
Objective: Consensus guidelines for vancomycin monitoring now 
recommend area under the curve (AUC) calculations for opti-
mal vancomycin efficacy and safety. This will be a major practice 
change for many facilities. Implementation guidance is available 
but has not been reported in smaller, primary care hospitals. The 
objective of this study was to measure the uptake of AUC monitor-
ing implementation in a rural facility.
Methods: This is a gap analysis evaluating the appropriateness of 
vancomycin levels tests after the April 1, 2019 transition. All van-
comycin levels between April 2019 and June 2019 after the go-live 
date were included with no exclusions in a retrospective chart re-
view. The primary outcome was the proportion of levels in the ap-
propriate time frame: peaks 1 to 2 hours after infusion with troughs 
at least 1 half-life after initial dose and prior to the next dose. Sec-

ondary outcomes included reasons identified for inappropriate lev-
els and the proportion of AUC24 calculations within therapeutic 
range (400-600 mg.h/L). Descriptive statistics were used to mea-
sure the scope and outcomes of this transition.

Results: The transition was effective with 97% of cases utiliz-
ing AUC-based methods. There were 65 vancomycin levels in the 
3-month study period with 86% deemed appropriate. Of the 9 in-
appropriate levels, 4 had to be repeated for accurate monitoring. 
There were 28 two-level couplets used for AUC24 calculations,  
17 (61%) fell within therapeutic range.

Conclusion: Implementation strategies for the AUC transition de-
scribed in tertiary medical centers can be successfully utilized in 
primary facilities. 
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The use of weight-based dosing with 
trough-based monitoring of vancomycin 
has been in clinical practice for more than 

a decade. The American Society of Health-
System Pharmacists (ASHP), the Infectious 
Diseases Society of America (IDSA), and the 
Society of Infectious Diseases Pharmacists 
(SIDP) published the first guidelines for van-
comycin monitoring in 2009.1 Although it has 
been well established that area under the curve 
(AUC) over the minimal inhibitory concentration 
(MIC) ratio > 400 mg.h/L is the best predictor 
of clinical efficacy, obtaining this value in clini-
cal practice was not pragmatic. Therefore, the 
2009 guidelines recommended a goal vanco-
mycin trough of 15 to 20 mcg/ml as a surrogate 
marker for AUC/MIC > 400 mg.hr/L. This has 
since become a common practice despite little 
data that support this recommendation.

The efficacy and safety of trough-based 
monitoring has been evaluated extensively over 
the past several years and more recent data 
suggest that there is wide patient variability in 
AUC with this method and higher trough lev-
els are associated with more nephrotoxicity.2,3 
ASHP, IDSA, SIDP, and the Pediatric Infectious 
Diseases Society (PIDS) updated the consensus 
guidelines in 2020.4 Trough-based monitoring is 
no longer recommended. Instead AUC24 moni-
toring should be implemented with a goal range 
of 400 to 600 mg.h/L for efficacy and safety. 
Given concerns for vancomycin penetration into 

the central nervous system (CNS), many facility 
protocols utilize higher targets (> 600 mg.h/L) for 
CNS infections.

Some hospitals have been utilizing AUC-
based monitoring for years. There are strategies 
from tertiary care centers that drive this prac-
tice change in the medical literature.5,6 However, 
it is important to reproduce these implementa-
tion practices in small, rural facilities that may 
face unique challenges with limited resources 
and may be slower to implement consensus 
guidelines.7,8 As this is a major practice change, 
it is imperative to evaluate the extent of transition 
and identify areas of needed improvement. 

Accurate therapeutic drug monitoring ensures 
both the safety and efficacy of vancomycin ther-
apy. Unfortunately, research shows that inappro-
priate laboratory tests are common in medical 
facilities.9 Drug levels taken inappropriately can 
lead to delays in therapeutic decision-making, 
inappropriate dosage adjustments and create a 
need for repeated drug levels, which increases 
the overall cost of admission.

Given the multiple affected services needed 
to make successful practice transitions, it is par-
amount that facilities evaluate progress during 
the transition phase. The Agency for Health-
care Research and Quality and the Institute for 
Healthcare Improvement provide guidance in 
the Plan-Do-Study-Act Cycle for quality assess-
ment and improvement of new initiatives.10,11 A 
gap analysis can be used as a simple tool for  
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evaluating the transition of research into practice 
and to identify areas of needed improvement. 

The Veterans Health Care System of the 
Ozarks (VHSO) in Fayetteville, Arkansas made 
the transition from trough-based monitoring to 
2-level AUC-based monitoring on April 1, 2019. 
The purpose of this study was to evaluate the ef-
fectiveness of transition methods used to imple-
ment AUC-monitoring for vancomycin treated 
patients in a small, primary facility. A further goal 
of the study was to identify areas of needed im-
provement and education and whether the prob-
lems derived from deficiencies in knowledge and 
ordering (medical and pharmacy services) or ex-
ecution (nursing and laboratory services).

METHODS
VHSO is a 52-bed US Department of Veterans 
Affairs primary care hospital. The pharmacy and 
laboratory are staffed 24 hours each day. There 
is 1 clinical pharmacy specialist (CPS) available 
for therapeutic drug monitoring consults Mon-
day through Friday between the hours of 7:30 AM 
and 4:00 PM. No partial full-time equivalent em-
ployees were added for this conversion. Phar-
macy-driven vancomycin dosing and monitoring 
is conducted on a collaborative basis, with phar-
macy managing the majority of vancomycin 
treated patients. Night and weekend pharmacy 
staff provide cross-coverage on vancomycin 
consultations. Laboratory orders and medication 
dosage adjustments fall within the CPS scope 
of practice. Nurses do not perform laboratory 
draws for therapeutic drug monitoring; this is 
done solely by phlebotomists. There is no infec-
tious diseases specialist at the facility to cham-
pion antibiotic dosing initiatives.

The implementation strategy largely reflected 
those outlined from tertiary care centers.5,6 First, 

key personnel from the laboratory department 
met to discuss this practice change and to add 
vancomycin peaks to the ordering menu. A crit-
ical value was set at 40 mcg/ml. Vancomycin 
troughs and random levels already were order-
able items. A comment field was added to all 
laboratory orders for further clarification. Ver-
biage was added to laboratory reports in the 
computerized medical record to assist clinicians 
in determining the appropriateness of the level. 
This was followed by an educational email to 
both the nursing and laboratory departments 
explaining the practice change and included a 
link to the Pharmacy Joe “Vancomycin Dosing 
by AUC:MIC Instead of Trough-level” podcast 
(www.pharmacyjoe.com episode 356).

The pharmacy department received an inter-
active 30-minute presentation, followed imme-
diately by a group activity to discuss practice 
problems. This presentation was condensed, re-
corded, and emailed to all VHSO pharmacists. 
A shared folder contained pertinent material on 
AUC monitoring. 

Finally, an interactive presentation was set up 
for hospitalists and a video teleconferencing was 
conducted for rotating medical residents. Both 
the podcast and recorded presentation were 
emailed to the entire medical staff with a brief in-
troduction of the practice change. Additionally, 
the transition process was added as a standing 
item on the monthly antimicrobial stewardship 
meeting agenda.

The standardized pharmacokinetic model at 
the study facility consisted of a vancomycin vol-
ume of distribution of 0.7 mg/kg and elimina-
tion rate constant (Ke) by Matzke and colleagues 
for total daily dose calculations.12 Obese pa-
tients (BMI ≥ 30) undergo alternative clearance 
equations described by Crass and colleagues.13 

Abbreviation: FV, Fayetteville

TABLE 1 Nursing and Laboratory Orders in the Electronic Health Record 

Service Order Start/Stop Provider

Nursing Vancomycin peak and trough due after 06:00 dose. Dose must be hung on time. 
Peaks are due 1 - 2 hr after end of 90 min infusion (post distribution), or between 
0830-0930. Trough due prior to 1800 dose. Please call phlebotomist to coordinate.
Thank you! “unsigned”

Start: Now
Stop: 05/24/19 17:00

Cole, Jennifer L.

Laboratory Vancomycin (trough) (FV) blood serum 1 one-time 
For test: Vancomycin (trough) (FV) please draw 30 min – 1 hr prior to 18:00 dose 
“unsigned”

Start: 05/24/19 17:00 Cole, Jennifer L.

Vancomycin (peak) (FV) Blood serum 1 one_team
For test: Vancomycin (peak) (FV) “Dose due 06:00, peaks must be drawn 1 - 2 hr  
after 90 min infusion, or between 8:30-9:30 “unsigned”

Start: 05/24/19 8:30 Cole, Jennifer L.
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Cockcroft-Gault methods using ideal body 
weight (or actual body weight if < ideal body 
weight) are used for determining creatinine clear-
ance. In patients aged ≥ 65 years with a serum 
creatinine < 1.0 mg/dL, facility guidance was to 
round serum creatinine up to 1.0 mg/dL. Loading 
doses were determined on a case-by-case basis 
with a cap of 2,000 mg, maintenance doses were 
rounded to the nearest 250 mg. 

Vancomycin levels typically are drawn at 
steady state and analyzed using the logarithmic 
trapezoidal rule.14 The pharmacy and medical 
staff were educated to provide details on timing 
and coordination in nursing and laboratory or-
ders (Table 1). Two-level AUC monitoring typi-
cally is not performed in patients with acute renal 
failure, expected duration of therapy < 72 hours, 
urinary tract infections, skin and soft tissue infec-
tions, or in renal replacement therapy.5

This gap analysis consisted of a retrospective 
chart review of vancomycin levels ordered after 
the implementation of AUC-based monitoring 
to determine the effectiveness of the transition. 
Three months of data were collected between 
April 2019 and June 2019. Vancomycin levels 
were deemed either appropriate or inappropri-
ate based on timing and type (peak, trough, or 
random) of the laboratory test in relation to the 
previously administered vancomycin dose. Ap-
propriate peaks were drawn within 2 hours after 
the end of infusion and troughs at least 1 half-
life after the dose or just prior to the next dose 
and within the same dosing interval as the peak. 
Tests drawn outside of the specified time range, 

trough-only laboratory tests, or those drawn after 
vancomycin had been discontinued were con-
sidered inappropriate. Peaks and troughs drawn 
from separate dosing intervals also were con-
sidered inappropriate. Random levels were con-
sidered appropriate only if they fit the clinical 
context in acute renal failure or renal replacement 
therapy. An effective transition was defined as 
≥ 80% of all vancomycin treated patients mon-
itored with AUC methods rather than trough-
based methods.

Inclusion criteria included all vancomycin 
levels ordered during the study period with no 
exclusions. The primary endpoint was the pro-
portion of vancomycin levels drawn appropri-
ately. Secondary endpoints were the proportion 
of AUC24 calculations within therapeutic range 
and a stratification of reasons for inappropri-
ate levels. Descriptive statistics were collected 
to describe the scope of the project. Levels 
drawn from various shifts were compared (ie, 
day, night, or weekend). Calculated AUC24 lev-
els between 400 and 600 mg.h/L were consid-
ered therapeutic unless treating CNS infection  
(600-700 mg.h/L). Given the operational out-
comes (rather than clinical outcomes) and no 
comparator group, patient specific data were 
not collected. 

Descriptive statistics without further analysis 
were used to describe proportions. The goal level 
for compliance was set at 100%. These methods 
were reviewed by the VHSO Institutional Review 
Board and granted nonresearch status, waiving 
the requirement for informed consent. 

Vancomycin Monitoring

TABLE 2 Vancomycin Level Breakdown and Reasoning

Level Type Shift Affected Service Reason

Trough Day Medical Trough only level ordered

Peak Weekend Medical Peak/trough drawn from different dosing intervals

Trough Weekend Medical Peak/trough drawn from different dosing intervals

Peak Weekend Laboratory/Pharmacy Level drawn after drug was discontinued

Trough Weekend Laboratory/Pharmacy Level drawn after drug was discontinued 

Peak Weekend Laboratory/Nursing Peak/trough drawn from different dosing intervals

Trough Weekend Laboratory/Nursing Peak/trough drawn from different dosing intervals 

Trough Night Laboratory Trough drawn late

Peak Day Laboratory Peak drawn early
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RESULTS
The transition was effective with 97% of all 
cases uti l izing AUC-based methods for 
monitoring. A total of 65 vancomycin levels 
were drawn in the study period; 32 peaks,  
32 troughs, and 1 random level (drawn ap-
propriately during acute renal failure 24 hours 
after starting therapy). All shifts were affected 
proportionately; days (n = 26, 40%), nights  
(n = 18, 27.7%), and weekends (n = 21, 
32.3%). Based on time of dosage adminis-
tration and laboratory test, there were 9 lev-
els (13.8%) deemed inappropriate, 56 levels 
(86.1%) were appropriate. Reasons for inap-
propriate levels gleaned from chart review are 
presented in Table 2. Four levels had to be re-
peated for accurate calculations.

From the peak/trough couplets drawn ap-
propriately, calculated AUC24 fell with the de-
sired range in 61% (n = 17) of cases. Of the  
11 that fell outside of range, 8 were subthera-
peutic (< 400 mg.h/L) and 3 were suprathera-
peutic (> 600 mg.h/L).  All levels were drawn at 
steady state. Indications for vancomycin mon-
itoring were osteomyelitis (n = 13, 43%), sep-
sis (n = 10, 33%), pneumonia (n = 6, 20%), and  
1 case of meningitis (3%). 

DISCUSSION
To the author’s knowledge, this is the first report 
of a vancomycin AUC24 monitoring conversion 
in a rural facility. This study adds to the existing 
medical literature in that it demonstrates that: 
(1) implementation methods described in large, 
tertiary centers can be effectively utilized in pri-
mary care, rural facilities; (2) the gap analysis 
used can be duplicated with minimal personnel 
and resources to ensure effective implementa-
tion (Table 3); and (3) the reported improvement 
needs can serve as a model for preventative 
measures at other facilities. The incidence of ap-
propriate vancomycin levels was notably better 
than those reported in other single center stud-
ies.15-17 However, given variations in study de-
sign and facility operating procedures, it would 
be difficult to compare incidence among medi-
cal facilities. As such, there are no consensus 
benchmarks for comparison. The majority of in-
appropriate levels occurred early in the study 
period and on weekends. Appropriateness of 
drug levels may have improved with continued 
feedback and familiarity. 

The calculated AUC24 fell within predicted 
range in 61% of cases. For comparison, a re-

cent study from a large academic medical cen-
ter reported that 73.5% of 2-level AUC24 cases 
had initial values within the therapeutic range.18 
Of note, the target range used was much wider 
(400 - 800 mg.h/L) than the present study. An-
other study reported dose adjustments for sub-
therapeutic AUC levels in 25% of cases and 
dose reductions for supratherapeutic levels in 
33.3% of cases.19

Of the AUC24 calculations that fell outside of 
therapeutic range, the majority (n = 8, 73%) were 
subtherapeutic (< 400 mg.h/L), half of these were 
for patients who were obese. It was unclear in 
the medical record which equation was used for 
initial dosing (Matzke vs Crass), or whether more 
conservative AUCs were used for calculating  the 
total daily dose. The VHSO policy limiting load-
ing doses also may have played a role; indeed 
the updated guidelines recommend a maximum 
loading dose of 3,000 mg depending on the se-
verity of infection.4 Two of the 3 supratherapeu-
tic levels were thought to be due to accumulation 
with long-term therapy.

Given such a large change from long- 
standing practices, there was surprisingly lit-
tle resistance from the various clinical services. 
A recent survey of academic medical cen-
ters reported that the majority (88%) of all re-
spondents who did not currently utilize AUC24 
monitoring did not plan on making this imme-
diate transition, largely citing unfamiliarity and 
training requirements.20 It is conceivable that 
the transition to AUC monitoring in smaller fa-
cilities may have fewer barriers than those seen 
in tertiary care centers. There are fewer health 
care providers and pharmacists to educate 
with the primary responsibilities falling on rela-
tively few clinicians. There is little question as 
to who will be conducting follow up or whom 
to contact for questions. A smaller patient load 
and lesser patient acuity may translate to fewer 
vancomycin cases that require monitoring. 

The interactive meetings were an important 
element for facility implementation. Research 
shows that emails alone are not effective for 
health care provider education, and interac-
tive methods are recommended over passive 
methods.21,22 Assessing and avoiding barri-
ers up front such as unclear laboratory orders, 
or communication failures is paramount to 
successful implementation strategies.23 Ad-
ditionally, the detailed written ordering commu-
nication may have contributed to a smoother 
transition. The educational recording proved to 

Vancomycin Monitoring
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be helpful in educating new staff and residents. 
An identified logistical error was that labora-
tory orders entered while patients were enrolled 
in sham clinics for electronic workload capture 
(eg, Pharmacy Inpatient Clinic) created confu-
sion on the physical location of the patient for 
the phlebotomists, potentially causing delays in 
specimen collection. 

A major development that stemmed from this 
intervention was that the Medical Service asked 
that policy changes be made so that the Phar-
macy Service take over all vancomycin dos-
ing at the facility. Previously, this had been done 
on a collaborative basis. Similar facilities with a 
collaborative practice model may need to an-
ticipate such a request as this may present a 
new set of challenges. Accordingly, the phar-
macy department is in the process of establish-
ing standing operating procedures, pharmacist 
competencies, and a facility memorandum. Fu-
ture research should evaluate the safety and ef-
ficacy of vancomycin therapy after the switch to 
AUC-based monitoring. 

Limitations
There are several limitations to consider with 
this study. Operating procedures and implemen-
tation processes may vary between facilities, 
which could limit the generalizability of these 
results. Given the small facility size, the over-
all number of laboratory tests drawn was much 
smaller than those seen in larger facilities. The 
time needed for AUC calculations is notably lon-
ger than older methods of monitoring; however, 
this was not objectively assessed. It is important 
to note that clinical outcomes were beyond the 

scope of this gap analysis and this is an area of 
future research at the study facility. Vancomycin 
laboratory tests that were missed due to proce-
dures and subsequently rescheduled were oc-
casionally observed but not accounted for in this 
analysis. Additionally, vancomycin courses with-
out monitoring (appropriate or otherwise) when 
indicated were not assessed. However, anec-
dotally speaking, this would be a very unlikely 
occurrence. 

CONCLUSION
Conversion to AUC-based vancomycin monitor-
ing is feasible in primary, rural medical centers. 
Implementation strategies from tertiary facilities 
can be successfully utilized in smaller hospitals. 
Quality assessment strategies such as a gap 
analysis can be utilized with minimal resources 
for facility uptake of new clinical practices.
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