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Purpose: It is critical to engage ED providers in antimicrobial stewardship programs (ASP). Emergency medicine
pharmacists (EMPs) play an important role in ASP by working with providers to choose empiric antimicrobials.
This study aimed to determine the impact of an EMP on appropriate empiric antibiotic prescribing for
community-acquired pneumonia (CAP) and intra-abdominal infections (CA-IAI).
Methods: A retrospective cohort studywas conducted evaluating adult patients admittedwith CAP or CA-IAI. The
primary outcomeof this studywas to compare guideline-concordant empiric antibiotic prescribingwhen an EMP
was present vs. absent. We also aimed to compare the impact of an EMP in an early-ASP vs. established-ASP.
Results: 320 patients were included in the study (EMP n=185, no-EMP n=135). Overall empiric antibiotic pre-
scribingwasmore likely to be guideline-concordantwhen an EMPwas present (78% vs. 61%, p=0.001); thiswas
true for both the CAP (95% vs. 79%, p = 0.005) and CA-IAI subgroups (62% vs. 44%, p = 0.025). Total guideline-
concordant prescribing significantly increased between the early-ASP and established-ASP (60% vs. 82.5%, p b

0.001) and was more likely when an EMP was present (early-ASP: 68.3% vs. 45.8%, p = 0.005; established-
ASP: 90.5% vs. 73.7%, p=0.005). Patients receiving guideline-concordant antibiotics in the ED continued appro-
priate therapy upon admission 82.5% of the time vs. 18.8% if the ED antibiotic was inappropriate (p b 0.001).
Conclusion: The presence of an EMP significantly improved guideline-concordant empiric antibiotic prescribing
for CAP and CA-IAI in both an early and established ASP. Inpatient orders were more likely to be guideline-
concordant if appropriate therapy was ordered in the ED.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

The Emergency Department (ED) serves as an important bridge be-
tween ambulatory and inpatient care and represents an important tar-
get for antimicrobial stewardship interventions aimed at decreasing
inappropriate antimicrobial use [1, 2]. More than 100 million patients
are treated annually in EDs throughout the United States with an esti-
mated 16% of these patients receiving antibiotics [3-5]. In addition, it
has been estimated that up to 50% of all antimicrobial use is
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inappropriate [6-8]. Antimicrobial stewardship programs (ASPs) pro-
mote appropriate antibiotic prescribing across healthcare settings
which is critical to combat the increasing rates of antimicrobial resis-
tance, improve patient outcomes, and manage the rising costs of
healthcare [9, 10].

Due to the high volume of antimicrobial prescribing it is critical to
engage ED providers in ASPs. Additionally, pharmacists play a promi-
nent role in ASPs, with themost successful programs promoting collab-
oration between pharmacist and physician stakeholders [11-13]. In
2011, the American Society of Health-System Pharmacists Association
published guidelines for emergency medicine pharmacist services
recommending that EMPs be involved in direct patient care rounds
and medication order review [14]. The purpose of this study was to de-
termine the impact that EMPs have on the appropriate selection of em-
piric antibiotic therapy for community-acquired pneumonia (CAP) and
community-acquired intra-abdominal infections (CA-IAI). This study
also aimed to examine the combined ASP and EMP impact on antibiotic
prescribing in the ED over time. We hypothesized that the presence of
an EMP would improve empiric antibiotic prescribing and that
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Table 1
Baseline characteristics.

EMP present (n= 185) EMP absent (n= 135) p-Value

Age, years⁎ 60.5 ± 19.3 59.2 ± 20.4 0.58
Male, n (%) 88 (48) 71 (52) 0.62
Charlson score† 3 (0−10) 3 (0−12) 0.82
Sepsis, n (%) 41 (22.3) 29 (21.5) 0.96
Penicillin allergy, n (%) 34 (18.4) 22 (16.3) 0.65

⁎ Mean ± SD.
† Median (range).

840 B.D. Kulwicki et al. / American Journal of Emergency Medicine 37 (2019) 839–844
prescribing practices would improve over time as the antimicrobial
stewardship programmatured.

2. Methods

2.1. Study design

A retrospective cohort study of patients admitted to the hospital
through the ED with a diagnosis of CAP or CA-IAI was conducted at a
community teaching hospital. The diagnoses of CAP and CA-IAI were
chosen for evaluation as they are two of the most common infection-
related diagnoses admitted from the ED and were additionally viewed
as initial targets for improvement by the hospital's Antimicrobial Stew-
ardship Committee. Two time periods were evaluated in order to com-
pare the impact of an early-ASP (January 1, 2014 to December 31, 2014)
to an established-ASP (January 1, 2016 to December 31, 2016). Patients
were included if theywere at least 18 years of age andwere admitted to
the hospital following an ED diagnosis of CAP or CA-IAI as documented
by the EDprovider. Pneumonia patientswere excluded from the study if
they had an ED diagnosis of healthcare-associated, hospital-acquired, or
ventilator-associated pneumonia. Intra-abdominal patients were ex-
cluded if they had a diagnosis of healthcare-associated or surgical-
associated intra-abdominal infections. Additionally, patients were ex-
cluded if they had discrepant ED and inpatient discharge diagnoses, if
they were admitted over the weekend (due to inconsistent hours of
EMP coverage), left against medical advice, or had a CD4 count of
b200 cells/μl.

The primary objective of this study was to determine the appropri-
ateness of empiric antibiotic prescribing in the ED setting when an
EMP was present (EMP group) compared to when they were absent
(no-EMP group). Empiric therapy was defined as appropriate if it was
in concordance with the institution's empiric antibiotic guidelines,
whichwere developed in conjunctionwith the Infectious Diseases Soci-
ety of America's CAP and intra-abdominal infection guidelines along
Fig. 1. Guideline-concordan
with local susceptibility patterns. The institution's empiric therapy
guidelines recommend a third-generation cephalosporin-based regi-
men as first-line therapy for both CAP and CA-IAI and a
fluoroquinolone-based regimen only for patients with a severe beta-
lactam allergy. Neither the CAP nor CA-IAI guideline recommend em-
piric anti-Pseudomonal coverage. Secondary objectives included com-
paring the appropriateness of empiric antibiotic prescribing in the
setting of an early-ASP (2014) vs. established-ASP (2016), evaluating
the appropriateness of antibiotics continued upon inpatient admission,
and comparing patient outcomes including hospital-onset Clostridium
difficile infections, in-hospital mortality, and length of stay between
groups.

Data collected from patients' medical records included age, sex,
Charlson Co-morbidity Index (predictor of 10-year survival for patients
withmultiple comorbidities), antibiotic allergies and reactions, ED diag-
nosis, empiric antibiotic selection, time that antibiotics were ordered,
presence of an EMP, admitting diagnosis, admitting antibiotic selection,
in-hospital mortality, hospital-onset C. difficile, and length of stay. The
time that antibiotics were ordered was categorized as EMP present or
no-EMP. ED clinical pharmacists were considered present between the
hours of 1300 and 2300 in the early-ASP and between the hours of
1100 and 2100 in the established-ASP (time difference due to change
in EMP schedule which took place in 2015). Final Institutional Review
Board approval (#16-1116-5) was obtained on November 18, 2016.

2.2. Study settings and population

The study site is a 350-bed community teaching hospital with a 44-
bed ED servicing approximately 72,000 visits per year. ED clinical phar-
macy serviceswere initiated in October 2011with 1.0 FTE EMP covering
40 h per week Monday through Friday. In August 2013 this service ex-
panded to 2.0 FTE EMP covering 70 h per week including weekend cov-
erage. The EMP responsibilities include following:medication order and
allergy evaluation, consulting for pharmacotherapy recommendations,
assisting during medical emergencies, medication preparation and ad-
ministration, culture follow-up for discharged patients, and providing
education to ED providers, nurses, residents, students, and other staff.
Medications are ordered by providers via computerized physician
order entry; however, not all ED medication orders are required to be
reviewed by a pharmacist prior to dispensing asmany commonmedica-
tions, including antibiotics, are stored in the automated dispensing cab-
inets located in the ED. For those medications located in the ED
automated dispensing cabinets, nursing staff and ED clinical pharma-
cists may remove and administer the medication without prospective
pharmacist review. The ED clinical pharmacists utilize the electronic
t antibiotic prescribing.



Fig. 2. Guideline-concordant antibiotic prescribing for CAP over time.
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tracking board to review medication orders in real-time which allows
them to make interventions with nursing and provider staff prior to
medication administration.

The hospital's ASP was implemented in October 2013 and is led by
1.0 FTE Infectious Diseases (ID) pharmacist and supported by 0.1 FTE
ID physician as well as the Antimicrobial Stewardship Committee. The
Antimicrobial Stewardship Committee includes multi-disciplinary
membership from different disciplines including an ED physician and
both EMPs. The Antimicrobial Stewardship Committee is responsible
for annual evaluation of the hospital's antibiogram and uses this data
to update the institution's empiric therapy guidelines. The empiric ther-
apy guidelines provide recommendations for both patients who are ad-
mitted to the hospital from the ED as well as for those who are
discharged to home. The ID pharmacist and ID physician work with
members of the Antimicrobial Stewardship Committee to schedule in-
person educational sessions for each provider group. Education to the
ED provider group occurs at least annually in order to relay information
regarding pertinent changes to the antibiogram and empiric therapy
guidelines. The ID pharmacist is additionally responsible for providing
daily audit-and-feedback to inpatient providers regarding antibiotic or-
ders, with a focus on empiric guideline-concordant antibiotic selection;
Fig. 3. Guideline-concordant antibiotic
this includes follow-up with the ED clinical pharmacists to provide pre-
scriber feedback when discordant therapy is selected in the ED.

2.3. Data analysis

A sample size of 320 patients was estimated to detect a 20% differ-
ence in guideline-concordant prescribing between the EMP and No-
EMP groups. One hundred and sixty patients meeting inclusion criteria
were selected via a computer-generated randomization from both the
early-ASP and established-ASP time periods. Eighty patients were in-
cluded from both the CAP and CA-IAI cohorts in each year. Interval
data were reported as medians with ranges and the Student's t-test or
Mann-WhitneyU testwere used to compare groups based on the distri-
bution of the data. Categorical data was expressed using frequency dis-
tributions and compared using the ×2 test or Fisher's exact test as
appropriate. All tests were 2-tailed and a p-value of b0.05 was consid-
ered statistically significant. Multivariate logistic regression was
performed to assess for independent risk factors associated with
guideline-concordant antibiotic prescribing for both the CAP and CA-
IAI subgroups. Factors with a p-value of b0.2 in the bivariate analysis
were eligible for inclusion into the model.
prescribing for CA-IAI over time.



Fig. 4. Changes in CAP antimicrobial utilization EMP present vs. EMP absent over time.
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3. Results

3.1. Baseline characteristics and primary outcome

A total of 320 patients were included in the study, 185 patients in
the EMP group and 135 in the No-EMP group. Baseline demographics
were similar between groups and approximately 20% of patients met
sepsis criteria during ED evaluation in both groups (Table 1). Total
empiric antibiotic selection was more likely to be guideline-
concordant when an EMP was present vs. absent (78% vs 61%, p =
0.001). In the sub-group of CAP patients (n = 160), guideline-
concordant empiric antibiotic selection was significantly improved
with the presence of an EMP (95% vs. 79%, p = 0.005); guideline-
concordant antibiotic prescribing was also significantly improved
in the CA-IAI subgroup (n = 160) when an EMP was present (62%
vs. 44%, p = 0.025) (Fig. 1).
Fig. 5. Changes in CA-IAI antimicrobial utilizati
3.2. Impact of the antimicrobial stewardship program and ED clinical phar-
macists over time

Total guideline-concordant antimicrobial prescribing significantly
increased between the early-ASP and established-ASP cohorts (60% vs
82.5%, p b 0.001). Antibiotics were more likely to be guideline-
concordant when an EMP was present in both time periods (early-
ASP: EMP present 68.3% vs EMP absent 45.8%, p = 0.005; established-
ASP: EMP present 90.5% vs EMP absent 73.7%, p = 0.005). This differ-
ence was observed for both CAP and CA-IAI groups (Figs. 2 and 3). The
differences in antimicrobial prescribing over time are presented in
Fig. 4 for CAP and Fig. 5 for CA-IAI. A reduction in fluoroquinolone pre-
scribing was observed over time in the CAP subgroup, and more pro-
nounced when an ED clinical pharmacist was present. The use of
empiric piperacillin/tazobactam for CA-IAI decreased over-time as the
use of first-line ceftriaxone and metronidazole increased.
on EMP present vs. EMP absent over time.



Table 3
Multivariate logistic regression: investigating risk factors for guideline-concordant CAP
prescribing.

Variable Odds ratio (95% CI) p-Value

EMP present vs absent 4.5 (1.5–14.1) 0.008
Early vs established ASP 2.1 (0.73–6.1) 0.170
Penicillin allergy 0.44 (0.14–1.4) 0.167
White blood cell count N 11 or b 4 cells/μl 0.38 (0.12–1.2) 0.096
Chronic obstructive pulmonary disease 0.55 (0.2–1.5) 0.253
Sepsis diagnosis 0.89 (0.3–2.7) 0.835

Table 2
Patient outcomes.

EMP present
(n = 185)

EMP absent
(n = 135)

p-Value

Hospital onset C. difficile, n (%) 2 (1.1) 2 (1.5) 1.0
In-hospital mortality, n (%) 8 (4.3) 2 (1.5) 0.2
Length of stay, days† 2.8 (0.3–23) 2.5 (0.2–15.7) 0.18

† Median (range).
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3.3. Impact on inpatient prescribing and patient outcomes

Patients who were initiated on guideline-concordant therapy in the
ED continued on guideline-concordant therapy 82.5% of the time. In
contrast, patients who did not receive guideline-concordant therapy in
the ED had admission orders for guideline-concordant antimicrobials
in 18.8% of cases (p b 0.001). There was no difference in the secondary
endpoints of hospital-onset Clostridium difficile infection, in-hospital
mortality, or length of stay between the EMP vs. No-EMP groups
(Table 2).

3.4. Multivariate logistic regression

Factors included in the model for each disease state are shown in
Tables 3 and 4. In the subgroup of CAP patients, the presence of an
EMP was the only factor identified to be individually associated with
an increase in the rate of guideline-concordant prescribing (OR 4.5,
[95% C.I. 1.5–14.1]). Both the presence of an EMP (OR 3.3 [95% C.I.
1.5–7.3]) as well as the maturity of an ASP (OR 7.5 [95% C.I. 3.5–16])
were found to be independently associated with an increase in
guideline-concordant prescribing for CA-IAI.

4. Discussion

Our study demonstrates the significant impact of EMPs in improving
empiric treatment selection for CAP and CA-IAI. Additionally, this study
shows the importance of coupling ED clinical pharmacist activities with
ASP initiatives. Total guideline-concordant prescribing significantly in-
creased over time with improved prescribing adherence demonstrated
in both the early-ASP and established-ASP groups when an EMP was
present. The important role of EMPs in patient care has been recognized
by several disciplines across the healthcare system. A 2007 survey of
nurses and providers at an academic medical center ED treating over
93,000 patients annually demonstrated a high level of staff acceptance
of EMPs. Staff members valued the presence of an ED clinical pharma-
cist, frequently consulted on cases, and felt they improved the quality
of patient care [15]. A similar survey published by Coralic and colleagues
in 2014 found that provider and nursing staff felt EMPs contributed sig-
nificantly to patient safety and that they were more likely to seek out
recommendations from EMPs than from staff pharmacists [16]. The
American College of Emergency Physicians published a formal policy
statement recognizing EMPs as a valuablemember of the interdisciplin-
ary team in June 2015 [17]. Additionally, the American College of Med-
ical Toxicology published a statement in October 2017 declaring EMPs
integral to providing safe and cost-effective care for adult and pediatric
ED patients [18]. Furthermore, EMPs have been recognized as highly
valuedmembers of ASPs. In July 2017, the Society of Infectious Diseases
Pharmacists published a position statement regarding ED clinical phar-
macists' participation in ASPs. The organization highly supports the in-
volvement of ED clinical pharmacists in activities such as culture
follow-up, creation of guidelines and clinical pathways, and assistance
in empiric therapy selection [19].

To our knowledge, this is the first study evaluating the impact of
EMPs on the empiric treatment of CA-IAI. Similar to our study, previous
authors have demonstrated improved guideline-concordant antibiotic
prescribing for pneumonia in the ED when an EMP is present. Faine
and colleagues analyzed the impact of an EMP on antibiotic prescribing
for CAP and healthcare associated pneumonia (HCAP) in the ED. Over
the 8-year study period the authors found an increase in antibiotic pre-
scribing appropriateness in both groups when an EMP was present vs.
absent (58.3% vs 38.3%, p b 0.001) [20]. A similar study by DeFrates
and colleagues showed improved empiric prescribing for HCAP in the
ED when an EMP was present vs. absent (49.4% vs 25.7%, p = 0.005).
Additionally, a shorter time to antibiotic therapy (11.4 vs 15.6 h) as
well as more appropriate doses (85.2% vs 77.1%) were observed in the
ED clinical pharmacist group [21]. Furthermore, DeWitt and colleagues
found that antibiotics that required renal or weight-based dose adjust-
ments were 6.5 times more likely to be appropriate when an EMP was
present [22]. However, these studies did not trend the impact of the
EMPs interventions over time. Our study demonstrated a significant im-
provement in empiric antibiotic prescribing when EMPs were present
and this impact was maintained even as the ASP matured.

Antibiotics are the second most common class of medications pre-
scribed in the ED [3]. Judicious antibiotic prescribing is paramount due
to increasing rates of antibiotic resistance coupled with the critical im-
portance of appropriate empiric antibiotic selection [23-25]. EMPs are
in an ideal position to encourage appropriate empiric prescribing as
they canmake real-time recommendations for antibiotic selection or in-
tervene and suggest alternatives when inappropriate antibiotics are or-
dered [14, 19]. Goals of our ASP included the reduction of inappropriate
fluoroquinolone prescribing for both CAP and CA-IAI, as well as the re-
duction of anti-Pseudomonal beta-lactam prescribing for CA-IAI, specif-
ically piperacillin-tazobactam. Our study demonstrated that the
presence of an EMP was independently associated with guideline-
concordant empiric antibiotic prescribing for both CAP and CA-IAI diag-
noses. The receipt of more guideline-concordant, narrow-spectrum
therapy in the EMP group did not negatively impact patient outcomes,
which is similar to previous literature [20, 21, 25]. Additionally, the ma-
turity of the ASPwas independently associatedwith appropriate antibi-
otic therapy in CA-IAI. The impact of ASP maturity on empiric
prescribing was likely more pronounced for CA-IAI than CAP due to a
larger need for improvement in CA-IAI prescribing (44% appropriate-
ness at baseline) compared to CAP prescribing (79% at baseline). Fur-
thermore, we found that 82.5% of patients who received guideline-
concordant antibiotic therapy in the ED continued to receive appropri-
ate therapy upon hospital admission. In contrast, only 18.8% of patients
who received inappropriate empiric antibiotic therapy in the ED were
transitioned to guideline-concordant therapy upon hospital admission.
This significant finding highlights the critical importance of initiating
appropriate antibiotic therapy up front in the ED.

5. Limitations

There are limitations to our studywhichmust be considered. First, as
with all retrospective investigations there is the risk for selection bias as
well as the reliance on appropriate documentation. In an attempt to
overcome this a randomized sample of all eligible patientswas collected
from both time periods. Additionally, to minimize the chance of pa-
tients' diagnoses being coded improperly, patients were only eligible
for inclusion in the study if the ED discharge diagnosis matched the in-
patient discharge diagnosis. Furthermore, multivariate logistic



Table 4
Multivariate logistic regression: investigating risk factors for guideline-concordant CA-IAI
prescribing.

Variable Odds ratio (95% C.I.) p-Value

EMP present vs absent 3.3 (1.5–7.3) 0.002
Early vs established ASP 7.5 (3.5–16) b0.001
Penicillin allergy 2.7 (0.9–7.9) 0.073
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regressionwasperformed to control for confounderswhen assessing for
independent risk factors for guideline-concordant prescribing. Second,
we examined the ED clinical pharmacists' impact on guideline-
concordant antibiotic prescribing for only two disease states, which
may over or underestimate their impact on total empiric prescribing.
As CAP remains the leading infectious reason for admission, it was cho-
sen as a target for investigation by the study team. The decision to inves-
tigate the impact on prescribing for CA-IAI was made as this was a
priority target for improved antimicrobial prescribingwith the initiation
our ASP team; it was an institutional priority tomeasure the impact that
the EMP and ASP were having on prescribing for this disease state.
Third, EMPs were considered present for the hours that they were
scheduled to be working. During both study time periods intervention
documentation by the EMPs and consultation requests from providers
were not required, therefore, it was impossible to know in many cases
if the EMPhad actually intervened. Additionally, weekenddatawere ex-
cluded as these days aremore frequently uncovered by pharmacists due
to paid time off or holidays. Overall there are fewer resources available
to clinicians during the overnight and weekend hours which may have
biased our results in favor of the pharmacist group. Finally, we did not
examine the cost associated with the EMP and ASP intervention, there-
fore, it is difficult to determine the cost effectiveness of this strategy;
however, first-line therapy is typically more cost effective and less
toxic than alternative agents [10].

6. Conclusion

ED clinical pharmacists are successful extensions of ASPs, effectively
stewarding antimicrobial resources without adversely effecting patient
outcomes. The presence of an EMP significantly improved guideline-
concordant empiric antibiotic prescribing for both CAP and CA-IAI.
Guideline-concordant prescribing also significantly increased over
time between an early-ASP and established-ASP; the impact of the
EMP was demonstrated in both groups. Inpatient antibiotic orders
were more likely to be guideline-concordant if appropriate therapy
was initiated in the ED.
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