

C
Tr

ap
 2

4 
(m

g·
h/

L)

1
31

40
0.

36
14
2.
98

2.
5

8
25
.0
0

22
.1

6
26
7.
47

80
2.
40

2
45

57
.7

0.
55

11
7.
66

2.
8

12
17
.3
3

21
.1

1
46
1.
53

92
3.

06

3
93

56
0.
81

45
.1
3

2.
7

24
17
.8
6

7.
98

36
7.
78

36
7.
78

4
87

60
.1

0.
60

52
.2
5

2.
3

12
16

.6
4

23
.8
0

36
5.
17

73
0.
33

5
70

60
0.

49
82
.9
4

2.
3

12
13

.3
3

22
.3
8

36
3.

69
72
7.
39

6
81

47
.5

1.
76

18
.7
4

2.
8

48
21
.0
5

20
.1
5

13
99

.1
4

69
9.
57

7
65

59
0.
81

75
.8
7

4.
1

12
25
.4
2

13
.8
6

33
2.

33
66

4.
66

8
78

70
0.

64
57
.3
0

2.
3

24
10
.7
1

19
.8
9

56
5.
53

56
5.
53

9
41

71
1.

00
90

.2
6

3.
1

12
17
.6
1

14
.8
2

33
0.
82

66
1.

64

10
52

48
1.

39
42

.2
1

3.
0

24
10

.4
2

16
.4

3
51
3.
32

51
3.
32

11
58

90
0.

92
78
.9
8

3.
4

12
7.
50

21
.4

2
30
8.
63

61
7.
27

12
62

68
1.
35

33
.5
5

2.
6

24
11

.0
3

12
.2

4
46

1.
62

46
1.

62

13
66

79
0.
74

10
5.
22

3.
2

12
15
.1
9

17
.0
8

28
9.
46

57
8.
93

14
38

47
0.
68

83
.2
3

2.
1

12
10

.6
4

17
.6
1

33
3.
37

66
6.
75

15
63

51
.2

0.
74

61
.5
4

3.
0

12
19
.5
3

26
.4

6
47
9.
68

95
9.
37

16
66

68
0.

33
15
6.
99

3.
1

8
14
.7
1

20
.1

2
22
1.
51

66
4.
53

17
38

43
0.
82

63
.1
5

2.
8

12
23

.2
6

20
.1

4
36
6.
67

73
3.
34

18
75

50
0.
78

49
.1

9
2.

4
12

20
.0

0
19

.2
6

33
3.
52

66
7.
03

19
93

59
0.
88

34
.4

9
2.

1
24

12
.7
1

15
.4
9

46
1.
70

46
1.
70

20
73

43
1.

13
30

.1
0

2.
2

48
17
.4
4

10
.6

0
80
5.
59

40
2.
79

M
ea
n 

±
 S
D

63
.7
5 

±
 1
8.
44

58
.3
8 

±
 1
2.
99

0.
84
 ±
 0
.3
5

71
.0
9 

±
 3
7.
33

2.
74
 ±
 0
.5
0

12
 (8
–4
8)

a
16
.3
7 

±
 5
.0
7

18
.1
5 

±
 4
.6
3

45
1.
42
 ±
 2
57
.6
0

64
3.
45
 ±
 1
55
.4
7

A
bb
re
vi
at
io
ns
: A
U
C

Tr
ap
24
, t
he
 2
4-
h 
ar
ea
 u
nd
er
 th
e 
pl
as
m
a 
co
nc
en
tr
at
io
n-
tim
e 
cu
rv
e 
w
as
 c
al
cu
la
te
d 
fr
om
 th
e 
tr
ap
ez
oi
da
l m
et
ho
d 
fr
om
 th
e 
1s
t d
os
e 
in
 th
e 
gi
ve
n 
do
si
ng
 in
te
rv
al
; C
rC
L,
 c
re
at
in
in
e 
cl
ea
ra
nc
e 
by
 

C
oc
kc
or
ft
-G
au
lt 
m
et
ho
d;
 d
l, 
de
ci
lit
er
; h
, h
ou
r; 
kg
, k
ilo
gr
am
; m
g,
 m
ill
ig
ra
m
; m
l, 
m
ill
ili
te
r; 
m
in
, m
in
ut
e;
 S
cr
, s
er
um
 c
re
at
in
in
e;
 S
D
, s
ta
nd
ar
d 
de
vi
at
io
n.

a M
ed
ia
n(
ra
ng
e)
.



    |  5 of 8CHANAPIWAT et al.

F I G U R E  1 Correlation between calculated AUC (mg·h/L) by Method 1 (trapezoidal method) and Method 2 (equation method; AUC-
equation A method (▲), AUC-equation B method (○) classification by pair of serum vancomycin concentrations were brought to determine 
AUC from equations A and B. C2: vancomycin concentration at the end of infusion, C2.5: vancomycin concentration at 2.5 h after starting 
the infusion, C3: vancomycin concentration at 3 h after starting the infusion and CT: vancomycin concentration before the true trough 
concentration 1 h, R2: the coefficient of determination.

AUC methods
Concentration 
for calculation AUC24 (mg·h/L)

Ratio of 
calculated 
AUC24 to 
reference 
AUC24 R2

Trapezoidal All 664.60 (203.22) Reference Reference

Equation A C2.5–CT 732.23 (251.06) 1.13 (0.12) 0.9931

C3–CT 697.25 (202.99) 1.04 (0.05) 0.9932

Equation B C2.5–CT 663.89 (211.91) 1.04 (0.08) 0.9961

C3–CT 632.65 (178.46) 0.98 (0.05) 0.9917

Abbreviations: C2.5, vancomycin concentration at 2.5 h after starting the infusion; C3, vancomycin 
concentration at 3 h after starting the infusion; CT, vancomycin concentration before the true 
trough concentration 1 h; R2, the coefficient of determination.

TA B L E  2 Median (Interquartile 
range, IQR) area under the curve (AUC) 
values, the ratio of calculated AUC to 
reference AUC values, and coefficient 
of determination (R2) for the trapezoidal 
method and equation-method from all 
patients.
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F I G U R E  2 Distribution of AUC24/MIC values (MIC = 1 mg/L) according to various groups of trough vancomycin concentrations. AUCs24 
were calculated from the trapezoidal method (A), equation A method (B), and equation B method (C). (■ AUC/MIC >600,  AUC/MIC 400–
600,  AUC/MIC <400).
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in patients with AUC > 600 mg·h/L.10–16 A meta-analysis reported 
that the incidence of AKI in AUC-guided monitoring was lower 
than in trough-guided monitoring (OR 0.54, 95% CI 0.28–1.01).17 
Implement AUC-based dosing protocol using two concentrations 
can improve the therapeutic vancomycin target and reduce neph-
rotoxicity.7,13,14 As mentioned above, our results found that patients 
who had AUC24/MIC >600 were not only from patients who had 
higher trough concentrations but also from trough under 15 mg/L or 
in the target range. Consequently, if we managed vancomycin moni-
toring by trough concentration, we need to increase the vancomycin 
dose in patients with troughs under 15 mg/L to achieve the target 
goal. The patients are undeniably taking risk of nephrotoxicity from 
AUC24/MIC >600.

To the best of our knowledge, monitoring the AUC of vanco-
mycin to keep the target at 400 to 600 mg/L is by far the better 
approach for maximizing efficacy and minimizing nephrotoxicity. 
Additionally, the AUC-based dosing protocol with multidisciplinary 
team (MT) supports significantly improved adherence with the pro-
tocol, associated with a lower 30-day mortality rate and a trend to-
ward reduction in nephrotoxicity.18 We suggested calculating AUC 
from peak and trough vancomycin concentrations obtained during 
the elimination phase of vancomycin (CP is 0.5 or 1 h at the end of 
2-h infusion and CT is 1  h before the next dose) that showed the 
best correlation with the AUC trapezoidal method. Our study sup-
ports current recommendations of the AUC-based monitoring to the 
target values of 400–600 mg·h/L using two-point pharmacokinetics 
calculation.

Limitations of our study were moderate sample size, and the 
use of the trapezoidal method as a reference for AUC calculation 
instead of the Bayesian method. Additionally, our AUCs were calcu-
lated from serial blood sampling of vancomycin concentrations in the 
same dose for each patient. Moreover, our study did not evaluate 
clinical outcomes or nephrotoxicity in all patients.

5  |  CONCLUSIONS

Individualized AUC monitoring is more appropriate than the trough 
vancomycin concentration. The optimal method for the determina-
tion of AUC24 is the AUC-equation method because it uses only 
two serum vancomycin concentrations for calculation and is more 
practical to use in part of the point-of-care treatment, especially in 
a country where the Bayesian program is not widely used. The best 
sampling time point of the peak concentration was 0.5 to 1 h after 
2-h infusion. Further studies need to evaluate clinical outcomes in 
patients with AUC monitoring by the equation method.
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