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A B S T R A C T

Methicillin-susceptible Staphylococcus aureus (MSSA) infections have been successfully treated both with
cefazolin and antistaphylococcal penicillins; cefazolin appears effective in MSSA bloodstream infections
(BSIs). Thus, our antimicrobial stewardship programme (ASP) implemented a clinical pathway support-
ing cefazolin use in MSSA-BSIs and restricting oxacillin use to infectious diseases (ID) consultation due
to cefazolin’s lower cost and more convenient dosing. This before and after quasi-experimental study
was conducted to describe the impact on outcomes and process of care measures associated with imple-
menting this pathway among patients with MSSA-BSI. Definitive treatment with cefazolin increased over
the study period from 17.3% to 69.8% post-implementation. Clinical failure (5.8% vs. 2.3%; P = 0.62) and
in-hospital mortality (3.8% vs. 0%; P = 0.50) were rare pre- and post-implementation. Median hospital
length of stay among survivors was similar between pre- and post-implementation periods (P = 0.31).
Duration of bacteraemia [median (IQR) 3 (2–4) days vs. 2 (2–3) days; P = 0.002] and rates of re-infection
after culture clearance (9.6% vs. 0%; P = 0.06) were reduced post-implementation. Frequency of source
control (P = 0.71) and time to source control (P = 0.52) were similar between study periods. Significant
increases in ID consultations (33.3% [3/9] vs. 73.3% [22/30]; P = 0.047) and median (IQR) 24-h daily doses
[2 (1–3) g vs. 6 (3–6) g; P < 0.01] were seen for patients treated with cefazolin post-implementation.
ASPs may find implementation of a similar pathway to be an effective means of improving the care of
patients infected with MSSA.

© 2017 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

Infections caused by Staphylococcus aureus remain a leading cause
of healthcare-associated and community-onset bloodstream infec-
tions (BSIs) [1,2]. Whilst hospital-onset infections caused by
methicillin-resistant S. aureus (MRSA) are declining, infections caused

by methicillin-susceptible S. aureus (MSSA) strains remain common
[2]. MSSA-BSI is of great concern to clinicians owing to the inci-
dence of systemic complications, their association with prolonged
and costly treatment, and high rates of patient morbidity and mor-
tality [2–4]. Despite an increase in the number of treatment options
for MRSA [5,6], few agents have been developed to address serious
or deep-seated MSSA infections [7–11]. Whilst antistaphylococcal
penicillins such as oxacillin have long been considered the gold stan-
dard in the treatment of MSSA, they are frequently associated with
adverse events and higher daily costs compared with first-generation
cephalosporins [7,9,11–13]. We previously found cefazolin to be ef-
fective for a variety of MSSA-BSIs [11]. As a result, our antimicrobial
stewardship programme (ASP) developed and implemented a clin-
ical pathway to increase both cefazolin use and the rate of infectious
diseases (ID) consultations in MSSA-BSI. The pathway promoted
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interchange of cefazolin for oxacillin in MSSA-BSI in the absence
of central nervous system (CNS) involvement. Oxacillin use was re-
stricted to treatment of MSSA-BSI with CNS involvement and/or
recommendation by an ID consultation. Unit-based clinical phar-
macists were responsible for interfacing with the prescribing team
to make the therapeutic exchange or recommend ID consultation.
The purpose of this study was to assess the impact of the pathway.

2. Materials and methods

2.1. Study design, setting and pathway development

This before and after quasi-experimental retrospective study was
conducted at Northwestern Memorial Hospital (NMH), a tertiary-
care academic medical centre in Chicago, IL. Oxacillin was
preferentially used in MSSA-BSI prior to implementation of the clin-
ical pathway at this centre, unless intolerance was observed,
according to consensus guidelines [4]. These historical data defined
the pre-implementation period. The ASP developed a clinical
pathway to increase the use of cefazolin in non-CNS MSSA infec-
tions based on an evaluation of cefazolin’s safety and efficacy [11]
and the favourable cost and convenient dosing for cefazolin. The
pathway was implemented in August 2013 after it was approved
by the Division of Infectious Diseases and NMH Pharmacy and Ther-
apeutics Committee. During the post-implementation period,
oxacillin use was restricted to use under the direction of ID con-
sultation or for CNS-MSSA infections. Details of the clinical pathway
were disseminated to all hospital physicians and pharmacists. Unit-
based pharmacists were responsible for implementing the
interchange or recommending ID consultation with case review con-
ducted by the ASP. The study was approved by the Institutional
Review Boards at Northwestern University and Midwestern
University.

2.2. Study population and data elements

Similar to our initial study [11], BSI cases were screened for study
inclusion if patients were: (i) treated with cefazolin or oxacillin
within 48 h of a finalised MSSA blood culture; and (ii) admitted
between 1 January 2010 and 31 June 2014. The first positive blood
culture growing MSSA was considered the index culture for pa-
tients during the study period. Subsequent positive cultures were
considered evidence of sustained infection if interim cultures were
negative for ≤24 h and as re-infection if cultures had been nega-
tive for >24 h. Patients were excluded if they: (i) presented with
polymicrobial infection; (ii) received any antibiotics other than
cefazolin or oxacillin as definitive therapy for MSSA-BSI; (iii) re-
ceived any antibiotic for ≥5 days prior to switching to a β-lactam;
(iv) had a documented penicillin or cephalosporin allergy; or (v) were
<18 years old. Isolate susceptibilities were determined using VITEK®2
(bioMérieux, La Balmes-les-Grottes, France) and were classified ac-
cording to interpretive criteria in place at the time [14].

2.3. Study definitions

Similar to our previous study, clinical failure was defined as per-
sistent positive blood cultures growing MSSA or a change in MSSA-
directed therapy with documented clinician opinion that cefazolin
or oxacillin treatment was ineffective [11]. Thus, the outcome of clin-
ical failure was a composite of objective laboratory results
documented in the medical record (i.e. duration of bacteraemia) and
clinical findings (i.e. growth of abscesses, new embolic events, wors-
ening of pain, and lack of response to therapy on imaging). Source
control was defined by source removal (e.g. central line, port, ar-
teriovenous graft), abscess drainage, wound debridement or any
other interventions used to mitigate the infection. Patients for whom

an intervention was not appropriate at the time of index positive
culture were not considered evaluable for source control. Defini-
tions for infection source, deep-seated infection, intensive care unit
onset of infection, and 24-h daily dose of antibiotics were the same
as our previous study [11]. At NMH, the recommended cefazolin
dose for severe infections was 2 g every 8 h over 30 min or the renal
dose-adjusted equivalent, whilst the oxacillin dose was 2 g every
4 h over 30 min irrespective of renal function. Severity of illness was
quantified using the modified Acute Physiology and Chronic Health
Evaluation II (m-APACHE II) score [15,16], which was calculated on
infection Day 0 (i.e. index culture date). Adverse drug events (ADEs)
were defined as documented renal, hepatic, dermatological or sys-
temic reactions that were consistent with ADEs reported in the
product labelling of each agent [17,18]. ADEs were considered to
be treatment-related if they occurred while the patient was receiv-
ing cefazolin or oxacillin.

2.4. Outcomes and statistical analyses

We sought to evaluate the impact of the clinical pathway on (i)
clinical outcomes and (ii) process of care measures among pa-
tients with MSSA-BSI. The difference in clinical outcomes before and
after implementation of the pathway was evaluated. Outcomes of
interest in this preliminary analysis included: rates of clinical failure;
in-hospital mortality; hospital length of stay (LOS) among survi-
vors; frequency of re-infection; and duration of bacteraemia. Several
process of care measures were also evaluated, including: rates of
source control; time to achieve source control; frequency of ID con-
sultation; rates of institutional guideline-concordant dosing of the
protocol agents; and occurrence of ADEs. Data analysis was per-
formed using Intercooled Stata v.14.1 (StataCorp, College Station, TX).
Descriptive statistics were calculated for patient demographics and
clinical outcomes. Continuous variables were evaluated using St-
udent’s t-test or Wilcoxon rank-sum test, and categorical variables
were evaluated using the χ2 or Fisher’s exact test as appropriate.
Kaplan–Meier curves were constructed for time-to-event data, and
differences in time-to-event endpoints were analysed using log-
rank tests.

3. Results

A total of 95 patients met the study inclusion criteria, with 52
patients identified before and 43 patients identified after imple-
mentation of the pathway. Baseline characteristics were comparable
between the two groups (Table 1). As expected, definitive treat-
ment with cefazolin increased over the study period from 17.3% (9/
52) pre-implementation to 69.8% (30/43) post-implementation.
Conversely, definitive treatment with oxacillin decreased from 82.7%
(43/52) pre-implementation to 30.2% (13/43) post-implementation
(P < 0.001).

3.1. Clinical outcomes

Clinical outcomes of patients treated according to the clinical
pathway are presented in Table 2. Overall, clinical failure was rare
both before and after implementation of the clinical pathway (5.8%
vs. 2.3%; P = 0.62). Two patients died during the pre-implementation
period, and no deaths were observed after the pathway was imple-
mented (P = 0.50). The median [interquartile range (IQR)] hospital
LOS among survivors was similar between the pre- and post-
implementation periods [9 (6–12) days vs. 8 (6–13) days; P = 0.31].
The median (IQR) duration of bacteraemia, however, was signifi-
cantly reduced after protocol implementation [3 (2–4) days vs. 2
(2–3) days; P = 0.002] (Fig. 1). The rate of re-infection after initial
clearance was also markedly, although not significantly, reduced after
protocol implementation (9.6% vs. 0%; P = 0.06).
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