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ABSTRACT

Improving our antibiotic use is critical to the safety of
our patients and the future of medicine. This can improve
patient outcomes, save money, reduce resistance, and
help prevent negative consequences such as Clostridium
difficile infection. The US Centers for Disease Control

and Prevention (CDC) is undertaking a nationwide effort
to appropriately improve antibiotic use in inpatient and
outpatient settings.

KEY POINTS

Antibiotics are fundamentally different from other medi-
cations, posing special challenges and needs for improv-
ing their use.

Antibiotic usage in the United States varies widely among
healthcare settings.

Antibiotic stewardship efforts should focus on optimizing
appropriate use rather than simply reducing use.

Effective interventions include timely consultation on
appropriate prescribing, targeting specific infections, and
providing feedback to physicians.

Medical Grand Rounds articles are based on edited transcripts from Medicine Grand Rounds
presentations at Cleveland Clinic. They are approved by the author but are not peer-reviewed.
The views expressed in this article are those of the author and may not necessarily reflect the

views of the Centers for Disease Control and Prevention.

doi:10.3949/ccjm.84gr.17003

CLEVELAND CLINIC JOURNAL OF MEDICINE

Antibiotic stewardship has always been a
good idea. Now it is also required by the
Joint Commission and the Center for Medi-
care and Medicaid Services (CMS). This ar-
ticle reviews the state of antibiotic use in the
United States and efforts to improve antibiotic
stewardship in practice.

I ANTIBIOTICS ARE DIFFERENT
FROM OTHER DRUGS

Their efficacy wanes over time. Antibiotics
are the only medications that become less use-
ful over time even if used correctly. Although
other types of drugs are continuously being im-
proved, the old ones work as well today as they
did when they first came out. But antibiotics
that were in use 50 years ago are no longer as
effective.

They are a shared resource. Antibiotics
are regularly used by many specialties to deliv-
er routine and advanced medical care. Surger-
ies, transplantation, and immunosuppressive
therapy would be unsafe without antibiotics to
treat infections. Some patients awaiting lung
transplant are not considered good candidates
if they have evidence of colonization by anti-
biotic-resistant organisms.

Individual use may harm others. Even
people who are not exposed to an antibiotic
can suffer the consequences of how others use
them.

In a retrospective cohort study, Freedberg
et al' analyzed the risk of hospitalized patients
developing Clostridium difficile infection and
found that the risk was higher if the previous
occupant of the bed had received antibiotics.
The putative mechanism is that a patient re-
ceiving antibiotics develops altered gut flora,
leading to C difficile spores released into the
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environment and not eradicated by normal
cleaning. The next patient using the bed is
then exposed and infected.

Il ANTIBIOTIC USE IS HIGH
The US Centers for Disease Control (CDC)

monitors antibiotic prescriptions throughout
the United States. In the outpatient setting,
enough antibiotics are prescribed nationwide
for 5 out of every 6 people to get 1 course
of antibiotics annually (835 prescriptions
per 1,000 people). Rates vary widely among
states, with the lowest rate in Alaska (501
prescriptions per 1,000 people) and the high-
est in West Virginia (1,285 prescriptions per
1,000 people).? In comparison, Scandinavian
countries prescribe about 400 courses per
1,000 people, about 20% less than our lowest-
prescribing state.?

Antibiotics are probably the most frequent-
ly prescribed drugs in US hospitals. Data from
2006 to 2012 showed that 55% of hospitalized
patients received at least 1 dose of an antibiotic
and that overall about 75% of all hospital days
involved an antibiotic.* Rates did not vary by
hospital size, but nonteaching hospitals tended
to use antibiotics more than teaching hospitals.
Antibiotic use is much more common in in-
tensive care units than in hospital wards (1,092
and 720 days of antibiotic treatment per 1,000
patient-days, respectively).

Although overall antibiotic use did not
change significantly over the years of the
survey, use patterns did: fluoroquinolone use
dropped by 20%, possibly reflecting rising
resistance or increased attention to associ-
ated side effects (although fluoroquinolones
remain the most widely prescribed inpatient
antibiotic class), and use of first-generation
cephalosporins fell by 7%. A cause for con-
cern is that the use of broad-spectrum and
“last-resort” antibiotics increased: carbape-
nem use by 37%, vancomycin use by 32%,
beta-lactam/beta-lactamase inhibitor use by
26%, and third- and fourth-generation cepha-
losporin use by 12%.*

About one-third of use is unnecessary

Many studies have tried to measure the extent
of inappropriate or unnecessary antibiotic
use. The results have been remarkably con-
sistent at 20% to 40% for both inpatient and
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outpatient studies. One study of hospitalized
patients not in the intensive care unit found
that 30% of 1,941 days of prescribed antimi-
crobial therapy were unnecessary, mostly be-
cause patients received antibiotics for longer
than needed or because antibiotics were used
to treat noninfectious syndromes or colonizing
microorganisms.’

I ANTIBIOTIC EXPOSURE HAS NEGATIVE
CONSEQUENCES

Any exposure to a medication involves the
potential for side effects; this is true for anti-
biotics whether or not their use is appropri-
ate. An estimated 140,000 visits to emergency
departments occur annually for adverse reac-
tions to antibiotics.® In hospitalized patients,
these reactions can be severe, including renal
and bone marrow toxicity. As with any medi-
cations, the risks and benefits of antibiotic
therapy must be weighed patient by patient.

Disturbance of gut microbiome
Antibiotics’ disruptive effects on normal gut
flora are becoming better understood and are
even believed to increase the risk of obesity
and asthma.”®

Animal models provide evidence that al-
tered flora is associated with sepsis, which is
attributed to the gut microbiome’s role in con-
taining dissemination of bacteria in the body.’
An ecological study provides further evidence.
Baggs et al'® retrospectively studied more than 9
million patients discharged without sepsis from
473 US hospitals, of whom 0.6% were read-
mitted for sepsis within 90 days. Exposure to a
broad-spectrum antibiotic was associated with
a 50% increased risk of readmission within 90
days of discharge because of sepsis (odds ratio
1.50, 95% confidence interval 1.47-1.53).

Increase of C difficile infections

Antibiotics exert selective pressure, killing
susceptible bacteria and allowing resistant
bacteria to thrive.

The risk of C difficile infection is 7 to 10
times higher than at baseline for 1 month
after antibiotic use and 3 times higher than
baseline in the 2 months after that.!! Mul-
tiple studies have found that stewardship ef-
forts to reduce antibiotic use have resulted in
fewer C difficile infections.
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A nationwide effort in England over the
past decade to reduce C difficile infections has
resulted in 50% less use of fluoroquinolones
and third-generation cephalosporins in pa-
tients over age 65. During that time, the inci-
dence of C difficile infection in that age group
fell by about 70%, with concomitant reduc-
tions in mortality and colectomy associated
with infection. No increase in rates of hospital
admissions, infection complications, or death
were observed.!>14

I GOAL: BETTER CARE (NOT CHEAPER
CARE OR LESS ANTIBIOTIC USE)

The primary goal of antibiotic stewardship is
better patient care. The goal is not reduced
antibiotic use or cost savings, although these
could be viewed as favorable side effects. Some-
times, better patient care involves using more
antibiotics: eg, a patient with presumed sepsis
should be started quickly on broad-spectrum
antibiotics, an action that also falls under an-
tibiotic stewardship. The focus for stewardship
efforts should be on optimizing appropriate use,
ie, promoting the use of the right agent at the
correct dosage and for the proper duration.

Stewardship improves clinical outcomes
Antibiotic stewardship is important not only
to society but to individual patients.

Singh et al®® randomized patients suspect-
ed of having ventilator-associated pneumonia
(but with a low likelihood of pneumonia) to
either a 3-day course of ciprofloxacin or stan-
dard care (antibiotics for 10 to 21 days, with
the drug and duration chosen by the treating
physician). After 3 days, the patients in the
experimental group were reevaluated, and
antibiotics were stopped if the likelihood of
pneumonia was still deemed low. In patients
who received only the short course of antibi-
otics, mean length of stay in the intensive care
unit was 9 days and the risk of acquiring an
antibiotic-resistant superinfection during hos-
pitalization was 14%, compared with a 15-day
length of stay and 38% risk of antibiotic-resis-
tant superinfection in patients in the standard
treatment group.

Fishman!® reported a study at a single
hospital that randomized patients to either
receive standard care according to physician
choice or be treated according to an antibi-
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otic stewardship program. Patients in the an-
tibiotic stewardship group were almost 3 times
more likely than controls to receive appro-
priate therapy according to guidelines. More
important, the antibiotic stewardship patients
were almost twice as likely to be cured of their
infection and were more than 80% less likely
to have treatment failure.

I DEVELOPING EFFECTIVE ANTIBIOTIC
STEWARDSHIP PROGRAMS

A good model for improving antibiotic use is a
recent nationwide program designed to reduce
central line-associated bloodstream infec-
tions.!” Rates of these infections have dropped
by about 50% over the past 5 years. The pro-
gram included:
e Research to better understand the problem
and how to fight it
Well-defined programs and interventions
Education to implement interventions, eg,
deploying teams to teach better techniques
of inserting and maintaining central lines
e A strong national measurement system
(the CDC’s National Healthcare Safety

Network) to track infections.

What constitutes an antibiotic stewardship
program?

The CDC examined successful stewardship
programs in a variety of hospital types, includ-
ing large academic hospitals and smaller hos-
pitals, and identified 7 common core elements
that could serve as general principles that
were common to successful antibiotic steward-
ship programs'®:

e [eadership commitment from adminis-
tration

A single leader responsible for outcomes
A single pharmacy leader

Tracking of antibiotic use

Regular reporting of antibiotic use and re-
sistance

Educating providers on use and resistance
Specific improvement interventions.

Stewardship is harder in some settings

In reply to a CDC survey in 2014, 41% of
more than 4,000 hospitals reported that they
had antibiotic stewardship programs with all
7 core elements. The single element that pre-
dicted whether a complete program was in
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place was leadership support.” The following
year, 48% of respondents reported that they
had a complete program in place. Percentages
varied among states, with highs in Utah (77%)
and California (70%) and lows in North Da-
kota (12%) and Vermont (7%). Large hospi-
tals and major teaching hospitals were more
likely to have a program with all 7 elements:
31% of hospitals with 50 or fewer beds had a
complete program vs 66% of hospitals with at
least 200 beds.?

Short-stay, critical-access hospitals pose a
special challenge, as only 26% reported hav-
ing all core elements.!”?® These facilities have
fewer than 25 beds, and many patient stays are
less than 3 days. Some do not employ full-time
pharmacists or full-time clinicians. The CDC
is collaborating with the American Hospital
Association and the Pew Charitable Trusts to
focus efforts on helping these hospitals, which
requires a more flexible approach. About 100
critical-access hospitals nationwide have re-
ported implementing all of the core elements
and can serve as models for the others.

Il MEASURING IMPROVEMENT
The CDC has adopted a 3-pronged approach

to measuring improvements in hospital anti-
biotic use:

Estimate national aggregate antibiotic use
described above

Acquire information on antibiotic use at
facility, practice, and provider levels
Assess appropriate antibiotic use.

In hospitals, the CDC has concentrated on
facility-level measurement. Hospitals need a
system to track their own use and compare it
with that of similar facilities. The CDC’s moni-
toring program, the Antibiotic Use Option of
the National Healthcare Safety Network, cap-
tures electronic data on antibiotic use in a fa-
cility, enabling monitoring of use in each unit.
Data can also be aggregated at regional, state,
and national levels. This information can be
used to develop benchmarks for antibiotic use,
so that similar hospitals can be compared.

What is the ‘right’ amount of antibiotic use?
Enter SAAR

Creating benchmarks for antibiotic use poses
a number of challenges compared with most
other areas in healthcare. Most public health
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measures are binary—eg, people either get an
infection, a vaccination, or a smoking cessa-
tion intervention or not—and the direction
of progress is clear. Antibiotics are different:
not everybody needs them, but some people
do. Usage should be reduced, but by exactly
how much is unclear and varies between hos-
pitals. In addition, being an outlier does not
necessarily indicate a problem: a hospital unit
for organ transplants will have high rates of
antibiotic use, which is likely appropriate.

The CDC has taken initial steps to de-
velop a risk-adjusted benchmark measure for
hospital antibiotic use, the Standardized An-
timicrobial Administration Ratio (SAAR). It
compares a hospital’s observed antibiotic use
with a calculation of predicted use based on
its facility characteristics. Although still at an
early stage, SAAR has been released and has
been endorsed by the National Quality Fo-
rum. About 200 hospitals are submitting data
to the CDC and collaborating with the CDC
to evaluate the SAAR’s utility in driving im-
proved antibiotic use.

Problems in measuring appropriate use
Measuring appropriate antibiotic use is easier
in the outpatient setting, where detailed data
have been collected for many years.

Fleming-Dutra et al*! compared medica-
tions prescribed during outpatient visits and
the diagnoses coded for the visits. They found
that about 13% of all outpatient visits resulted
in an antibiotic prescription, 30% of which
had no listed diagnosis that would justify an
antibiotic (eg, viral upper respiratory infec-
tion). This kind of information provides a tar-
get for stewardship programs.

It is more difficult to conduct such a study
in a hospital setting. Simply comparing dis-
charge diagnoses to antibiotics prescribed is
not useful: often antibiotics are started pre-
sumptively on admission for a patient with
signs and symptoms of an infection, then
stopped if the diagnosis does not warrant anti-
biotics, which is a reasonable strategy.

Also, many times, a patient with asymp-
tomatic bacteriuria, which does not warrant
antibiotics, is misdiagnosed as having a uri-
nary tract infection, which does. So simply
looking at the discharge code may not reveal
whether therapy was appropriate.
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Some studies have provided useful informa-
tion. Fridkin et al?? studied 36 hospitals for the
use of vancomycin, which is an especially good
candidate drug for study because guidelines ex-
ist for appropriate use. Data were collected only
from patients given vancomycin for more than
3 days, which should have eliminated empiric
use of the drug and included only pathogen-
driven therapy. Cases where therapy was for
skin and soft-tissue infections were excluded
because cultures are not usually obtained for
these cases. Of patients given vancomycin,
9% had no diagnostic culture obtained at an-
tibiotic initiation, 22% had diagnostic culture
but results showed no gram-positive bacterial
growth, and 5% had culture results revealing
only oxacillin-susceptible Staphylococcus au-
reus. In 36% of cases, opportunities existed for
improved prescribing.

Such data could be collected from the
electronic medical record, and the CDC is fo-
cusing efforts in this direction.

I NATIONAL ACTIVITIES IN ANTIBIOTIC
STEWARDSHIP

In 2014, the White House launched a nation-
al strategy to combat antibiotic resistance,”
followed by an action plan in 2015 As a
result, new investments have been made to
improve antibiotic use, including funding for
state health departments to begin stewardship
efforts and to expand public awareness of the
problems of antibiotic overuse. Research ef-
forts are also being funded to improve imple-
mentation of existing stewardship practices
and to develop new ones.

CMS is also exploring how to drive im-
proved antibiotic use. In October 2016, it
started requiring all US nursing homes to have
antibiotic stewardship programs, and a similar
requirement for hospitals has been proposed.

The Joint Commission issued a standard
requiring that all their accredited facilities,
starting with hospitals, have an antibiotic
stewardship program by January 2017. This
standard requires implementation of all the
CDCs core elements.

I PROVEN INTERVENTIONS
Focusing on key interventions that are likely
to be effective and well received by providers
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is a useful strategy for antibiotic stewardship
efforts. A number of such interventions have
been supported by research.

Postprescription antibiotic reviews
or antibiotic ‘time-outs’
Antibiotics are often started empirically to treat
hospitalized patients suspected of having an in-
fection. The need for the antibiotic should be
assessed a few days later, when culture results
and more clinical information are available.
Elligsen et al® evaluated the effects of pro-
viding a formal review and suggestions for an-
timicrobial optimization to critical care teams
of 3 intensive care units in a single hospital
after 3 and 10 days of antibiotic therapy. Mean
monthly antibiotic use decreased from 644
days of therapy per 1,000 patient-days in the
preintervention period to 503 days of therapy
per 1,000 patient-days (P < .0001). C difficile
infections were reduced from 11 cases to 6.
Overall gram-negative susceptibility to me-
ropenem increased in the critical care units.

Targeting specific infections
Some infections are especially important to
target with improvement efforts.

In 2011, Magill et al*® conducted 1-day
prevalence surveys in 183 hospitals in 10
states to examine patterns of antibiotic use.
They found that lower respiratory tract infec-
tions and urinary tract infections accounted
for more than half of all antibiotic use (35%
and 22%, respectively), making them good
candidates for improved use.

Community-acquired pneumonia can be
targeted at multiple fronts. One study showed
that almost 30% of patients diagnosed with
community-acquired pneumonia in the emer-
gency department did not actually have pneu-
monia.?” Duration of antibiotic therapy could
also be targeted. Guidelines recommend that
most patients with uncomplicated communi-
ty-acquired pneumonia receive 5 to 7 days of
antibiotic therapy. Avdic et al® performed a
simple intervention involving education and
feedback to teams in 1 hospital regarding an-
tibiotic choice and duration. This resulted in
reducing the duration of therapy for commu-
nity-acquired pneumonia from a median of 10
to 7 days.

Asymptomatic bacteriuria is often misdi-
agnosed as a urinary tract infection and treat-
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ed unnecessarily.

Trautner et al*? addressed this problem by
targeting urine cultures rather than antibiot-
ics, using a simple algorithm: if a patient did
not have symptoms of urinary tract infection
(fever, acute hematuria, delirium, rigors, flank
pain, pelvic discomfort, urgency, frequency,
dysuria, suprapubic pain), a urine culture was
not recommended. If a patient did have symp-
toms but a problem other than urinary tract
infection was deemed likely, evaluation of
other sources of infection was recommended.
Use of the algorithm resulted in fewer urine
cultures and less antibiotic overtreatment of
asymptomatic bacteriuria. Reductions persist-
ed after the intervention ended.

Antibiotic time-out at hospital discharge

Another study evaluated an intervention that
required a pharmacist consultation for the
critical care team when a patient was to be
discharged with intravenous antibiotics (most
often for pneumonia). In 28% of cases, chart
review revealed that the infection had been
completely treated at the time of discharge,
so further antibiotic treatment was not indi-
cated. No patients who avoided antibiotics

Thisis a at discharge were readmitted or subsequently
critical time visited the emergency department.”
for antibiotic  Targeting outpatient settings

. A number of studies have evaluated simple in-
StewardShlp terventions to improve outpatient antibiotic
efforts in the prescribing. Meeker et al** had providers place
United States @ poster in their examination rooms with a

picture of the physician and a signed letter
committing to the appropriate use of antibi-
otics. Inappropriate antibiotic use decreased
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CDC is eager to partner with providers and
others in their efforts to improve antibiotic

use. [ |

. Freedberg DE, Salmasian H, Cohen B, Abrams JA, Larson EL. Receipt
of antibiotics in hospitalized patients and risk for Clostridium dif-
ficile infection in subsequent patients who occupy the same bed.
JAMA Intern Med 2016; 176:1801-1808.

. Centers for Disease Control and Prevention. Get smart: know when

antibiotics work. Measuring outpatient antibiotic prescribing.

https://www.cdc.gov/getsmart/community/programs-measurement/ 8.
measuring-antibiotic-prescribing.html. Accessed February 5, 2017.
. Ternhag A, Hellman J. More on U.S. outpatient antibiotic prescrib-
ing, 2010. N Engl J Med 2013; 369:1175-1176. 9.
. Baggs J, Fridkin SK, Pollack LA, Srinivasan A, Jernigan JA. Estimat-
ing national trends in inpatient antibiotic use among US hospitals 10.

from 2006 to 2012. JAMA Intern Med 2016; 176:1639-1648.

. Hecker MT, Aron DC, Patel NP, Lehmann MK, Donskey CJ. Unneces-
sary use of antimicrobials in hospitalized patients: current patterns
of misuse with an emphasis on the antianaerobic spectrum of activ-
ity. Arch Intern Med 2003; 163:972-978.

CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 84 ¢ NUMBER 9

6.

Shehab N, Patel PR, Srinivasan A, Budnitz DS. Emergency depart-
ment visits for antibiotic-associated adverse events. Clin Infect Dis
2008; 47:735-743.

Korpela K, de Vos WM. Antibiotic use in childhood alters the gut
microbiota and predisposes to overweight. Microb Cell 2016;
3:296-298.

Gray LE, O’Hely M, Ranganathan S, Sly PD, Vuillermin P. The mater-
nal diet, gut bacteria, and bacterial metabolites during pregnancy
influence offspring asthma. Front Immunol 2017; 8:365

Haak BW, Wiersinga WJ. The role of the gut microbiota in sepsis.
Lancet Gastroenterol Hepatol 2017; 2:135-143.

Baggs J, Jernigan J, Mccormick K, Epstein L, Laufer-Halpin AS,
Mcdonald C. Increased risk of sepsis during hospital readmission
following exposure to certain antibiotics during hospitalization.
Abstract presented at IDWeek, October 26-30, 2016, New Orleans,
LA. https://idsa.confex.com/idsa/2016/webprogram/Paper58587.
html. Accessed August 8, 2017.

SEPTEMBER 2017

Downloaded from www.ccjm.org on July 13, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

SRINIVASAN

16.
17.

20.

21.

22.

23.

24,

. Hensgens MP, Goorhuis A, Dekkers OM, Kuijper EJ. Time interval of

increased risk for Clostridium difficile infection after exposure to antibiot-
ics. J Antimicrob Chemother 2012; 67:742-748.

Ashiru-Oredope D, Sharland M, Charani E, McNulty C, Cooke

J; ARHAI Antimicrobial Stewardship Group. Improving the quality of
antibiotic prescribing in the NHS by developing a new antimicrobial
stewardship programme: Start Smart—Then Focus. J Antimicrob
Chemother 2012; 67(suppl 1):i51-i63.

. Wilcox MH, Shetty N, Fawley WN, et al. Changing epidemiology of

Clostridium difficile infection following the introduction of a na-
tional ribotyping-based surveillance scheme in England. Clin Infect
Dis 2012; 55:1056-1063.

Public Health England. Clostridium difficile infection: monthly data
by NHS acute trust. https://www.gov.uk/government/statistics/clos-
tridium-difficile-infection-monthly-data-by-nhs-acute-trust. Accessed
August 4, 2017.

Singh N, Rogers P, Atwood CW, Wagener MM, Yu VL. Short-course
empiric antibiotic therapy for patients with pulmonary infiltrates in
the intensive care unit. A proposed solution for indiscriminate anti-
biotic prescription. Am J Respir Crit Care Med 2000; 162:505-511.
Fishman N. Antimicrobial stewardship. Am J Med 2006; 119:553-561.
US Centers for Disease Control and Prevention. Healthcare-associat-
ed infections (HAI) progress report. https://www.cdc.gov/hai/surveil-
lance/progress-report/index.html. Accessed August 4, 2017.

. US Centers for Disease Control and Prevention. Get Smart for

Healthcare. Core elements of hospital antibiotic stewardship pro-
grams. https://www.cdc.gov/getsmart/healthcare/implementation/
core-elements.html. Accessed August 8, 2017.

. Pollack LA, van Santen KL, Weiner LM, Dudeck MA, Edwards JR,

Srinivasan A. Antibiotic stewardship programs in U.S. acute care
hospitals: findings from the 2014 National Healthcare Safety Net-
work Annual Hospital Survey. Clin Infect Dis 2016; 63:443-449.

US Centers for Disease Control and Prevention. Antibiotic steward-
ship in acute care hospitals by state 2014. https://gis.cdc.gov/grasp/
PSA/STMapView.html. Accessed August 4, 2017.

Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of inap-
propriate antibiotic prescriptions among US ambulatory care visits,
2010-2011. JAMA 2016; 315:1864-1873.

Fridkin S, Baggs J, Fagan R, et al; Centers for Disease Control and
Prevention (CDCQ). Vital signs: improving antibiotic use among hospi-
talized patients. MMWR Morb Mortal Wkly Rep 2014; 63:194-200.
National strategy for combating antibiotic-resistant bacteria. Sep-
tember 2014. https://www.whitehouse.gov/sites/default/files/docs/
carb_national_strategy.pdf. Accessed August 9, 2017.

National action plan for combating antibiotic-resistant Bacteria.

CLEVELAND CLINIC JOURNAL OF MEDICINE

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

March 2015. https://www.whitehouse.gov/sites/default/files/docs/na-
tional_action_plan_for_combating_antibotic-resistant_bacteria.pdf
Elligsen M, Walker SA, Pinto R, et al. Audit and feedback to reduce
broad-spectrum antibiotic use among intensive care unit patients:

a controlled interrupted time series analysis. Infect Control Hosp
Epidemiol 2012; 33:354-361.

Magill SS, Edwards JR, Beldavs ZG, et al; Emerging Infections
Program Healthcare-Associated Infections and Antimicrobial Use
Prevalence Survey Team. Prevalence of antimicrobial use in US acute
care hospitals, May-September 2011. JAMA 2014; 312:1438-1446.
Chandra A, Nicks B, Maniago E, Nouh A, Limkakeng A. A multi-
center analysis of the ED diagnosis of pneumonia. Am J Emerg Med
2010;28:862-865.

Avdic E, Cushinotto LA, Hughes AH, et al. Impact of an antimicro-
bial stewardship intervention on shortening the duration of therapy
for community-acquired pneumonia. Clin Infect Dis 2012; 54:1581-
1587.

Dalen DM, Zvonar RK, Jessamine PG, et al. An evaluation of the
management of asymptomatic catheter-associated bacteriuria and
candiduria at the Ottawa Hospital. Can J Infect Dis Med Micribiol
2005; 16:166-170.

Gandhi T, Flanders SA, Markovitz E, Saint S, Kaul DR. Importance of
urinary tract infection to antibiotic use among hospitalized patients.
Infect Control Hosp Epidemiol 2009; 30:193-195.

Cope M, Cevallos ME, Cadle RM, Darouiche RO, Musher DM, Traut-
ner BW. Inappropriate treatment of catheter-associated asymp-
tomatic bacteriuria in a tertiary care hospital. Clin Infect Dis 2009;
48:1182-1188.

Trautner BW, Grigoryan L, Petersen NJ, et al. Effectiveness of an
antimicrobial stewardship approach for urinary catheter-associated
asymptomatic bacteriuria. JAMA Intern Med 2015; 175:1120-1127.
Shrestha NK, Bhaskaran A, Scalera NM, Schmitt SK, Rehm SJ, Gor-
don SM. Antimicrobial stewardship at transition of care from hospi-
tal to community. Infect Control Hosp Epidemiol 2012; 33:401-404.
Meeker D, Knight TK, Friedberg MW, et al. Nudging guideline-
concordant antibiotic prescribing: a randomized clinical trial. JAMA
Intern Med 2014; 174:425-431.

Meeker D, Linder JA, Fox CR, et al. Effect of behavioral interven-
tions on inappropriate antibiotic prescribing among primary care
practices: a randomized clinical trial. JAMA 2016; 315:562-572.

ADDRESS: Arjun Srinivasan, MD, Centers for Disease Control and Preven-
tion, 1600 Clifton Road, MS A07, Atlanta, GA 30333; beu8@cdc.gov

VOLUME 84 e NUMBER 9  SEPTEMBER 2017 679

Downloaded from www.ccjm.org on July 13, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

