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ABSTRACT

Introduction: Infravenous (IV) vancomycin requires therapeutic drug monitoring and
line placement and may prolong hospital stay. Linezolid requires less monitoring, is
orally bioavailable, and may expedite transitions of care. This study assessed the
impact of a pharmacist-led antibiotic timeout for the transition from IV vancomycin to

oral linezolid.

Methods: This single-center, quasi-experimental study included admitted adult patients
receiving IV vancomycin for over 48 hours. Patients receiving vasopressors, of
immunocompromised status, or with specific antibiotic indications were excluded. The
primary outcome was the pharmacist intervention acceptance rate. Secondary
outcomes included median hospital length of stay, median antibiotic treatment days,

and incidence of adverse effects.

Results: Of the 317 screened patients, 94 were eligible for the antibiotic time-out

assessment, of which 66 met the criteria for oral linezolid. Of those meeting the criteria,
27 interventions were made, of which 20 (74%) were accepted. The median length of
antibiotic freatment days was six days between both groups (p = .352). No differences

in safety outcomes were observed.

Discussion: A pharmacist-led antibiotic timeout for IV vancomycin to oral linezolid
resulted in a high intervention acceptance rate and increased oral linezolid use
without impacting safety outcomes. These results support the use of this strategy for

antimicrobial stewardship.

Conclusion: This study illustrates the impact of a pharmacist-led antibiotic timeout for
the transition from IV vancomycin to oral linezolid therapy as an antimicrobial

stewardship tool.

Keywords: Linezolid, Vancomycin, Methicillin-Resistant Staphylococcus aureus,

Pharmacist

INTRODUCTION

Antimicrobial stewardship has gained
significant importance in recent years as
a crucial strategy to combat the rising
threat of antimicrobial resistance. Antimi-
crobial stewardship programs (ASPs) are
vital in optimizing antimicrobial use and
improving patient outcomes (Fishman,

2006). To achieve these goals, the Infec-
tious Diseases Society of America (IDSA)
recommends the implementation of pro-
spective audifs with intervention and
feedback initiatives such as an antibiotic
“time-out” (ATO). An ATO prompts a
reassessment of antibiotics' continuing
need and choice and focuses on de-
escalation from empiric broad-spectrum
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therapy once clinical and laboratory
data becomes available. One study
found that frequent modifications to ther-
apy with the implementation of an ATO
led to a 25% increase in the appropriate-
ness of the antibiotic regimen on antibi-
otic days 3 through 5 (Thom et al., 2019).
A similar study found that ATO interven-
tions decrease inappropriate therapy by
12% (Senn et al., 2004).

Infravenous (IV) vancomycin is a
broad-spectrum gram-positive active an-
timicrobial agent frequently targeted by
ASPs due to the risk of nephrotoxicity and
cost of monitoring. Infravenous vancomy-
cin is often overused for empiric cover-
age targeted at potential methicillin-
resistant Staphylococcus aureus (MRSA)
infection. One study found that IV vanco-
mycin prescribed empirically was contin-
ved inappropriately in 25% of cases
(Kim et al.,, 2015). Another study found
that only 8.4% of patients receiving
empiric IV vancomycin therapy subse-
quently had a positive MRSA culture
(Waters & Caraccio, 2018).

Once prohibitive due to concerns for
drug costs and toxicities (e.g., thrombo-
cytopenia, serotonin syndrome), linezolid
has recently emerged as a reasonable
alternative agent to IV vancomycin with
greater safety data along with lower-cost
generic products. Linezolid is a weak,
reversible monoamine oxidase inhibitor
(MAOI) with antibacterial properties.
Using oral linezolid in place of IV vanco-
mycin can avoid the risk of vancomycin-
associated nephrotoxicity, therapeutic
drug monitoring requirements, and the
need for IV access, and may expedite
hospital discharge. Linezolid has demon-
strated promising clinical outcomes when
compared to vancomycin for several
MRSA infections, including pneumonia
and skin  and soft tissue infections
(Stevens et al.,, 2002; Kalil et al., 2010;
Chavanet, 2013; Yue et al., 2013). The use
of oral linezolid to reduce healthcare
costs has been described in several retro-
spective studies, and there are data to
support that it can shorten hospital length

of stay (Parodi et al., 2003; McCollum et
al., 2003; Plosker & Figgitt, 2005; Caffrey
et al, 2014; Cua et al., 2022). The
purpose of this study was to assess the
impact of a pharmacist-led ATO for fran-
sifioning patients from IV vancomycin to
oral linezolid.

METHODS

This single-center, quasi-experimental
study was conducted at a hospital in
Miami, a 9200-bed tertiary non-profit com-
munity hospital. Adult patients admitted
between January 10, 2023, through
March 31, 2023, receiving IV vancomycin
for greater than 48 hours were eligible for
ATO assessment in this study. Patients
were excluded if they had an active
vasopressor order during the ATO, if the
patient was immunocompromised
(defined as receiving active chemother-
apy, use of steroids greater than or equal
to 10 mg of prednisone or equivalent for
14 days, presence of neutropenia with an
absolute neutrophil count below 1,000
cells/mms3, or leukopenia with white
blood cell count below 4,000 cells/mm3),
or receiving IV vancomycin for central
nervous system (CNS) infections, endo-
carditis, febrile neutropenia, or surgical
prophylaxis.

A clinical pharmacist assessed IV van-
comycin orders for ATO eligibility after 48
hours of IV vancomycin treatment. All
patients eligible for assessment under-
went screening (criteria included in
Figure 1) utilizing a pharmacist-driven
ATO. Patients were considered ATO can-
didates for transition to oral linezolid after
48 hours of IV vancomycin therapy if they
were tolerating an oral diet and/or oral
medications, had a platelet count great-
er than 100 x 107/L, were receiving less
than two concomitant serotonergic
agents, had no history of MAOI use within
two weeks of intervention, had microbial
cultures for organisms suscepftible to line-
zolid (if available), and had an expected
length of therapy less than 14 days.
Following the screening, the pharmacist
contacted the prescriber and recom-
mended the transition of antibiotic thera-
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Figure 1

Patient Screening, Antibiotic Time Out Criteria, and Ultimate Patient Disposition

Total adult patients admitted to
BHM receiving IV
Vancomycin January 1, 2023
to March 30, 2023
N =317

v

Included patients
n=94

Pharmacist-Led ATO to Identify Oral Linezolid Candidates

» Receiving IV vancomycin for greater than 48 hours

* Tolerating an oral diet and/or enteral feedings

+ Baseline platelet count greater than 100 x 109/L cells

* Receiving < 1 concomitant serotonergic agent

* No history of MAOI use within 2 weeks

* Bacterial cultures for organisms susceptible to linezolid (if applicable)
& Expected length of therapy less than 14 days

Eligible
for oral
linezolid per

A

Excluded patients
n=223

Duration < 48 hours (n = 153)
Immunocompromised (n = 32)
Prophylaxis indications (n = 33)
Endocarditis (n = 3)

CNS Infection (n = 2)

pharmacist-led
ATO?

Yes

\

Candidates for oral
linezolid therapy
n =66

Oral linezolid v van@m;:jcm
n= 20 continue

n=31

- J

Y

Ineligible for oral linezolid per
pharmacist-led ATO
n=28

= 2 serotonergic agents (n = 9)
Expected duration = 14 days (n = 7)
Not tolerating oral medications (n = 6)
Platelet count < 100 (n = 6)

Alternative antibiotic therapy
n=15

Note. Adult, immunocompetent patients receiving IV vancomycin for greater than 48 hours,

excluding specific antibiotic indications for CNS infections, endocarditis, febrile neutropenia, or

surgical prophylaxis, were assessed by a clinical pharmacist for tfransition to oral linezolid. A
clinical pharmacist reached out to the provider to recommend antibiotic therapy fransition.
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py for identified candidates. All data was
collected retrospectively through chart
review following the conclusion of the
patient’'s hospital stay.

The primary outcome of this study was
the pharmacist intervention acceptance
rate. Secondary outcomes were ex-
plored in patients who were eligible for
the intervention and continued vanco-
mycin or received oral linezolid to ascer-
tain if there were any benefits of interven-
tion to oral therapy compared to the
standard of care (IV vancomycin) during
hospitalization. These endpoints included
hospital length of stay in days, antibiotic
treatment days, vancomycin doses
avoided, vancomycin levels avoided,
thrombocytopenia, and acute kidney
injury. YVancomycin doses avoided were
calculated with the assumption that IV
vancomycin was to be continued at the
same dose and frequency at the fime of
transition for the entire duration of antibi-
otic therapy. Calculation of vancomycin
levels avoided assumed levels would
have been obtained every 48 hours.
Thrombocytopenia was defined as a
platelet count of less than 100 x 107/L cells
or a 50% drop from baseline after therapy
initiation. Acute kidney injury was defined
by Risk, Injury, Failure, Loss of kidney func-
tion, and End-stage kidney disease
(RIFLE) criteria as a serum creatinine

Figure 2

either three times that of baseline, great-
er than 4.0 mg/dL, or an acute rise great-
er than 0.5 mg/dL within 48 hours
(Bellomo et al., 2004).

Mann-Whithey U test and Fisher's
Exact test were used to evaluate contin-
uous and categorical variables, respec-
fively, as assessed in the primary and sec-
ondary endpoint metrics. A p value of
less than .05 was considered significant.
The local institutional review board
approved the study.

RESULTS

In screening 317 patients (Figure 1), 94
were eligible for the pharmacist-led ATO
assessment. Of those eligible for the
assessment, 66 met the criteria for transi-
tion to oral linezolid. For those meeting
the criteria, 27 interventions were made,
of which 20 were accepted (74%)(Figure
2). Of the accepted interventions, 15 led
to conversion to oral linezolid, and five
led to de-escalation to other oral thera-
pies. For the five patients who transi-
tioned to other oral therapy that was not
linezolid, two patients received doxycy-
cline, and three patients received amox-
icillin-clavulanate.

Evaluating the 66 patients meeting
transition criteria to oral linezolid, 20
received oral linezolid (15 due to the ATO
and five outside of the ATO intervention),

Primary Outcome: Pharmacist-Led Antibiofic Time Out Acceptance Rate

m Accepted
Rejected
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31 were continued on vancomycin, and
15 received an alternate antibiotic. To
characterize the 51 patients specific to
the intervention who completed therapy
with linezolid or vancomycin, Table 1
details their baseline characteristics, and
Table 2 provides secondary outcomes for
this group.

The one patient listed in Table 2 who
received linezolid concomitantly with two
serotonergic agents was placed on ther-
apy outside the ATO, and no adverse
effects were identified. One patient
experienced thrombocytopenia during
tfreatment with oral linezolid. This patient
was transitioned back to IV vancomycin
with  no adverse clinical outcomes
detected due to the thrombocytopenia.
A total of 26 IV vancomycin doses were
avoided during the hospital course,
along with eight vancomycin levels in the

Table 1

20 patients who received oral linezolid
(Table 3).

DISCUSSION

This study demonstrated the impact
of a pharmacist-led ATO for transitioning
from IV vancomycin to oral linezolid, as
indicated by the 74% acceptance rate
when an intervention was made on a
patient who met the established ATO cri-
teria. Implementing systems that promote
IV vancomycin-sparing regimens can
support antimicrobial stewardship pro-
grams by helping mitigate the impact of
IV vancomycin, as it is one of the most
common antibiotics in hospitals.

The results of this analysis are most
applicable to patient populations likely
to receive at least three days of treat-
ment, as the most common exclusion
criterion during the screening process

Baseline Characteristics of Patients Eligible for Pharmacy-Led Antibiotic Time Out

IV Vancomycin

Oral Linezolid Continuation

n =20

n =3l

Median age, n (IQR) 74 (25) 66 (30)
Male sex, n (%) 11 (55) 22 (71)
Critical Care Admission, n (%) 4 (20) 7 (23)
Indication, n (%)

Abscess 0 (0) 1(3)

Bloodstream infection 0 (0) 3 (10)

Cellulitis 6 (30) 14 (45)

Osteomyelitis 1(5) 1(3)

Pneumonia 6 (30) 0 (0)

Sepsis — Empiric 0 (0) 1(3)

Skin and soft fissue infection 6 (30) 7 (23)

Other 1(5) 4 (13)
Cultures, n (%)

Culture positive 10 (50) 20 (65)

Culture not available 1(5) 0 (0)
Concomitant Serotonergic Agents, n (%)

One serotonergic agent 4 (20) 4 (13)

Two serotonergic agents 1(5) 0 (0)
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Table 2

Secondary Outcomes for Patients Eligible for Pharmacy-Led Antibiotic Time Out

IV Vancomycin

Oral Linezolid Continuation

Secondary Outcomes p value
n=20 -
n =31

Median Length of Stay (LOS), days (IQR) 92 (11.5) 7 (6) 358
Median Antibiotic Length of Treatment, days (IQR) 6 (5) 6 (4.9) 352
Adverse Effects

Acute Kidney Injury, n (%) 1(5) 1(3) .635

Platelet Count Drop > 50% from Baseline, n (%) 1(5) 0 (0) 392

Table 3

Secondary Outcomes for IV Vancomycin Dosing with Pharmacist-Led Antibiotic

Time Out

Oral Linezolid

IV Vancomycin Dosing Secondary Outcomes

n=20

Saved IV Vancomycin Doses

26

Saved IV Vancomycin Therapeutic Drug Monitoring Levels 8

was IV vancomycin treatment for less
than 48 hours. Often, patients are given
IV vancomycin empirically, only to be
transitioned off in a day or two. Published
evidence demonstrates that despite
vancomycin targeting MRSA infections
empirically, it is often not substantiated
with cultures (Waters & Caraccio, 2018).
Institutions considering IV vancomycin
reduction strategies can consider design-
ing local interventions to target patients
who are likely to have an MRSA infection
and be on IV vancomycin treatment
beyond 48 hours. To help optimize the
empiric use of vancomycin, a structured
48-hour ATO should be implemented to
assess the opportunities for de-escalation.

This study had a low intervention rate,
with 27 pharmacist interventions out of 66
eligible patients. The lack of intervention
in eligible patients was due to limitations
in pharmacist availability to perform
reviews. A greater focus on this initiative
would be expected to generate a great-

er volume of interventions. Notably, in this
stfudy cohort, five patients fransitioned
from IV vancomycin to oral linezolid but
were not a result of a pharmacist inter-
vention. It is likely that as the study was
conducted, it brought further awareness
and education for the use of linezolid as
a therapeutic option. This potential col-
lateral effect is perceived to be favora-
ble and further supports physician
acceptance of the ATO initiative beyond
the high intervention acceptance rate.

Given the small sample size, a signifi-
cant difference in clinical outcomes was
not anticipated, which was ultimately
consistent with the findings presented in
the secondary endpoints. However,
unlike results reported by Cua et al.
(2022), patients who transitioned to oral
linezolid in this study had a numerically
higher length of stay while they had the
same number of median antibiotic treat-
ment days compared fto patients who
continued IV vancomycin. The likely rea-
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son for these findings is that patients who
transitioned to oral linezolid may have
been in the hospital longer for incision
and debridement or surgical procedures
to obtain source control. Additionally, a
prospective study of this nature may
have internal bias, as patients with a
longer stay in the hospital had a higher
probability and likelihood for pharmacist
ATO intervention throughout their stay.

There was an equal but very low inci-
dence of acute kidney injury between
both comparator groups. Clinical phar-
macists monitor and dose all IV vanco-
mycin regimens at the study site for
admitted patients. This robust practice
supports a low risk for inappropriate dos-
ing or monitoring, which is reflected in
the outcomes with a low rate of acute
kidney injury. For linezolid, the one patient
who experienced thrombocytopenia did
not incur a negative clinical impact, but
the importance of monitoring is appreci-
ated. Per the U.S. Food and Drug Admin-
istration product labeling, the risk for
thrombocytopenia with linezolid use is
increased with extended durations of
therapy of 14 days or greater (Pfizer,
2013).

This study’s pharmacist-led ATO con-
sidered patients receiving less than two
serotonergic agents as candidates for
oral linezolid therapy. Despite product
labeling that states to halt serotonergic
antidepressants before initiating linezolid,
serotonin toxicity associated with linezolid
is rare and largely idiosyncratic (Pfizer,
2013). A review of the incidence of sero-
tonin syndrome with the use of linezolid
identified 32 cases of serotonin syndrome
out of 2,357 patients taking linezolid in
combination with a serotonergic agent
(Woytowish & Maynor, 2013). Of these 32
cases, 50% involved two or more con-
comitant serotonergic agents. To align
with these findings, this study prevented
linezolid candidates from receiving more
than two concomitant serotonergic
agents in combination with linezolid ther-
apy. Institutions seeking to increase oral
linezolid use should be mindful of the risk

for serotonin syndrome based upon con-
comitant medication use both when line-
zolid is initially prescribed as well as during
the treatment course.

This study was limited by the small
sample size and relatively short timeline;
however, it was intended to be an
exploratory analysis to inform feasibility. It
is likely that a study over a longer dura-
tion and including a greater number of
patients may vyield more informative
feasibility outcomes. However, infor-
mation from the experience described
here may serve to inform the creation of
parallel interventions that are more
streamlined. An additional opportunity is
to enhance the use of technology for
patient identification and screening. For
example, utilization of clinical decision
support systems may simplify the interven-
tion workflow by enhancing efficiencies
in patient selection.

CONCLUSION

A pharmacist-led ATO for IV vanco-
mycin to oral linezolid resulted in a high
intervention acceptance rate and
increased oral linezolid use without
impacting safety outcomes. These results
demonstrate the impact of a pharmacist
prospective anfibiotic timeout and inter-
vention strategy for patients receiving
empiric or targeted MRSA therapy.
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