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ABSTRACT

* Objective: To review the evidence evaluating inpatient
antimicrobial stewardship programs (ASPs) with a
focus on clinical and economic outcomes.

e Methods: Pubmed/MEDLINE and the Cochrane
Database of Systematic Reviews were used to iden-
tify systematic reviews, meta-analyses, randomized
controlled trials, and other relevant literature evaluating
the clinical and economic impact of ASP interventions.

* Results: A total of 5 meta-analyses, 3 systematic
reviews, and 10 clinical studies (2 randomized con-
trolled, 5 observational, and 3 quasi-experimental
studies) were identified for analysis. ASPs were asso-
ciated with a reduction in antimicrobial consumption
and use. However, due to the heterogeneity of out-
comes measured among studies, the effectiveness of
ASPs varied with the measures used. There are data
supporting the cost savings associated with ASPs,
but these studies are more sparse. Most of the avail-
able evidence supporting ASPs is of low quality, and
intervention strategies vary widely among available
studies.

e Conclusion: Much of the evidence reviewed supports
the assertion that ASPs result in a more judicious
use of antimicrobials and lead to better patient care
in the inpatient setting. While clinical outcomes vary
between programs, there are ubiquitous positive ben-
efits associated with ASPs in terms of antimicrobial
consumption, C. difficile infection rates, and resistance,
with few adverse effects. To date, economic outcomes
have been difficult to uniformly quantify, but there are
data supporting the economic benefits of ASPs. As
the number of ASPs continues to grow, it is impera-
tive that standardized metrics are considered in order
to accurately measure the benefits of these essential
programs.
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ntimicrobial resistance is a public health concern

that has been escalating over the years and is

now identified as a global crisis [1-3]. This is
partly due to the widespread use of the same antibiot-
ics that have existed for decades, combined with a lack
of sufficient novel antibiotic discovery and development
[4]. Bacteria that are resistant to our last-line-of-defense
medications have recently emerged, and these resistant
organisms may spread to treatment-naive patients [5].
Multidrug-resistant organisms are often found, treated,
and likely originate within the hospital practice setting,
where antimicrobials can be prescribed by any licensed
provider [6]. Upwards of 50% of antibiotics administered
are unnecessary and contribute to the problem of increas-
ing resistance [7]. The seriousness of this situation is
increasingly apparent; in 2014 the World Health Organ-
ization (WHO), President Obama, and Prime Minister
Cameron issued statements urging solutions to the resis-
tance crisis [8].

While the urgency of the situation is recognized
today, efforts aimed at a more judicious use of anti-
biotics to curb resistance began as early as the 1960s
and led to the first antimicrobial stewardship programs
(ASPs) [9-11]. ASPs have since been defined as “coor-
dinated interventions designed to improve and measure
the appropriate use of antimicrobial agents by promoting
the selection of the optimal antimicrobial drug regimen
including dosing, duration of therapy, and route of
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administration” [1]. The primary objectives of these types
of programs are to avoid or reduce adverse events (eg,
Clostridium difficile infection) and resistance driven by a
shift in minimum inhibitory concentrations (MICs) and
to reverse the unnecessary economic burden caused by
the inappropriate prescribing of these agents [1].

This article examines the evidence evaluating the
reported effectiveness of inpatient ASPs, examining both
clinical and economic outcomes. In addition, we touch
on ASP history, current status, and future directions in
light of current trends. While ASPs are expanding into
the outpatient and nursing home settings, we will limit
our review here to the inpatient setting.

Historical Background

Modern antibiotics date back to the late 1930s when pen-
icillin and sulfonamides were introduced to the medical
market, and resistance to these drug classes was reported
just a few years after their introduction. The same bacte-
rial resistance mechanisms that neutralized their efficacy
then exist today, and these mechanisms continue to con-
fer resistance among those classes [5].

While “stewardship” was not described as such until
the late 1990s [12], institutions have historically been
proactive in creating standards around antimicrobial
utilization to encourage judicious use of these agents.
The earliest form of tracking antibiotic use was in the
form of paper charts as “antibiotic logs” [9] and “punch
cards” [10] in the 1960s. The idea of a team approach to
stewardship dates back to the 1970s, with the example
of Hartford Hospital in Hartford, Connecticut, which
employed an antimicrobial standards model run by an
infectious disease (ID) physician and clinical pharmacists
[11]. In 1977, the Infectious Diseases Society of America
(IDSA) released a statement that clinical pharmacists may
have a substantial impact on patient care, including in ID,
contributing to the idea that a team of physicians collabo-
rating with pharmacists presents the best way to combat
inappropriate medication use. Pharmacist involvement
has since been shown to restrict broad overutilized anti-
microbial agents and reduce the rate of C. ditficile infec-
tion by a significant amount [13].

In 1997 the IDSA and the Society for Healthcare
Epidemiology of America (SHEA) published guide-
lines to assist in the prevention of the growing issue of
resistance, mentioning the importance of antimicro-
bial stewardship [14]. A decade later they released
joint guidelines for ASP implementation [15], and the
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Pediatric Infectious Disease Society (PIDS) joined them
in 2012 to publish a joint statement acknowledging and
endorsing stewardship [16]. In 2014, the Centers of Dis-
ease Control and Prevention (CDC) recommended that
every hospital should have an ASP. As of 1 January 2017,
the Joint Commission requires an ASP as a standard for
accreditation at hospitals, critical access hospitals, and
nursing care [17]. Guidelines for implementation of an
ASP are currently available through the IDSA and SHEA
[1,16].

ASP Interventions

There are 2 main strategies that ASPs have to combat
inappropriate antimicrobial use, and each has its own set
of systematic interventions. These strategies are referred
to as “prospective audit with intervention and feedback”
and “prior authorization” [6]. Although most ASPs
will incorporate these main strategies, each institution
typically creates its own strategies and regulations inde-
pendently.

Prospective audit with intervention and feedback
describes the process of providing recommendations after
reviewing utilization and trends of antimicrobial use.
This is sometimes referred to as the “back-end” interven-
tion, in which decisions are made after antibiotics have
been administered. Interventions that are commonly
used under this strategy include discontinuation of anti-
biotics due to culture data, de-escalation to drugs with
narrower spectra, I'V to oral conversions, and cessation of
surgical prophylaxis [6].

Prior authorization, also referred to as a “front-end”
intervention, is the process of approving medications be-
fore they are used. Interventions include a restricted for-
mulary for antimicrobials that can be managed through a
paging system or a built-in computer restriction program,
as well as other guidelines and protocols for dosing and
duration of therapy. Restrictions typically focus on broad
spectrum antibiotics as well as the more costly drugs on
formularies. These solutions reduce the need for manual
intervention as technology makes it possible to create
automated restriction-based services that prevent inap-
propriate prescribing [6].

Aside from these main techniques, other strategies
are taken to achieve the goal of attaining optimal clinical
outcomes while limiting further antimicrobial resistance
and adverse effects. Different clinical settings have dif-
ferent needs, and ASPs are customized to each setting’s
resources, prescribing habits, and other local specificities
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[1]. These difterences present difficulty with interpreting
diverse datasets, but certain themes arise in the literature:
commonly assessed clinical outcomes of inpatient ASPs
include hospital length of stay (LOS) and readmission,
reinfection, mortality, and resistance rates. These out-
comes are putatively driven by the more prudent use of
antimicrobials, particularly by decreased rates of antimi-
crobial consumption.

ASP Team Members
While ASPs may differ between institutions, the staff
members involved are typically the same, and leadership is
always an important aspect of a program. The CDC rec-
ommends that ASP leadership consist of a program leader
(an ID physician) and a pharmacy leader, who co-lead the
team [18]. In addition, the Joint Commission recom-
mends that the multidisciplinary team should include an
infection preventionist (ie, infection control and hospital
epidemiologist) and practitioner [17]; these specialists
have a role in prevention, awareness, and policy [19]. The
integration of infection control with stewardship yields the
best results [15], as infection control aims to prevent anti-
biotic use altogether, while stewardship increases the qual-
ity of antibiotic regimens that are being prescribed [20].
It is also beneficial to incorporate a microbiologist as
an integral part of the team, responsible for performing
and interpreting laboratory data (ie, cultures). Nurses
should be integrated into ASPs due to the overlap of
their routine activities with ASP interventions [21]; other
clinicians (regardless of their infectious disease clinical
background), quality control, information technology,
and environmental services should all collaborate in
the hospital-wide systems related to the program where
appropriate [18].

Evidence Review

To assess the effectiveness of inpatient ASPs, we per-
formed a literature search using Pubmed, Cochrane
Database of Systematic Reviews, and MEDLINE/
OVIDSp up to 1 September 2016. The search terms
used are listed in the Table. Included in this review were
studies evaluating clinical or economic outcomes related
to inpatient ASPs; excluded were editorials, opinion piec-
es, articles not containing original clinical or economic
ASP outcome data, ASPs not performed in the inpatient
setting, and studies that were included in identified
systematic reviews or meta-analyses. Also excluded from
this review were studies that reviewed ASPs performed in
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Table. Literature Search Strategy

Pubmed

("antibiotic stewardship") OR ("antimicrobial stewardship") OR
("antibiotic management") OR ("antimicrobial management")

("antibiotic stewardship") OR ("antimicrobial stewardship") OR
("antibiotic management") OR ("antimicrobial management")
AND (history OR historical)

("antibiotic stewardship") OR ("antimicrobial stewardship") OR
("antibiotic management") OR ("antimicrobial management")
AND outcomes

"antibiotic stewardship" AND (economics OR financial)

("[antibiotic OR antimicrobial OR antibacterial] AND [steward-
ship]") AND (economics OR financial OR cost)

("antibiotic stewardship" AND "allergy")
("[antibiotic OR antimicrobial] stewardship" AND future)

MEDLINE/OVID

Search terms:
(financial or cost or economics). mp.
(+antibiotic and +stewardship) .m_titl.
(+antimicrobial and +stewardship) .m_titl.
("antibiotic stewardship" and evolution).mp
("[antibiotic OR antimicrobial] AND stewardship" and evolu-
tion).mp.
(antibiotic or antimicrobial) and +resistance).mp.
([antibiotic or antimicrobial] and +resistance).m_titl.

MeSH terms: Anti-Bacterial Agents/ or *Drug Resistance, Bacte-
rial/ or *Infection Control/ or *Bacterial Infections, *Drug Utiliza-
tion/ or *Anti-Bacterial Agents/ or *Bacterial Infections

Cochrane Review

("antibiotic stewardship") OR ("antimicrobial stewardship") OR
("antibiotic management") OR ("antimicrobial management")

niche settings or for applications in which ASPs were not
yet prevalent, as assessed by the authors. The search ini-
tially yielded 182 articles. After removing duplicates and
excluded articles, 18 articles were identified for review: 8
meta-analyses and systematic reviews and 10 additional
clinical studies (2 randomized controlled, 5 observation-
al, and 3 quasi-experimental studies) evaluating clinical
and economic outcomes not contained in the identified
aggregated studies. Systematic reviews, meta-analyses, and
other studies were screened to identify any other relevant
literature not captured in the original search. The articles
included in this review are summarized in 2 Tables,
which may be accessed at www.turner-white.com/pdf/
jecom_jull7_antimicrobial_appendix.pdf.
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Results

Antimicrobial Usage

The most widely studied aspect of ASPs in the current
review was the effect of ASP interventions on antimicrobial
consumption and use. Three systematic reviews [22-24]
showed improved antibiotic prescribing practices and
reduced consumption rates overall, as did several studies
inside and outside the intensive care unit (ICU) [25-31].
One study found an insignificant declining usage trend
[32]. An important underlying facet of this observation
is that even as total antibiotic consumption decreases,
certain antibiotic and antibiotic class consumption may
increase. This is evident in several studies, which showed
that as aminoglycoside, carbapenem, and p-lactam-
B-lactamase inhibitor use increased, clindamycin
(1 case), glycopeptide, fluoroquinolone, and macrolide
use decreased [27,28,30]. A potential confounding factor
relating to decreased glycopeptide use in Bevilacqua et
al [30] was that there was an epidemic of glycopeptide-
resistant enterococci during the study period, potentially
causing prescribers to naturally avoid it. In any case, since
the aim of ASPs is to encourage a more judicious usage of
antimicrobials, the observed decreases in consumption of
those restricted medications is intuitive. These observa-
tions about antimicrobial consumption related to ASPs
are relevant because they putatively drive improvements
in clinical outcomes, especially those related to reduced
adverse events associated with these agents, such as the
risk of C. diftticile infection with certain drugs (eg, fluo-
roquinolones, clindamycin, and broad-spectrum antibi-
otics) and prolonged antibiotic usage [33-35]. There is
evidence that these benefits are not limited to antibiotics
but extend to antifungal agents and possibly antivirals
[22,27,36].

Utilization, Mortality, and Infection Rates

ASPs typically intend to improve patient-focused clinical
parameters such as hospital LOS, hospital readmissions,
mortality, and incidence of infections acquired second-
ary to antibiotic usage during a hospital stay, especially
C. ditficile infection. Most of the reviewed evidence
indicates that there has been no significant LOS benefit
due to stewardship interventions [24-26,32,37], and
one meta-analysis noted that when overall hospital LOS
was significantly reduced, ICU-specific LOS was not
[22]. Generally, there was also not a significant change
in hospital readmission rates [24,26,32]. However, 2
retrospective observational studies found mixed results
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for both LOS and readmission rates relative to ASP inter-
ventions; while both noted a significantly reduced LOS,
one study [38] showed an all-cause readmission benefit
in a fairly healthy patient population (but no benefit for
readmissions due to the specific infections of interest), and
the another [29] showed a benefit for readmissions due
to infections but an increased rate of readmissions in the
intervention group overall. In this latter study, hospital-
izations within the previous 3 months were significantly
higher at baseline for the intervention group (55% vs. 46%,
P=0.042), suggesting sicker patients and possibly provid-
ing an explanation for this unique observation. Even so,
a meta-analysis of 5 studies found a significantly elevated
risk of readmission associated with ASP interventions (RR
1.26,95% CI 1.02-1.57; P = 0.03); the authors noted that
non—infection-related readmissions accounted for 61%
of readmissions, but this was not significantly different
between intervention and non-intervention arms [37].
With regard to mortality, most studies found no
significant reductions related to stewardship interven-
tions [22,24,26,29,32]. In a prospective randomized
controlled trial, all reported deaths (7/160, 4.4%) were
in the ASP intervention arm, but these were attributed
to the severities of infection or an underlying, chronic
disease [25]. One meta-analysis, however, found that
there were significant mortality reductions related to
stewardship guidelines for empirical antibiotic treatment
(OR 0.65, 95% CI 0.54-0.80, P < 0.001; I> = 65%) and
to de-escalation of therapy based on culture results (RR
0.44, 95% CI 0.30-0.66, P < 0.001; I? = 59%), based
on 40 and 25 studies, respectively [39]; but both re-
sults exhibited substantial heterogeneity (defined as I?
= 50%-90% [40]) among the relevant studies. Another
meta-analysis found that there was no significant change
in mortality related to stewardship interventions intend-
ing to improve antibiotic appropriateness (RR 0.92, 95%
CI 0.69-1.2, P=0.56; I? = 72%) or intending to reduce
excessive prescribing (RR 0.92, 95% CI 0.81-1.06,
P =0.25; I>= 0%), but that there was a significant mor-
tality benefit associated with interventions aimed at in-
creasing guideline compliance for pneumonia diagnoses
(RR 0.89, 95% CI 0.82-0.97, P = 0.005; I>= 0%) [37].
In the case of Schuts et al [39], search criteria specifically
sought studies that assessed clinical outcomes (eg, mor-
tality), whereas the search of Davey et al [37] focused on
studies whose aim was to improve antibiotic prescribing,
with a main comparison being between restrictive and
persuasive interventions; while the difference may seem
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subtle, the body of data compiled from these searches
may characterize the ASP effect of mortality differ-
ently. No significant evidence was found to suggest that
reduced antimicrobial consumption increases mortality.

Improving the use of antimicrobial agents should
limit collateral damage associated with their use (eg,
damage to normal flora and increased resistance), and
ideally infections should be better managed. As previ-
ously mentioned, one of the concerns with antibiotic
usage (particularly fluoroquinolones, macrolides, and
broad-spectrum agents) is that collateral damage could
lead to increased rates of C. difficile infection. One meta-
analysis showed no significant reduction in the rate of
C. difficile infection (as well as overall infection rate)
relative to ASPs [22]; however, this finding was based on
only 3 of the 26 studies analyzed, and only 1 of those
3 studies utilized restrictions for flouroquinolones and
cephalosporins. An interrupted time series (I'TS) study
similarly found no significant reduction in C. difficile
infection rate [32]; however, this study was conducted
in a hospital with low baseline antibiotic prescribing
(it was ranked second-to-last in terms of antibiotic
usage among its peer institutions), inherently limiting
the risk of C. difficile infection among patients in the
pre-ASP setting. In contrast to these findings, a meta-
analysis specifically designed to assess the incidence of
C. difficile infection relative to stewardship programs
found a significantly reduced risk of infection based on
16 studies (RR 0.48, 95% CI 0.38-0.62, P < 0.001;
12 = 76%) [41], and the systematic review conducted by
Filice et al [24] found a significant benefit with regard
to the C. difficile infection rate in 4 of 6 studies. These
results are consistent with those presented as evidence
for the impact of stewardship on C. difficile infection
by the CDC [42]. Aside from C. difficile infection, one
retrospective observational study found that the 14-day
reinfection rate (ie, reinfection with the same infection
at the same anatomical location) was significantly re-
duced following stewardship intervention (0% vs. 10%,
P = 0.009) [29]. This finding, combined with the
C. difficile infection examples, provide evidence for bet-
ter infection management of ASPs.

While the general trend seems to suggest mixed or
no significant benefit for several clinical outcomes, it is
important to note that variation in outcomes could be
due to differences in the types of ASP interventions and
intervention study periods across differing programs.
Davey et al [37] found variation in prescribing out-
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comes based on whether restrictive (ie, restrict prescriber
freedom with antimicrobials) or persuasive (ie, suggest
changes to prescriber) interventions were used, and on
the timeframe in which they were used. At one month
into an ASP, restrictive interventions resulted in better
prescribing practices relative to persuasive interven-
tions based on 27 studies (effect size 32.0%, 95% CI
2.5%-61.4%), but by 6 months the 2 were not statisti-
cally different (effect size 10.1%, 95% CI —47.5% to
66.0%). At 12 and 24 months, persuasive interventions
demonstrated greater effects on prescribing outcomes,
but these were not significant. These findings provide
evidence that different study timeframes can impact ASP
practices differently (and these already vary widely in
the literature). Considering the variety of ASP interven-
tions employed across the different studies, these fac-
tors almost certainly impact the reported antimicrobial
consumption rates and outcomes to different degrees as
a consequence. A high degree of heterogeneity among
an analyzed dataset could itself be the reason for net
non-significance within single systematic reviews and
meta-analyses.

Resistance
Another goal of ASPs is the prevention of antimicrobial
resistance, an area where the evidence generally suggests
benefit associated with ASP interventions. Resistance
rates to common troublesome organisms, such as meth-
icillin-resistant S. aureus (MRSA), imipenem-resistant
P, aeruginosa, and extended-spectrum f-lactamase (ESBL)—
producing Klebsiella spp were significantly reduced in a
meta-analysis; ESBL-producing E. coli infections were
not, however [22]. An ITS study found significantly
reduced MRSA resistance, as well as reduced Pseudo-
monal resistance to imipenem-cilastin and levofloxacin
(all P < 0.001), but no significant changes with respect
to piperacillin/tazobactam, cefepime, or amikacin resis-
tance [32]. This study also noted increased E. coli resis-
tance to levofloxacin and ceftriaxone (both P < 0.001).
No significant changes in resistance were noted for
vancomycin-resistant enterococci. It may be a reasonable
expectation that decreasing inappropriate antimicrobial
use may decrease long-term antimicrobial resistance; but
as most studies only span a few years, only the minute
changes in resistance are understood [23]. Longer dura-
tion studies are needed to better understand resistance
outcomes.

Of note is a phenomenon known as the “squeezing
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the balloon” effect. This can be associated with ASPs,
potentially resulting in paradoxically increased resistance
[43]. That is, when usage restrictions are placed on cer-
tain antibiotics, the use of other non-restricted antibiot-
ics may increase, possibly leading to increased resistance
of those non-restricted antibiotics [22] (“constraining
one end [of a balloon] causes the other end to bulge
... limiting the use of one class of compounds may be
counteracted by corresponding changes in prescribing
and drug resistance that are even more ominous” [43]).
Karanika et al [22] took this phenomonen into consider-
ation, and assessed restricted and non-restricted antimi-
crobial consumption separately. They found a reduction
in consumption for both restricted and non-restricted
antibiotics, which included “high potential resistance”
antibiotics, specifically carbapenems and glycopeptides.
In the study conducted by Cairns et al [28], a similar
effect was observed; while the use of other classes of
antibiotics decreased (eg, cephalosporins and amino-
glycosides), the use of p-lactam—P-lactamase inhibitor
combinations actually increased by 48% (change in use:
+48.2% [95% CI 21.8%—-47.9%]). Hohn et al [26] noted
an increased usage rate of carbapenems, even though
several other classes of antibiotics had reduced usage.
Unfortunately, neither study reported resistance rates, so
the impact of these findings is unknown. Finally, Jenkins
et al [32] assessed trends in antimicrobial use as changes
in rates of consumption. Among the various antibiotics
assessed in this study, the rate of flouroquinolone use
decreased both before and after the intervention period,
although the rate of decreased usage slowed post-ASP (the
change in rate post-ASP was +2.2% [95% CI 1.4%-3.1%],
P < 0.001). They observed a small (but significant)
increase in resistance of E. coli to levotloxacin pre- vs. post-
intervention (11.0% vs. 13.9%, P < 0.001); in contrast,
a significant decrease in resistance of P aeruginosa was
observed (30.5% vs. 21.4%, P < 0.001). While these
examples help illustrate the concept of changes in antibi-
otic usage patterns associated with an ASP, at best they
approximate the “squeezing the balloon” effect since
these studies present data for antibiotics that were either
restricted or for which restriction was not clearly speci-
fied. The “squeezing the balloon” effect is most relevant
for the unintended, potentially increased usage of non-
restricted drugs secondary to ASP restrictions. Higher
resistance rates among certain drug classes observed in
the context of this effect would constitute a drawback to
an ASP program.
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Adverse Effects

Reduced toxicities and adverse effects are expected with
reduced usage of antimicrobials. The systematic review
conducted by Filice et al [24] examined the incidence
of adverse effects related to antibiotic usage, and their
tindings suggest, at the least, that stewardship programs
generally do not cause harm, as only 2 of the studies they
examined reported adverse events. Following stewardship
interventions, 5.5% of the patients deteriorated; and of
those, the large majority (75%) deteriorated due to pro-
gression of oncological malignancies. To further illustrate
the effect of stewardship interventions on toxicities and
side effects of antimicrobials, Schuts et al demonstrated
that the risk of nephrotoxicity while on antimicrobial
therapy was reduced based on 14 studies of moderate
heterogeneity as a result of an ASP (OR 0.46, 95% CI
0.28-0.77, P = 0.003; I? = 34%) [39,44]. It is intuitive
that reduced drug exposure results in reduced adverse
effects, as such these results are expected.

Economic Outcomes

Although the focus of ASPs is often to improve clini-
cal outcomes, economic outcomes are an important
component of ASPs; these programs bring associated
economic value that should be highlighted and further
detailed [22,45,46]. Since clinical outcomes are often the
main objective of ASPs, most available studies have been
clinical effect studies (rather than economic analyses), in
which economic assessments are often a secondary con-
sideration, if included.

As a result, cost evaluations are conducted on direct
cost reductions whereas indirect cost reductions are often
not critically evaluated. ASPs reduce hospital expend-
itures by limiting hospital-acquired infections and the
associated medical costs where they are effective at
decreasing consumption of antimicrobials [22,45], and
by reducing antibiotic misuse, iatrogenic infections,
and the rates of antibiotic-resistant organisms [47]. In
one retrospective observational study, annual costs of
antibiotics dropped by 33% with re-implementation of
an ASP, mirrored by an overall decrease in antibiotic
consumption of about 10%, over the course of the inter-
vention study period [30]. Of note is that at 1 year post-
ASP re-implementation, antibiotic consumption actually
increased (by 5.4%); however, because antibiotic usage
had changed to more appropriate and cost-effective
therapies, cost expenditures associated with antibiotics
were still reduced by 13% for that year relative to pre-ASP
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re-implementation. Aside from economic evaluations
centered on consumption rates, there is the potential
to further evaluate economic benefits associated with
stewardship when looking at other outcomes, includ-
ing hospital LOS [22], as well as indirect costs such as
morbidity and mortality, societal, and operational costs
[46]. Currently, these detailed analyses are lacking. In
conjunction with more standardized clinical metrics,
these assessments are needed to better delineate the full
cost eftectiveness of ASPs.

Evidence Summary

The evidence for inpatient ASP effectiveness is promis-
ing but mixed. Much of the evidence is low-level, based
on observational studies that are retrospective in nature,
and systematic reviews and meta-analyses are based on
these types of studies. Studies have been conducted over
a range of years, and the duration of intervention peri-
ods often vary widely between studies; it is difficult to
capture and account for all of the infection, prescribing,
and drug availability patterns (as well as the intervention
differences or new drug approvals) throughout these
time periods. To complicate the matter, both the qual-
ity of data as well as the quality of the ASPs are highly
variable.

As such, the findings across pooled studies for ASPs
are hard to amalgamate and draw concrete conclusions
from. This difficulty is due to the inherent heterogene-
ity when comparing smaller individual studies in sys-
tematic reviews and meta-analyses. Currently, there are
numerous ways to implement an ASP, but there is not a
standardized system of specific interventions or metrics.
Until we can directly compare similar ASPs and interven-
tions among various institutions, it will be challenging to
generalize positive benefits from systematic reviews and
meta-analyses. Currently, the CDC is involved in a new
initiative in which data from various hospitals are com-
piled to create a surveillance database [48]. Although this
is a step in the right direction for standardized metrics for
stewardship, for the current review the lack of standard
metrics leads to conflicting results of heterogenic stud-
ies, making it difficult to show clear benefits in clinical
outcomes.

Despite the vast array of ASPs, their differences, and
a range of clinical measures—many with conflicting
evidence—there is a noticeable trend toward a more
prudent use of antimicrobials. Based on the review
of available evidence, inpatient ASPs improve patient
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care and preserve an important health care resource—
antibiotics. As has been presented, this is demonstrated
by the alterations in consumption of these agents, has
ramifications for secondary outcomes such as reduced
instances of C. difficile infections, resistance, and adverse
effects, and overall translates into better patient care and
reduced costs. But while we can conclude that the direct
interventions of stewardship in reducing and restricting
antibiotic use have been effective, we cannot clearly state
the overall magnitude of benefit, the effectiveness of vari-
ous ASP structures and components on clinical outcomes
(such as LOS, mortality, etc.), and the cost savings due to
the heterogeneity of the available evidence.

Future Directions

Moving forward, the future of ASPs encompasses several
potential developments. First and foremost, as techno-
logical advancements continue to develop, there is a need
to integrate and utilize developments in information
technology (IT). Baysari et al conducted a review on the
value of utilizing IT interventions, focusing mainly on
decision support (stand-alone or as a component of other
hospital procedures), approval, and surveillance systems
[49]. There was benefit associated with these IT inter-
ventions in terms of the improvement in the appropri-
ate use of antimicrobials (RR 1.49, 95% CI, 1.07-2.08,
P < 0.05; > = 93%), but there was no demonstrated
benefit in terms of patient mortality or hospital LOS.
Aside from this study, broad evidence is still lacking to
support the use of I'T systems in ASPs because meaning-
ful comparisons amongst the interventions have not been
made due to widespread variability in study design and
outcome measures. However, it is generally agreed that
ASPs must integrate with IT systems as the widespread
use of technology within the healthcare field continues
to grow. Evidence needs to be provided in the form of
higher quality studies centered on similar outcomes to
show appropriate approaches for ASPs to leverage IT
systems. At a minimum, the integration of IT into ASPs
should not hinder clinical outcomes. An important con-
sideration is the variation in practice settings where anti-
biotic stewardship is to be implemented; eg, a small com-
munity hospital will be less equipped to incorporate and
support technological tools compared to a large tertiary
teaching hospital. Therefore, any antibiotic stewardship
IT intervention must be customized to meet local needs,
prescriber behaviors, minimize barriers to implementa-
tion, and utilize available resources.
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Another area of focus for future ASPs is the use
of rapid diagnostics. Currently, when patients present
with signs and symptoms of an infection, an empiric
antimicrobial regimen is started that is then de-escalated
as necessary; rapid testing will help to initiate appropri-
ate therapy more quickly and increase antimicrobial
effectiveness. Rapid tests range from rapid polymerase
chain reaction (PCR)-based screening [50], to Verigene
gram-positive blood culture (BC-GP) tests [51], next-
generation sequencing methods, and matrix assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) [52]. Rapid diagnostic tools should
be viewed as aides to assist ASPs in decreasing antibi-
otic consumption and improving patient outcomes; these
various tools have been shown to improve clinical out-
comes when integrated into ASPs, but offer little value
addressing the goals of ASPs when used outside of stew-
ardship programs and their sensitive timeframes [53].

In terms of future ASP expansion, stewardship imple-
mentation can become more unified and broad in scope.
ASPs should expand to include antifungal interventions,
an area which is showing progress [36]. ASPs can also be
implemented in new areas throughout the hospital (eg,
pediatrics and emergency room), as well as areas outside
of the hospital setting, including long-term care facilities,
dialysis centers, and other institutions [54-56]. A pro-
spective randomized control study was conducted in 30
nursing homes to evaluate the use of a novel resident an-
timicrobial management plan (RAMP) for improved use
of antimicrobials [57]. This study found that the RAMP
had no associated adverse eftects and suggests that ASP
is an important tool in nursing homes. In addition, the
general outpatient and pediatric settings show promise
for ASPs [56,58,59], but more research is needed to
support expansion and to identify how ASP interven-
tions should be applied in these various practice settings.
The antimicrobial stewardship interventions that will be
utilized will need to be carefully delineated to consider
the scale, underlying need, and potential challenges in
those settings.

While the future of antibiotic stewardship is unclear,
there is certainty that it will continue to develop in both
scope and depth to encompass new areas of focus, new
settings to improve outcomes, and employ new tools to
refine approaches. An important first step for the contin-
ued development of ASPs is alignment and standardiza-
tion, since without alignment it will continue to be dif-
ficult to compare outcomes. This issue is currently being
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addressed by a number of different organizations. With
current support from the Joint Commission, the CDC,
as well as the President’s Council of Advisors on Science
and Technology (PCAST) [8], regulatory requirements
for ASPs are well underway, and these drivers will ap-
propriately position ASPs for further advancements. By
reducing variability amongst ASPs and delineating imple-
mentation of ASPs, there can be a clear identification
of both economic and clinical benefits associated with
specific interventions.
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