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Background: Vancomycin is a commonly used antibiotic for 
the treatment of methicillin-resistant Staphylococcus aureus 
(MRSA), which requires therapeutic drug monitoring (TDM). 
Guidelines recommend targeting an individualized area under 
the curve/minimum inhibitory concentration (AUC/MIC) ratio of 
400 to 600 mg × h/L to maximize efficacy and minimize the 
risk of acute kidney injury (AKI). Before these guidelines, the 
accepted method of vancomycin TDM was using trough levels 
alone. To our knowledge, no studies of veterans have com-
pared the difference in AKI incidence and time in the therapeu-
tic range between monitoring strategies.
Methods: This single-site, retrospective, quasi-experimental 
study was conducted at the Sioux Falls Veterans Affairs 
Health Care System. The primary endpoint was the difference 
in vancomycin-induced AKI incidence between the 2 groups. 

Results: This study included 97 patients with 43 in the AUC/
MIC group and 54 in the trough-guided group. The incidence of 
vancomycin-induced AKI was 2% in the AUC/MIC group and 
4% in the trough group (P = .10). The incidence of overall AKI 
for AUC/MIC-guided and trough-guided TDM was 23% and 
15% (P = .29), respectively. 
Conclusions: We did not find a significant difference in the 
incidence of vancomycin-induced or overall AKI between 
AUC/MIC- and trough-guided TDM. However, this study did 
indicate that AUC/MIC-guided TDM of vancomycin may be 
more effective than trough-guided TDM regarding a quick-
er time to and higher overall time in the therapeutic range. 
These findings support the recommendation to transition to 
the use of AUC/MIC-guided TDM of vancomycin in the vet-
eran population.
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V ancomycin is a commonly used gly-
copeptide antibiotic used to treat 
infections caused by gram-positive or-

ganisms. Vancomycin is most often used as 
a parenteral agent for empiric or definitive 
treatment of methicillin-resistant Staphylo-
coccus aureus (MRSA). It can also be used 
for the treatment of other susceptible Staph-
ylococcus or Enterococcus species. Adverse 
effects of parenteral vancomycin include 
infusion-related reactions, ototoxicity, and 
nephrotoxicity.1 Higher vancomycin trough 
levels have been associated with an in-
creased risk of nephrotoxicity.1-4 The major 
safety concern with vancomycin is acute 
kidney injury (AKI). Even mild AKI can 
prolong hospitalizations, increase the cost 
of health care, and increase morbidity.2 

In March 2020, the American Society of 
Health-System Pharmacists, the Infectious 
Diseases Society of America (IDSA), the Pe-
diatric Infectious Disease Society, and the 
Society of Infectious Diseases Pharmacists 
released a consensus statement and guide-
lines regarding the optimization of vanco-
mycin dosing and monitoring for patients 
with suspected or definitive serious MRSA 
infections. Based on these guidelines, it is 
recommended to target an individualized 

area under the curve/minimum inhibitory 
concentration (AUC/MIC) ratio of 400 to 
600 mg × h/L to maximize clinical efficacy 
and minimize the risk of AKI.2 

Before March 2020, the vancomycin 
monitoring recommendation was to tar-
get trough levels of 10 to 20 mg/L. A goal 
trough of 15 to 20 mg/L was recommended 
for severe infections, including sepsis, en-
docarditis, hospital-acquired pneumonia, 
meningitis, and osteomyelitis, caused by 
MRSA. A goal trough of 10 to 15 mg/L was 
recommended for noninvasive infections, 
such as skin and soft tissue infections and 
urinary tract infections, caused by MRSA. 
Targeting these trough levels was thought 
to achieve an AUC/MIC ≥ 400 mg × h/L.5 
Evidence has since shown that trough val-
ues may not be an optimal marker for 
AUC/MIC values.2 

The updated vancomycin therapeutic 
drug monitoring (TDM) guidelines rec-
ommend that health systems transition 
to AUC/MIC-guided monitoring for sus-
pected or confirmed infections caused by 
MRSA. There is not enough evidence to 
recommend AUC/MIC-guided monitoring 
in patients with noninvasive infections or 
infections caused by other microbes.2
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AUC/MIC-guided monitoring can be 
achieved in 2 ways. The first method is collect-
ing C

max (peak level) and Cmin (trough level) 
serum concentrations, preferably during the 
same dosing interval. Ideally, C

max should be 
drawn 1 to 2 hours after the vancomycin in-
fusion and C

min should be drawn at the end of 
the dosing interval. First-order pharmacokinetic 
equations are used to estimate the AUC/MIC 
with this method. Bayesian software pharmaco-
kinetic modeling based on 1 or 2 vancomycin 
concentrations with 1 trough level also can be 
used for monitoring. Preferably, 2 levels would 
be obtained to estimate the AUC/MIC when 
using Bayesian modeling.2

The bactericidal activity of vancomycin was 
achieved with AUC/MIC ratios of ≥ 400 mg  
× h/L. AUC/MIC ratios of < 400 mg × h/L in-
crease the incidence of resistant and interme-
diate strains of S aureus. AUC/MIC-guided 
monitoring assumes an MIC of 1 mg/L. 
When the MIC is > 1 mg/L, it is less likely 
that an AUC/MIC ≥ 400 mg × h/L is achiev-
able. Regardless of the TDM method used, 
AUC/MIC ratios ≥ 400 mg × h/L are not 
achievable with conventional dosing meth-
ods if the vancomycin MIC is > 2 mg/L in pa-
tients with normal renal function. Alternative 
therapy is recommended to be used for these 
patients.2

There are multiple studies investigat-
ing the therapeutic dosing of vancomycin 
and the associated incidence of AKI. Pre-
vious studies have correlated vancomycin 
AUC/MICs of 400 mg to 600 mg × h/L with 
clinical effectiveness.2,6 In 2017, Neely and 
colleagues looked at the therapeutic dos-
ing of vancomycin in 252 adults with ≥ 1 
vancomycin level.7 During this prospec-
tive trial, they evaluated patients for 1 year 
and targeted trough concentrations of 10 to  
20 mg/L with infection-specific goal ranges 
of 10 to 15 mg/L and 15 to 20 mg/L for 
noninvasive and invasive infections, respec-
tively. They also targeted AUC/MIC ratios  
≥ 400 mg × h/L regardless of trough concen-
tration using Bayesian estimated AUC/MICs 
for 2 years. They found only 19% of trough 
concentrations to be therapeutic compared 
with 70% of AUC/MICs. A secondary out-
come assessed by Neely and colleagues was 
nephrotoxicity, which was identified in 8% 
of patients with trough targets and 2% of pa-
tients with AUC/MIC targets.8

Previous studies evaluating the use of 
vancomycin in the veteran population have 
focused on AKI incidence, general nephro-
toxicity, and 30-day readmission rates.4,7,9,10 
Poston-Blahnik and colleagues investi-
gated the rates of AKI in 200 veterans using 
AUC/MIC-guided vancomycin TDM.5 They 
found an AKI incidence of 42% of patients 
with AUC/MICs ≥ 550 mg × h/L and 2% of 
patients with AUC/MICs < 550 mg × h/L.5 
Gyamlani and colleagues investigated the 
rates of AKI in 33,527 veterans and found 
that serum vancomycin trough levels  
≥ 20 mg/L were associated with a higher risk 
of AKI.8 Prabaker and colleagues investigated 
the association between vancomycin trough 
levels and nephrotoxicity, defined as 0.5 mg/L 
or a 50% increase in serum creatinine (sCr) 
in 348 veterans. They found nephrotoxic-
ity in 8.9% of patients.10 Patel and colleagues 
investigated the effect of AKI on 30-day re-
admission rates in 216 veterans.10 AKI oc-
curred in 8.8% of patients and of those 19.4% 
were readmitted within 30 days.10 Current 
literature lacks evidence regarding the com-
parison of the safety and efficacy of vanco-
mycin trough-guided vs AUC/MIC-guided 
TDM in the veteran population. Therefore, 
the objective of this study was to investigate 
the differences in the safety and efficacy of 
vancomycin TDM in the veteran population 
based on the different monitoring methods 
used. 

METHODS
This study was a retrospective, single-center, 
quasi-experimental chart review conducted 
at the Sioux Falls Veterans Affairs Health 
Care System (SFVAHCS) in South Dakota. 
Data were collected from the Computer-
ized Patient Record System (CPRS). The SF-
VAHCS transitioned from trough-guided to 
AUC/MIC-guided TDM in November 2020. 

Patients included in this study were vet-
erans aged ≥ 18 years with orders for par-
enteral vancomycin between February 1, 
2020, and October 31, 2020, for the trough-
guided TDM group and between December 
1, 2020, and August 31, 2021, for the AUC/
MIC-guided TDM group. Patients with van-
comycin courses initiated during November 
2020 were excluded as both TDM methods 
were being used at that time. Patients were 
excluded if their vancomycin course began 
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before February 1, 2020, for the trough-
guided TDM group or began during No-
vember 2020 for the AUC/MIC-guided 
TDM group. Patients were excluded if their 
vancomycin course extended past October 
31, 2020, for the trough group or past Au-
gust 31, 2021, for the AUC/MIC group. Pa-
tients on dialysis or missing C

max, Cmin, or 
sCr levels were excluded.

This study evaluated both safety (AKI 
incidence) and effectiveness (time spent 
in therapeutic range and time to thera-
peutic range). The primary endpoint was 
presence of vancomycin-induced AKI, 
which was based on the most recent Kid-
ney Disease: Improving Global Outcomes 
(KDIGO) AKI definition: increased sCr of 
≥ 0.3 mg/dL or by 50% from baseline sus-
tained over 48 hours without any other 
explanation for the change.11 A second-
ary endpoint was the absence or presence 
of AKI. 

Additional secondary endpoints included 

the presence of the initial trough or AUC/
MIC of each vancomycin course within the 
therapeutic range and the percentage of all 
trough levels or AUC/MICs within thera-
peutic, subtherapeutic, and supratherapeutic 
ranges. The therapeutic range for AUC/MIC-
guided TDM was 400 to 600 mg × h/L and 
10 to 20 mg/L depending on indication for 
trough-guided TDM (15-20 mg/L for severe 
infections and 10-15 mg/L for less invasive 
infections). The percentage of trough levels 
or AUC/MICs within therapeutic, subthera-
peutic, and supratherapeutic ranges were cal-
culated as a ratio of levels within each range 
to total levels taken for each patient.

For AUC/MIC-guided TDM the C
max lev-

els were ideally drawn 1 to 2 hours after van-
comycin infusion and C

min levels were ideally 
drawn 30 minutes before the next dose. First-
order pharmacokinetic equations were used 
to estimate the AUC/MIC.12 If the timing of 
a vancomycin level was inappropriate, actual 
levels were extrapolated based on the timing 

TABLE 1 Baseline Characteristics
Characteristics AUC/MIC TDM (n = 43) Trough TDM (n = 54) P value

Age, mean, y 67 69 .38

Sex, male, No. (%) 41 (95) 49 (91) .38

Race, White, No. (%) 37 (86) 46 (85) .91

 Weight, mean (SD), kg 98.3 (28.0) 101.1 (32.6) .65

eGFR, mL/min/1.73 m2 97 84 .32

Serum creatinine, mg/dL 1.05 1.14 .56

Concomitant medications, No. (%)
 Piperacillin/tazobactam 
 Nephrotoxins
    All
    Taken at home
    Newly started 

19 (44)

32 (74)
12 (28)
26 (60)

14 (26)

35 (65)
19 (35)
21 (39)

.06

.31

.12

.03

Duration of therapy, d 6.2 6.2 .99

Indication/infection, No. (%)
  Skin/soft tissue
  Urinary tracta 
  Pneumoniaa

  Osteomyelitis/diabetic footb

  Sepsis/bacteremiaa

  Meningitisa

  Fever, unknown origina

  Endocarditisa

  Joint infection 
  Total acute illnesses

13 (30)
1 (2)
4 (9)

15 (35)
6 (14)
0 (0)
2 (5)
0 (0)
2 (5)

13 (30)

13 (24)
0 (0)

10 (19)
10 (19)
15 (28)

1 (2)
1 (2)
2 (4)
2 (4)

29 (54)

.50

.26

.20

.07

.10

.37

.43

.20

.82

.02

Abbreviations: AUC, area under the curve; eGFR, estimated glomerular filtration rate; MIC, minimum inhibitory concentration; 
TDM, therapeutic drug monitoring.
aAcute illness. 
bChronic illness.
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of the blood draw compared with the ideal 
C

min
 or C

max
 time. Extrapolated levels were 

used for both trough-guided and AUC/MIC-
guided TDM groups when appropriate. Van-
comycin levels were excluded if they were 
drawn during the vancomycin infusion. 

Study participant age, sex, race, weight, 
baseline estimated glomerular filtration 
(eGFR) rate, baseline sCr, concomitant neph-
rotoxic medications, duration of vancomycin 
course, indication of vancomycin, and acuity 
of illness based on indication were collected. 
sCr levels were collected from the initial day 
vancomycin was ordered through 72 hours 
following completion of a vancomycin 
course to evaluate for AKI. Patients’ charts 
were reviewed for the use of the following 
nephrotoxic medications: nonsteroidal anti-
inflammatories, angiotensin-converting en-
zyme inhibitors, angiotensin II receptor 
blockers, aminoglycosides, piperacillin/tazo-
bactam, loop diuretics, amphotericin B, acy-
clovir, intravenous contrast, and nephrotoxic 
chemotherapy (cisplatin). The category of 
concomitant nephrotoxic medications was 
also collected including the continuation of 
a home nephrotoxic medication vs the initia-
tion of a new nephrotoxic medication.

Statistical Analysis 
The primary endpoint of the incidence of 
vancomycin-induced AKI was compared 
using a Fisher exact test. The secondary 
endpoint of the percentage of trough lev-
els or AUC/MICs in the therapeutic, sub-
therapeutic, and supratherapeutic range 
were compared using a student t test. The 
secondary endpoint of first level or AUC/
MIC within goal range was compared 
using a χ2 test. Continuous baseline char-
acteristics were reported as a mean and 
compared using a student t test. Nominal 
baseline characteristics were reported as a 
percentage and compared using the χ2 test. 
P  values < .05 were considered statistically 
significant. 

RESULTS
This study included 97 patients, 43 in 
the AUC/MIC group and 54 in the trough 
group. Baseline characteristics were simi-
lar between the study groups (Table 1). Pa-
tients in the AUC/MIC group used more 
newly started nephrotoxins (P = .03) and 

the trough group had more acutely ill pa-
tients (P = .02).

One (2%) patient in the AUC/MIC 
group and 2 (4%) patients in the trough 
group experienced vancomycin-induced 
AKI (P = .10) (Table 2). Ten (23%) pa-
tients in the AUC/MIC group and 8 (15%) 
in the trough group had overall AKI (P = 
.29). Eight patients in the AUC/MIC group 
and 5 in the trough group were found 
to have AKI with the use of concomi-
tant nephrotoxins as a potential alterna-
tive cause of AKI. One patient in the AUC/
MIC group had documented hypoten-
sion and 1 in the trough group had doc-
umented dehydration as possible causes 
of AKI. The incidence of the initial AUC/
MIC or trough level within the therapeu-
tic range was 56% (n = 24) in the AUC/
MIC group and 35% (n = 19) in the trough 
group (P = .04). The percentage of AUC/
MICs vs trough levels in the therapeutic 
range (57% vs 35%) was statistically sig-
nificant (P = .02).

DISCUSSION
There was no statistically significant differ-
ence between the 2 groups for the vanco-
mycin-induced AKI (P = .10), the primary 
endpoint, or overall AKI (P = .29), the sec-
ondary endpoint. It should be noted that 
there was more overall AKI in the AUC/
MIC group. Veterans in the AUC/MIC 
group were found to have their first AUC/
MIC within the therapeutic range statisti-
cally significantly more often than the first 
trough level in the trough group (P = .04). 
The percentage of time spent within thera-
peutic range was statistically significantly 

TABLE 2 Primary and Secondary Endpoints

Endpoints
AUC/MIC TDM 

(n = 43)
Trough TDM  

(n = 54) P value

Acute kidney injury, No. (%)
  Vancomycin induced
  Overall

1 (2)
10 (23)

2 (4)
8 (15)

.10

.29

Time in range, %
  Therapeutic
  Subtherapeutic
  Supratherapeutic

57
16
27

35
47
18

.02
< .001

.25

First trough level or AUC/MIC           
  within therapeutic range,  
  No. (%) 24 (56) 19 (35) .04

Abbreviations: AUC, area under the curve; MIC, minimum inhibitory concentration;  
TDM, therapeutic drug monitoring.
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higher in the AUC/MIC-guided TDM group 
(P = .02). The percentage of time spent sub-
therapeutic of goal range was statistically 
significantly higher in the trough-guided 
TDM group (P < .001). There was no sta-
tistically significant difference found in the 
percent of time spent supratherapeutic of 
goal range (P = .25). However, the observed 
percentage of time spent supratherapeutic 
of goal range was higher in the AUC/MIC 
group. These results indicate that AUC/
MIC-guided TDM may be more efficacious 
with regard to time in therapeutic range 
and time to therapeutic range.

The finding of increased AKI with AUC/
MIC-guided TDM does not align with pre-
vious studies.8 The prospective study by 
Neely and colleagues found that AUC/
MIC-guided TDM resulted in more time in 
the therapeutic range as well as less neph-
rotoxicity compared with trough-guided 
TDM, although it was limited by its lack 
of randomization and did not account 
for other causes of nephrotoxicity.8 They 
found that only 19% of trough concentra-
tions were therapeutic compared with 70% 
of AUC/MICs and found nephrotoxicity in 
8% of trough-guided TDM patients com-
pared with 2% of AUC/MIC-guided TDM 
patients.8

Unlike Nealy and colleagues, our study 
did not find lower nephrotoxicity associ-
ated with AUC/MIC-guided TDM. Mul-
tiple factors may have influenced our 
results. Our AUC/MIC group had sig-
nificantly more newly started concomi-
tant nephrotoxins and other nephrotoxic 
medications used during the vancomycin 
courses compared with the trough-guided 
group, which may have influenced AKI 
outcomes. It also should be noted that 
there was significantly more time spent 
subtherapeutic of the goal range and sig-
nificantly less time in the goal range in 
the trough group compared with the AUC/
MIC group. In our study, the trough-
guided group had significantly more pa-
tients with acute illness compared with 
the AUC/MIC group (skin, soft tissue, and 
joint infections were similar between the 
groups). The group with more acutely ill 
patients would have been expected to have 
more nephrotoxicity. However, despite 
the acute illnesses, patients in the trough-

guided group spent more time in the sub-
therapeutic range. This may explain the 
increased nephrotoxicity in the AUC/MIC 
group since those patients spent more time 
in the therapeutic range. 

This study used the most recent KDIGO 
AKI definition: either an increase in sCr of 
≥ 0.3 mg/dL or a 50% increase in sCr from 
baseline sustained over 48 hours with-
out any other explanation for the change 
in renal function.11 This AKI definition 
is stricter than the previous definition, 
which was used by earlier studies, includ-
ing Neely and colleagues, to evaluate rates 
of vancomycin-induced AKI.2,3 Therefore, 
the rates of overall AKI found in this study 
may be higher than in previous studies 
due to the definition of AKI used.

Limitations
This study was limited by its retrospective 
nature, lack of randomization, and small 
sample size. To decrease the potential for 
error in this study, analysis of power and a 
larger study sample would have been bene-
ficial. During the COVID-19 pandemic, in-
creased pneumonia cases may have hidden 
bacterial causes and caused an undercount. 
Nephrotoxicity may also be related to vol-
ume depletion, severe systemic illness, de-
hydration, or hypotension. Screening was 
completed via chart review for these al-
ternative causes of nephrotoxicity in this 
study but may not be completely accounted 
for due to lack of documentation and the 
retrospective nature of this study. 

CONCLUSIONS
This study did not find a significant differ-
ence in the rates of vancomycin-induced or 
overall AKI between AUC/MIC-guided and 
trough-guided TDM. However, this study 
may not have been powered to detect a sig-
nificant difference in the primary endpoint. 
This study indicated that AUC/MIC-guided 
TDM of vancomycin resulted in a quicker 
time to the therapeutic range and a higher 
percentage of overall time in the therapeu-
tic range as compared with trough-guided 
TDM. The results of this study indicated 
that trough-guided monitoring resulted in 
a higher percentage of time in a subther-
apeutic range. This study also found that 
the first AUC/MIC calculated was within 
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therapeutic range more often than the first 
trough level collected. 

These results indicate that AUC/MIC-
guided TDM may be more effective than 
trough-guided TDM in the veteran pop-
ulation. However, while AUC/MIC-guided 
TDM may be more effective with regards to 
time in therapeutic range and time to ther-
apeutic range, this study did not indicate 
any safety benefit of AUC/MIC-guided over 
trough-guided TDM with regards to AKI in-
cidence. Our data indicate that AUC/MIC-
guided TDM increases the amount of time in 
the therapeutic range compared with trough-
guided TDM and is not more nephrotoxic. 
The findings of this study support the recom-
mendation to transition to the use of AUC/
MIC-guided TDM of vancomycin in the vet-
eran population. 
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