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Abstract

Background: Recent recommendations by the Ameri-
can Society of Health System Pharmacists and Infectious
Disease Society of America have provided guidance re-
garding vancomycin dosing and monitoring in serious
infections (including methicillin-resistant Staphylococ-
cus aureus); however, trough monitoring for uncompli-
cated acute bacterial skin and skin structure infections
(ABSSSI) were not addressed. Vancomycin use appears
to lead to a low incidence of acute kidney injury with
short durations and a low trough goal (10-15 mg/L). Nev-
ertheless, clinical studies have found no difference in
clinical outcomes for ABSSSI regardless of vancomycin
level. Therefore, it can be posed whether trough moni-
toring is necessary in this patient population.

Methods: This is a retrospective cohort study comparing
vancomycin therapy duration for ABSSSI in adult, general
medicine patients who received scheduled vancomycin
with an initial creatinine clearance rate of 250 mL/minute
and had at least one vancomycin trough. The objective
of this study was to determine if vancomycin treatment
duration differs for patients with ABSSSI with a sub-
therapeutic vancomycin trough (ST, <10 mg/L) compared
with therapeutic trough (TT; 210 mg/L).

Introduction

Vancomycin is a glycopeptide antibiotic frequently used
for the treatment of acute bacterial skin and skin struc-
ture infections (ABSSSI). In 2009, the American Society of
Health System Pharmacists and Infectious Disease So-
ciety of America (IDSA) provided guidelines for vanco-
mycin dosing and monitoring. However, these guidelines
did not provide specific trough goals for uncomplicated

Results: There were 39 (67.2%) patients with ST com-
pared with 19 (32.8%) with TT. A similar median vanco-
mycin treatment duration for ST (4825 hours) and TT
(59.5 hours; p=0.65) was found. There was no statistical
difference for hospital duration, time from last trough to
vancomycin discontinuation, or incidence of acute kid-
ney injury (p>0.05 for all).

Conclusion: Patients with ST and TT had similar van-
comycin durations and clinical outcomes. It may be
prudent for institutions to address vancomycin trough
laboratory stewardship and associated costs.
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ABSSSI but stated that, for uncomplicated bacterial in-
fections, providers should aim for a trough goal of at least
10 mg/L (expert opinion, level of evidence and grade:
liB) to decrease the risk of vancomycin-intermediate
Staphylococcus aureus! The 2009 guidelines stated
that monitoring of vancomycin troughs is not neces-
sary for treatment durations of less than 3-5 days (lev-
el of evidence and grade: lb).! In 2020, the American
Society of Health System Pharmacists/IDSA updated
their guidelines recommending a ratio of 24-hour area

Merker A, Anne K, Rayyan J, Murray M. Drugs Context. 2023;12:2023-2-1. https://doi.org/10.7573/dic.2023-2-1 1of 7

ISSN: 1740-4398


https://doi.org/10.7573/dic.2023-2-1
http://drugsincontext.com
https://doi.org/10.7573/dic.2023-2-1

ORIGINAL RESEARCH Necessity of vancomycin trough concentrations for ABSSSIs

under the curve to minimum inhibitory concentration
of between 400 and 600 mgxh/L for serious methicillin-
resistant S. aureus (MRSA) infections.2 Similar to the 2009
guidelines, uncomplicated ABSSSI management was not
specifically discussed.?

Several clinical studies reported no difference in clini-
cal outcome for vancomycin concentrations below and
above 10 mg/L, as the mean vancomycin treatment du-
ration was longer (7.0-7.8 days) than the 3-5 day rec-
ommendation for monitoring trough concentrations.®®
Furthermore, vancomycin-induced acute kidney injury
(AKI) has been a potential concern. However, incidence
has appeared to be low in patients with trough goals <20
mg/L, those with no baseline renal impairment, those re-
ceiving short courses of vancomycin therapy (<7 days),
or in those not receiving concomitant nephrotoxic
agents’™ Finally, the guidelines recommend trough
goals >10 mg/L to prevent potential vancomycin resist-
ance; however, the literature supporting this recom-
mendation is based on administering vancomycin for
severe infections and managing MRSA and for extended
therapy durations (over 14 days).

As healthcare institutions continually look for measures
to reduce costs, laboratory stewardship should be a
consideration. The Society of Hospital Medicine includes
the avoidance of repetitive complete blood counts and
chemistry testing in stable patients as part of its ‘Choose
Wisely’ campaign.® Overutilization of inpatient labora-
tory tests is well documented, and the overutilization of
tests can lead to costly downstream spending.

With minimal clinical data available to support van-
comycin trough monitoring for short durations of ther-
apy, there may be decreased vancomycin trough
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concentration utility in certain clinical conditions. The
objective of this study was to determine if vancomycin
treatment duration differs for patients with ABSSSI with
a sub-therapeutic vancomycin trough (ST, <10 mg/L)
compared with therapeutic trough (TT; 210 mg/L).

Methods

This was a retrospective cohort study of adult patients
admitted to a general medicine unit at Mount Sinai Hos-
pital, an urban, 319-bed, teaching hospital (Chicago, IL)
and who received vancomycin for the management of
an uncomplicated ABSSSI from January 1, 2016, through
December 31, 2018. During this period, recommended
monitoring for vancomycin for ABSSSI at our institution
included dosing towards a low trough goal (10-15 mg/L).
Avancomycin trough was defined as a level having been
obtained approximately 60 minutes before the fourth
dose to be administered. Dosing recommendations and
adjustments were led by clinical pharmacists at the
study hospital. Eligible patients had to have an admis-
sion creatinine clearance rate (CrCl, Cockcroft—-Gault)
>50 mL/minute, received scheduled vancomycin, and
had a recorded trough (defined as a concentration ob-
tained within 90 minutes before the third or fourth dose).
Exclusion criteria were vancomycin administration du-
ration of more than 5 days, documented trough goal
of 15=20 mg/L, or AKI (serum creatinine >120% baseline)
that did not resolve within 24 hours of initial vancomycin
administration. A complete description of inclusion and
exclusion criteria is presented in Table 1. The institutional
review board at Mount Sinai Hospital (Study 19-02) ap-
proved this study. At this institution, the vancomycin pol-
icy recommends trough levels before the fourth or fifth
dose regardless of underlying indication.

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

+ Adult general medicine patients

« Initial creatinine clearance
(Cockroft-Gault) 250 mL/minute

+ Received scheduled vancomycin

+ At least one obtained vancomycin
trough (obtained within 80 minutes
before the third or fourth dose)

Pregnancy

Acute kidney injury (serum creatinine >1.2x baseline) without 24-hour resolution
Received vancomycin for >5 days

Confirmed methicillin-resistant Staphylococcus aureus infection

Patient required intensive care unit admission or transfer

Patient required emergent surgery for source control or limb amputation
Vancomycin trough goal 15-20 mg/L

Peripheral arterial or vascular disease

Infections due surgical or post-traumatic site, burns, diabetic foot ulcers, wounds,
or chronic skin ulcers

Vancomycin required for other infectious causes
Vancomycin discontinued for growth of only gram-negative organisms
Vancomycin discontinued for infusion reactions
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Patients were classified into one of two groups based
on the initial vancomycin trough: ST (<10 mg/L) or TT (210
mg/L). The primary outcome was vancomycin treat-
ment duration (defined as time from first to last ad-
ministered dose) for patients with ST compared with TT.
Secondary outcomes included the duration of hospital
admission, time from last vancomycin concentration to
discontinuation of vancomycin, baseline and final white
blood cell (WBC) counts, baseline and final temperature
values and incidence of AKI whilst receiving vancomycin.

Median values with interquartile ranges (IQR) were re-
ported for non-parametric, interval data. The Mann-—
Whitney U test was used to compare the results for
non-parametric, independent data. Statistical analyses
were performed with Stata (College Station, TX, USA). A p
value of less than 0.05 was considered statistically sig-
nificant.

Results

Fifty-eight patients met the inclusion and exclu-
sion criteria. There were 39 (67.2%) patients who had
sub-therapeutic levels (median trough 6.7 mg/L, IQR
5.85-8.2 mg/L). The remaining 19 patients (32.8%) had
therapeutic trough levels (median trough 12.6 mg/L,
IQR 11.25-13.5 mg/L). Additional information on baseline
characteristics can be found in Table 2. Baseline char-
acteristics were similar except for those in the TT group
having a higher median weight, which likely resulted in
the higher vancomycin dosing seen.
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For the primary outcome, there was no statistical dif-
ference in the median hours of vancomycin duration
for ST (48.25, IQR 39-65.6) and TT (59.5, IQR 47.5-67.3;
p=0.65) patients. When assessing the secondary out-
comes, there was no statistically significant difference
in the median days of hospital admission (p=0.96), time
from last vancomycin level until agent discontinuation
(p=0.59) and incidence of AKI (p=1). Additional infor-
mation regarding secondary outcomes can be found
in Table 3.

For patients with ST, 32 (82.1%) patients received a dose
(n=16) or frequency (n=19) adjustment. Eight (21%) pa-
tients with ST had a second trough level drawn (median
13.7 mg/L, IQR 10.4-15.6 mg/L). In the TT group, 3 (15.8%)
patients had a dose change due to levels above the
stated 10-15 mg/L goal and 1 patient had a repeat trough
(10.56 mg/dL). The median duration from last trough lev-
el until vancomycin discontinuation was shorter for ST
(255 hours, IQR 1.6-17.4) compared with TT (13.5 hours, IQR
1.3-24.9).

There was no significant difference for initial and final
values for serum creatinine, WBC and maximum tem-
perature over 24 hours (Table 4). Most patients were
documented as receiving vancomycin for cellulitis for
both ST (n=26, 67%) and TT (n=16, 84.2%). There were
more cultures obtained in the ST group (n=18, 47.4%)
compared with the TT group (n=2,10.5%). Additional cul-
ture information is provided in Table 5. Vancomycin dis-
continuation was most commonly due to patients being
discharged (ST: n=31, 79.5% and TT: n=16, 84.2%).

Table 2. Baseline characteristics.

Trough <10 mg/L Trough 210 mg/L
Patients 59 19
Age (years), median (IQR) 40 (25-55.5) 56 (44-59.5)

Weight (kg), median (IQR)

72.7 (63.8-87.9)

945 (82.5-107)

median (IQR)

Initial creatinine clearance (Cockcroft—-Gault) (mL/min),

107.2 (87.6-125.1)

93.6 (70.8-128.6)

Initial dose (mg), median (IQR)

1250 (1000-1500)

1500 (1250-1625)

Loading dose administered (%)

21 (55.3)

9 (47.4)

Loading dose (mg), median (IQR)

1500 (1500-2000)

2000 (2000-2250)

Maintenance dose (mg), median (IQR)

1250 (1000-1500)

1500 (1250-1625)

Initial frequency, patients (%)

Every 8 hours 2(5.3) 0
Every 12 hours 32(84.2) 19 (100)
Every 24 hours 4 (10.5) 0

IQR, interquartile range.
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Table 3. Primary and secondary outcomes.
Sub-therapeutic Therapeutic Difference p value
trough trough (absolute)

Primary outcome
Vancomycin duration, median hours (IQR) 48.25 (39-65.6) 595 (475-67.3)  +11.256 0.65
Secondary outcomes
Hospital admission duration, median days (IQR) 3 (3-4.5) 4 (3-4) +1 0.96
Time from last trough until vancomycin 25 (1.7-17.4) 13.5 (1.3-24.9) +11 0.59
discontinuation, median hours (IQR)
Incidence of acute kidney injury (serum 1(25) 0 +1 1
creatinine >1.2x baseline, %)

IQR, interquartile range.

Table 4. Median baseline and final WBC, maximum 24-hour temperature and serum creatinine values.

Trough <10 mg/L (IQR) Trough 210 mg/L (IQR) p value

WBC (cells/mm?)
Baseline 10.2 (85-14.2) 8.4 (6.75-11.25) 0.07
Finall 7.2 (5.8-10.4) 6.3 (5.7-7.6) 0.05
Difference (%) -294 -25 -
Maximum 24-hour temperature (Fahrenheit)
Initial 24 hours 98.8 (98.2-99.8) 98.6 (98.3-99.6) 0.88
Final 24 hours 987 (98.2-99.1) 98.7 (98.3-98.8) 0.8l
Serum creatinine (mg/dL)
Baseline 0.82 (0.68-0.93) 0.83 (0.68-0.89) 0.98
Final 0.69 (0.6-0.83) 0.65 (0.58-0.83) 0.81
Difference (%) -15.9 -217 -

IQR, interquartile range; WBC, white blood cell.

Discussion

For adult, general medicine patients receiving vancomy-
cin for ABSSSI with ST or TT, there were no statistical dif-
ferences in the duration of vancomycin administration,
hospital duration, time from last trough until vancomy-
cin discontinuation, or incidence of AKIl. We found that,
frequently after concentrations were obtained, patients
were nearing discontinuation of vancomycin and there
was likely no clinical benefit of adjusting vancomycin
based on trough concentrations in this select population.

To the best of our knowledge, only one study has di-
rectly assessed low and high trough concentrations in

non-severe infections requiring short durations of treat-
ment. Wan et al.* compared patients who received van-
comycin for up to 14 days for non-deep-seated infections
(defined as skin and soft tissue infections, urinary tract
infections, bacteraemia without evidence of seeding and
coagulase-negative S. aureus line infections) with low
(10 mg/L) and high (>10 mg/L) trough concentrations.
The authors found no significant difference in clinical
cure rates for low (88%) and high trough concentrations
(87%; OR 1.02, 95% CI 0.32-3.28; p>0.99). The median du-
ration of vancomycin was 7 days in both groups.* This
study included an assessment of vancomycin troughs
in non-ABSSSI (chteroemio, urinary tract infections), al-
though the majority were classified as ABSSSI. Although
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Table 5. Uncomplicated acute bacterial skin and
skin structure infection wound cultures - organisms
identified.

Trough  Trough
<10 mg/L 210 mg/L
(n=39) (n=19)

18 (47.4) 2(105)

Cultures obtained (%)

Gram-positive organisms

Streptococcus anginosus 1

Methicillin-sensitive 12 1
Staphylococcus aureus

Staphylococcus 1 1
lugdunensisis

Streptococcus milleri 1

Streptococcus pyogenes 2

Streptococcus viridans 1

Group A streptococcus 1

Gram-negative organisms

Bacteroides spp. 1

Morganella morganii 1

Enterobacter spp. 1

Klebsiella pneumoniae 1

Proteus mirabilis 1

Proteus vulgaris 1

different primary outcomes were reviewed, both studies
found no significant impact on ST troughs and vancomy-
cin duration.

Several departments (phlebotomy, chemistry, nursing
and pharmacy) are utilized to obtain, process and an-
alyse vancomycin concentrations. As there are several
moving parts, error may be introduced. Potential errors
include incorrectly drawing the trough concentration,
delay in vancomycin administration, incorrect concen-
tration assessment and inappropriate dose adjustment.
A 3-month observational study illustrated the challenge
of correctly monitoring vancomycin trough concentra-
tions. The researchers found that only 31% had appro-
priate trough concentration monitoring in relation to
frequency. Less than half (48.4%) of the patients were
dosed correctly based on weight, indication and renal
function, which resulted in only 15.7% of patients achiev-
ing targeted trough concentrations.®

Vancomycin concentrations result in direct and indirect
costs and it could be argued that pharmacist time could
be better used in other antimicrobial stewardship-related
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interventions. For instance, pharmacist-led antimicro-
bial stewardship interventions, such as intravenous to
oral conversions, proper empiric selection of antibiotics
and de-escalation based on culture results, have been
well documented to reduce healthcare costs whilst not
detrimentally impacting patient outcomes when per-
formed appropriately® A combination of reduced costs
through decreased vancomycin monitoring along with
reallocated pharmacist time to cost-saving antimicrobial
stewardship interventions could significantly impact ex-
penditures. The mean pharmacist time dedicated to dos-
ing and adjusting vancomycin was previously found to
be 43 minutes and was only cost effective if conducted in
the context of the intensive care unit, oncology unit or for
those receiving concomitant nephrotoxic medications.”

During the study period, 1143 vancomycin concentrations
(random and trough) were collected, resulting in a total
cost of approximately US$218,313 or US$72,771 annually. The
vancomycin troughs obtained in this study comprised a
small portion (5.8%) of the overall concentrations and
cost (US$12,797). However, there are still gaps in vancomy-
cin monitoring that could be reviewed and may result in
a further reduction of vancomycin concentration order-
ing, including monitoring patients receiving vancomycin
for urinary tract infections, pre-haemodialysis concen-
trations for all haemodialysis sessions, sepsis lacking a
defined source or MRSA risk factors, or implementing a
vancomycin dosing algorithm to ensure a higher propor-
tion of appropriate trough concentrations. The potential
direct cost savings from laboratory stewardship could be
used for procurement of assays or equipment that can aid
in optimizing patient care such as rapid diagnostic testing.

Reviewing the results from our study, it appears sever-
al potential stewardship interventions could have been
performed, including utilizing more beta-lactam an-
tibiotics in the setting of non-purulent cellulitis where
empirical MRSA coverage was unlikely necessary. Ad-
ditionally, only 11.8% of patients overall were changed to
an oral regimen before discharge. After the completion
of this study, the vancomycin monitoring policy was
updated to include the most recent IDSA recommen-
dations for the monitoring of the ratio of 24-hour area
under the curve to minimum inhibitory concentration. In
addition, another institution vancomycin policy update
included a recommendation to delay obtaining troughs
for patients with ABSSSI and CrCl >50 mL/min until after
5 days of vancomycin therapy assuming no change in
renal function occurred during this period.

There are some limitations of this retrospective study.
Although our study did not assess cure rates, our results
used vancomycin administration and hospital admis-
sion duration as endpoints. These endpoints were used
as surrogate markers for infection resolution. Due to the
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retrospective nature of this study, it was difficult to ac-
curately assess ABSSSI improvement via provider notes
consistently and accurately. However, clinical markers
of infectious resolution (WBC, temperature values) were
assessed and no difference from baseline and final
readings between the cohorts was found. The number of
eligible patients for this study was small compared with
the number who received vancomycin during the same
period at our institution thus limiting potential external
impact and potentially being underpowered, making it
difficult to distinguish a true difference between the co-

drugsincontext.com

Conclusion

Patients with ST and TT had similar vancomycin durations
and clinical outcomes, indicating that routine vancomy-
cin trough monitoring for patients with ABSSSI without
renal impairment is likely not necessary. It may be pru-
dent for institutions to address vancomycin trough lab-
oratory stewardship and associated costs. The ability to
reallocate pharmacist time towards antimicrobial stew-
ardship opportunities can assist with potential addition-

horts. al cost-saving measures.
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