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Key Words: Background: Antimicrobial use (AU) of antipseudomonal g-lactams (APBL) has significantly increased over
Antibiotics the past decade in US hospitals. This retrospective cohort study compares 2 common antimicrobial steward-
Bacﬁerefl}ia ship strategies, syndrome-specific interventions and antimicrobial postprescription prospective audit and
Peritonitis feedback (PAF), in reducing AU of APBL at a large community-teaching hospital.

SAAR Methods: Four antimicrobial stewardship interventions targeting APBL were serially introduced, including 2
Meropenem - . . . . . . .
Cefepime syndrome-specific interventions (bloodstream and intra-abdominal infections) and 2 PAF interventions (car-

bapenems and piperacillin/tazobactam). Multivariable linear regression was used to examine overall AU of
APBL and audited antimicrobial agents.
Results: Overall AU of APBL declined from 92.4-69.1 days of therapy (DOT) per 1,000 patient-days between
February 2013 and July 2017 (P < .001). Both syndrome-specific interventions were associated with signifi-
cant reduction in AU of APBL (—7.7 [95% confidence interval (CI): —11.5, —4.0] and —6.0 [95% CI: —9.7, —2.3]
DOT per 1,000 patient-days) for bloodstream and intra-abdominal infections, respectively). No significant
change in overall AU of APBL was observed after implementation of PAF interventions for carbapenems
(—1.4 [95% CI: —7.4, 4.6] DOT per 1,000 patient-days) or piperacillin/tazobactam (0.9 [95% CI: —3.7, 5.4] DOT
per 1,000 patient-days).
Conclusions: Implementation of syndrome-specific interventions was followed by significant reduction in
AU of APBL in this population. Despite reducing AU of targeted agents, neither PAF intervention contributed
to overall observed decline in APBL use, likely due to compensatory increase in using other APBL.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

It is estimated that 20%-50% of all antimicrobials prescribed in US
acute care hospitals are unnecessary.' The use of broad-spectrum
antimicrobial agents, particularly antipseudomonal g-lactams (APBL),
has significantly increased over the past decade.” This has been tem-
porally associated with an increase in the proportion of multidrug-
resistant (MDR) and carbapenem-resistant Pseudomonas aeruginosa.®
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Measurement and optimization of antimicrobial use (AU) in
hospitals are common goals of antimicrobial stewardship pro-
grams. Multiple antimicrobial stewardship strategies have been
used to reduce unnecessary use of broad-spectrum antimicrobial
agents. These include antimicrobial preauthorization, postpre-
scription prospective audit and feedback (PAF), and syndrome-
specific interventions.”

A recent study demonstrated PAF interventions were more effec-
tive than antimicrobial preauthorization in reducing use of broad-
spectrum agents.” However, there are limited data comparing the
effect of PAF and syndrome-specific interventions on AU. This retro-
spective cohort study examines the impact of the 2 different
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antimicrobial stewardship strategies, syndrome-specific interven-
tions, and antimicrobial PAF on institutional use of APBL.

METHODS
Settings

The study describes antimicrobial stewardship interventions con-
ducted at a large community-teaching hospital in Southeastern
United States from February 2013 through July 2017. This hospital
cares for adults with various medical and surgical conditions, includ-
ing a level-1 trauma center and multiple medical and surgical inten-
sive care units. The antimicrobial stewardship team (AST) provides
antimicrobial stewardship services to this hospital, Monday through
Friday from 7:30 AM to 4:30 PM. At the time of study, this multidisci-
plinary team consisted of a core group of an infectious diseases physi-
cian and 3 rotating pharmacists (2 trained in infectious diseases and 1
in critical care), and a large group of microbiologists, physicians, phar-
macists, and nurses of various disciplines. One pharmacist was
assigned to antimicrobial stewardship service every month, and the
infectious diseases physician provided clinical support and oversight.
Pharmacy students, residents, and infectious diseases medical fellows
rotated with the AST intermittently. The following APBL were
included in the hospital formulary throughout the study period:
piperacillin/tazobactam, ceftazidime, cefepime, imipenem/cilastatin,
and meropenem.

Antimicrobial stewardship interventions

During the preimplementation phase, no antimicrobial steward-
ship interventions targeting APBL occurred. Four antimicrobial stew-
ardship interventions targeting APBL were serially implemented later
during the 4.5-year study period, that is, 2 syndrome-specific inter-
ventions and 2 antimicrobial PAF.

The 2 syndrome-specific interventions primarily targeting APBL
consisted of 1 for bloodstream infections (BSI) in January 2014 and
another for intra-abdominal infections (IAI) in May 2016. BSI inter-
vention included institutional management guidelines, implementa-
tion of rapid diagnostic testing for identification of bloodstream
isolates, and real-time antimicrobial stewardship alerts for positive
blood cultures for gram-negative bacilli.>” This allowed for timely
streamlining of antimicrobial therapy based on bacterial identifica-
tion and in vitro antimicrobial susceptibility testing results.” The IAI
intervention consisted primarily of institutional management guide-
lines encouraging the use of antimicrobial agents without P aerugi-
nosa coverage as empirical therapy in the majority of patients with
community-onset IAlL. Both institutional management guidelines
were developed in collaboration with respective subspecialty teams
(eg, critical care, general surgery, internal medicine). Educational
campaigns accompanied syndrome-specific interventions to ensure
health care providers in multiple disciplines were familiar with
new management guidelines and interpretation of rapid diagnostic
testing results.

PAF of antipseudomonal carbapenems (imipenem)/cilastatin and
meropenem) was implemented in July 2013. All inpatient carbape-
nem orders were audited after 48 hours of use. After reviewing
patients’ electronic medical and microbiological records, recommen-
dations to discontinue antimicrobials were made in patients with low
suspicion of bacterial infections. AST recommended de-escalation of
carbapenems to narrower spectrum agents based on microbiological
results. However, in patients without meaningful microbiological
data, alternative antimicrobial options were recommended in the
absence of risk factors for infections due to extended-spectrum g-lac-
tamase-producing Enterobacteriaceae or MDR bacteria, for example

P aeruginosa.8'° If treatment with carbapenems was considered

appropriate, a stop date was suggested whenever possible.

A second PAF intervention was implemented in November 2016
to monitor piperacillin/tazobactam use for >72 hours after concerns
for nephrotoxicity secondary to vancomycin and piperacillin/tazobac-
tam combinations were raised.!"'> AST recommended discontinua-
tion of piperacillin/tazobactam in patients without evidence of
bacterial infections and a stop date, whenever possible, if treatment
was considered appropriate. De-escalation of therapy to agents with-
out P aeruginosa coverage was recommended in patients without
positive cultures or clinical risk factors for P aeruginosa.>'> Alterna-
tive antipseudomonal agents were suggested in patients who had
microbiological documentation or clinical risk factors for P aeruginosa
infections, but for whom risk of nephrotoxicity from continuation of
piperacillin/tazobactam was considered high due to concomitant
vancomycin use.

Study outcomes

The primary outcome of this study was the overall institutional AU
of APBL. Secondary outcomes included AU of targeted APBL by PAF
interventions (antipseudomonal carbapenems and piperacillin/tazo-
bactam). Post hoc analyses examined for a potential compensatory
increase in ceftriaxone use during the study period and the impact of
change in AU of APBL on incidence rate of hospital-onset Clostri-
dioides difficile infection (HO-CDI).

AU was calculated using monthly mean days of therapy (DOT) per
1,000 patient-days. AU of APBL included total AU of piperacillin/tazo-
bactam, ceftazidime, cefepime, imipenem/cilastatin, and meropenem.
AU of antipseudomonal carbapenems included total AU of imipenem/
cilastatin and meropenem. Institutional AU data were collected
through SafetySurveillor® (Premier Inc., Charlotte, NC) from February
2013 to October 2014, and TheraDoc® (Premier Inc., Charlotte, NC)
from November 2014 to July 2017. Internal validation of AU data
were performed during the month of October 2014, when data were
available through both programs. Monthly incidence rates of HO-CDI
per 10,000 patient-days were obtained from institutional infection
prevention surveillance data.

Statistical analysis

First, examination for a potential change in overall AU of APBL
throughout the study period was performed. To minimize the impact
of monthly fluctuations in AU, the 4.5-year study period was divided
into 6-month intervals. The first 6 months of study period repre-
sented the preimplementation phase. Analysis of variance was used
to compare mean AU across the 9 intervals in the study.

Second, multivariable linear regression was used to evaluate the
impact of each intervention on overall AU of APBL while taking other
coexisting interventions into account. A 1-month lag was applied to
the model to allow assessment of the effect of each intervention from
the first full month of implementation. Considering that the 4 inter-
ventions in this study were introduced serially and continued
throughout the study without interruption, the duration of each
intervention in the analysis was from the first full month of imple-
mentation until the end of the study. The analysis also adjusted for a
potential seasonal variation in AU throughout the study period. The
multivariable analysis included the winter months (December
through March) as an additional variable in the model to account for
a potential increase in AU during the winter season. Similarly, multi-
variable linear regression models were used to examine secondary
outcomes: AU of antipseudomonal carbapenems and piperacillin/
tazobactam.

Analysis of variance was used to examine for change in mean cef-
triaxone use during the study period. Linear regression was used to
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Fig 1. Antimicrobial use of antipseudomonal g-lactams during the study period. Black dashed lines indicate the months PAF interventions were implemented; grey solid lines indi-
cate the months syndrome-specific interventions were implemented. BSI, bloodstream infections; DOT, days of therapy; IAl, intra-abdominal infections; PAF, prospective audit and

feedback; pip/tazo, piperacillin/tazobactam.

examine the association between incidence rate of HO-CDI and AU of
APBL.

JMP Pro version 13.0 (SAS Institute Inc, Cary, NC) was used for sta-
tistical analysis. The level of significance for statistical testing was
defined as P <.05 (2-sided).

RESULTS

The overall AU of APBL declined from 92.4 (95% confidence inter-
val [CI]: 85.3, 99.5) in the preimplementation phase to 69.1 (95% CI:
61.9, 76.2) DOT per 1,000 patient-days in the last 6 months of the
study (P < .001; Fig 1). When accounting for seasonal variation in AU
and the presence of various interventions in the multivariable model,
both syndrome-specific interventions were associated with signifi-
cant reduction in AU of APBL (-7.7 [95% CI: —11.5, —4.0] and —6.0
[95% CI: —9.7, —2.3] DOT per 1,000 patient-days for BSI and IAI,
respectively). No significant change in overall AU of APBL was
observed after implementation of PAF interventions for carbapenems
or piperacillin/tazobactam (Table 1).

There was a considerable decline in AU of antipseudomonal carba-
penems from 27.7 (95% CI: 25.5, 29.8) in the preimplementation
phase to 2.1 (95% CI: 0, 4.3) DOT per 1,000 patient-days during the
last 6 months of the study (P < .001). PAF of carbapenems was associ-
ated with reduction in carbapenem use (—6.8 [95% CI: —9.0, —4.7]
DOT per 1,000 patient-days; Table 1). However, this decline in carba-
penems use was temporally associated with an increase in AU of
other APBL, namely piperacillin/tazobactam and cefepime (Fig 2).

AU of piperacillin/tazobactam also declined from 54.5 (95% CI:
45.8, 63.2) in the preimplementation phase to 35.5 (95% Cl: 26.8, 44.2)
DOT per 1,000 patient-days toward the end of study (P < .001). PAF of
piperacillin/tazobactam was associated with a significant reduction in
AU of piperacillin/tazobactam (-7.9 [95% CI: —14.6, —1.1] DOT per

Table 1

1,000 patient-days; Table 1). This decline in piperacillin/tazobactam use
was accompanied by an increase in cefepime use, nearly canceling the
net effect of the intervention on overall AU of APBL (Fig 3).

The reduction in AU of APBLs was not associated with a com-
pensatory increase in ceftriaxone use. To the contrary, the
analysis demonstrated a 22% decline in ceftriaxone use from
58.5-45.4 DOT per 1,000 patient-days during the study period
(P <.001).

Incidence rate of HO-CDI declined from 3.7 during the peak of AU
of APBL in the preimplementation phase to 2.4 per 10,000 patient-
days during the nadir of APBL use in the study. There was a significant
association between the incidence rate of HO-CDI and AU of APBL
(P=.001). Incidence rate of HO-CDI declined by 0.47 per 10,000
patient-days (95% CI: 0.20, 0.74) for each interval decline in APBL use
of 10 DOT per 1,000 patient-days.

DISCUSSION

To our knowledge, this is the first study to compare the impact of
antimicrobial PAF and syndrome-specific interventions on AU of
broad-spectrum agents in a large community hospital with consistent
antimicrobial stewardship service. Implementation of a series of anti-
microbial stewardship interventions was associated with a 25% over-
all reduction in AU of APBL. Syndrome-specific interventions were
more successful than antimicrobial PAF in reducing APBL use in this
patient population.

Each PAF intervention was associated with decrease in AU of the
respective antimicrobial agent or class but did not significantly con-
tribute to the overall decline in AU of APBL. The reduction in carbape-
nem use after implementation of carbapenem PAF was associated
with a temporal increase in AU of both piperacillin/tazobactam and
cefepime (Fig 2). Similarly, the decline in piperacillin/tazobactam use

Multivariable linear regression models demonstrating impact of each intervention on use of APBL, carbapenems, and piperacillin/tazobactam

Intervention/variable

Change in antimicrobial use (95% confidence intervals); P value

APBL Carbapenems Piperacillin/tazobactam
Carbapenems PAF —-1.4(-74,4.6); .64 —6.8 (—9.0, —4.7); <.001 1.4(-7.5,104);.75
Bloodstream infections —7.7 (-11.5, —4.0); <.001 —4.8 (—6.1, -3.4); <.001 -7.0(-12.6,-1.3); .02
Intra-abdominal infections —6.0 (-9.7, -2.3); .002 -1.3(-2.7,0);.05 -1.3(-6.8,4.2); .64
Piperacillin/tazobactam PAF 0.9(-3.7,5.4);.70 -1.0(-2.7,0.6); .22 -7.9(-14.6,-1.1); .02
Winter season” 2.0(-0.7,4.6); .15 -0.2(-1.2,0.8); .69 4.7(0.7, 8.8); .02

APBL, antipseudomonal g-lactams; PAF, prospective audit and feedback.
*Winter season represents the months of December through March.
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Fig 2. Antimicrobial use of APBL before and after carbapenem prospective audit and feedback intervention. Antimicrobial agents with use <5 DOT per 1,000 patient-days are not
shown but are accounted for in overall antimicrobial use of APBL. Black dashed line indicates the month the intervention was implemented. APBL, antipseudomonal g-lactams; DOT,

days of therapy; pip/tazo, piperacillin/tazobactam.

after PAF was almost completely compensated for by an increase in
cefepime use (Fig 3). This demonstrated phenomenon of “squeezing
the balloon” emphasizes the need to restructure and repackage anti-
microbial stewardship interventions to fit within the scope of pri-
mary health care providers’ clinical practice interests. Antimicrobial
PAF likely created a feeling among clinicians that the use of audited
antimicrobial agents was not preferred at this hospital. These data
suggest the easiest solution, on their part, was replacement of these
agents with ones closest in spectrum of activity. Such action was
likely taken to avoid a pending telephone call from the AST. The edu-
cational message of reducing AU of broad-spectrum agents to mini-
mize antimicrobial resistance rates and other antimicrobial adverse
events such as HO-CDI was likely lost between the AST and primary
health care providers. However, this does not imply that antimicro-
bial PAF interventions are completely void of any benefits to the
health care system. Reducing carbapenem use after implementation
of PAF was temporally associated with a decline in incidence rates of
infections due to carbapenem-resistant Enterobacteriaceae.' Second,
AST review of carbapenem use allowed identification of another anti-
microbial stewardship opportunity given high frequency of carbape-
nem prescription in patients with penicillin allergy. This was
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followed by system-wide interventions, including preapproved indi-
cations for carbapenems, reconciliation of penicillin allergy, and
improved antimicrobial management in this patient population.'® It
is also encouraging that the effects of carbapenem interventions were
sustained for 4 years in this study. Of note, carbapenem use remained
low after implementation of piperacillin/tazobactam PAF. The decline
in piperacillin/tazobactam use was compensated for by an increase in
cefepime use, but not meropenem or imipenemy/cilastatin. This paved
the way for a third PAF intervention for cefepime, which was
launched after the conclusion of this study. To avoid a repeat “squeez-
ing of the balloon,” ceftazidime was removed from the hospital for-
mulary at the same time. Auditing the use of all APBL creates the
perception in the hospital that any APBL use is discouraged in the
absence of risk factors or microbiological evidence of infections due
to P aeruginosa and other MDR gram-negative bacteria.” !>

It is possible that timely optimization of antimicrobial therapy in
syndrome-specific interventions provided an advantage over PAF
after 48-72 hours of AU. Application of institutional management
guidelines recommendations at the time of clinical presentation with
suspected infections and live alerts for Gram stain results (usually
within 24 hours of hospital admission in patients with BSI) allowed
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Fig 3. Antimicrobial use of APBL before and after pip/tazo prospective audit and feedback intervention. Antimicrobial agents with use <5 DOT per 1,000 patient-days are not shown
but are accounted for in overall antimicrobial use of APBL. Black dashed line indicates the month the intervention was implemented. APBL, antipseudomonal g-lactams; DOT, days

of therapy; pip/tazo, piperacillin/tazobactam.
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early assessment of antimicrobial regimens. However, antimicrobial
recommendations were often delayed by design for 48-72 hours in
PAF interventions. However, the significant reduction in AU of aud-
ited agents suggests this time lag is likely not a major factor in deter-
mining impact of PAF interventions. Moreover, this hypothesized
time difference in initiation of interventions from starting antimicro-
bial therapy did not necessarily provide an advantage for antimicro-
bial preauthorization over PAF interventions as demonstrated in a
previous study.’

The current study demonstrates that antimicrobial stewardship
interventions focusing on facilitation of appropriate use of antimicro-
bials for specific infections through multidisciplinary educational and
advisory efforts are successful in reducing AU of broad-spectrum
agents. Syndrome-specific interventions likely enhance the image of
AST in hospitals as facilitators and optimizers of patient care.'® The
local guidelines were published electronically on the hospital’s for-
mulary website and printed in the annual antimicrobial guidebook,
which was disseminated to existing and new health care providers.
These syndrome-specific management guidelines have a clearly visi-
ble and understandable educational message of discouraging the
nonstratified use of APBL in hospitalized patients with suspected
infections and the importance of de-escalation of antimicrobial ther-
apy based on bacterial identification and in vitro antimicrobial sus-
ceptibility testing results. It is also likely that the positive, collegial,
and informative message in syndrome-specific interventions in advis-
ing primary clinicians which antimicrobials to prescribe in a particu-
lar clinical situation has more resonance by creating a sense of
ownership for these interventions. Additionally, administrative
approval of the management guidelines by the hospital’s pharmacy
and therapeutics committee provides opportunities for local peer-
review and dissemination. Considering that the majority of gram-
negative BSI were secondary to urinary source of infection, primary
health care providers and clinical pharmacists were encouraged to
use recommended antimicrobial regimens in gram-negative BSI
guidelines for empirical therapy of hospitalized patients with acute
pyelonephritis until specific local management guidelines were
developed for this clinical syndrome.®

It is reassuring that the decline in AU of APBL was not associ-
ated with a compensatory increase in ceftriaxone use. The 22%
decline in ceftriaxone use in the post hoc analysis emphasizes the
strategy of de-escalation of antimicrobial therapy to the narrow-
est-spectrum effective agent in patients with BSI and IAI. Extension
of this practice to hospitalized patients with acute pyelonephritis
as encouraged by the AST likely contributed to this process as
well. It is also encouraging that the decline in APBL use was tem-
porally associated with a significant reduction in the incidence
rate of HO-CDI. This is conceivable given that APBL were associated
with the highest odds of HO-CDI among all antimicrobials used
in hospitalized patients in a recent large cohort study.'” Moreover,
early de-escalation of APBL was associated with a lower risk
of HO-CDI in patients with Enterobacteriaceae BSI as demonstrated
recently.'®

This study has strengths and certain limitations. Multiple inter-
ventions were introduced serially in one hospital. Using multivariable
linear regression analysis allowed examination of AU before and after
each intervention while considering the impact of other coexisting
interventions. The relatively long study duration allowed for a base-
line period of 6 months before full implementation of the first inter-
vention (after accounting for a 1-month lag) and at least 6 months
between each intervention and the next one. The long study duration
also allowed adjustments for potential seasonal variation in AU.
However, this may not control for provider preferences, changes in
antimicrobial prescription practices between providers, and other
interpersonal biases. Multicenter cluster randomized trials provide
the ultimate clinical research design for such studies. In addition, AU

is a quantitative measure that does not directly measure antimicro-
bial appropriateness. It is reassuring that the reduction in AU of APBL
did not compromise appropriateness of antimicrobial therapy or
patients’ clinical outcomes.”"'>

CONCLUSIONS

The current study demonstrated that syndrome-specific interven-
tions were associated with significant decline in AU of APBL. Antimi-
crobial PAF interventions reduced use of the audited agents but did
not impact overall AU of APBL likely due to compensatory increase in
using other APBL. In an era of encouraged and increased reporting of
AU to the Centers for Disease Control and Prevention’s National
Healthcare Safety Network, many hospitals are looking for ideas and
methods to reduce AU relative to comparator institutions. The current
study provides AST at community hospitals with a framework of
suggested interventions to reduce standardized antimicrobial admin-
istration ratio, particularly for the category of broad-spectrum anti-
microbial agents predominantly used for hospital-onset and MDR
bacterial infections.' Additionally, it highlights the successful imple-
mentation of an *“all-hands on” stewardship approach—unified
vision, leadership support, technological resources, proactive educa-
tion, and collaborative interventions—to optimize AU in community
hospitals.
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