American Journal of Infection Control 47 (2019) 1513-1515

journal homepage: www.ajicjournal.org

Contents lists available at ScienceDirect

American Journal of Infection Control

ANl

American Journal of
Infection Control

Brief Report
Antimicrobial stewardship impact on Pseudomonas aeruginosa N
susceptibility to meropenem at a tertiary pediatric institution it

Jeremy S. Stultz PharmD, BCPPS *>*, Sandra R. Arnold MD "<, Chasity M. Shelton PharmD *,

Bindiya Bagga MD "¢, Kelley R. Lee PharmD *"

2 Department of Clinical Pharmacy and Translational Science, University of Tennessee Health Science Center, Memphis, TN

b Je Bonheur Children’s Hospital, Memphis, TN
€ Department of Pediatrics, University of Tennessee Health Science Center, Memphis, TN

Key Words:

Microbial drug resistance

Prospective audit and feedback
Guideline adherence

Gram negative resistance
Antimicrobial stewardship guidelines

An antimicrobial stewardship program was implemented throughout 2012 at a tertiary pediatric institution
with guideline development preceding prospective audit and feedback starting in 2013. Meropenem use
decreased over 62% during the next 5 years. Non-cystic fibrosis Pseudomonas aeruginosa isolate susceptibility
to meropenem increased from 89% in 2011 to 98% in 2017 (P < .001) and correlated with meropenem use
the preceding year (Rs: —0.78, P=.008).
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Potential methods for antimicrobial stewardship program (ASP)
implementation include prospective audit and feedback (PAF) and
guideline implementation, with most supporting studies occurring in
adult populations.' Susceptibility patterns and antimicrobial use differ
in the pediatric population and evidence is lacking regarding the impact
of PAF and guideline implementation on antimicrobial susceptibility
rates.”* Pseudomonas aeruginosa is considered a health care—associated
pathogen, and changes in P aeruginosa susceptibility rates could reflect
changes in institutional antimicrobial susceptibility due to ASP imple-
mentations. We compared P aeruginosa susceptibility patterns to mero-
penem before guideline and PAF implementation (pre-PAF) and after
guideline and PAF implementation (post-PAF). In addition, we assessed
the correlation between meropenem use and susceptibility rates.

METHODS

The study was conducted at a 255-bed tertiary referral children’s
hospital in the United States. The pre-PAF study period was the calen-
dar years 2008-2012 and post-PAF was 2013-2017. The combined
pediatric and neonatal intensive care unit (ICU) beds increased from
55-90 in December 2010. The size of the intermediate care unit was
increased, and a neurosurgical ICU was opened.
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Throughout the 2012 calendar year, ICU antimicrobial guideline
implementation and education occurred with full implementation at
the end of August. In February 2013, PAF began by ASP pharmacists
and infectious diseases physicians for broad-spectrum agents, espe-
cially meropenem, because of increased institutional use. The ASP
also reviewed all positive sterile site cultures on a daily basis. Rec-
ommendations focused on appropriate antimicrobial selection and
treatment duration based on indication and laboratory results. There
were neither restrictions on prescribing of any antimicrobials, nor
any use of decision support in the electronic medical record to guide
antibiotic prescribing. A previous analysis of this program did not
analyze susceptibility changes, but demonstrated reduced purchas-
ing costs and broad-spectrum antimicrobial consumption, without a
significant change in mortality.*

Antimicrobial use data, reported as days of therapy (DOT) per 1000
patient days (PD), were obtained from the Pediatric Health Information
System database, derived from hospitals in the Children’s Hospital Asso-
ciation. For the pre-PAF and post-PAF analysis, antimicrobial use from
2008-2017 was used. Susceptibility rates for 2008-2017 (excluding
patients with cystic fibrosis) were determined using the yearly hospital-
wide antibiogram. Meropenem use from 2007-2016 was used to assess
for a correlation between use the preceding year and resulting suscepti-
bilities the following year. Meropenem was the only carbapenem used
throughout this period. The minimum inhibitory concentrations (MIC)
for P aeruginosa isolates were determined using broth microdilution in
the VITEK system (bioMerieux, Marcy I'Etoile, France). The same MIC
breakpoints were used for susceptibility determination through the
study period (an MIC of <4 mg/L was considered susceptible).
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Fig 1. Meropenem use and Pseudomonas aeruginosa® susceptibility to meropenem: 2008-2017 (n =2,877 isolates). *Isolates from cystic fibrosis patients were excluded. "Implemen-
tation occurred throughout 2012 with full guideline implementation at the end of August. °P <.001 comparing 2013-2017 by the x? test and the Cochran-Armitage test, but all P
>.05 comparing 2008-2012. 9P=.001 comparing 2008-2012 and 2013-2017 by the Student t test. DOT, days of therapy; PAF, prospective audit and feedback; PD, patient days.

Descriptive statistics included percentages and means with 95%
confidence intervals (CI). The Student t test was used to compare con-
tinuous data. The x? test was used for proportional comparisons and
the Cochran-Armitage test assessed trends in susceptibility over
time. The Spearman’s rank correlation was used to assess correlations
between antimicrobial use and susceptibility within the same year
and correlations between use the preceding year and susceptibility.
All P values were 2-tailed.

RESULTS

In the pre-PAF period, meropenem susceptibility for P aeruginosa
did not significantly change year over year, but, in the post-PAF period,
susceptibility significantly differed year over year with a significant
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trend of increasing susceptibility over the 5-year period (Fig 1). There
was an increase in susceptibility from 89%-98% between 2011 and
2017 (P < .001); for every 11 P aeruginosa isolates, 1 additional isolate
was meropenem susceptible. The average yearly P aeruginosa suscepti-
bility for all other antipseudomonal agents did not change (92.4% pre-
PAF vs 92.6% post-PAF; P=.9).

Mean yearly meropenem use significantly decreased from pre-PAF
implementation to post-PAF (58.5 DOT per 1000 PD, 95% CI: 40-77, vs
21.3 DOT per 1000 PD, 95% CI: 16.1-26.6, respectively; P=.001). Mean
yearly overall antipseudomonal agent use excluding meropenem did not
significantly change from pre-PAF to post-PAF (91.2 DOT per 1000 PD,
95% CI: 73.9-110.3, vs 97.4 DOT per 1000 PD, 95% CI: 87.6-107.1; P= 4).
Meropenem use did not correlate with P aeruginosa susceptibility
within the same year (Rs: —0.55; P=.1), but use from the preceding
year correlated with susceptibility rates (Fig 2).
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Fig 2. Meropenem use in preceding year and Pseudomonas aeruginosa® susceptibility to meropenem from 2008-2017. *Isolates from cystic fibrosis patients were excluded. °P =.008

by the Spearman’s correlation. DOT, days of therapy; PD, patient days.
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DISCUSSION

These data suggest that changes in meropenem use following
guideline implementation and 5 years of PAF were associated with a
significant increase in P aeruginosa isolate susceptibility to merope-
nem at our institution. The susceptibility changes occurred despite an
increase in the number of ICU beds; ICU admission has been consis-
tently described as a risk factor for P aeruginosa resistance to merope-
nem.” The change in meropenem use was not the result of
substitution with another antipseudomonal agent suggesting there
was unnecessary use of agents covering P aeruginosa before ASP
implementation. P aeruginosa isolate susceptibility to other g-lactams
did not change; thus, it is unlikely that hospital-wide P aeruginosa
isolates were more susceptible to all g-lactams. Fluoroquinolone use,
which has been associated with meropenem susceptibility patterns,
also did not change between the 2 periods.°

An analysis from Japan illustrated changes in P aeruginosa suscep-
tibilities to meropenem in the pediatric population after implementa-
tion and sustainment of an ASP based mainly on restriction and pre-
authorization. Susceptibility rates were 86.3% in year 1 and 96.2% in
year 6, with P aeruginosa susceptibility changes not occurring for the
initial 2-3 years.”® We achieved similar results using guideline crea-
tion followed by PAF. Our study also found that the changes in P aeru-
ginosa susceptibilities to meropenem did not occur in the first year
and only correlated with use from the preceding year. This is a unique
finding and this delay in susceptibility changes should be considered
in future analyses of hospital-wide antimicrobial use and changes in
susceptibilities.

Our study had limitations. Our institution cares for many immu-
nocompromised patients, but we do not have an inpatient hematol-
ogy-oncology population, and therefore, these data may not apply to
that patient population. As has been recommended in prior studies,’
P aeruginosa isolates from cystic fibrosis patients were not included.
Therefore, our results are also not applicable to that population.
Finally, although this analysis attempted to elucidate other possible

causes for the increased susceptibility rates noted, it is still possible
the results were owing to other factors unknown to us.

CONCLUSIONS

These data suggest guideline implementation followed by PAF in a
tertiary pediatric institution was associated with reduced merope-
nem use for over 5 years and increased P aeruginosa, a common
health care—associated pathogen, susceptibility to meropenem.
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