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a b s t r a c t

Objectives: Quality indicators (QIs) have been developed to define appropriate antibiotic use in hospi-
talized patients. We evaluated whether a checklist based on these QIs affects appropriate antibiotic use
and length of hospital stay.
Methods: An antibiotic checklist for patients treated with intravenous antibiotics was introduced in nine
Dutch hospitals in a stepped wedge cluster randomized trial. Prophylaxis was excluded. We included a
random sample before (baseline), and all eligible patients after (intervention) checklist introduction.
Baseline and intervention outcomes were compared. Primary endpoint was length of stay (LOS), analysed
by intention to treat. Secondary endpoints, including QI performances, QI sum score (performance on all
QIs per patient), and quality of checklist use, were analysed per protocol.
Results: Between 1 November 2014 and 1 October 2015 we included 853 baseline and 5354 intervention
patients, of whom 993 (19%) had a completed checklist. The LOS did not change (baseline geometric
mean 10.0 days (95% CI 8.6e11.5) versus intervention 10.1 days (95% CI 8.9e11.5), p 0.8). QI performances
increased between þ3.0% and þ23.9% per QI, and the percentage of patients with a QI sum score above
50% increased significantly (OR 2.4 (95% CI 2.0e3.0), p< 0.001). Higher QI sum scores were significantly
associated with shorter LOS. Discordance existed between checklist-answers and actual performance.
Conclusions: Use of an antibiotic checklist resulted in a significant increase in appropriateness of anti-
biotic use, but not in a reduction of LOS. Low overall checklist completion rates and discordance between
checklist-answers and actual provided care might have attenuated the impact of the checklist. F.V. van
Daalen, Clin Microbiol Infect 2017;▪:1
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Introduction

Better use of antibiotic agents is necessary to control antimi-
crobial resistance (AMR) [1,2]. There is considerable room for
improvement in antibiotic use, as 30-50% of antibiotic prescriptions
in hospitals are indicated to be unnecessary or inappropriate [3].
Appropriate antibiotic use has been associated with better out-
comes at the patient level, such as a decreased length of hospital
stay [4e8] which is an important outcome measure to reflect re-
covery time of patients and to define hospital costs [8].

Antibiotic Stewardship Programs (ASP) have been introduced in
hospitals tomeasure and improve appropriate use of antibiotics [9].
Most ASP interventions are performed during antibiotic treatment,
with few focusing on prescribers at the moment of antibiotic pre-
scribing [4,9,10]. An antibiotic checklist could be functional to
embed appropriate antibiotic use in daily practice, as checklists
have been shown to be useful tools for improving health care in
different settings [11,12].

In previous studies we developed generic quality indicators (QI)
to define and measure appropriate antibiotic treatment in adult
patients with a suspected bacterial infection [13,14]. Treatment
according to these QIs was associated with a shorter length of
hospital stay [8]. Based on these QIs we developed an antibiotic
checklist [15]. Our aimwas to analyse the effect of the introduction
of this antibiotic checklist on outcomes at the patient level,
including length of hospital stay, admission to ICU, and mortality,
and on appropriate antibiotic treatment defined by the generic QIs.

Methods

Study design and participants

We evaluated the introduction of the antibiotic checklist in a
multicentre stepped wedge cluster randomized trial, comparing
outcomes before and after its introduction. The full study protocol
is reported elsewhere [16]. Fig. 1 presents the study design in detail.
The stepped wedge design was considered to be the most suitable
because of the cross-sectional control between, and the longitu-
dinal control within, hospitals, and because in the end all hospitals
used the checklist, which was favourable as the checklist was un-
likely to cause harm [8,17,18]. Clusters were defined by hospitals.
Hospitals were eligible if theywerewilling to be randomly assigned
to a time point of checklist introduction, and if at least one surgical,
one non-surgical, and the emergency department (ED) werewilling
to participate. The ICU and the paediatric department were
excluded, as the QIs do not apply to these populations. Twelve
hospitals were approached by the researchers (SG, FVD) to take part
in the study. Two university hospitals and seven teaching hospitals
agreed to participate. The size of the hospitals ranged between 347
and 1000 beds. Since 1 January 2014, an antibiotic stewardship
team is mandatory in each hospital in The Netherlands. In all nine
hospitals such a team was present at the start of our study.

Eligible patients were hospitalized adults (�18 years old), or
adults at the ED who were admitted to a participating ward, with a
suspected bacterial infection, who were to be treated with intra-
venous (IV) antibiotics. We excluded patients with orally initiated
antibiotic therapy, as we aimed to test the intervention in patients
in whom all checklist-items could be checked. The item IV-oral
switch is not possible in patients starting with oral antibiotics.
Patients were excluded in cases of a hospital stay of less than 24
hours, antibiotics used as prophylaxis or treatment less than 24
hours, transfer from another hospital, or inclusion in another study
on antibiotic use.

The Medical Ethics Research Committee of the Academic Med-
ical Centre confirmed that the Medical Research Involving Human

Subjects Act did not apply to this study. As the study involved a
quality improvement intervention introduced at the hospital level
with negligible risk of harming patients, individual informed con-
sent was waived for all participating hospitals. Each hospital’s
board of directors approved the study protocol. This trial was
registered with the Dutch Trial Registry, number NTR4872.

Randomization and masking

Participating hospitals were randomly allocated to four
sequential time points by an independent datamanager using ALEA
software version release 4.0 for randomization in clinical trials.
Masking of physicians and researchers was not possible. Patients
were unaware of the study.

Procedures

Baseline measurement (baseline group). Eligible patients
admitted between 1 November 2014 and 1 month before intro-
duction of the checklist at that hospital were considered as baseline
patients. For each hospital we determined a minimum number of
patients that should be included, based on the power calculation
and the randomization order of the hospital in the stepped wedge
trial.

To identify eligible patients, in each hospital a list was generated
by the local hospital pharmacy from the computerized medication
ordering system of all patients treated with IV antibiotics. This list
was structured by date, and we included every second or every
third eligible patientddepending on the number of patients
required for inclusion relative to the number of patients on the list.

Introduction of the antibiotic checklist. The antibiotic checklist is
based on generic QIs that define appropriate antibiotic use in the
treatment of bacterial infections in the hospital [13,14]. We deter-
mined the barriers towards the uptake of this checklist among
physicians and used their comments to adapt it [15]. The antibiotic
checklist is divided into two bundles (Fig. S1, supporting
information). The first bundle (five items) has to be completed at
the moment of prescribing IV antibiotics. The second bundle (two
items) has to be completed during the course of treatment, at the
latest after 72 hours of treatment.

During the transition period, which took place 1 month pre-
ceding the start of checklist use in each hospital, introduction of the
antibiotic checklist was prepared and no data were collected. The
checklists were displayed in printed form at all working places at
the participating departments. Other interventions were organized
to stimulate use of the checklist, such as education, feedback on
current antibiotic use showing baseline data from the department’s
own hospital, and reminders (Table S1, supporting information)
[15]. The education material was sent by email to all participating
physicians at the start of the intervention period. These in-
terventions were organized by a project team consisting of the
study coordinator (FVD) and at least two physicians per hospital.

Physicians were asked to complete checklists for all eligible
patients during the intervention period. If the first bundle was
completed at the ED, the checklist was to be taken to the ward with
the patient. It was the physicians’ responsibility to use the checklist
each time an antibiotic was started. The project team visited the
participating departments weekly to supply the checklists and to
remind the physicians to use the checklist. In one university hos-
pital the start of the intervention coincided with the rotation of
residents, and an extra presentation was given on their first
working day. In other hospitals these rotations occurred during the
intervention period and new residents were informed by email and
during the weekly visits of the project team.
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Post introduction measurement (intervention group). Eligible pa-
tients admitted after introduction of the checklist and before 1
October 2015 were considered as the intervention group. Likewise,
we used the list of all patients with prescribed IV antibiotics per
hospital, but for the intervention group we included all eligible
patients. In this way wewere able to perform both an intention-to-
treat analysis (including the complete intervention group) and a
per-protocol analysis (including only those patients in the inter-
vention group with a completed checklist), as illustrated in Fig. 2. If
eligible patients were hospitalized more than once during the
intervention period, we included all admissions.

Data collection

Case notes and electronic medical records were reviewed to
collect the data, which were entered into a certified online data

entry system (OpenClinica). Two researchers collected the data in
all hospitals, using a logbook that was developed before start of
data collection.We distinguished the following four patient groups:

� Baseline group (1)
� Intervention group, consisting of:
◦ Eligible patients with a completed checklist; (2)
◦ Eligible patients with a partially completed checklist; (3)
◦ Eligible patients without a checklist. (4)

For all patients, we recorded length of stay and patient charac-
teristics, including age, sex, Charlson comorbidity index [19], clin-
ical condition as assessed by the Modified Early Warning System
[20], current use of anti-cancer chemotherapy, use of antibiotics
during the previous 30 days, type of diagnosis, community- or
hospital-acquired infection, ward of admission, and location of start

2: teaching
hospital

3: teaching
hospital

4: university
hospital

1: university
hospital

Nov-14 Sep-15

1-12-2014 1-1-2015 1-2-2015 1-3-2015 1-4-2015 1-5-2015 1-6-2015 1-7-2015 1-8-2015 1-9-2015

Nov - Nov
B = 55

Dec - Jan
Transition

Apr - May
Transition

5: teaching
hospital

6: teaching
hospital

7: teaching
hospital

8: teaching
hospital

9: teaching
hospital

Nov - May
B = 143

Jun - Jul
Transition

Nov - May
B = 144

Jun - Jul
Transition

Nov - Mar
B = 107

Apr - May
Transition

Feb - Mar
Transition

Nov - Jan
B = 90

Feb - Mar
Transition

Nov - Jan
B = 54

Nov - Mar
B = 114

Apr - May
Transition

Jan - Sep
CC = 173, PC = 57, NC = 751

Dec - Jan
Transition

Nov - Nov
B = 38

Nov - Mar
B = 108

Jan - Sep
CC = 169, PC = 14, NC = 856

Mar - Sep
CC = 226, PC = 52, NC = 703

Mar - Sep
CC = 68, PC = 7, NC = 306

May - Sep
CC = 83, PC = 24, NC = 232

May - Sep
CC = 59, PC = 18, NC = 475

May - Sep
CC = 121, PC = 13, NC = 372

Jun - Sep
CC = 38, PC = 15, NC = 236

Jul - Sep
CC = 56, PC = 14, NC = 216

Analysed:

Intervention: 5354
• Completed checklist: 993
• Partly completed checklist: 214
• No checklist: 4147

Baseline: 853

102 excluded completed checklists
- 20 oral antibiotic treatment
- 17 hospitalisation at ICU 
- 15 unclear for which patient the checklist was completed
- 11 double checklist for the same patient and the same 
treatment
- 10 participation in another study focused on antibiotic use
- 9 transfer from another hospital
- 7 antibiotics used as prophylaxis or < 24 hrs of treatment
- 6 hospital stay < 24 hrs
- 5 therapy started at a non-participating department
- 2 patient < 18 years

62 excluded partly completed checklists
- 21 therapy started at a non-participating department
- 9 unclear for which patient the checklist was completed
- 8 double checklist for the same patient and the same 
treatment
- 8 hospital stay < 24 hrs
- 5 antibiotics used as prophylaxis or < 24 hrs of treatment
- 4 participation in another study focused on antibiotic use
- 4 hospitalisation at ICU 
- 3 oral antibiotic treatment

Nov - Sep
Total study period:

Fig. 1. Study design and trial profile. Red colour indicates baseline period, green colour indicates intervention period. B¼ number of baseline patients, CC¼ number of patients with
completed checklist, PC¼ number of patients with partially completed checklist, NC¼ number of patients without a checklist.
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of antibiotic treatment (ED or ward), as these characteristics were
suggested to be potential confounders for length of stay in our
previous studies [7,8].

Data concerning secondary outcomes, including data to calcu-
late QI performance [16], total antibiotic use (both IV and oral
treatment), admission and duration of ICU stay, mortality, and
readmission, were only collected for all baseline patients (1) and for
patients with a (partially) completed checklist (2 and 3). For patient
groups 2 and 3 we documented the answers to all items on the
checklists.

Outcomes

Primary endpoint was length of hospital stay (LOS) per patient
in days. LOS in community-acquired infections was defined as the
number of days between admission and discharge. In hospital-
acquired infections, LOS was defined as the number of days be-
tween start of antibiotic treatment and discharge.

Secondary endpoints were appropriate antibiotic treatment
according to the generic QIs, defined by a score per QI (yes/no per
QI) and a sum score of all QIs per patient [7,8], and total antibiotic
use defined by days of therapy (DOT) per single antibiotic agent.
Other secondary endpoints at patient level were ICU admission,
duration of ICU stay in days, in-hospital mortality, mortality in the
first 30 days after discharge, and readmission within 30 days with
an infection.

To investigate the quality of checklist use, secondary endpoints
at implementation level were the completion rate of checklists
[21,22] and discordance between ‘YES’-answers on the checklist
indicating appropriate care and actual provided care, as ticking the
‘YES’-box might not always mean actual performance of that
checklist-item [23].

Statistical analysis

To adjust for the time steps of the stepped wedge and for clus-
tering in the data, we used mixed models to compare the primary
outcome, LOS, before and after introduction of the checklist. The
core model included the clusters (hospitals) as a random effect and
the time in months as a fixed effect. To adjust the estimated (dif-
ference in) LOS for other factors associated with LOS, for each
analysis several covariates were considered and selected as follows:

the core model was extended with each single covariate. Covariates
with a significant univariate effect (p< 0.1) on the outcomes were
included in the multivariate model. Thereafter we excluded cova-
riates without an effect (p> 0.1) in the multivariate model (back-
ward selection). Tested covariates included the potential
confounders mentioned in the ‘data collection’ section. We also
explored whether clinically relevant subgroups of patients were
associated with a longer or shorter LOS and, if so, interaction var-
iables were included in the model to account for these differences.
We used the Akaike’s Information Criterion as a parameter for the
goodness-of-fit for the model. According to the intention-to-treat
principle, we compared the geometric mean of LOS of the base-
line group (1) with the geometric mean of the total intervention
group (2, 3, and 4). In addition, the baseline group (1) was
compared with the intervention group with a completed checklist
(2), reflecting a per protocol approach (Fig. 2).

For secondary outcomes we evaluated differences between the
baseline group (1) and the checklist groups (2 and 3). QI perfor-
mance was calculated for each patient by algorithms [14]. We used
mixed models to compare the proportions of appropriate antibiotic
treatment according to the generic QIs. The patient’s QI sum score
was calculated by the performance on all QIs for a patient according
to the information from the electronic medical records, divided by
the number of QIs that applied to that specific patient. In a mixed
model analysis we compared the percentage of patients with a QI
sum score >50% in the baseline and the checklist group [8].
Furthermore, we determined whether the association between a
higher QI sum score and a reduced length of staydas described
previously [8]dalso existed in our baseline and checklist patients
with a mixed model analysis.

Mixed models were also used to compare the DOTs per 100
patient-days and per 100 admissions. For outcomes with a rela-
tively low incidence that varies between hospitals (including ICU
admission, duration of ICU stay, in-hospital mortality, mortality in
the first 30 days after discharge, and readmission within 30 days),
we could not use mixed model analyses, as groups have been
compared and adjusted for hospitals. Therefore descriptive statis-
tics assessed those secondary outcomes.

To evaluate the quality of checklist use we also used descriptive
measures. The completion rate was expressed as the percentage of
eligible patients for whom the checklist was fully completed.
Discordance between ‘YES’-answers indicating appropriate care

Baseline
period

Intervention
period

Identification of
eligible patients

Identification of
eligible patients

Sample of eligible
patients (1)

N = 853

all eligible patients
N = 5354versus Intention to treat

analysis

No checklist (4)
N = 4147

Completed
checklist (2)

N= 993

Per protocol
analysisversus

Partly completed
checklist (3)

N = 214

Fig. 2. Procedure of patient inclusion and length of stay analysis. 1¼ Baseline group, 2¼ Eligible patients with a completed checklist in the intervention group, 3¼ Eligible patients
with a partially completed checklist in the intervention group, 4¼ Eligible patients without a checklist in the intervention group.
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and actual provided care was expressed by the percentage of ‘YES’-
answers on the checklists that could not be confirmed by infor-
mation from the electronic medical records.

Sample size

Previous studies showed that appropriate antibiotic use reduces
LOS by approximately 10-15% [7,8]. We performed extensive
simulation analyses, where hypothetical data were generated ac-
cording to the stepped wedge design, by varying macro parameters
for baseline values and before/after differences for LOS, intra-class
correlation coefficients, number of clusters, and number of patients
per cluster. Each simulated dataset was analysed with a mixed ef-
fects model. We estimated that 1620 patients would be needed to
show a 13% reduction in LOS, assuming a type I error of 0.05, a type
II error of 0.2, and an intra-cluster correlation coefficient of 0.2. To
identify a significant difference in LOS in the per protocol analysis
(Fig. 2), a minimum of 810 patients was required in both the
baseline group and the complete checklist group.

For the power analysis we used SAS version 9.3. All other ana-
lyses were done using IBM SPSS Statistics, version 23.0.

Results

Between 1 November 2014 and 1 June 2015, 853 patients were
included in the baseline group. Between 1 January and 1 October
2015, 5354 patients were enrolled in the intervention group: 19%
had a completed checklist, 4% had a partially completed checklist,
and 77% had no checklist (Fig. 1). Baseline, transition, and inter-
vention periods took place as planned in all hospitals (Fig. 1). Pa-
tient characteristics are listed in Table 1.

In an intention-to-treat analysis 853 baseline patients were
compared with 5354 intervention patients. Three subgroups of
patients with a completed checklist were associated with a longer
LOS: patients admitted to a university hospital, those hospitalized
at a surgical ward, and those currently treated with anti-cancer
chemotherapy (Table S2, supporting information). Independently,
these three factors did not affect LOS, but as an interaction variable

with a completed checklist, they all had a significant effect on LOS
(Table S3, supporting information). The geometric mean of LOS was
10.0 days in the baseline group (95% CI 8.6e11.5) versus 10.1 days in
the total intervention group (95% CI 8.9e11.5) (p 0.8), while
adjusting for age, comorbidity, type of diagnosis, community- or
hospital-acquired infection, antibiotics started at ED or ward, and
the interaction variables.

In a per-protocol analysis we compared LOS of 853 baseline
patients and 993 intervention patients with a completed checklist.
Adjusted for the same covariates and interaction variables as in the
intention-to-treat analysis, the geometric mean of LOS of the
baseline group was 10.1 days (95% CI 8.5e12.0), which is similar to
the LOS of the checklist group (10.4 days (95% CI 9.1e12.0), p 0.6).

For the secondary outcomes we compared the baseline group
with the patients with a (partially) completed checklist (n¼ 1207).
Scores per QI and QI sum scores were higher in the patients with a
checklist compared with baseline (Table 2). The increase of QI per-
formance varied between þ3.0% and þ23.9%, and this was signifi-
cant for five of the seven QIs. The percentage of patients with a QI
sum score above 50% was also significantly higher in the checklist
group compared with the baseline group (OR 2.4 (95% CI 2.0e3.0),
p< 0.001). In the baseline group and the patients with a (partially)
completed checklist together (n¼ 2060), a higher QI sum score was
significantly associatedwith a shorter length of hospital stay (Fig. 3).

DOTs, admission to- and LOS at the ICU, mortality, and read-
mission rates were similar across the study groups (Table 3).

For 23% of all eligible patients a checklist was used, of whom 19%
had a fully, and 4% had a partially completed checklist. The per-
centage of patients with a (partially) completed checklist per hos-
pital varied between 18.3% and 31.6%. The total number of
checklist-items answered with ‘YES’ was 5020. In 32% the ‘YES’-
answer (1628/5020) was discordant with information on actual
care provided from the electronic medical records.

Discussion

In the present study the use of an antibiotic checklist for in-
hospital antibiotic treatment did not result in a shorter length of

Table 1
Patient characteristics

Characteristics Baseline
N¼ 853a

Intervention
N¼ 5354b

Completed
checklists
N¼ 993

Partially
completed checklist
N¼ 214

No checklist
N¼ 4147

Overall
N¼ 5354

Sex, male 445 (52.2)c 557 (56.1)c 120 (56.1)c 2265 (54.6)c 2942 (54.9)c

Age, mean (SD) 69.1 (17) 66.9 (17) 66.4 (17) 66.0 (17) 66.2 (17)
Infection, community-acquired/

hospital-acquired
656 (76.9)/197 (23.1) 742 (74.8)/251 (25.2) 163 (76.2)/51 (23.8) 2890 (69.7)/1257 (30.3) 3795 (70.9)/1559 (29.1)

Type of diagnosis
Respiratory tract infection 221 (25.9) 233 (23.5) 45 (21.0) 945 (22.8) 1223 (22.8)
Urinary tract infection 133 (15.6) 174 (17.5) 34 (15.9) 608 (14.7) 816 (15.2)
Skin and soft tissue infection 99 (11.6) 85 (8.6) 13 (6.1) 351 (8.5) 449 (8.4)
Intra-abdominal infection 95 (11.1) 80 (8.0) 26 (12.1) 629 (15.1) 735 (13.7)
Other infections 108 (12.7) 184 (18.5) 38 (17.8) 701 (16.9) 923 (17.2)
Two diagnoses 82 (9.6) 106 (10.7) 24 (11.2) 331 (8.0) 461 (8.6)
More than two possible diagnoses/
diagnosis not covered by guideline

115 (13.5) 131 (13.2) 34 (15.9) 582 (14.0) 747 (14.0)

Charlson comorbidity index, median (IQR) 1$0 (0-2) 1$0 (0-2) 2$0 (0-3) 1$0 (0-2) 1$0 (0-2)
Received antibiotics <30 days before

start of treatment
306 (36.0) 424 (42.7) 79 (36.9) 1592 (38.4) 2095 (39.2)

Antibiotic started at the
emergency department

369 (43.3) 525 (52.9) 125 (58.4) 1707 (41.2) 2357 (44.0)

a Missing data in �3 patients.
b Missing data in �6 patients.
c Numbers are n (%) unless otherwise indicated. Percentages were calculated with the denominator excluding missing cases.
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stay (LOS). However, antibiotics were used more appropriately ac-
cording to generic quality indicators (QIs) after introduction of the
antibiotic checklist. In addition, a higher QI sum score was associ-
ated with a shorter LOS, which is in line with previous results [7,8].
Further analysis showed a first probable reason for these conflicting
conclusions, as 32% of the checklist-answers indicating appropriate
care were not in line with actual provided care. The checklists with
discordant answers might have disrupted the impact of the
checklist on LOS, as it is obviously not ticking the ‘YES’-boxes that
leads to reduction in length of stay, but performance according to
the QIs.

Few other studies report exact numbers of discordance between
indicated appropriate care and actual provided care [23]. The most
successful checklist studies do not discuss discordance at all
[11,12,24], but it has previously been suggested as an explanation

for the absence of effects [25,26]. In 101 hospitals in Canada, for
example, use of the WHO surgical safety checklist did not have the
expected effect on comorbidity and mortality rates [25]. The most
likely explanation was that the actions on the checklist were not
actually performed [25,26]. While this explanation is only a sug-
gestion in the Canadian study, we actually measured it in the cur-
rent project.

A second explanation for the absence of effect on LOS in the
group with a completed checklist might be indication bias, as the
checklist seemed to be predominantly used in more complicated
cases. The geometric mean of LOS in patients with a completed
checklist and admitted to a university hospital, hospitalized at a
surgical ward, or currently treated with anti-cancer chemotherapy,
was more than 3 days longer than in patients without a checklist
(Tables S2 and S3). We have statistically corrected for this and for

Table 2
Score per quality indicator (QI) and QI sum score

QI Baseline N¼ 853 Checklist N¼ 1207 Comparison

Score % Score % Difference % ORa 95% CI p

1. Blood cultures 46.5 70.4 þ 23.9 3.2b 2.6 to 4.0 <0.001
2. Cultures of suspected site of infection 46.6 50.5 þ 3.9 1.2c 0.9 to 1.5 0.3
3. Guideline adherence 45.6 55.8 þ 10.2 1.5d 1.2 to 1.8 <0.001
4. Adjustment to renal function 34.0 44.6 þ 10.6 1.4e 0.8 to 2.3 0.2
5. Documented antibiotic plan 87.0 90.0 þ 3.0 1.6f 1.1 to 2.1 0.006
6. Adapt therapy when culture results become available 33.7 41.8 þ 8.1 1.5g 1.0 to 2.1 0.03
7. IV-oral switch 56.2 66.8 þ 10.6 1.5h 1.2 to 2.0 0.003
QI sum score >50% 48.8 67.5 þ 18.7 2.4i 2.0 to 3.0 <0.001

a Based on generalized linear mixed models, taking covariates into account.
b Adjusted for sex, Modified Early Warning Score, type of diagnosis, antibiotics started at emergency department vs. ward.
c Adjusted for type of diagnosis.
d Adjusted for antibiotic use in last 30 days, type of diagnosis, community- vs. hospital-acquired infection.
e Adjusted for sex.
f Adjusted for type of diagnosis, community- vs. hospital-acquired infection.
g Adjusted for community- vs. hospital-acquired infection.
h Adjusted for age, type of diagnosis, community- vs. hospital-acquired infection, antibiotics started at emergency department vs. ward.
i Adjusted for community- vs. hospital-acquired infection, antibiotics started at emergency department vs. ward.
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Fig. 3. Association between quality indicator sum score and length of stay. *Adjusted for age, comorbidity, type of diagnosis, community- vs. hospital-acquired infection, antibiotics
started at emergency department vs. ward, and interaction variables checklistþanti-cancer chemotherapy, checklistþadmission at a University Medical Centre, checklistþsurgical
ward. **The upper quartile is the reference quartile.
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several other potential confounders, but residual confounding is
possible.

Our study has several strengths. To our knowledge, this study is
the first large multicentre randomized trial including both surgical
and medical wards in the evaluation of an antibiotic stewardship
intervention focused on prescribers at the moment of prescribing
[9,10,27e29]. The patients included in the study were representa-
tive of all patients treated with IV antibiotics in those hospitals, as
for patients in the baseline group a random sample, and in the
intervention group all eligible patients were included. The collec-
tion of data from 4147 eligible patients without a checklist in the
intervention period enabled identification of indication bias in the
checklist group. Finally, we demonstrated the importance of eval-
uating parameters as completion and discordance between
checklist-answers and actual performance.

Our study has some limitations. The checklist was only tested in
Dutch hospitals. Although the generic QIs included in the checklist
were developed with an international panel [13], our results may
not be completely generalizable to all other hospitals. Moreover,
only teaching and university hospitals participated. Furthermore,
the low rate of checklist completion is remarkable. Our imple-
mentation strategy appeared to have important limitations, such as
the lack of a reminder each time an antibiotic was started. During
the weekly visits by the project team the physicians often
acknowledged they had forgotten the checklist ‘in the heat of the
moment’. Also logistic barriers, such as the transport of checklists
from the ED to the ward and the checklists not being available
electronically, might have discouraged prescribers from using
them. As the importance of supporting activities added to the
introduction of a checklist has been stressed [26,29,30], for
example a checklist for reassessing intravenous antibiotic therapy
after 3 days in combination with advice from an infectious disease
specialist had much more impact than simply distributing the
checklist [29], additional activities might have resulted in higher
completion scores. However, our completion score of 19% is com-
parable with the measured score of 20% in the first period of a
surgical safety checklist implementation study [21]. Other studies
mentioned completion scores that are self-reported by hospitals,
which appear to be much higher than real-life completion [22,25]
or do not present completion rates at all [12,24].

In future, the checklist could be included in the electronic
medical record with links to digital antibiotic guidelines and to
instructions for adjustment to renal function and IV-oral switch.
Further analysis of discordant ‘YES’-answers per QI could illustrate

where to focus for further implementation. Also the economic
perspective of the antibiotic checklist introduction should be
considered.

In conclusion, introduction of the antibiotic checklist resulted in
significantly improved quality of IV antibiotic use in the hospital as
defined by the generic QIs. Unfortunately, LOS was not affected,
presumably as a result of indication bias, low overall checklist
completion rates, and high discordance rates between checklist-
answers indicating appropriate care and actual provided care.
Improving the quality of checklist use is necessary to conclude
whether implementation of the antibiotic checklist is the most
optimal way to improve the quality of antibiotic use among pre-
scribers of antibiotics in the hospital.
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