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Abstract (continued)

CONCLUSIONS AND RELEVANCE The findings suggest that standardized assessments of hospital
antimicrobial prescribing quality can be used to estimate the appropriateness of antimicrobial use in
large groups of hospitals. These assessments, performed over time, may inform evaluations of the
effects of antimicrobial stewardship initiatives nationally.
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Introduction

Optimizing antimicrobial use is critical to slowing the spread of resistant pathogens. In 2014, the US
Centers for Disease Control and Prevention (CDC) called for acute care hospitals to implement
antimicrobial stewardship programs with the goal of improving antimicrobial use to optimize
infection cure rates and minimize harms.1 In 2014 and 2015, the White House released the US
National Strategy and Action Plan for Combating Antibiotic-Resistant Bacteria, which established
antibiotic stewardship outcomes to accomplish by 2020, including a 20% reduction in inappropriate
inpatient antibiotic use for monitored conditions and medications.2,3 National initiatives have
bolstered stewardship efforts in recent years, and data from the CDC’s National Healthcare Safety
Network have shown increases in the percentage of hospitals with comprehensive antimicrobial
stewardship programs.1

Efforts to evaluate antimicrobial stewardship programs’ effect on hospital antimicrobial use
typically focus on volume rather than prescribing quality4-6; it is not clear whether the volume of
antimicrobial use correlates with appropriateness.7 Prescribing decisions for hospitalized patients are
associated with many factors, including comorbidities, allergies, adverse effects, and drug
interactions. In addition, the lack of current national treatment guidelines for some infections makes
evaluating the appropriateness of US hospital antimicrobial use challenging. Hospital antimicrobial
stewards often perform intensive, small-scale medication use evaluations to answer specific
questions about appropriateness. Larger-scale evaluations are more difficult to conduct.

We developed and implemented a multicenter objective data collection as part of a hospital
prevalence survey of health care–associated infections and antimicrobial use conducted by the CDC’s
Emerging Infections Program in 2015. We used these data to assess the appropriateness of
antimicrobial use for selected prescribing events in a large group of hospitals and to establish a
baseline to which data from subsequent surveys could be compared for estimation of the association
of national antimicrobial stewardship interventions with the appropriateness of antimicrobial use at
these hospitals.

Methods

Hospitals and Patients
This study used data collected by the Emerging Infections Program, which conducted cross-sectional
prevalence surveys of health care–associated infections and antimicrobial use in 2011 and 2015 at
selected hospitals in 10 states (California, Colorado, Connecticut, Georgia, Maryland, Minnesota, New
Mexico, New York, Oregon, and Tennessee); methods and results have been published previously.8-11

Each hospital selected a survey date between May 1 and September 30, 2015. Patients were
randomly selected from the census on the morning of the survey date.8-11 The human subjects
advisor in the CDC’s National Center for Emerging and Zoonotic Infectious Diseases determined that
the survey was a nonresearch public health activity. Emerging Infections Program sites and hospitals
determined that the survey was a nonresearch activity or approved it with an informed consent
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Data Collection
Data collected in the 2011 survey identified 4 common antimicrobial prescribing events for
assessment in the 2015 survey: 2 infection-based events, including treatment of community-
acquired pneumonia (CAP) or treatment of urinary tract infection (UTI) present at admission, and 2
antimicrobial-based events, including treatment with fluoroquinolones (FQ) or treatment with
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terms supported and unsupported as proxies for appropriate and inappropriate or unnecessary use.
Antimicrobial use was supported if there was medical record evidence that (1) treatment was
clinically indicated for the infection for which the patient had a reported diagnosis, (2) antimicrobial
selection was consistent with available guidelines or microbiology data, and (3) duration was
consistent with recommendations in available guidelines.7,16-20 In cases involving more severe or
complicated infections (eg, sterile site infections, sepsis, or infections due to selected pathogens
such as mycobacteria), duration was not considered in the determination of whether prescribing was
supported. Antimicrobial use for which some aspect was unsupported by medical record data

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007




https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007


microbiologic testing or patients with cultures positive for pathogens susceptible to penicillin,
ampicillin, or oxacillin and without a severe or unspecified penicillin allergy.

Patients Included in Multiple AQUA Pathways
After exclusion of patients in the CAP or UTI pathway from the VANC and FQ pathways, 58 patients
(3.7%) remained in multiple analysis pathways (VANC and FQ). Determinations in the 2 pathways
were concordant for 32 of 58 patients (55.2%): 22 with supported and 10 with unsupported
treatment. Discordant determinations (eg, unsupported for VANC and supported for FQ) were
observed for 26 patients; after data for these patients were reviewed, 1 had an overall determination
of supported treatment and 25, unsupported treatment. After discordant determinations were
resolved, antimicrobial prescribing was determined to be supported for 690 of 1566 patients (44.1%;
95% CI, 41.6%-46.5%) and unsupported for 876 of 1566 patients (55.9%; 95% CI, 53.5%-58.4%)
(eTable in the Supplement).

Discussion

Among patients included in a multicenter hospital prevalence survey of health care–associated
infections and antimicrobial use, a substantial percentage of CAP, UTI, FQ, and VANC treatment was
unsupported by medical record data collected using a standardized approach (55.9% overall and as
high as 79.5% for CAP). Common reasons for unsupported use included long duration, antimicrobial
selection that deviated from guidelines, absence of documented signs or symptoms of infection,
and lack of microbiologic evidence of infection.

Few recent, large studies have addressed inpatient antimicrobial prescribing quality.21-24

Comparison of our results with the results of these other studies is difficult because different

Table 2. Percentage of Antimicrobial Treatment Supported or Unsupported Based on Medical Record
Documentation in the CAP Analysis Pathway

Pathway criterion
Patients, No. (%)
(n = 219)

Prescribing quality
determination

No pathogens identified from respiratory or sterile site cultures
in first 5 hospital d
All 171 (78.1) NA

Did not receive guideline-similar CAP treatment on day 3 of
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approaches to data collection and different definitions of inappropriate or unnecessary prescribing
of antimicrobials were used. In the other studies, antimicrobial prophylaxis and treatment were
included and antimicrobial stewardship program personnel or other medical professionals collected
the data and made determinations about antimicrobial prescribing quality.21-24 These studies also
focused their assessments on antimicrobial prescriptions rather than infection syndromes. We
focused solely on antimicrobials used to treat infections rather than including prophylaxis; did not



inappropriate or unnecessary use because we did not require that data collection be performed by
clinicians, and determinations were made through analysis pathways rather than by antimicrobial
stewards using their clinical expertise and judgment to evaluate individual patient records.

We observed that the percentages of unsupported use were higher for infection-based events
than for antimicrobial-based events. This finding may have been associated in part with our inclusion
of more specific criteria in the infection-based analysis pathways according to treatment guidelines



Table 5. Percentage of Antimicrobial Treatment Supported or Unsupported Based on Medical Record
Documentation in the Vancomycin Analysis Pathway

Pathway criterion
Patients, No. (%)
(n = 403)

Prescribing quality
determination

Neutropenia 7 (1.7) Supported

Cystic fibrosis with a history of MRSA colonization or infection 2 (0.5) Supported



compared with antimicrobial use for treatment of CAP and UTI may have been attributable to this
exclusion. We believe that for the approach that we used, the infection-based assessments were
more practical for implementation on a large scale and identified more opportunities for
improving use.

One example of an opportunity for improvement suggested by our analysis is excessive
treatment duration, which was the most common reason for unsupported CAP treatment and has
been reported in multiple other studies.26-28 We calculated total treatment duration, including days
of inpatient therapy plus the planned duration of postdischarge treatment. Current CAP guidelines
recommend treatment for a minimum of 5 days, even if the patient has reached clinical stability
before 5 days, stating that “as most patients will achieve clinical stability within the first 48 to 72
hours, a total duration of therapy of 5 days will be appropriate for most patients.”17 Exceptions are
noted for CAP caused by methicillin-resistant S aureus or Pseudomonas aeruginosa, for which the
recommended duration of treatment is 7 days.17 In our analysis, among 142 patients with CAP for
whom duration of therapy was assessed, 103 (72.5%) were treated for at least 8 days. Among
hospitalized veterans with uncomplicated pneumonia in 2013, 93.1% of patients with CAP received
treatment for longer than the recommended duration.26 Among patients with CAP who were
hospitalized in 2017 and 2018 in a Michigan Hospital Medicine Safety Consortium study, 71.3%
received treatment for longer than the recommended duration.27 Given the harm associated with
excessive treatment, studies are needed to establish effective approaches to reducing treatment
duration, particularly after discharge.27,28

Absence of signs or symptoms of infection was another common reason for unsupported
antimicrobial use among patients receiving UTI treatment. Recent updated guidelines29 have
addressed the problem of inappropriate treatment of asymptomatic bacteriuria. Despite efforts to
discourage treatment of asymptomatic bacteriuria, a large percentage of patients receiving UTI

Table 5. Percentage of Antimicrobial Treatment Supported or Unsupported Based on Medical Record
Documentation in the Vancomycin Analysis Pathway (continued)
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treatment in our analysis—approximately 38%—lacked documented signs or symptoms of infection.
This is higher than the percentage observed in a similar analysis performed in 2011,30 in which
approximately 23% of patients without a catheter who were being treated for UTI did not have
documented signs or symptoms of infection. Results of a Veterans Health Administration study
showed that among hospitalized patients with positive urine culture results in 2013 and 2014, 72%
with asymptomatic bacteriuria received antibiotics.31 Interventions that incorporate elements such
as education and clinical decision support have been shown to be associated with reductions in
antimicrobial use for asymptomatic bacteriuria.32-34

Limitations
This study has limitations. The numbers of hospitals and patients included in our analysis were
limited and from just 10 states; consequently, the results may not be generalizable. We assessed
antimicrobial treatment only and not surgical or medical prophylaxis; data on surgical prophylaxis
from the Emerging Infections Program hospital prevalence survey have been published.11 Because of
the complexity of evaluating inpatient antimicrobial use, we included only selected patients who
were treated for a single infection type. Therefore, only 35.0% of patients receiving antimicrobial
treatment during hospitalization were assessed, which is a limitation of an approach that does not
use antimicrobial stewards to review and interpret data from individual patient records. Determining
the appropriateness of antimicrobial use for the remaining 65% of patients, many of whom may have
received antimicrobials for complicated infections, may be challenging with the use of our approach.
In a small percentage of patients included in both the FQ and the VANC analysis pathways, discordant
determinations had to be resolved by 1 of the authors (S.S.M.). Further refinement of the data
collection and analysis pathways may reduce this need in future assessments. In addition, our
assessment was based solely on medical record documentation. Incomplete documentation or
failure to collect certain data, such as all antimicrobials received by patients during hospitalization in
the FQ or VANC pathways, could have affected our results. We were not able to validate the results
obtained using the analysis pathways with reviews of a subset of patient records by infectious
diseases specialists or pharmacists. In addition, we did not assess risk factors for unsupported
antimicrobial use.

Conclusions

The findings suggest that standardized assessments of hospital antimicrobial prescribing quality can
be used to estimate the appropriateness of antimicrobial use in large groups of hospitals. National
assessments of prescribing quality to complement data on the volume of antimicrobial use in
hospitals and improve prescribing practices may ultimately depend on the ability to access and
analyze electronic health record data across hundreds or thousands of health care facilities. Until
such approaches are feasible, the AQUA assessment may be repeated over time as part of
intermittent prevalence surveys of health care–associated infections and antimicrobial use to
describe changes in prescribing quality and estimate the effects of national antimicrobial stewardship
initiatives.
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