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Abstract  
Background: Area under the curve to minimum inhibitory concentration (AUC/MIC) has been recommended by the 2020 updated 
vancomycin guidelines for dosing vancomycin for both efficacy and safety. Previously, AUC/MIC has been cumbersome to calculate so 
surrogate trough concentrations of 15-20 mg/dL were utilized. However, trough-based dosing is not a sufficient surrogate as AUC/MIC 
targets of 400-600 can usually be reached without achieving troughs of 15-20 mg/dL. Targeting higher trough levels may also lead to 
adverse events including acute kidney injury (AKI) and nephrotoxicity.  
Objective: To compare the mean total first day vancomycin dose in traditional trough-based dosing versus dosing recommended by an 
AUC/MIC dosing program. 
Methods: Adult inpatients who received at least 24 hours of IV vancomycin treatment were included in this single-center, 
retrospective cohort study. The primary endpoint was difference in mean total first day vancomycin dose in milligrams (mg) received 
between patients’ traditional trough-based dosing and recommended dose via AUC/MIC electronic dosing calculator. Patients served 
as their own control by analyzing both actual dose received and dose recommended by the electronic AUC/MIC program. Rates of 
vancomycin induced adverse events, including acute kidney injury, elevated steady-state trough concentrations, and Red Man’s 
syndrome were also compared between patients who received doses consistent with the AUC/MIC dosing recommendation versus 
those who did not. 
Results: 264 patients were included in this study. Initial 24-hour vancomycin exposure was significantly lower with the recommended 
AUC/MIC dose versus the dose received (2380.7; SD 966.6 mg vs 2649.6; SD 831.8 mg, [95% CI 114.7:423.1] p=0.0007).  
Conclusions: Utilizing an electronic AUC/MIC vancomycin dosing calculator would result in lower total first day vancomycin doses. 
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INTRODUCTION 

Vancomycin is a glycopeptide antibiotic that has been in 
clinical use since 1958.1 Despite its frequent use, gaps still 
exist in our knowledge of optimizing therapy and avoiding 
adverse events in patient care. The area-under the curve to 
minimum-inhibitory concentration (AUC/MIC) dosing 
method has been identified as the most appropriate 
monitoring target for vancomycin.1 Previously, the 
AUC/MIC ratio has been cumbersome to calculate, and 
monitoring with targeted trough levels of 15-20 mg/dL as a 
surrogate marker for AUC was recommended.1 However, 
additional research has shown that trough-based 
monitoring is not a sufficient surrogate marker for 
AUC/MIC targets.2-4 Target AUC/MIC levels can be achieved 
without a trough concentration of 15-20 mg/dL.2 
Therefore, current expert consensus recommends an 
AUC/MICBroth-Micro-Dilution target of 400 to 600 to 
achieve clinical efficacy while improving patient safety.1  

Vancomycin-associated acute kidney injury (AKI) occurs in 
5-43% of treated patients.5 AKI has been shown to 

significantly decrease long-term survival rates, increase 
morbidity and prolong hospitalizations in critically ill 
patients.6 Literature suggests risk of AKI increases with 
increasing vancomycin exposures and trough 
concentrations (>15-20 mg/dL), and there is additional 
evidence that AKI risk increases when daily AUC exceeds 
700-1300 mg*hr/L.5,7-8  

A 2017 retrospective study by Zasowski analyzed 323 
patients receiving vancomycin for bacteremia or 
pneumonia for at least 72 hours.9 After excluding patients’ 
confounding risks for decline in renal function, such as 
Elixhauser comorbidity index and receipt of IV contrast dye, 
rates of nephrotoxicity were significantly higher in patients 
who received a concomitant nephrotoxin, and patients 
with AUC≥677 mg*hr/L.9  

Two approaches exist for monitoring AUC/MIC, the use of 
Bayesian software programs to estimate the 24-hour area 
under the curve (AUC24) with minimal pharmacokinetic 
sampling, or the use of two concentrations (peak and 
trough) and simple PK equations to estimate AUC24 values.1 
The Bayesian approach provides some advantages. It 
provides accurate estimates of AUC24 values with trough-
only sampling, however, given limited data it is 
recommended to be used with two vancomycin 
concentrations.1,10 A major disadvantage to this approach is 
the costly nature of the software programs. The advantage 
of using two concentrations is it is simpler and relies on 
fewer assumptions than the Bayesian approach. The main 
limitation of this approach is it is not adaptive like the 
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Bayesian approach, and works best when levels are 
obtained at/near steady state.4,11  

The purpose of this study was to compare mean initial 24-
hour vancomycin exposure using traditional trough-based 
dosing versus dosing recommended by an electronic 
AUC/MIC dosing program. 

 
METHODS 

The single-center, retrospective cohort study was 
conducted at Cape Fear Valley Medical Center in 
Fayetteville, North Carolina, a 670-bed community hospital. 
Vancomycin dosing and monitoring is accomplished via 
pharmacy to dose consult service. Initial dosing regimens 
and therapeutic adjustments are determined per a 
hospital-wide nomogram (Figure 1) or utilizing first-order 
kinetic equations with goal trough concentrations of 10-20 
mg/dL. Trough concentration goals are specific to infection 
location with lower trough targets of 10-15 mg/dL utilized 
for less severe infections such as skin and soft tissue 
infections and urinary tract infections. Trough 
concentrations of 15-20 mg/dL are used for all other 
infections. Therapeutic monitoring is based on trough-only 
serum levels. The institutional review board granted 
exempt status for this study.  

 Patients were identified via a report run in Epic© 
(electronic medical record) of inpatient vancomycin orders 
for patients admitted to a general medicine service from 
May 1, 2019 to December 31, 2019. To be included in the 
analysis, patients needed to be at least 18 years of age and 
have been treated for a suspected or documented infection 
with vancomycin for at least 24 hours. Patients were 
excluded if they were admitted to the intensive care unit 
during hospitalization, required hemodialysis or had 
unstable renal function on admission (increase of at least 
0.3 mg/dL or 50% in SCr from known baseline), were 
treated for meningitis, were pregnant or received only one 
dose of vancomycin in the emergency department or for an 
indication of surgical prophylaxis.  

The primary outcome was to compare mean total first day 
vancomycin dose between recommended AUC/MIC dosing 

and traditional trough-based dosing. For this endpoint each 
patient served as their own control by analyzing both the 
actual dose received and the dose recommended by the 
electronic AUC/MIC program. Secondary outcomes 
included comparing mean predicted AUC/MIC and trough 
concentrations between patients who received doses 
consistent with AUC/MIC recommendations versus those 
who did not. For these secondary endpoints, patients were 
assigned to groups based on whether they received dosing 
which was consistent with AUC/MIC recommended dosing 
or did not (trough-based dosing). Doses were considered 
consistent with AUC/MIC recommended dosing if the 
calculated AUC/MIC associated with the dose was between 
400-600. We also sought to describe rates of vancomycin 
induced adverse events such as vancomycin induced acute 
kidney injury (defined as an increase in SCr level of at least 
0.5 mg/dL or a 50 % increase from baseline in consecutive 
daily readings or a decrease in calculated CrCl of 50 % from 
baseline on two consecutive days in the absence of 
alternative explanation), Red Man syndrome and allergic 
reaction. A validated online calculator was used to calculate 
recommended AUC/MIC dosing, predicted AUC/MIC and 
trough values. This calculator utilizes published 
pharmacokinetic equations and principles to estimate a 
vancomycin dosing regimen for a patient utilizing body 
weight and creatinine clearance. After a regimen is 
calculated each step utilized in the calculations is available 
for the clinician to review for accuracy.12 Trough-based 
dosing was calculated using Cape Fear Valley’s nomogram, 
which recommends dosing based on creatinine clearance 
and weight in kilograms, (Figure 1) or utilizing first-order 
kinetic equations, based on pharmacists’ clinical 
judgement, if the patient did not meet parameters for the 
nomogram. Data collected included: patient demographics 
(gender, age, height, weight, body mass index, SCr and 
estimated creatinine clearance), vancomycin dosing 
information (indication for therapy, dose, frequency, total 
initial 24-hour vancomycin received and serum 
concentrations), and concomitant nephrotoxin use 
(piperacillin/tazobactam, loop diuretics, IV contrast dye, 
and ACEi/ARB). Vancomycin MICs were assumed to be <1 
mg/L for this study as culture data was not collected. Data 
was collected by two investigators and checked by another 

Figure 1. Institution nomogram for initial vancomycin dosing 
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investigator for completion and accuracy following the 
initial 10 entries as specified in the protocol. Data were 
input into Microsoft Access (Redmond, WA) and stored on 
secured network computers. . Categorical variables were 
compared using Pearson’s chi-square test. Continuous 
variables were compared using the Student t-test. A p-
value of less than 0.05 was considered statistically 
significant.  All statistical tests were run using JMP-14 Pro 
(SAS. Cary, NC). 

 
RESULTS  

Of the 619 patients evaluated, 264 (42.6%) met inclusion 
criteria. Patients were excluded for the following: surgical 
prophylaxis (n=45), treatment for less than 24 hours 
(n=273), unstable renal function (n=5), hemodialysis (n=21), 
treatment for meningitis (n=8), and pregnancy (n=1). Two 
patients were also excluded due to having documented 
allergies to vancomycin, vancomycin was ordered for these 
patients but never documented as given in the EMR. The 
study population was predominately male with an average 
age of 55.7 years. Remaining subject demographics are 
summarized in Table 1. For secondary outcomes, the 
AUC/MIC group included 127 patients; the trough-based 
group included 137 patients (Table 2). Most patients were 
treated for skin and soft tissue infections (Table 1).  

For the primary endpoint, mean total first day vancomycin 
dose was significantly higher (2649.6 mg; SD 66.6 mg) than 
the AUC/MIC recommended dosing (2380.7 mg; SD 831.8 
mg) [95%CI 114.7:423.1] p=0.0007.  

Once patients were divided into groups based on their 
dosing consistency with the AUC/MIC calculator 
recommendations, predicted mean AUC/MIC and trough 
concentrations were calculated and found to be 
significantly lower in the AUC/MIC group (510.9 [SD 54.6], 
13.5 mg/dL [SD 2.3]) than in the trough-based group (639.4 
[SD 136.7], 18.3 mg/dL [SD 5.0]) [95%CI 102.9:154.1, 95%CI 
3.9:5.8] both p values<0.001 (Table 2).  

Rates of acute kidney injury were similar between groups. 
Ten patients in the AUC/MIC group experienced an AKI 
compared to 11 in the trough-based group (Table 2). Of the 

21 total patients who experienced an AKI, 17 (81%) were 
receiving at least one concomitant nephrotoxin. Overall, 
the incidence of AKI was 8%. Nephrotoxins included 
piperacillin/tazobactam (n=13), ACEi/ARB (n=6), IV contrast 
dye (n=5), and loop diuretics (n=4).  Rates of other adverse 
events were low; two patients had allergic reactions to 
vancomycin and one patient developed Red Man 
syndrome. No other drug related adverse effects were 
reported. 

 
DISCUSSION 

The results of our study found that traditional trough-based 
dosing led to an increased total first day vancomycin dose 
compared to AUC/MIC recommended dosing. AUC/MIC 
recommended dosing also resulted in lower predicted 
AUC/MIC and trough concentrations. Our results support 
the guideline recommendations set forth in the 2020 IDSA 
guidelines of a target range of 400-600.1 These results were 
also described by Covvey et al., in their analysis of total 
daily dose of vancomycin in patients with MRSA bacteremia 
and a body mass index (BMI) greater than 30.13 Notably, 
the predicted trough concentration in the AUC/MIC group 
was 13.5 mg/dL which was almost 5 mg/dL lower than the 
mean trough-based concentration of 18.3 mg/dL; this 
depicts the ability to achieve AUC/MIC targets without 
trough concentrations of 15-20 mg/dL.2 It should be noted 
that total weight-based first day vancomycin dose was not 
calculated in this analysis, which may confound results as 
patients with lower weights may have reduced lower 
doses. 

Lodise and colleagues explained the existence of an 
exposure-response relationship between initial vancomycin 
trough value and the occurrence of nephrotoxicity, as 
nephrotoxicity significantly increased with increasing initial 
trough concentration.8 Based on this relationship, lowering 
initial vancomycin exposure via utilizing AUC/MIC dosing 
recommendations may lower risks for nephrotoxicity that 
accompany elevated initial trough concentrations. A 
prospective study by Neely and colleagues utilized Bayesian 
estimations to calculate AUC/MIC and discovered AUC-
guided dosing was associated with decreased 
nephrotoxicity.14 Additionally, Finch et al., found that AUC-
guided dosing is independently associated with less 
nephrotoxicity and trough-concentrations, which they 
hypothesized is likely due to decreased vancomycin 
exposure.15 The results of our current study agree with 
their findings.  

There are multiple potential obstacles to overcome when 
considering transitioning to an AUC/MIC-based dosing 
strategy, including increased workload on clinical 
pharmacists, the need for extensive education for multiple 
members of the healthcare team, and determining 
inclusion criteria for the new dosing strategy. Heil et al. 
provides advice for overcoming these obstacles including 
ideas for continued education for pharmacists, physicians, 

Table 1. Baseline Characteristics 

Parameter All patients 

Male, n(%) 142 (53.8%) 

Mean Weight, kg (SD) 88.1 (26.7) 

Mean BMI
a
, kg/m2 (SD) 29.9 (8.9) 

Mean Age, years (SD) 55.7 (18.9) 

Mean Scr, mg/dL (SD) 1.1 (0.4) 

Indications, n(%)  
Skin and Soft Tissue 97 (36.7%) 

Sepsis 69 (26.1%) 
Other

b
  63 (23.9%) 

Pneumonia 52 (19.7%) 
Bacteremia 23 (8.7%) 

a.
 Body Mass Index 

b.
 Includes urinary tract infection, 

osteomyelitis, and intra-abdominal infections 

Table 2. Secondary endpoints  

Endpoint 
AUC/MIC recommended dosing 

(n=127) 
Trough-based dosing 

(n=137) 
Difference [95% CI] p-value 

Estimated AUC/MIC, mg*hr/L 510.9 SD:54.6 639.4 SD:136.7 128.5 [102.9:154.1]  p<0.001 

Estimated Trough, mg/dL 13.5 SD:2.3 18.3 SD:5.0 4.8 [3.9:5.8]  p<0.001 

AKI, n (%) 10 (7.9) 11 (8.0)  p=0.9629 
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nurses, and phlebotomists.11 Additionally, new and 
innovative programs to calculate AUC/MIC exist which 
alleviate the excess workload that long-hand calculations 
place on clinical pharmacists. These programs include 
electronic calculators, such as what was utilized in this 
study, spreadsheets, calculators built into electronic 
medical records, and commercially available dosing 
calculators.11,12  

Rates of acute kidney injury were similar between the two 
groups, although this study was not adequately powered to 
find differences in safety endpoints. The incidence of 
kidney injury was 8% which is consistent with rates 
reported in a recent meta-analysis.5 Additionally, most 
patients in this study were receiving concomitant 
nephrotoxins in addition to vancomycin. The effects of 
these nephrotoxins could not be adequately described in 
this evaluation, which is a limitation.  

Furthermore, most patients in this study were treated for 
skin and soft tissue infections; the trough-based target for 
these infections is 10-15 mg/dL which may have induced 
bias by lowering the true vancomycin exposure in the 

trough-based group. Skin and soft tissue infections are also 
not considered invasive infections and it is currently 
unknown whether AUC/MIC based dosing is the best form 
of monitoring.1 

 
CONCLUSIONS 

AUC/MIC recommended dosing resulted in lower total first 
day vancomycin dose and lower predicted AUC/MIC and 
trough concentrations. The results of our study support the 
newly released IDSA guideline recommendations of an 
AUC/MIC target of 400-600. 

 
CONFLICT OF INTEREST 

The authors of this manuscript have nothing to disclose 
regarding conflicts of interest or funding information. 

 
FUNDING 

None. 

 

References 
 

1.  Rybak MJ, Le J, Lodise TP, Levine DP, Bradley JS, Liu C, Mueller BA, Pai MP, Wong-Beringer A, Rotschafer JC, Rodvold 
KA, Maples HD, Lomaestro BM. Therapeutic monitoring of vancomycin for serious methicillin-resistant Staphylococcus 
aureus infections: A revised consensus guideline and review by the American Society of Health-System Pharmacists, the 
Infectious Diseases Society of America, the Pediatric Infectious Diseases Society, and the Society of Infectious Diseases 
Pharmacists. Am J Health Syst Pharm. 2020;77(11):835-864. https://doi.org/10.1093/ajhp/zxaa036  

2. Patel N, Pai MP, Rodvold KA, Lomaestro B, Drusano GL, Lodise TP. Vancomycin: we can't get there from here. Clin 
Infect Dis. 2011;52(8):969-974. https://doi.org/10.1093/cid/cir078  

3. Mohr JF, Murray BE. Point: Vancomycin is not obsolete for the treatment of infection caused by methicillin-resistant 
Staphylococcus aureus. Clin Infect Dis. 2007;44(12):1536-1542. https://doi.org/10.1086/518451  

4. Pai MP, Neely M, Rodvold KA, Lodise TP. Innovative approaches to optimizing the delivery of vancomycin in individual 
patients. Adv Drug Deliv Rev. 2014;77:50-57. https://doi.org/10.1016/j.addr.2014.05.016  

5. van Hal SJ, Paterson DL, Lodise TP. Systematic review and meta-analysis of vancomycin-induced nephrotoxicity 
associated with dosing schedules that maintain troughs between 15 and 20 milligrams per liter. Antimicrob Agents 
Chemother. 2013;57(2):734-744. https://doi.org/10.1128/aac.01568-12  

6. Linder A, Fjell C, Levin A, Walley KR, Russell JA, Boyd JH. Small acute increases in serum creatinine are associated with 
decreased long-term survival in the critically ill. Am J Respir Crit Care Med. 2014;189(9):1075-1081. 
https://doi.org/10.1164/rccm.201311-2097oc  

7. Suzuki Y, Kawasaki K, Sato Y, Tokimatsu I, Itoh H, Hiramatsu K, Takeyama M, Kadota J. Is peak concentration needed in 
therapeutic drug monitoring of vancomycin? A pharmacokinetic-pharmacodynamic analysis in patients with methicillin-
resistant staphylococcus aureus pneumonia. Chemotherapy. 2012;58(4):308-312. https://doi.org/10.1159/000343162  

8. Lodise TP, Patel N, Lomaestro BM, Rodvold KA, Drusano GL. Relationship between initial vancomycin concentration-time 
profile and nephrotoxicity among hospitalized patients. Clin Infect Dis. 2009;49(4):507-514. https://doi.org/10.1086/600884  

9. Zasowski EJ, Murray KP, Trinh TD, Finch NA, Pogue JM, Mynatt RP, Rybak MJ. Identification of Vancomycin Exposure-
Toxicity Thresholds in Hospitalized Patients Receiving Intravenous Vancomycin. Antimicrob Agents Chemother. 
2017;62(1):e01684-17. https://doi.org/10.1128/aac.01684-17  

10. Neely MN, Youn G, Jones B, Jelliffe RW, Drusano GL, Rodvold KA, Lodise TP. Are vancomycin trough concentrations 
adequate for optimal dosing?. Antimicrob Agents Chemother. 2014;58(1):309-316. https://doi.org/10.1128/aac.01653-13  

11. Heil EL, Claeys KC, Mynatt RP, Hopkins TL, Brade K, Watt I, Rybak MJ, Pogue JM. Making the change to area under the 
curve-based vancomycin dosing. Am J Health Syst Pharm. 2018;75(24):1986-1995. https://doi.org/10.2146/ajhp180034  

12. ClinCalc. Vancomycin Calculator. Available at: https://clincalc.com/vancomycin/ (accessed Sep 5, 2020). 

13. Covvey JR, Erickson O, Fiumara D, Mazzei K, Moszczenski Z, Slipak K, Nemecek BD, Zimmerman DE, Guarascio AJ. 
Comparison of Vancomycin Area-Under-the-Curve Dosing Versus Trough Target-Based Dosing in Obese and Nonobese 
Patients With Methicillin-Resistant Staphylococcus aureus Bacteremia. Ann Pharmacother. 2020;54(7):644-651. 
https://doi.org/10.1177/1060028019897100  

14. Neely MN, Kato L, Youn G, Kraler L, Bayard D, van Guilder M, Schumitzky A, Yamada W, Jones B, Minejima E. 
Prospective Trial on the Use of Trough Concentration versus Area under the Curve To Determine Therapeutic 
Vancomycin Dosing. Antimicrob Agents Chemother. 2018;62(2):e02042-17. https://doi.org/10.1128/aac.02042-17  

15. Finch NA, Zasowski EJ, Murray KP, Mynatt RP, Zhao JJ, Yost R, Pogue JM, Rybak MJ. A Quasi-Experiment To Study the 
Impact of Vancomycin Area under the Concentration-Time Curve-Guided Dosing on Vancomycin-Associated 
Nephrotoxicity. Antimicrob Agents Chemother. 2017;61(12):e01293-17. https://doi.org/10.1128/aac.01293-17  

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ajhp/zxaa036
https://doi.org/10.1093/cid/cir078
https://doi.org/10.1086/518451
https://doi.org/10.1016/j.addr.2014.05.016
https://doi.org/10.1128/aac.01568-12
https://doi.org/10.1164/rccm.201311-2097oc
https://doi.org/10.1159/000343162
https://doi.org/10.1086/600884
https://doi.org/10.1128/aac.01684-17
https://doi.org/10.1128/aac.01653-13
https://doi.org/10.2146/ajhp180034
https://clincalc.com/vancomycin/
https://doi.org/10.1177/1060028019897100
https://doi.org/10.1128/aac.02042-17
https://doi.org/10.1128/aac.01293-17

