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Background: Little is known about determinants of appropriate antibiotic use in the emergency department
(ED). We measured appropriateness of antibiotic use for seven quality indicators (QIs) and studied patient-
related factors that determine their variation.

Patients and methods: A retrospective analysis of 948 patients presumptively diagnosed as having an infection
needing empirical antibiotic treatment in the ED was performed. Outcomes of seven previously validated QIs
were calculated using computerized algorithms. We used logistic regression analysis to identify patient-related
factors of QI performance and evaluated whether more appropriate antibiotic use in the ED results in better pa-
tient outcomes (length-of-stay, in-hospital mortality, 30day readmission).

Results: QI performance ranged from 57.3% for guideline-adherent empirical therapy to 97.3% for appropriate
route of administration in patients with sepsis. QI performance was positively associated with patients’ disease
severity on admission (presence of fever, tachycardia and hypotension). Overall, the clinical diagnosis and thus
the guidelines followed influenced QI performance. The difference in complexity between the guidelines was a
possible explanation for the variation in QI performance. A QI performance sum score of 100% was associated
with reduced in-hospital mortality. QI performancewas not associatedwith readmission rates.

Conclusions: We gained insights into factors that determine quality of antibiotic prescription in the ED.
Adherence to the full bundle of QIs was associated with reduced in-hospital mortality. These findings suggest
that future stewardship interventions in the ED should focus on the entire process of antibiotic prescribing in the
ED and not on a singlemetric only.

Introduction

Antibiotic stewardship programmes (ASPs) are recommended
to increase the quality of antibiotic use and reduce antibiotic re-
sistance.1 A significant part of hospital antibiotic prescribing for
infectious diseases is initiated in the emergency department
(ED), making the ED a crucial focus of ASPs.2 Studies regarding
antibiotic use in the ED have been performed, but little is known
about current appropriate antibiotic use in this specific setting.
Study results are limited to a specific group of patients [e.g. sep-
sis, urinary tract infections (UTIs) or pneumonia]3–6 or focus
on a single outcomemetric (e.g. guideline adherence) while ap-
propriate usage in the ED extends beyond guideline-adherent
choice of empirical antibiotic therapy.7 In addition, little is

known about the drivers (or determinants) of current antibiotic
prescribing in the ED.

To measure the appropriateness of antibiotic use, quality
indicators (QIs) can be used. Previous studies have shown that ap-
propriate antibiotic use measured by QIs reduces length of stay
(LOS) for hospitalized patients.8–10 Furthermore, compliance with
a whole bundle of interventions increases survival among patients
with sepsis11 and patients with Staphylococcus aureus bacter-
emia.12 The sepsis bundles have been the cornerstone of sepsis
quality improvement in the ED since 2005.13

It is, however, not knownwhether appropriate antibiotic use ini-
tiated in the ED improves patient outcomes. Most antimicrobial
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stewardship interventions focus on patients admitted to the hos-
pital ward. However, the first administration of antibiotics is very
often administered in the ED, making this an interesting focus for
antimicrobial stewardship teams.14 In this study, seven previously
validated QIs (single QIs and a QI bundle) were assessed in a large
sample of patients admitted to the ED with a (possible) infection
who received empirical antibiotic therapy.7,15 We evaluated
potential determinants that could explain the variation in QI per-
formance between patients.

Our second goal was to explore whether more appropriate
antibiotic use in the ED (better adherence to QIs) results in better
patient outcomes (LOS, in-hospital mortality and 30day readmis-
sion rates).

Patients and methods

Ethics

The Medical Ethics Committee of the Radboudumc was notified about the
study; formal approval was not required because the project was based on
epidemiological data (no. 2016/2938). Patient data were anonymously
analysed in a retrospective design. Research involving human subjects,
humanmaterial or personalized datawas not carried out.

Study design and population

We conducted a single-centre, retrospective cohort study in the ED at
Radboud University Medical Center, Nijmegen, The Netherlands, an urban,
604bed tertiary teaching university hospital with approximately 22500 ED
visits per year.

Most patients in the Netherlands visiting an ED for a possible infection
are referred by their GP ormedical specialist. Only a fewpatients visit the ED
directly without referral. The Dutch Health Care Inspectorate monitors
several QIs in the ED, such as the use of an early warning system for the
recognition of patients with sepsis, and the availability to healthcare
professionals of a biannual training programme for the recognition of
patientswith sepsis.

All patients aged 18 years or older presenting to the ED in the period
September 2015–March 2016 and presumptively diagnosed as having
an infection needing empirical antibiotic treatment were included in the
study.

Patients were excluded if: (i) antibiotics were used as prophylaxis; or (ii)
antibiotics were prescribed before presentation to the ED, e.g. by the family
physician, no change to the administered regimen was performed and no
new infection was suspected. Patients were selected by extracting details
of all antibiotic prescriptions in the ED during the study period from the
electronic medical record system, together with clinical and laboratory
data. When multiple admissions of a single patient occurred during the
study period, only the first admission to the EDwas included in our analysis.
Because of the retrospective design of our study, the prescribing physicians
were unaware that theseQIsweremonitored.

We estimated that 933 patients were sufficient to test a maximum
of 14 determinants, assuming a maximum indicator performance
of 85%.16

QIs and definitions

In the past, specific QIs assessing the appropriateness of antibiotic use for
hospitalized patients and for patients with sepsis have been developed and
validated using a RAND-modifiedDelphi procedure.7,15 The clinimetric prop-
erties of these indicators have been tested in a large group of hospitalized
patients.17 We used seven indicators to assess the appropriateness of
antibiotic use in the ED (Table 1).

QI performance

All data needed to compute performance of the QIswere extracted in a uni-
form way and entered in a database anonymously. The QIs with their
numerators and denominators are described in detail in Table 1. We devel-
oped computerized algorithms to calculate the scores for each of the QIs for
every patient (appropriate"1 and inappropriate"0). A QI bundle sum score
was calculated by dividing the overall performance of all QIs by the number
of QIs that applied to that specific patient. To compute appropriateness
scores for theQIs, we used extensiveworking definitions,which are reported
in Appendix S1; the algorithm to compute guideline adherence is reported in
Appendix S2 (available as Supplementary data at JAC-AMROnline).

QIs and determinants of appropriate antibiotic use

The following potentially relevant patient determinants were selected: sex,
age, Charlson comorbidity index (CCI), allergy to antibiotics, admission time
and day, previous antibiotic use within 30days before admission, ICU ad-
mission, recent hospital admission (�30days), chronic renal failure, im-
munocompromised status, an abnormal white blood cell count and the
following vital signs: temperature�38�C (�100.4�F), heart rate�100/min,
systolic blood pressure ,100mmHg, respiratory rate �20/min and
Glasgow Coma Scale (GCS) score �14 on admission. The clinical diagnosis
on admission was the only categorical variable that was used. Extended
definitions for the determinants are included inAppendix S1.

QIs and patient outcomes

To evaluate whether more appropriate antibiotic use in the ED results in
better patient outcomes, we assessed the association betweenQI perform-
ance (single and bundle sum score) and LOS, in-hospital mortality and
30day readmission rates. LOSwas defined as the number of days between
admission and hospital discharge. Readmission was defined as an admis-
sion within 30days after discharge, with an infection in the same organ
systemas before discharge.

Furthermore, we investigated the relationship between the bundle sum
score and mortality by creating 10 subgroups (group 1: bundle sum score
0%–10%, group2: bundle sumscore10%–20%, etc.). Subgroupswith fewer
than30 patientswere not analysed.

Statistical analysis

SPSS (version 22.0; SPSS, Inc.) was used for analysing data. Descriptive
statistics for continuous variables were represented as mean+ SD for nor-
mally distributed variables, otherwise median and IQR were given.
Unpaired Student’s t testswere used to compare normally distributed, con-
tinuous variables, otherwise non-parametric tests were used. Categorical
variables were compared by use of the v

2 test, or Fisher’s exact test when
the v2 testwas not appropriate.

Determinants of QI performance

Wecreatedmultivariable logistic regressionmodels for eachQI. Single rela-
tionships between QI adherence and all determinants were studied using
univariate analysis. For eachQI, a separatemultivariate stepwise logistic re-
gression model was constructed. In each model, a single QI was used as
the dependent outcomeandall the determinants that had bivariate associ-
ations with P,0.20 were investigated as the independent variables. If two
independent variables were highly correlated (correlation coefficient.0.6),
only one variablewas included in the analysis.

For each working diagnosis with at least 30 patients per group, dummy
variables were created. For theworking diagnosiswith less than 30patients
per group, we created an ‘other diagnosis’ dummy variable.

To investigate the discriminative power of eachmodel, receiver operat-
ing characteristic (ROC) curves were constructed for the predicted
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probability of appropriate antibiotic therapy and the actual QI score. These
results are presented as the area under the ROC curve (AUC). Each eligible
determinant was stepwise added to the model and only remained if the
ROC curve improved and the log-likelihood ratio test had a P value,0.20.

QI performance and patient outcomes

To assess the relationship between QI performance, mortality and 30day
readmission rates, we constructed binary logistic regression models with
associations assessed by ORs and their Wald confidence intervals (CIs). For
LOS, a log transformation was used to satisfy normality assumptions and a
linear regression model was used to determine associations between LOS
and QI performance. LOS was back-transformed for presentation as geo-
metricmean (95% CI). Possible confounderswere selected by bivariate ana-
lysis. Each possible confounder that had bivariate associations with P,0.20
was entered in themultivariate analysis togetherwith each single QI.

When data regarding outcome (6.2%) or determinants of QI perform-
ance (5.7%)weremissing, patientswere excluded from theanalysis.

Results

Study population

The patient population consisted of 948 patients with empirical
antibiotics prescribed in the ED for a suspected infection. The

median patient age was 64.7years (range 18–95), 56.9% were
male, 78.1% of patients had�2 Systemic Inflammatory Response
Syndrome (SIRS) criteria and 14.3% had a quick SOFA (qSOFA)
score of�2. A total of 233 patients (24.6%) received a second or a
third antibiotic from a different class in the ED. Further baseline
characteristics are presented in Table 2.

The median LOS for admitted patients was 5.4days (IQR
2.2–8.7days). Forty-three patients (4.5%) died during admission
(Table S2), of whom four died within 24h after admission to the
ED. A total of 55 patients (5.8%) were readmitted for an infection
related to the index source of infection.

QI performance and determinants

Figure 1 shows the performance of the seven QIs, including the
percentage of patients with an overall performance sum score
of 100%. Not every indicator applied to all included patients,
so the sample size of the QIs varies (Figure 1; numbers
above bars). Highest QI adherence was found for ‘antimicrobial
therapy in adult patients with sepsis should be started intraven-
ously’ (97.3%). Lowest adherence (57.3%) was found for
‘prescribing empiric antibiotics according to local or national
guidelines’.

Table 1. QIs to measure appropriate antibiotic use in adult patients in the ED

Number QI Numerator description Denominator description

QIs applicable in the ED

1a antimicrobial therapy in adult patients with

sepsis should be started intravenously

number of patients with sepsis who

started with empirical systemic anti-

microbial therapy intravenously

total number of patients with sepsis

who started with empirical

systemic antimicrobial therapy

2a antimicrobial therapy should be started as

soon as possible, preferably within 3h in

adult patients with severe sepsis and

septic shock

number of patients with severe sepsis or

septic shock who started with empir-

ical systemic antimicrobial therapy

within the first 3 h after the clinical

diagnosis

total number of patients with severe

sepsis or septic shock, who started

with empirical systemic

antimicrobial therapy

3 before starting antimicrobial therapy, at

least two sets of blood cultures should

be taken

number of patients from whom at least

two blood cultures were taken before

empirical systemic antimicrobial ther-

apy was started

total number of patients who started

with empirical systemic

antimicrobial therapy

4 specimens for culture from suspected sites

of infection should be taken when

possibleb

number of patients from whom speci-

mens for culture from suspected sites

of infection were taken

total number of patients who started

with empirical systemic

antimicrobial therapy

5 an antibiotic plan should be documented in

the case notes at the start of systemic

antibiotic therapy (antibiotic plan is indi-

cation and name)

number of patients who started with

systemic antibiotic therapy for whom

an antibiotic plan was documented in

the case notes

total number of patients who started

with systemic antibiotic therapy

6 empirical systemic antimicrobial therapy

(only choice of antimicrobial agent)

should be prescribed according to the

local (or national) guideline

number of patients who started with

empirical systemic antimicrobial

therapy according to the guideline

total number of patients who started

with empirical systemic antibiotic

therapy

7 first dose of systemic antibiotic therapy

should be correctc
number of patients with a correct

first dose

total number of patients who started

with systemic antibiotic therapy

aQIs 1 and 2 are only applicable to patients with sepsis (�2 SIRS criteria) or septic shock.
bRecommendedmicrobiological testing for each site of infection is presented in Table S1 in Appendix S1.
cAdjusted to the setting of the ED; even patients with renal dysfunction can generally be prescribed a one-time dose similar to that for a patient with
normal kidney function; reducing the dose in patients with renal failure can even be harmful.33
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QI adherence did not differ between patients with and without
sepsis, except for the QIs on obtaining blood culture samples
(adherence in patients with sepsis 81.1% versus 54.3% in patients

without sepsis) and guideline adherence (adherence in patients
with sepsis 54.2% versus 68.3% in patientswithout sepsis).

Table 3 shows the statistically significant results of the logistic
regression analysis to explore determinants for each of the QIs
and the discriminative power of eachmodel. Due to the strong cor-
relation between the prescriber and the site of infection (for ex-
ample, a urologist only treats UTIs), wewere not able to correct for
the prescribing specialty.

Route of antibiotic administration and adequate dosing

Overall performance of these indicators was high: intravenous (IV)
administration was delivered to 97.3% (720/740) of patients with
sepsis and the correct dose was administered in 95.0% (901/948)
of all patients. Although some determinants for QI performance
were found, room for improvement for these indicators was
limited.

Time to administration in patients with severe sepsis or
septic shock (performance 81.5%, 326/400)

Patientswith fever, hypotension or tachycardiaweremore likely to
receive antibiotics within 180min after admission, as were
patients with renal dysfunction. Signs of gastroenteritis (GE) were
associated with poor adherence; 11 out of 18 patients (61.1%)
received appropriate care.

Blood culture samples collection (performance 75.2%,
713/948)

Collecting blood samples for culturewas positively associated with
the presence of fever, tachycardia or hypotension. Furthermore,
immunocompromised patients and patients with renal dysfunc-
tion weremore likely to receive appropriate care. A GCS score�14,
a higher CCI or the presence of an intra-abdominal (IA) infection
focus or lower respiratory tract infection (LRTI) were associated
with lower adherence.

Additional culture collection (performance 66.3%,
488/736)

Cultures from suspected sites were collected more often in fe-
brile patients, patients with renal insufficiency, patients with an
antibiotic allergy and in patients with previous antibiotic use.
Highest performance scores were found for UTI (94.0%) and
lowest in patients treated for LRTI (46.9%) and GE (41.9%).
In patients with LRTI, sputum cultures were ordered in 73.9%.
In contrast, Legionella (39.9%) and pneumococcal urinary
antigen tests (32.3%) and influenza PCR (53.7%) were obtained
less often.

Documentation of an antibiotic plan (performance 86.1%,
816/948)

LRTI as the source of infection and being female were associated
with better documentation. A negative association was found for
patients with sepsis without a clear infection focus; adherence to
this QIwas 75% in that group.

Table 2. Baseline characteristics of the 948 participating patients

Variable Male Female P

Total 539 409

Median age (range), yearsa 66.1 (74.6) 60.0 (77.1) 0.02

Immunocompromised 187 (34.7) 155 (37.9) 0.31

Allergy to (any) antibiotics 54 (10.0) 80 (19.6) ,0.01

Admission at night (7 PM–7AM) 192 (35.6) 147 (35.9) 0.92

Diagnosis 0.52

LRTI 156 (28.9) 118 (28.9)

UTI 100 (18.6) 69 (16.9)

skin and soft tissue infection 28 (5.2) 27 (6.6)

IA infection 65 (12.1) 43 (10.5)

sepsis of undefined origin 54 (10.0) 49 (12.0)

other 74 (13.7) 45 (11.0)

more than one possible

diagnosis

62 (11.5) 58 (14.2)

SIRS criteria

�2 (sepsis) 417 (77.4) 323 (79.0) 0.55

qSOFA criteria

�2 (sepsis) 77 (14.3) 59 (14.4) 0.95

CCI, mean (SD) 5.22 (3.0) 4.46 (2.6) ,0.01

Antibiotic therapy within

past 30daysb
200 (37.2) 149 (36.9) 0.91

Colonization with ESBL within

last year

15 (2.8) 7 (1.7) 0.27

Hospital admission within

past 30days

91 (16.9) 58 (14.2) 0.26

Mean arterial pressure (mm Hg)

on admission (SD)

84.2 (18.8) 82.3 (19.1) 0.07

Heart rate (bpm) on admission,

mean (SD)

100.6 (26.3) 103.8 (21.3) 0.04

Department of prescribing

physician

0.03

internal medicine 244 (45.3) 208 (50.9)

emergency medicine 139 (25.8) 94 (23.0)

urology 41 (7.6) 14 (3.4)

geriatrics 19 (3.5) 18 (4.4)

surgery 31 (5.8) 15 (3.7)

pulmonology 28 (5.2) 32 (7.8)

other 37 (6.9) 28 (6.8)

Antibiotics prescribed .0.05

ceftriaxone 378 (55.1) 287 (56.3)

metronidazole 53 (7.7) 51 (10.0)

ciprofloxacin 54 (7.9) 35 (6.9)

piperacillin/tazobactam 38 (5.5) 19 (3.7)

ceftazidime 37 (5.4) 24 (4.7)

amoxicillin/clavulanic acid 29 (4.2) 30 (5.9)

meropenem 19 (2.8) 9 (1.8)

other 78 (11.4) 55 (10.8)

Values are n (%) unless otherwise indicated.
aThe range is the difference between themaximum andminimum value.
bNo data available for seven patients.
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Guideline-adherent empirical therapy (performance
57.3%, 543/948)

Guideline adherence was poor for LRTI (33%) and GE (19%).
Furthermore, patients presenting to the ED with an uncommon
focus of infection had an adherence score of 28% (23/83).

In patients with LRTI, poor guideline adherence was due to
the unnecessary administration of broad-spectrum antibiotics,
e.g. for providing empirical coverage for atypical pathogens, even if
thiswas not indicated based on the guideline.

Highest guideline adherence was found for patients with UTI
(76%) or neutropenic fever (87%). Further, adherence to the local
antibiotic guidelinewasmore common in patientswith a history of
antibiotic allergy. Finally, the presence of an alteredmental status
or an immunocompromised status were negatively associated
with guideline adherence.

QI bundle performance score

Median QI bundle sum score was 83.3% (IQR 67%–99%). Only
287/948 patients (30.3%) had a sumscore of 100% (Figure 1).

Patients with fever were more likely to have a score of 100%.
The clinical diagnosiswas themain determinant for full bundle ad-
herence; the clinical diagnoses neutropenic fever and UTI had a
positive association,whereas patientswithGE, LRTI or ‘other’ infec-
tions had a negative associationwith a 100%bundle score.

Association between QI adherence and patient outcome

Maximum QI adherence was not associated with reduced LOS.
In contrast, documenting an antibiotic plan and performing

additional cultures were associated with a longer LOS (Appendix
S1, Table S3).

Bundle adherence of 100% was associated with reduced mor-
tality, compared with patients with a lower bundle score (adjusted
OR 0.30, 95% CI 0.10–0.92). An increase in bundle score (e.g.
from 60% to 70%, or from 70% to 80%) did not result in reduced
mortality rates (Appendix S1, Table S4 and Figure 2).

Readmission rates were not associated with any QI perform-
ance score (Appendix S1, Table S5).

Discussion

In the present study, we systematically assessed appropriateness
of empirical antibiotic use in the ED, using a bundle of validated
QIs. Adherence to all sevenQIs, thus achieving a 100%bundle per-
formance score, was associated with reduced in-hospital mortal-
ity, which suggests that the combination of QIs has a greater
effect on the outcome than a single QI.

Bundles are defined by the Institute of Healthcare
Improvement as ‘a group of interventions related to a disease pro-
cess that, when executed together, result in better outcomes than
when implemented individually’.18 Bundles aim at converting
complex guidelines intomeaningful changes in behaviour and clin-
ical outcomes.19 It has been demonstrated before that performing
a bundle of recommended care elements in patients treated
with antibiotics is more important than performing a single
element.20–22 The sepsis bundle has beenwidely introduced in the
ED; in a large study involving almost 30000 patients with sepsis,
increased compliance with sepsis performance bundles was

Figure 1. Performance levels of QIs for empirical antibiotic therapy for patients admitted to the ED. The numbers above the bars represent the total
number of patients.
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associated with a 25% relative risk reduction in mortality rate.21

However, patients with sepsis only contribute to a small part of
antibiotic consumption in the ED.14 Our antibiotic bundle includes
both patients with and without sepsis, and can be used by policy-
makers to assess the quality of antibiotic care and identify factors
that need improvement in the ED.

As only 30.3% of all patients had a QI bundle score of 100%,
there is ample room for improving antibiotic care in the ED. In order
to improve antibiotic behaviour in the ED, potential barriers that
hinder implementation should be revealed.23 The success of any
implementation depends on the consideration of those barriers
and the use of adequate strategies to overcome them. We found
several important associations between disease severity, patient
characteristics, the clinical diagnosis and measured QI perform-
ance. Our findings are in line with other studies, in which parame-
ters that reflect severity of disease were positively associated with
culture collection24–26 and early antibiotic treatment.25,27 These
results suggest that quality performance is generally better in
patientswho aremore seriously ill.

Overall, guideline adherence for ‘prescribing antibiotic therapy
according to the local guideline’ was 57.3% and was importantly
influenced by the clinical diagnosis and thus the disease-specific
guideline.

Previous studies also found low guideline adherence rates
for patients with pneumonia.25,28 First, this may in part be due
to the diagnostic uncertainty, as the diagnosis of pneumonia is
more complex than that of UTI. Second, the difference in

Table 3. Multivariate predictors of performance levels of QIs and associ-
ated AUCa

QI OR (95% CI)

Antimicrobial therapy in adult patients with

sepsis should be started

intravenously (AUC 0.82)

presence of fever 5.38 (2.07–14.00)

LRTI 0.16 (0.05–0.59)

skin and soft tissue infection 0.07 (0.02–0.34)

Timely initiation of antibiotic therapy

(within 3h) in adult patients with severe

sepsis and septic shock (AUC 0.80)

presence of tachycardia 3.75 (2.08–6.76)

renal dysfunction 3.60 (1.42–9.16)

presence of fever 2.41 (1.33–4.36)

presence of hypotension 2.28 (1.17–4.42)

UTI 2.05 (0.91–4.62)

previous antibiotic use 1.73 (0.90–3.32)

IA infection 0.46 (0.23–0.95)

GE 0.25 (0.08–0.79)

Before starting antimicrobial therapy,

two sets of blood cultures should be

taken (AUC 0.79)

presence of fever 6.06 (4.23–8.70)

GE 2.29 (0.74–7.08)

presence of hypotension 2.14 (1.32–3.48)

immune deficiency 1.82 (1.22–2.73)

renal dysfunction 1.60 (0.94–2.74)

presence of tachycardia 1.65 (1.15–2.36)

CCI total score 0.91 (0.86–0.98)

LRTI 0.67 (0.46–0.99)

IA infection 0.37 (0.23–0.59)

altered mental status (GCS�14) 0.33 (0.16–0.71)

Before starting antimicrobial therapy,

specimens for culture from suspected

sites of infection should be taken (AUC 0.77)

presence of fever 1.64 (1.12–2.39)

antibiotic allergy 1.64 (0.98–2.75)

renal dysfunction 1.63 (0.98–2.72)

UTI 1.48 (0.95–2.30)

previous antibiotic use 1.35 (0.93–1.97)

CCI total score 0.89 (0.83–0.95)

female patients 0.69 (0.48–0.99)

LRTI 0.18 (0.12–0.28)

GE 0.13 (0.06–0.28)

An antibiotic plan should be documented

in the case notes at the start of systemic

antibiotic therapy (AUC 0.65)

female patients 1.67 (1.12–2.50)

LRTI 1.66 (0.98–2.82)

IA infection 0.61 (0.34–1.07)

other infections 0.47 (0.24–0.90)

sepsis 0.37 (0.21–0.67)

Empirical antibiotics according to local or

national guidelines (AUC 0.79)

Continued

Table 3. Continued

QI OR (95% CI)

neutropenic fever 2.77 (1.01–7.56)

UTI 2.02 (1.37–2.96)

antibiotic allergy 1.81 (1.15–2.84)

immune deficiency 0.68 (0.49–0.95)

alteredmental status (GCS�14) 0.55 (0.25–1.19)

LRTI 0.14 (0.10–0.20)

other infections 0.14 (0.07–0.26)

GE 0.10 (0.04–0.25)

Initial dose should be adequate

(AUC 0.68)

age 1.02 (1.00–1.04)

renal dysfunction 0.50 (0.25–1.02)

previous antibiotic use 0.48 (0.26–0.91)

skin and soft tissue infection 0.37 (0.14–0.93)

Sum score 100% (AUC 0.80)

neutropenic fever 3.98 (1.82–8.74)

presence of fever 2.37 (1.64–3.43)

UTI 2.19 (1.52–3.16)

renal dysfunction 1.41 (0.91–2.18)

female patients 1.37 (0.98–1.91)

other infections 0.37 (0.17–0.77)

LRTI 0.16 (0.11–0.25)

GE 0.04 (0.01–0.33)

aAn OR.1means a positive association with the QI and an OR ,1means
a negative association.

Berrevoets et al.

6 of 9

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/ja
c
a
m

r/a
rtic

le
/1

/3
/d

lz
0
6
1
/5

6
2
5
2
7
5
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



complexity between the guidelines for clinical syndromes may
partly explain this finding. In community-acquired pneumonia,
antibiotic choice is determined by different patient characteristics
(e.g. severity-of-illness score, exposures, seasonal variation),
while the guideline for complicated UTI is always straightforward
and only recommends checking recent culture results prior to the
antibiotic choice. So, in our hospital, ceftriaxone for UTI is practic-
ally ‘always’ right.29 This potential negative effect of complex
recommendations on guideline adherence has been described
before in a qualitative study by Lugtenberg et al.30 and was
confirmed in a systematic review.31 Given the fast-paced setting
of a busy ED, it can be challenging to correctly apply a complex
guideline. Less commonly diagnosed infectious diseases, such
as CNS infections, catheter-related infections, obstetric or gynae-
cological infections, were associated with reduced QI perform-
ance, suggesting lack of knowledge as a determinant in these
syndromes.

In general, to increase guideline adherence, stewardship pro-
grammes need to focus on barriers related to physicians’ know-
ledge and attitudes, and barriers connected with guideline-
related factors.32 The challenge for hospital antibiotic steward-
ship teams lies in selecting those interventions that might work
best in the ED by addressing the key drivers of current profes-
sional antibiotic use in the ED. In this study we show how patient
factors drive the appropriateness of antibiotic usage. Given the
high patient and staff turnover in the ED, and the need for quick
decision-making, (electronic) decision support could be a viable

solution for complex algorithms. Furthermore, guidelines should
be as short and user-friendly as possible to reduce complexity.
Checklists, decision support systems and platforms for the dis-
semination of guidelines (e.g. tablets, smartphones and
mobiles) can be used as suitable strategies to improve accessi-
bility.31 As a further potential successful intervention, regular
education—of both physicians in training and senior department
leaders in the ED—should focus on (new) guidelines, the import-
ance of culture collection and antibiotic dosing. Such education
should also focus on specific patient groups because adherence
to complex guidelines, for example in patients with community-
acquired pneumonia, was low.

As far as we know, this is the first study that examined the en-
tire process of antibiotic usage in the ED using previously vali-
dated QIs. A strength of this study is the rigorous and objective
assessment of appropriate antibiotic use, using a systematically
developed set of guideline-based QIs. The large sample of 948
patients contributes to the validity of the results. We used ac-
cessible variables to identify determinants of appropriate anti-
biotic usage and to evaluate QI performance, which can be used
in future studies to develop and implement new ASPs in the ED.
Our study has some limitations. First, this is a single-centre study
that was not prospectively conducted. However, the presence of
electronic health records provided the possibility of electronic
data collection and extraction, which precludes selection bias.
As all patients originated from one hospital in this analysis, we
were not able to evaluate hospital determinants for appropriate

Figure 2. In-hospital mortality rates. The amount of patients in the 0%–40% group was too low to include in this analysis.
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antibiotic use. Second, individual characteristics of prescribing
physicians on the ED were not measured. These might also have
contributed to the variation in appropriate antibiotic use (e.g.
clinical experience, clinical specialism, education in antibiotic
prescribing, junior versus attending physician). In teaching and
university hospitals in the Netherlands, physicians working in the
ED are mainly residents and fellows. Whether the results of our
study also apply to EDs only staffed by ED physicians is not
known.

Third, we controlled for known confounders, but may not have
been able to control for all variables associated with patient out-
come. Although we found a significant difference in mortality rate
in favour of the 100% bundle score group, the number of patients
with that outcome was relatively low. Due to the explorative de-
sign that was used to identify possible determinants, associations
can be demonstrated, but causal relationships cannot be inferred.
The results of this finding should therefore be confirmed in future
studieswith sufficient power.

Finally, we were not able to assess how QI performance influ-
ences downstream care, such as IV–oral switch and streamlining
antibiotic therapy based on culture results.

Conclusions

This study generates insight into factors that determine the quality
of antibiotic usage in the ED and can be used to develop steward-
ship interventions to improve antibiotic use in the ED. Adherence to
the full bundle of QIs was associated with a reduced mortality
rate. This suggests that future interventions should focus on the
entire antibiotic process in the EDandnot on a singlemetric.
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