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ABSTRACT

Introduction: Little is known about the kinetics
and different phases of a successful antibiotic
stewardship program (ASP) intervention.
Methods: We analyzed the trends of quarterly
antibiotic use measured in defined daily dose
(DDD)/100 days hospitalization using the Join-
point Regression Program and interrupted time
series analysis to objectively identify shifts in
the trends of antibiotic use. We correlated these
changes in trends with the introduction of a
hospital-wide ASP intervention.
Results: The ASP intervention reduced the
overall antibiotic use by 33%, from a prior
steady state of 76.5 DDD/100 days hospitaliza-
tion to a post-intervention steady state of

51.2 DDD/100 days hospitalization (p\0.001).
We identified four distinct phases in the trends:
prior steady state (A), early intervention (B),
accelerated phase (C), and post steady state (D).
From A to B a change of slope (-1.46) [SE 0.37,
95% CI -2.23, -0.69 (p = 0.002)]; B to C, a
further decrease of slope (-4.70) [SE 0.64, 95%
CI -6.03, -3.37 (p = 0.001)]; between periods C
and D, straightening out of the slope (? 6.84)
[SE 0.55, 95% CI 5.70, 7.98 (p\0.001)] to a new
post-intervention steady state. It took 1.5 years
after completion of the intervention to reach
the new steady state.
Conclusions: We demonstrate that ASP inter-
ventions require time to achieve the maximal
effect. Successful interventions require physi-
cians to adapt new prescribing behaviors and
gain confidence in the change; this adaptation
can be a prolonged process and might even take
years after the introduction of the ASP. These
factors should be considered when planning
and implementing ASP interventions.
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Key Summary Points

Antibiotic stewardship interventions are
usually introduced gradually while
monitoring their effect.

There is little information available on the
kinetics of an antibiotic stewardship
intervention, and specifically how long it
takes for an intervention to reach its
maximal effect.

We identified four distinct phases: prior
steady state, early intervention,
accelerated phase, and post-intervention
steady state.

We demonstrate that the maximal effect
may take years to achieve after
completion of the intervention and
current studies may be underestimating
effects because of short-term follow-up.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13567796.

INTRODUCTION

Antibiotics are the cornerstone of fighting
infections. Their use, however, often has a
negative impact on patients and society [1, 2].
In particular, about 20–50% of antibiotics used
in acute care hospitals are either unnecessary or
inappropriate [3]. Hospitals worldwide have
implemented antibiotic stewardship programs
(ASP) to reduce antibiotic use in the acute care
setting [4]. Given that no one intervention fits
all problems, ASP guidelines usually recom-
mend choosing and tailoring ASP interventions
according to institution-specific problems, set-
ting specific goals that can be objectively

measured [5–7]. Furthermore, guidelines rec-
ommend a gradual implementation of ASP
interventions while monitoring their success at
each stage, prior to implementing a new inter-
vention [5, 6]. While changes in the use of
antibiotics do not occur overnight, interven-
tions, per se, also take time to support a change.
To date, little is known about the time frame
and kinetics for an intervention to reach its
maximal effect. We aimed to investigate the
time it takes for an intervention to achieve its
maximal effect.

METHODS

Setting

Soroka University Medical Center is a large
referral hospital in southern Israel. A pre-au-
thorization antibiotic restriction policy has
been in place for the past 20 years. This policy
required paper or phone pre-authorization
before use of any parenteral antibiotics, except
for penicillin, 1st, 2nd, and 3rd generation
cephalosporins, and metronidazole.

Intervention

In November 2014, an ASP intervention was
designed to reduce the overall use of antibiotics,
specifically targeting quinolones and beta-lac-
tam/beta-lactamase inhibitors (BLBLI). The
intervention included (1) Changing the pre-
authorization method to a computerized system
that required renewal every 3 days. (2) Moni-
toring of all authorizations by a pharmacist for
drug interactions and adjustments for kidney
function. (3) Notifying (via daily alerts) infec-
tious disease physicians and department heads
about patients treated with antibiotics for more
than five consecutive days. No changes were
made to the local treatment guidelines, restric-
tion policy, or use due to economic constraints
or availability of antibiotics. Educational lec-
tures on ASP were provided with the rollout of
the computerized system. The ASP intervention
began in Q4 2014, was gradually introduced to
the entire hospital, and completed by the end of
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Q4 2015 (15 months later), after which no new
intervention was introduced. There was no
change in the number of beds (1095), the
number of admissions (average of 68,000 a
year), or type of patients treated by the hospital
during the study period.

Study

This quasi-experimental study investigated the
changes observed during different phases of
antibiotic use after introduction of ASP, using
STROBE–AMS methodology [8]. The study was
approved and the need for informed consent
was waived by the Soroka Helsinki ethics
research committee (SOR 20–0293).

Data Source

We collected aggregate data from the organiza-
tion’s management software (Business Intelli-
gence software). The data included information
on all adult admissions including the length of
admission and antibiotic use in adults. Data
time points were defined daily dose (DDD) per
100 days of admission for each 3 months
(quarterly) [9]. Pediatric and neonate popula-
tions were excluded from this study as the DDD
is not an effective method to monitor antibiotic
use in this population [10].

Statistical Analysis

To estimate the changes in quarterly DDD/
100 days of hospitalization over time, we used
the Joinpoint Regression Program and inter-
rupted time series analysis (ITS). Joinpoint
Regression Program enabled us to identify the
time points where the trend changed. We
allowed the software to examine different
model options ranging from two to four differ-
ent time points and our final model used three
time points. We confirmed and calculated these
changes in trend using ITS, a quasi-experimen-
tal approach for evaluating longitudinal effects
of interventions. We divided the study follow-
up period into segments of changes in trend,
and using an ITS approach, we employed
autoregressive integrated moving average

(ARIMA) models to estimate changes in level
and trend following the intervention. For sim-
ple comparisons of mean quarterly DDD/
100 days for antibiotic use and comparison of
hospital admission numbers, we used Student’s
t test analysis. For all statistical tests and confi-
dence intervals (CI), as appropriate, a = 0.05
(two-sided) was used. All p values reported were
rounded to three decimal places. Statistical
analyses were performed using IBM SPSS Statis-
tics for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA) and Joinpoint Regression
Program, Version 4.7.0.0—February 2019 (Na-
tional Cancer Institute, Bethesda, MD, USA).

RESULTS

Following ASP intervention, average quarterly
use of all antibiotics from the pre-ASP steady
state to the post-ASP steady state was reduced by
33%, from an average of 76.5 to 51.2 DDD/
100 days hospitalization (p\0.001). Analysis of
targeted antibiotics showed a reduction in the
use of quinolones by 52%, from 10.2 to 4.9
(p\ 0.001), and amoxicillin/clavulanate by
64%, from 15.6 to 5.7 (p\ 0.001) (Table 1). All
other restricted antibiotic usage reduced slightly
or did not change significantly. Amongst the
non-restricted antibiotics, we observed an
increase in the use of 1st and 3rd generation
cephalosporins from 0.1 to 3.1 (p\ 0.001), and
7.2 to 8.4 (p = 0.004), respectively; a decrease in
the use of 2nd generation cephalosporin from
11.1 to 5.4 (p\0.001) (Table 1).

The Joinpoint Regression Program identified
four distinct periods (Fig. 1): Period A—from
Q1/2013 to Q1/2015, representing a steady-
state pre-intervention phase; period B—from
Q2/2015 to Q3/2016, representing an early
intervention phase; period C—from Q4/2016 to
Q2/2017, representing an accelerated post-in-
tervention phase; and period D—from Q3/2017
to Q2/2019, representing a steady-state post-
intervention phase. The number of hospital
beds (1095) did not change throughout the
study, nor was there a difference in the average
quarterly hospitalization days from period A to
D [67,359 to 69,836, (p = 0.93)]. Using ITS, we
compared the different periods by observing
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changes in slopes (Fig. 1). Between periods A
and B, we observed a shift from a mild negative
slope of -0.20 to a more profound negative
slope of - 2.05, a change of [- 1.46) (SE 0.37,
95% CI - 2.23, - 0.69 (p = 0.002)]; between
periods B and C, a dramatic deepening of the
negative slope to - 6.56, a change of - 4.70 [SE
0.64, 95% CI - 6.03, - 3.37 (p = 0.001)];
between periods and D, we observed straight-
ening out of the slope to a mild positive slope
(? 0.26) with a change of slope of ? 6.84 [SE
0.55, 95% CI 5.70, 7.98 (p\0.001)], which was
maintained as a new steady state.

DISCUSSION

The results of this study demonstrated that
immediately after introducing the ASP inter-
vention, a change in the trend was observed in
the hospital’s antibiotic use. The negative trend
in antibiotic use was maintained at a constant
value. Approximately 6 months after the inter-
vention ended and without introduction of any
new intervention in that time, we observed an
accelerated phase of decrease in antibiotic use
until a new steady-state level of antibiotic use
was reached. This steady state was achieved
approximately 1.5 years after completion of the
intervention. The expected time for the success
of an ASP intervention has not been addressed
in the guidelines. The kinetics of an

intervention are a crucial element that should
be considered when designing a new ASP
intervention. Following the recommendation of
most guidelines, which suggest a gradual
approach to ASP interventions, giving sufficient
time for the initial intervention to succeed
would be an ideal approach to further build on
top of that success [5]. Furthermore, in many
ASP intervention reports, the follow-up period
is less than 2 years; according to our results, this
can underestimate the intervention effect
[11, 12]. We show that the kinetics of an inter-
vention response is not necessarily linear or
immediate. Although an immediate initial
response is expected, the accelerated phase can
begin months after the introduction or com-
pletion of the intervention. Moreover, it could
take another year to two before reaching maxi-
mal effect and a new steady state is achieved
which represents the success as well as sustain-
ability of the intervention.

There may be many reasons for the delay in
observing the accelerated phase. This study was
not designed to evaluate or understand what
modified the physicians’ behavior. We hypoth-
esize that the slow pace of change in antibiotic
prescribing behavior is probably related to the
physicians’ confidence in a new practice. The
medical community is notoriously resistant to
change; previous evidence suggests that suc-
cessful interventions leading to a change of

Table 1 Antibiotic DDD per 100 hospitalization days, per annual quarter, steady-state pre-intervention period (period A)
vs. new steady-state post-intervention period (period D)

Variable Pre-intervention (mean – SD) Post-intervention (mean – SD) p value

Total 76.5 ± 3.1 51.2 ± 1.4 \ 0.001

Quinolones 10.2 ± 0.8 4.9 ± 0.3 \ 0.001

Amoxicillin/clavulanate 15.6 ± 0.9 5.7 ± 0.4 \ 0.001

Piperacillin/tazobactam 3.0 ± 0.3 2.0 ± 0.3 \ 0.001

1st generation cephalosporins 0.1 ± 0.1 3.1 ± 0.5 \ 0.001

2nd generation cephalosporins 11.1 ± 0.9 5.4 ± 0.8 \ 0.001

3rd generation cephalosporins 7.2 ± 0.5 8.4 ± 0.6 0.004

Carbapenems 1.5 ± 0.9 1.6 ± 0.3 0.762

Vancomycin 1.6 ± 0.1 1.5 ± 0.2 0.216
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practice adopt training combined with audit,
feedback, and clinical decision support systems,
similar to our intervention [13–15]. Further
research is required to understand the behav-
ioral changes and evaluate the long-term effect.

One of the dangers of a simple blanket
restriction policy is that it may cause a ‘‘squeeze
the antibiotic balloon effect’’ [16]. This effect
describes how restricting one antibiotic causes a
reciprocal increase in the use of other antibi-
otics. In our study we observed an overall
reduction of all antibiotics by a significant
amount, especially the quinolones and BLBLI

which were targeted. Noticeably we observed an
increase in the use of cephalosporins, especially
the first generation. However, this increase is in
our opinion a positive outcome, targeting for
example soft tissue infections to be treated with
1st generation cephalosporins and not BLBLI
drugs, or treating urinary tract infections with
cephalosporins and not with quinolones. As
such, this increase in specific antibiotic use
represents a welcome effect and not a squeeze
the balloon effect as one of the major goals of
ASP is to modify treatment to disease-specific

Fig. 1 Quarterly antibiotic use DDD/100 days of admis-
sion for all adult patients showing four distinct time
periods: a steady-state pre-intervention phase, b early

intervention phase, c accelerated post-intervention phase,
d new steady-state post-intervention phase
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therapy and not simply overall reduction
[3, 17].

Limitations to our report include being a
single-center study following a multipronged
intervention in which we are unable to isolate
or identify which element was most significant.
Another limitation is the possibility that other
factors may have influenced the use of antibi-
otics that we did not control for, such as chan-
ges in pathogen resistance patterns or other
possible influences on physicians’ behavior.
However, this brief report is intended to intro-
duce a novel way to analyze ASP impact on
trends of use and shed light on the long-term
impact and sustainability of the interventions.
Further research is required to assess whether
these trend patterns are replicated in other
centers and following different types of
interventions.

CONCLUSION

When planning ASP interventions, we recom-
mend considering the kinetics of the interven-
tion, and acknowledging that the time required
to reach the maximal effect (a new steady state)
may be longer than previously expected.
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