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To address the increase of drug-resistant bacteria and widespread inappropriate use of antimicrobials, many
healthcare institutions have implemented antimicrobial stewardship programs to promote appropriate use of
antimicrobials and optimize patient outcomes. However, a consensus definition of appropriate use is lacking.
We conducted a multicenter observational study to compare 4 definitions of appropriateness—a study site–
specific definition, use supported by susceptibility data, use supported by electronic drug information resources
(Clinical Pharmacology/Micromedex), or study site principal investigator (PI) opinion—among patients receiv-
ing 1 or more of 13 identified antimicrobials. Data were collected for 262 patients. Overall, appropriateness with
the 4 definitions ranged from 79% based on PI opinion to 94% based on susceptibility data. No single definition
resulted in consistently high appropriate use for all target antimicrobials. For individual antimicrobials, the
definitions with the highest rate of appropriate use were Clinical Pharmacology/Micromedex support (6 of 7
antimicrobials) and susceptibility data (5 of 7 antimicrobials). For specific indications, support from suscept-
ibility data resulted in the highest rate of appropriate use (4 of 7 indications). Overall comparisons showed that
appropriateness assessed by PI opinion differed significantly compared with other definitions when stratified by
either target antimicrobial or indication. The significant variability in the rate of appropriate use highlights the
difficulty in developing a standardized definition that can be used to benchmark judicious antimicrobial use.

Keywords. antimicrobial therapy; antimicrobial stewardship program; antimicrobial prescribing behavior;
observational study.

Antimicrobials are essential for treating patients with
infectious diseases; however, several recent studies
have highlighted the problem of inappropriate use of
antimicrobials. Antimicrobial therapy or prophylaxis
has been reported to be inappropriate in >50% of hos-
pitalized patients [1–6]. Furthermore, inappropriate use
of antimicrobials increases the risk for adverse patient

outcomes such as treatment failure, death, and Clostrid-
ium difficile infection (CDI) [5–11].

The Infectious Disease Society of America (IDSA)
and the Society for Healthcare Epidemiology of
America (SHEA) developed a comprehensive set of
recommendations that includes establishment and
support of antimicrobial stewardship programs in
acute care hospitals to help optimize the use of anti-
microbials [12]. In 2012, they joined forces with the
Pediatric Infectious Diseases Society (PIDS) to extend
their recommendations beyond acute care settings
and into additional patient populations [13]. Given
the urgent need to address the growing problem
of antimicrobial resistance, the Centers for Disease
Control and Prevention (CDC) has recommended
that all hospitals implement an antimicrobial steward-
ship program and has also developed guidelines
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and other tools to assist institutions with antimicrobial
stewardship [14].

Antimicrobial stewardship is a rational, systematic approach
to improving appropriate use of antimicrobials to achieve opti-
mal outcomes [12, 15].However, standardized definitions of ap-
propriate and inappropriate therapy are lacking, as are metrics
and drivers of such use [13]. Studies reported in the literature
have used a variety of definitions to assess appropriate use.
Most commonly, appropriate therapy is defined as selection of
an antimicrobial that has in vitro activity against the isolated
pathogen [7–9, 16–18]. Another definition of appropriateness
in the literature is use consistent with current practice guide-
lines or accepted norms for the site of infection [9, 18, 19] or
in agreement with institutional protocols [8, 20]. In certain stud-
ies, the appropriateness of prescribing is evaluated by infectious
disease specialists [5, 6, 19, 21, 22]. Because a key goal for an

antimicrobial stewardship program is to facilitate judicious an-
timicrobial use and because no consensus exists regarding how
to define this, we sought to compare 4 definitions of appropri-
ateness in a multicenter, observational study.

METHODS

Study Design
This was an observational, retrospective, cohort study conduct-
ed at 4 sites in the United States to assist institutions with mon-
itoring and reporting on the use of selected antimicrobials for
treatment of suspected or documented infections caused by
methicillin-resistant Staphylococcus aureus, vancomycin-
resistant enterococci, and Pseudomonas aeruginosa (Table 1).
Between 1 January and 31 December 2011, consecutive patients
treated with the selected antimicrobials were screened for

Table 1. Characteristics of Study Sites Selected to Assess the Definitions of Appropriateness

Characteristic
Creighton University

Medical Center

University of Arkansas
for Medical Sciences

Medical Center Huntsville Hospital

University of New
Mexico Health
Sciences Center

Institution type Academic/university Academic/university Community teaching Academic/university

Hospital system type Single institution Multiple institutions Multiple institutions Single institution
Hospital inpatient bed size, No. of beds >250–500 >250–500 >750–1000 >500–750

Time antimicrobial stewardship program has
been in place, y

<1 <1 4–6 1–3

Antimicrobial stewardship CDSS Plan to purchase/
implement within
next 12 mo

Plan to purchase/
implement within
next 12 mo

Yes No

Computerized physician order entry system No Yes No Yes

Electronic medical record system Yes Yes Yes Yes

Core antimicrobial stewardship program personnel
ID physician + ID pharmacista Yes Yes Yes No

Other Yesb,c No Yesc,d No

Core/supplemental strategies used
Prospective audit with intervention and
feedback

Yes Yes Yes Yes

Formulary restriction and preauthorization No No No Yes

Education Yes No Yes Yes
Institution-specific guidelines and clinical
pathways

Yes Yes Yes Yes

Order forms, including computerized order
algorithms/order sets

Yes Yes Yes No

Streamlining or de-escalation Yes Yes Yes Yes

Dose optimization Yes No Yes Yes
IV-to-oral conversion Yes Yes Yes Yes

Antimicrobial cycling No No No No

Abbreviations: CDSS, clinical decision support system; ID, infectious disease; IV, intravenous; MAD-ID, Making a Difference in Infectious Diseases; SIDP, Society of
Infectious Diseases Pharmacists.
a ID PharmD (includes residency/fellowship trained in ID, MAD-ID, or SIDP; MAD-ID and SIDP are both certificate programs).
b Non-ID pharmacist.
c Clinical microbiologist.
d Information system/data specialist.
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eligibility based on a systematic review of medical records. The
selected antimicrobials were targeted based on their in vitro
activity vs many of the ESKAPE (Enterococcus faecium, Staph-
ylococcus aureus, Klebsiella pneumoniae, Acinetobacter bau-
mannii, Pseudomonas aeruginosa, and Enterobacter species)
pathogens and included cefepime, ceftaroline, ceftazidime,
colistimethate (intravenous only), daptomycin, doripenem, imi-
penem, linezolid, meropenem, piperacillin/tazobactam, poly-
myxin B (intravenous only), tigecycline, and vancomycin
(intravenous only). Each site was to enroll a minimum of 25
patients who received 1 of the selected antimicrobials, with
the exception of ceftaroline, polymyxin (colistimethate or poly-
myxin B; intravenous only), and tigecycline, for a total of 150
patients. Sites were to enroll all patients treated with ceftaroline,
a polymyxin, or tigecycline unless they had >25 patients for each
of these drugs, in which case only 25 patients were necessary for
each. A waiver of informed consent and Health Insurance Por-
tability and Accountability Act (HIPAA) authorization was ap-
proved from the institutional review board at each study site.

Study Population
To be eligible, the patient must have received a target antimicro-
bial for ≥3 days for treatment of a suspected or documented in-
fection within the 12-month study period and have completed
therapy in the 2011 calendar year. Patients receiving any target
antimicrobial as part of a controlled clinical trial were excluded.
A patient could be enrolled only once for a given antimicrobial.
To improve the impartiality of patient selection, each site was to
select and report on the first 6 or 7 patients completing therapy

during four 3-month periods in 2011, with the next patient in
sequence being chosen if the previous patient was ineligible.
Principal investigators were not prescribers.

Data Collected
We extracted 4 categories of data from each patient’s record:
(1) patient characteristics: demographics, hospital and intensive
care unit admission and discharge dates, and baseline serum

Table 2. Current Definitions of Appropriate Use of Antimicrobial
Therapy

1. Study site–specific definition (Supplementary Appendix)

2. Supported by in vitro susceptibility data
3. Antimicrobial used for indication supported by Clinical

Pharmacology (Elsevier/Gold Standard, Tampa, Florida)a or
Micromedex (Truven Health Analytics, Ann Arbor, Michigan)a

(ie, proven clinical data with clinical trial/literature support,
including uses that are not approved indications by the US Food
and Drug Administration)

4. Opinion of the principal investigator based on a modified version of
criteria by Kunin et al [23] (categories I and II were considered
appropriate, whereas III–V were considered inappropriate)
I—Agree with use of antimicrobial therapy and the drug
regimen is appropriate

II—Agree with use of antimicrobial therapy and the drug
regimen is probably appropriate

III—Agree with use of antimicrobial therapy, but a different
antimicrobial is preferred

IV—Agree with use of antimicrobial therapy, but a different
mode of therapy is preferred

V—Disagree with use of antimicrobial therapy, administration
is unjustified

a Electronic drug information resources.

Table 3. Demographic and Clinical Characteristics at Admission

Characteristic
No. of Patientsa

(N = 262)

Age at admission, y
Mean (SD) 57.9 (17.1)

Median (min, max) 60.5 (15, 89)

Male sex 141 (53.8)
Race/ethnicity

White 208 (79.4)

Black 48 (18.3)
Hispanic 3 (1.1)

American Indian/Alaska Native 1 (0.4)
Other 2 (0.8)

Location before admissiona

Home 199 (76.0)
Long-term-care facility 30 (11.5)

Hospital 24 (9.2)

Rehabilitation facility 5 (1.9)
Other 4 (1.5)

Antimicrobial therapy within 30 d preceding
antimicrobial initiation

123 (46.9)

Hospitalization within 30 d preceding antimicrobial
initiation

97 (37.0)

Serum creatinine at start of target antimicrobial
treatment, mg/dL, mean (SD)

1.4 (1.1)

Estimated creatinine clearance, mL/min, mean (SD) 76.0 (53.1)

Dialysis at initiation of antimicrobial therapy 22 (8.4)

Immunocompromised stateb 37 (14.1)
Target antimicrobiala

Cefepime 55 (21.0)

Ceftaroline 21 (8.0)
Daptomycin 52 (19.8)

Linezolid 50 (19.1)

Piperacillin-tazobactam 29 (11.1)
Tigecycline 25 (9.5)

Vancomycin (IV only) 21 (8.0)

Other (doripenem, imipenem, meropenem,
ceftazidime, colistin/colistimethate [IV only],
polymyxin B [IV only])

9 (3.4)

Data are presented as No. (%) unless otherwise specified.

Abbreviations: IV, intravenous; SD, standard deviation.
a Because of rounding percentages might not add up to or might exceed 100%.
b Defined as human immunodeficiency virus infection, neutropenia, or long-
term corticosteroid use.
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creatinine; (2) significant medical history: location before hos-
pitalization, receipt of antimicrobial therapy within 30 days be-
fore target antimicrobial initiation, previous hospitalization,
receipt of dialysis at initiation of antimicrobial therapy, and
presence of an immunocompromised state (neutropenia, corti-
costeroid use, or infection with human immunodeficiency
virus); (3) antimicrobial treatment: indication and dosing regi-
men for the target antimicrobial, use of other antimicrobials,
and appropriateness of antimicrobial therapy; and (4) microbi-
ology: culture and susceptibility data relevant to the target an-
timicrobial indication.

Primary Endpoint
We used 4 definitions for appropriateness of antimicrobial ther-
apy (Table 2): a study site–specific definition (Supplementary
Appendix) and 3 protocol-specific definitions [23]. Each defini-
tion of appropriate therapy was assessed separately by 1 individ-
ual at each study site.

Statistical Analyses
The primary analysis population was the all-treated population,
which included all patients enrolled in the study. Data for ap-
propriate and inappropriate therapy were summarized by num-
bers and percentages for each antimicrobial and indication
according to each definition. Appropriateness of treatment
was stratified by antimicrobial and indication. Incidence rates
of appropriateness according to the various definitions were
compared with the χ2 test or Fisher exact test, and comparisons
were made only for groups with at least 20 patients. Statistical

analyses were performed using SAS version 9.2 software (SAS
Institute, Cary, North Carolina). A P value <.05 indicated stat-
istical significance.

RESULTS

Patient Characteristics
Overall, data were collected for 262 patients: 139 (53%) from
Huntsville Hospital, 81 (31%) from the University of Arkansas
for Medical Sciences Medical Center, 39 (15%) from Creighton
University Medical Center, and 3 (1%) from University of New
Mexico Hospital. Mean ± SD patient age was 57.9 ± 17.1 years,
and most were male (53.8%) and white (79.4%) (Table 3). Ap-
proximately 50% of patients had received antimicrobial therapy
and more than one-third had been hospitalized in the 30 days
preceding initiation of the target antimicrobial. The most com-
mon target antimicrobials included were cefepime (21%), dap-
tomycin (19.8%), and linezolid (19.1%) (Table 3). Overall
appropriateness with the 4 definitions ranged between 79%
based on principal investigator (PI) opinion and 94% based
on susceptibility data (Tables 4 and 5).

Appropriateness of Treatment According to Target Antimicrobial
No single definition consistently resulted in appropriate use
when applied across all targeted antimicrobials (Table 4). For
individual antimicrobials, the definitions resulting in the highest
rate of appropriate use were Clinical Pharmacology (Elsevier/
Gold Standard, Tampa, Florida) or Micromedex (Truven

Table 4. Appropriateness of Treatment by Target Antimicrobial and Definitiona

Appropriateness
Definition

No. (%) Receiving Appropriate Therapy

Cefepime
(n = 55)

Ceftaroline
(n = 21)

Daptomycin
(n = 52)

Linezolid
(n = 50)

Piperacillin-
Tazobactam

(n = 29)
Tigecycline
(n = 25)

Vancomycin
(n = 21)

Overall
(N = 262)

Site definition 54 (98.2) 21 (100.0) 46 (88.5) 27 (54.0) 29 (100.0) 25 (100.0) 21 (100.0) 231 (88.2)

Susceptibility data
supportb

39/43 (90.7) 6/6 (100.0) 24/26 (92.3) 12/15 (80.0) 26/26 (100.0) 10/10 (100.0) 21/21 (100.0) 145/154 (94.2)

Clinical
Pharmacology/
Micromedexc

support

55 (100.0) 21 (100.0) 31 (59.6) 44 (88.0) 29 (100.0) 25 (100.0) 21 (100.0) 233 (88.9)

PI opinion (Kunin et al
[23] categories 1
and 2)

46 (83.6) 21(100.0) 44 (84.6) 19 (38.0) 28 (96.6) 25 (100.0) 21 (100.0) 207 (79.0)

Abbreviation: PI, principal investigator.
a Data are shown only for antimicrobials received by ≥20 patients, with the exception of the overall column, which includes all patients: doripenem (n = 1), imipenem
(n = 0), meropenem (n = 2), ceftazidime (n = 0), colistin/colistimethate (n = 6) .
b Number in individual cells denotes number of patients with susceptibility data supporting the use of the target antimicrobial, with the total number of patients with
susceptibility data available as the denominator.
c Clinical Pharmacology by Elsevier/Gold Standard, Tampa, Florida; Micromedex by Truven Health Analytics, Ann Arbor, Michigan.
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Health Analytics, Ann Arbor, Michigan) support (6 of 7 anti-
microbials) and susceptibility data support (5 of 7 antimicrobi-
als). The greatest variation in appropriate use according to
definition was observed with daptomycin and linezolid. Appro-
priate use for daptomycin ranged from 59.6% for Clinical

Pharmacology/Micromedex support to 92.3% for susceptibility
data support, and for linezolid, from 38% for PI opinion to 88%
for Clinical Pharmacology/Micromedex support.

Overall comparisons show that appropriateness assessed
by PI opinion differed significantly compared with other

Table 5. Appropriateness of Treatment by Indication and Definitiona

Appropriateness
Definition

No. (%) Receiving Appropriate Therapy

Bacteremia
(n = 44)

Nosocomial
Pneumonia
(n = 42)

Bone
Infections/

Osteomyelitis
(n = 25)

Skin and
Skin

Structure
Infection
(n = 88)

Surgical Site
Infection
(n = 28)

Urinary Tract
Infection
(n = 37)

Intra-
abdominal
Infection
(n = 29)

Overall
(N = 262)

Site definition 43 (97.7) 30 (71.4) 23 (92.0) 87 (98.9) 25 (89.3) 30 (81.1) 24 (82.8) 231 (88.2)

Susceptibility data
supportb

39/39 (100.0) 18/22 (81.8) 13/14 (92.9) 42/43 (97.7) 18/19 (94.7) 30/30 (100.0) 15/15 (100.0) 145/154 (94.1)

Clinical
Pharmacology/
Micromedexc

support

33 (75.0) 42 (100.0) 22 (88.0) 87 (98.9) 26 (92.9) 32 (86.5) 24 (82.8) 233 (88.9)

PI opinion (Kunin et al
[23] categories 1
and 2)

39 (88.6) 21(50.0) 22 (88.0) 86 (97.7) 23 (100.0) 24 (64.9) 24 (82.8) 207 (79.0)

Abbreviation: PI, principal investigator.
a Data are shown only for indications present in ≥20 patients, with the exception of the overall column, which includes all patients: community-acquired pneumonia
(n = 10), endocarditis (n = 4), lower respiratory infection (other than pneumonia) (n = 4), septic arthritis (n = 4).
b Number in individual cells denotes number of patients with susceptibility data supporting the use of the target antimicrobial, with the total number of patients with
susceptibility data available as the denominator.
c Clinical Pharmacology by Elsevier/Gold Standard, Tampa, Florida; Micromedex by Truven Health Analytics, Ann Arbor, Michigan.

Table 6. Pairwise Comparison of Definitions of Appropriateness by Target Antimicrobiala

Comparison (P Values*)
Cefepime
(n = 55)

Ceftaroline
(n = 21)

Daptomycin
(n = 52)

Linezolid
(n = 50)

Piperacillin-
Tazobactam
(n = 29)

Tigecycline
(n = 25)

Vancomycin
(n = 21)

Overall
(N = 262)

Site definition vs
susceptibility data

.1653 NA .7118 .0714 NA NA NA .0455

Site definition vs Clinical
Pharmacology/
Micromedexb support

1.0000 NA .0008 .0002 NA NA NA .7838

Site definition vs PI
opinion

.0080 NA .5656 .1085 1.0000 NA NA .0046

Susceptibility data vs
Clinical
Pharmacology/
Micromedex support

.0342 NA .0028 .4200 NA NA NA .0741

Susceptibility data vs PI
opinion

.3065 NA .4817 .0043 1.0000 NA NA <.0001

Clinical Pharmacology/
Micromedex support
vs PI opinion

.0027 NA .0045 <.0001 1.0000 NA NA .0020

Abbreviations: NA, insufficient data to conduct test of agreement; PI, principal investigator.
a Data are shown only for antimicrobials received by ≥20 patients, with the exception of the overall column, which includes all patients.
b Clinical Pharmacology by Elsevier/Gold Standard, Tampa, Florida; Micromedex by Truven Health Analytics, Ann Arbor, Michigan.

*P values are based on χ2 test or Fisher exact test as appropriate.
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definitions (Table 6). Where statistically significant differences
existed, the direction of the difference was not consistent. For
example, evaluation of daptomycin and linezolid showed that
the appropriateness of daptomycin, as defined by PI opinion
or the study site definition, was higher than that defined by
Clinical Pharmacology/Micromedex, whereas the reverse was
true for linezolid (ie, appropriateness as defined by PI opinion
or the study site definition was lower than that defined by Clin-
ical Pharmacology/Micromedex).

Appropriateness of Treatment According to Indication
No single definition consistently resulted in appropriate use
when applied across all indications (Table 5). For individual in-
dications, the definition with the highest rate of appropriate use
was susceptibility data support (4 of 7 indications). Nosocomial
pneumonia and urinary tract infection had the greatest varia-
tion across the definitions for appropriate use. The rate of ap-
propriateness ranged from 50% for PI opinion to 100% for
Clinical Pharmacology/Micromedex support for nosocomial
pneumonia and from 64.9% for PI opinion to 100% for suscept-
ibility data support for urinary tract infection.

Overall comparisons show that appropriateness assessed by
PI opinion differed significantly compared with all other defini-
tions (Table 7). The overall study site definition differed signifi-
cantly from susceptibility data. This was primarily because of a
lower rate of appropriateness comparing study site definition

with susceptibility data support for urinary tract infection
(Table 7). Where statistically significant differences exist for
PI opinion, the direction of the difference is consistent: appro-
priateness as defined by PI opinion is lower than with the other
definitions.

DISCUSSION

Cornerstone goals of an antimicrobial stewardship program are
to improve and measure the appropriate use of antimicrobial
agents by promoting the selection of an optimal antimicrobial
regimen, including indication, dosing, duration of therapy, and
route of administration [13]. For antimicrobial use to improve,
prescribers must be provided with feedback about inappropriate
use and educated on strategies to curb antimicrobial resistance.
Currently, benchmarks on antimicrobial use in US institutions,
such as defined daily dose and days of therapy, focus on overall
antimicrobial use and not on whether that use is appropriate.
Because antimicrobial use will never be eliminated, assessment
of appropriateness of use should be required as a benchmark.
Understanding the level of appropriateness relative to use will
allow antimicrobial stewardship program personnel to recog-
nize the threshold at which any further reduction in use is un-
warranted (ie, all use or a high proportion of use is both
appropriate and judicious). Understanding appropriateness of
therapy would help antimicrobial stewardship programs target

Table 7. Pairwise Comparison of Definitions of Appropriate Treatment by Indicationa

Appropriateness
Definition (P Values*)

Bacteremia
(n = 44)

Nosocomial
Pneumonia
(n = 42)

Bone Infections/
Osteomyelitis

(n = 25)

Skin and
Skin

Structure
Infection
(n = 88)

Surgical
Site

Infection
(n = 28)

Urinary
Tract

Infection
(n = 37)

Intra-
abdominal
Infection
(n = 29)

Overall
(N = 262)

Site definition vs
susceptibility data

1.0000 .3619 1.0000 .5504 .6376 .0142 .1486 .0455

Site definition vs Clinical
Pharmacology/
Micromedexb support

.0019 .0002 1.0000 1.0000 1.0000 .5282 1.0000 .7838

Site definition vs PI
opinion

.2024 .0444 1.0000 1.0000 .7049 .1163 1.0000 .0046

Susceptibility data vs
Clinical Pharmacology/
Micromedex support

.0008 .0115 1.0000 .5504 1.0000 .0599 .1486 .0741

Susceptibility data vs PI
opinion

.0572 .0132 1.0000 1.0000 .3783 .0003 .1486 <.0001

Clinical Pharmacology/
Micromedex support vs
PI opinion

.0973 <.0001 1.0000 1.0000 .4216 .0302 1.0000 .0020

Abbreviation: PI, principal investigator.
a Data are shown only for antimicrobials received by ≥20 patients, with the exception of the overall column, which includes all patients.
b Clinical Pharmacology by Elsevier/Gold Standard, Tampa, Florida; Micromedex by Truven Health Analytics, Ann Arbor, Michigan.

* P values are based on χ2 test or Fisher exact test as appropriate.

Antimicrobial Therapy Appropriateness • CID 2014:59 (Suppl 3) • S159



efforts toward reducing inappropriate or unnecessary use, and
facilitate appropriate use in an effort to improve patient
outcomes.

A key element for encouraging appropriate use in hospitals is
defining what is considered appropriate and remaining consistent
with that interpretation. A standardized definition of appropriate
antimicrobial use is lacking, as are clear and unambiguous mea-
sures of such use [13]. As discussed previously, criteria for appro-
priate antimicrobial use vary widely among studies [5–9, 16–22].

Our study compared the proportion of antimicrobial orders
considered appropriate according to separate definitions and
found significant disparity among definitions, particularly be-
tween PI opinion and other standard definitions of appropri-
ate use. Differences were found whether definitions were
compared by drug or by indication. The results underscore
the difficulty of assessing appropriateness based on a rote def-
inition without clinical interpretation, and this assessment is
far easier when done in hindsight. For example, support from
susceptibility data provided the highest rate of appropriate use
in the overall population, but there were significant differences
when compared with PI opinion for linezolid, nosocomial
pneumonia, and urinary tract infection, with appropriateness
according to susceptibility data being higher in all cases.
Interestingly, although our patient population was at increased
risk for adverse consequences of antimicrobial use (approxi-
mately 50% of the patients had recent exposure to antimicro-
bials and more than one-third had been recently hospitalized)
and should have been scrutinized for appropriate antimicrobi-
al use, the divergence in appropriateness was striking.

A reason for this disconnect might be that standard defini-
tions do not take into account other factors that should be con-
sidered when determining appropriate therapy. In clinical
practice, appropriateness changes on a daily basis as more infor-
mation about the patient/infection becomes available. Clinical
judgment is often needed to ascertain the most appropriate
drug for individual patients with complicated clinical scenarios.
Patients might have physiologic changes that alter antimicrobial
pharmacokinetics and pharmacodynamics, and, hence, deci-
sions made by investigators might not agree with guidelines
or susceptibility data [24, 25]. In addition, previous antimicrobial
history and response have an impact on what might be considered
appropriate; sometimes a choice deemed inappropriate by a single
criterion is ultimately the best choice for a patient at the time of
therapy selection. The site of infection also guides antimicrobial
choice because the concentration at the infection site is an impor-
tant determinant of the clinical effectiveness of a drug [26].

The CDC has recognized the need to standardize the assess-
ment of appropriate antimicrobial prescription and is develop-
ing tools to assist clinicians. Worksheets have been developed
to assess appropriateness of antimicrobial use for various indi-
cations, including community-acquired pneumonia, urinary

tract infection, resistant gram-positive infections, and inpatient
use [14]. These worksheets contain questions related to under-
lying comorbidity, documented signs and symptoms of infec-
tion, whether empiric antimicrobial therapy was administered,
tests performed to identify and determine the susceptibility of
the causative pathogen, and total duration of antimicrobial ther-
apy. No overall score or assessment of appropriateness is indi-
cated on the worksheets, but the worksheets could allow for a
similar assessment for our study with regard to appropriateness
according to study site definition or susceptibility data.

Our study has limitations, which are noted. This was a retro-
spective study, with a small sample size in subgroups. Because
of the limited data collection period and lack of a predefined
order to collect data for each of the antimicrobials, the data
might be skewed within each institution based on the order in
which the investigator collected data (eg, a site might have cho-
sen to start with vancomycin and piperacillin/tazobactam but
was not able to collect data for the other drugs within the lim-
ited data collection time frame). Although each definition was
assessed separately, the assessments were not blinded and,
therefore, had the potential for bias. However, assessments at
each institution were performed by a single individual, which
should have provided consistency in assessments across the var-
ious drugs and indications within each institution. Yet, the ret-
rospective nature of our analysis reflects real-world data as we
relied on the provider’s diagnosis of infections and use of
antibiotics. Because PI opinion is subjective and shaped not
only by an individual patient’s clinical scenario, but also by
outside factors such as training, previous experience, and hos-
pital formulary, it is likely that the opinions of PIs varied widely
across institutions. The selection of Clinical Pharmacology and
Micromedex as references for one of the standard definitions of
appropriateness vs other references such as the Sanford Guide to
Antimicrobial Therapy (Antimicrobial Therapy, Sperryville,
Virginia), UpToDate (Wolters Kluwer Health, Philadelphia,
Pennsylvania), or IDSA guidelines was arbitrary; however,
all these references provide widely accepted uses for anti-
microbials based on available data. Last, susceptibility data
were missing for several patients, likely attributable to antimi-
crobials being initiated empirically with no subsequent positive
cultures.

In summary, our multicenter study showed significant differ-
ences in the proportion of antimicrobial prescriptions consid-
ered appropriate depending on the definition of appropriate
use. These findings underscore the difficulty in developing a
standardized definition that can be used within and across in-
stitutions to assess antimicrobial appropriateness. The study
also highlights the discrepancies encountered between clinical
judgment (PI opinion), which is used on a daily basis to assess
antimicrobial appropriateness in practice, and standard, objec-
tive definitions such as susceptibility data. A recommendation
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for the ideal definition cannot be made from this study because
no single definition encompassed appropriate use for all antimi-
crobials and indications evaluated. Future research should in-
vestigate the use of combined definitions of appropriateness,
the correlation between various definitions of appropriateness
and clinical outcomes, and the identification and application
of surrogate markers of appropriateness.
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