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Learning Objectives 
1.	 Identify integral members of a multidisciplinary team 

for performing antimicrobial stewardship efforts.
2.	 Devise a strategy to measure outcomes of antimi-

crobial stewardship.
3.	 Develop priorities and goals for an antimicrobial 

stewardship team.
4.	 Evaluate different strategies of antimicrobial stew-

ardship and justify resource use.
5.	 Develop a business plan for a sustainable antimi-

crobial stewardship team using evidence-based 
practices.

Introduction 
	 Appropriate antimicrobial stewardship remains one of 
the most important strategies for preserving the efficacy 
of antimicrobial agents in the treatment of infectious dis-
eases. Pharmacists remain uniquely situated to provide 
expert guidance on the appropriate agent, dosage, and 
duration of therapy for antimicrobials at both the patient 
and policy level. These interactions with the medical 
team can expedite care, minimize adverse drug reactions, 
and improve patient outcomes. This chapter highlights 
strategies to effectively manage antimicrobial steward-
ship efforts.

History 
	 The dawn of the antimicrobial era heralded tre-
mendous advances in the treatment of patients with 
infection. Confidence was high that the medical com-
munity had all but won the war against microbes. 
In the late 1960s, U.S. Surgeon General William H. 
Stuart reportedly said it was “time to close the book on 
infectious diseases” and “declare the war against pesti-
lence won.” Unfortunately, with the growing number 
of highly resistant pathogens, exactly the opposite has 
occurred.
	 The considerable efficacy and relatively low risk of 
toxicity associated with antimicrobials led to their 
widespread and inappropriate use. During the early 
part of the antimicrobial era, little concern existed 
about the stewardship of these resources because the 
pharmaceutical industry continuously produced inno-
vative, highly effective agents that filled the void when 
older agents lost their effectiveness. Furthermore, the 
competition between pharmaceutical companies in 
marketing these agents sometimes encouraged their 
inappropriate use.
	 In hospitals, expenditures for antimicrobials outpaced 
those for all other drugs. In the late 1980s, antimicrobial 
expenditures commonly approached 40% of the hospital 
pharmacy drug budget. The onset of prospective pay-
ment systems such as Medicare reimbursement based on 
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diagnosis-related groups encouraged pharmacy depart-
ments to critically evaluate antimicrobial use in their 
institutions. These early programs set the stage for cur-
rent antimicrobial stewardship programs.

Goals 
	 Antimicrobial stewardship is a program that supports 
the appropriate selection, dosing, route, and duration of 
antimicrobial therapy, with goals to match these func-
tions. The primary goal of these programs is to improve 
clinical outcomes while minimizing the unintended 
adverse consequences of antimicrobial use. It may 
seem intuitive that these programs should also reverse 
antimicrobial resistance; however, halting or slowing 
resistance is a more achievable goal because resistance 
mutations are durable once they are established. 
	 Other important goals include ensuring that only 
antimicrobials active against the involved pathogen 
are prescribed and using the most fiscally appropriate 
approach. The Infectious Diseases Society of America, 
in conjunction with the Society for Healthcare 
Epidemiology of America, has published guidelines 
that serve as a framework for the antimicrobial stew-
ardship programs. Core stewardship strategies with 
the greatest evidence include prospective audit with 
intervention and feedback performed by an infectious 
diseases physician; and a clinical pharmacist with train-
ing in infectious diseases or formulary restriction with 
required preauthorization for selected antimicrobials.

Multidisciplinary Approach 
	 To be effective, an antimicrobial stewardship program 
should be multidisciplinary. Antimicrobial stewardship 
should be considered a medical staff function under the 
auspices of Patient Safety and Quality Assurance. Core 
members to include on the team are an infectious dis-
eases physician and a clinical pharmacist with training 
in infectious diseases. The optimal team will also include 
a clinical microbiologist, an infection control profes-
sional, an information systems specialist, and the hospital 
epidemiologist. 
	 Surveys show that among hospitals with active 
stewardship teams, clinical pharmacists are the most 
common members, underscoring the recognition of 
pharmacists for their competency in this area. In addi-
tion, the support of health system administrators is 
essential for the program to secure necessary resources 

and authority. Information technology support is 
also vital in tracking antimicrobial use on an ongo-
ing basis. Infection control and hospital epidemiology 
can assist the team in focusing efforts to address local 
antimicrobial resistance issues. Data from the clinical 
microbiologist allow the evaluation of evolving local 
trends in antimicrobial resistance and assist in measur-
ing the long-term impact of the program.
	 Pharmacists can receive antimicrobial stewardship 
training in several ways. Postdoctoral training is avail-
able through PGY2 ID residencies and PGY2/3 ID 
fellowships. These opportunities can be found at the 
Society of Infectious Diseases Pharmacists Web site 
(www.sidp.org). In addition, pharmacists may enroll in a 
computer-based certification program through the same 
society or through a separate organization, Making a 
Difference in Infectious Diseases.Pharmacotherapy 
This group also offers live training (www.mad-id.org).

Antimicrobial Use in Hospital Systems 
Antimicrobial Resistance 
	 The ability of bacteria to develop and maintain antimi-
crobial resistance has been a hallmark of the antimicrobial 
era. From the development of staphylococcal resistance 
to penicillin to current issues with carbapenem-resistant 
Enterobacteriaceae, bacteria have a remarkable capacity 
to respond to antimicrobial exposure.
	 Antimicrobial consumption has been clearly asso-
ciated with an increased incidence of resistance. 
Countries with centralized health care systems such as 
Finland have reduced rates of resistance by limiting pre-
scriptions for particular agents. On a patient level, data 
support that individuals with the greatest exposure to 
antimicrobials are likely to be colonized with resistant 
organisms. In addition, resistant organisms are more 
likely to be found in the hospital, where antimicrobial 
use is concentrated, than in the community setting. In 
the hospital, areas such as intensive care units show a 
higher incidence of multidrug-resistant organisms than 
do general care units.

Escalating Costs 
	 Growing antimicrobial expenditures has been one of 
the primary triggers for examining antimicrobial use in 
institutions. Antimicrobial formulary committees have 
worked to limit the use of expensive agents that offered 
little advantage over other antimicrobials. In addition, 
other costs associated with the inappropriate use of 
antimicrobials have become apparent. 
	 The costs associated with antimicrobial resistance, 
adverse effects, and inappropriate antimicrobial selec-
tion likely exceed the costs associated with poor 
formulary management. For instance, infections caused 
by resistant organisms result in longer hospital stays, 
require more resources, and have a higher mortality 

Abbreviations in This Chapter 
CDSS	 Clinical decision support systems
DDD	 Defined daily dose
DOT	 Day of therapy
QALY	 Quality-adjusted life-year
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rate than when the same infection is caused by a sus-
ceptible organism. The costs of these differences are 
estimated at $21,000 per resistant infection. Reducing a 
single center’s rate of resistant infections by 3.5% could 
save almost $1 million in hospital costs. In addition, the 
treatment of adverse effects from antimicrobials pre-
scribed when treatment is not indicated, can be viewed 
as an unnecessary and preventable cost. With patient 
stay per diem rates of $2000–$5000, these costs quickly 
dwarf those for antimicrobial acquisition.
	 As resistant organisms have become more common, 
clinicians have used more potent agents with broader 
spectrums to ensure coverage of these pathogens. This 
practice was supported by data showing that patients 
who do not receive therapy that is active against the 
infecting organism at treatment initiation are more 
likely to suffer adverse consequences from their infec-
tion. For example, patients in septic shock show 
decreased survival of 8% per hour when appropriate 
therapy is delayed. As such, clinicians must differen-
tiate between critically ill patients, who require broad 
empiric therapy, and individuals with less acute infec-
tions, who can wait for antimicrobial use that is more 
selective. Broadening therapy unnecessarily increases 
costs as well as the burden of resistance. This becomes 
a self-perpetuating cycle and a greater economic burden 
on the institution.
	 Although most antimicrobials are relatively safe, the 
incidence of preventable adverse effects associated with 
their use is significant. A recent study of emergency 
department visits for adverse drug reactions showed 
that antimicrobials led to more such visits than did drug 
classes considered more toxic (e.g., anticonvulsants, 
anticoagulants). Hypersensitivity reactions are com-
mon adverse events associated with antimicrobials that 
may not be easily predicted. Antimicrobials are also the 
most common drugs leading to serious drug-induced 
liver injury.
	 Antimicrobial-induced diarrhea is another problem, 
and Clostridium difficile infection is a serious compli-
cation. C. difficile infections are often difficult to treat, 
can be recurrent, and may be associated with increased 
morbidity and mortality. Other antibiotic adverse reac-
tions such as seizures and blood dyscrasias are rare, but 
they underscore the need for appropriate antimicrobial 
prescribing. The medical management of patients who 
develop preventable adverse effects to antimicrobials 
also contributes to the cost of therapy.
	 Cost-effectiveness is another issue that the antimicro-
bial stewardship program should consider. To achieve 
the desired outcome, clinicians need to use an antimi-
crobial that is effective against the infecting pathogen. 
Culture and susceptibility results are often used to help 
guide therapy. However, clinicians occasionally fail to 
note discrepancies between the causative organism and 
the antimicrobial selected. In the authors’ organization, 

therapeutic antimicrobial mismatches (e.g., an antimi-
crobial used for a pathogen that shows resistance) are 
monitored using computerized clinical decision sup-
port systems (CDSS) with interventions developed by 
the stewardship team. Despite this consistent presence, 
about 15 therapeutic-antimicrobial mismatches per 
quarter are deemed critical. A critical mismatch is one 
in which, if therapy is not altered, a high probability of 
significant harm might occur to the patient, with sub-
sequent increased costs from the management of these 
adverse events. These critical events usually involve 
untreated or inappropriately treated bloodstream infec-
tions. Because the incidence of antimicrobial resistance 
continues to rise, surveillance to identify and address 
these mismatches will become increasingly important 
from both a patient safety and cost standpoint.

Methods of Tracking 
Stewardship Outcomes 
	 The sustainability of an antimicrobial stewardship 
program requires the documentation of both clinical 
and fiscal outcomes. The following provides a frame-
work for documenting interventions in a valid and 
measurable manner.

Antimicrobial Use Measurements 
	 The measurement of fiscal and clinical outcomes of 
antimicrobial therapies begins with the appropriate unit 
of measure for the numerator that defines antimicro-
bial consumption. Although debate exists on the most 
appropriate metric for antimicrobial use, two main mea-
sures are accepted. 
	 The first is the defined daily dose (DDD) of an anti-
microbial. The World Health Organization (www.who.
int/classifications/atcddd/en/) established the DDD, 
which represents the average daily dosage of an anti-
microbial in a “standard” patient. Pharmacists quickly 
recognize that this classification disregards patient-spe-
cific factors. For example, if patient A has normal kidney 
function and receives 1000 mg of vancomycin twice 
daily, the patient would be considered to have received 
one DDD of vancomycin. Patient B has a creatinine 
clearance of 60 mL/minute and receives 1000 mg of 
vancomycin once daily to provide a drug exposure simi-
lar to patient A. However, patient B would be classified 
as having received one-half DDD of vancomycin. 
	 To address the patient-specific factors that are 
ignored in the DDD system and classify antimicro-
bial days on the basis of similar exposure profiles, day 
of therapy (DOT) measurements have been defined. 
The DOT represents a day in which any amount of the 
therapy was received. An inherent problem with DOTs 
is that it assumes the drug was dosed appropriately. 
Hence, patients who are under- or overdosed could 
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be misclassified with only a single antimicrobial day. 
Despite these limitations, DOTs better reflect the over-
all population of antimicrobial exposures. 
	 Efforts are under way to improve the electronic cap-
ture of DDDs and DOTs so that systems with electronic 
medical records may eventually compare their antimi-
crobial use with that of peer hospitals. A denominator 
(e.g., hospitalized patient-days) is then established such 
that the total drug amount (i.e., DDD or DOT) is 
divided by the number of patients at risk. By doing so, 
a rate of antimicrobial use per a standardized number 
of patients (e.g., 40 DDDs/1000 patient-days) can be 
created.

Fiscal Measurements 
	 Because antimicrobials continue to make up a con-
siderable portion of the drug budget for many hospitals, 
accurate evaluation of their cost is essential to fiscal 
stability. Comparing acquisition costs as raw numbers 
(e.g., $3 million in 2010 vs. $2.5 million in 2009) 
requires that all other variables remained unchanged. 
As a result, most facilities choose to compute antimi-
crobial costs per patient-day. A standard approach is to 
calculate costs per month or per quarter depending on 
the hospital volume. Once these numbers are compiled, 
data are normalized to antimicrobial costs per 1000 
patient-days. Data should also be compared using simi-
lar calendar months to ensure that seasonal variations in 
antimicrobial use do not result in spurious conclusions.
	 Large reductions in cost per patient-day commonly 
occur in the early years of a stewardship program. 
However, antimicrobial savings will eventually reach a 
nadir because these are necessary drugs, and the ulti-
mate goal is to direct therapy to the appropriate patients, 
not to eliminate their use. Once a program has reached 
this point, financial outcomes can still be monitored as a 
function of change in cost over time. Because drug costs 
will still increase yearly with inflation, these known 
increases can be modeled to produce projected costs for 
similar drug use in the following year. The institutional 
administration and antimicrobial stewardship leader-
ship should establish reasonable goals so that when a 
targeted value for antimicrobial use is attained, further 
cost reduction is not expected. Failure to set reasonable 
goals and apply correction factors may result in requests 
from administration for reductions in appropriate anti-
microbial use and potentially worse patient outcomes 
(Figure 1-1).
	 Antimicrobial purchase costs account for less than 
10% of the inpatient health care costs for patients with 
infections; therefore, they are just one of the financial 
targets for stewardship teams. The cost of improper 
treatment, which may lead to prolonged hospitalizations 
and the promotion of resistance, can quickly dwarf the 
cost of a single antimicrobial treatment course. Other 
indirect costs such as additional procedures related to 

nosocomial superinfections and the decreased societal 
productivity of patients should be considered. Estimates 
have shown that the attributed cost of antimicrobial-
resistant infections at a single institution can be more 
than $13 million a year. Although a goal of preventing 
all antimicrobial-resistant infections is likely unachiev-
able, any significant progress in this area can improve 
hospital finances with paralleled patient outcomes.

Clinical Outcomes 
	 Many studies have confirmed the positive effect of 
antimicrobial stewardship on financial outcomes, but 
benefits on clinical outcomes are less common in the lit-
erature. Clinical outcome studies are more difficult to 
conduct, although they are necessary to assess the full 
value of antimicrobial stewardship. Limited data sug-
gest that when comparing before and after stewardship 
efforts or trials of stewardship teams with no stew-
ardship team, clinical outcomes range from better to 
indifferent. Specifically, active antimicrobial steward-
ship has decreased antimicrobial use for nonbacterial 
infections, and some studies have shown a decreased 
incidence of antimicrobial resistance. Benefit has also 
been shown through the avoidance of preventable 
adverse drug reactions. 
	 Mathematic modeling has shown that antimicrobial 
stewardship efforts to ensure proper care for bloodstream 
infections are justifiable from the hospital perspective, 
costing only about $2400 per quality-adjusted life year 
(QALY) gained. Such cost-effectiveness studies allow 
a calculation of the cost associated with increasing 
effectiveness, in this case 1 additional life-year gained 
of quality health. The positive effects from all of these 

Figure 1-1. Projected yearly increase of an antimicrobial 
budget with an 11% rate of inflation, theoretical data.

AST = antimicrobial stewardship team.



PSAP-VII • Infectious Diseases 103 Antimicrobial Stewardship

studies should be considered with the understanding 
that a bias exists toward a type I error rate (i.e., authors 
and editors are more likely to publish favorable efforts). 
Additional studies assessing clinical outcomes are dis-
cussed in the following section.

Antimicrobial Stewardship 
Strategies 
	 The many strategies for the conduct of antimicrobial 
stewardship fall into two categories: prospective/active 
antimicrobial management and retrospective/passive 
efforts. Approaches can be combined to maximize effi-
ciency and intended outcomes. This combined strategy 
is often referred to as prospective audit and feedback.

Preauthorization/Formulary Restriction 
	 Prospective antimicrobial restriction involving preau-
thorization and formulary restriction can be employed 
in several ways. The most common method is to restrict 
antimicrobial use to a set of criteria. For example, the 
use of linezolid could be limited to methicillin-resistant 
Staphylococcus aureus pneumonia if this were appro-
priate, given the other available drugs in the hospital 
system. Criteria can be based on patient factors (e.g., spe-
cific disease states, allergies, antimicrobial history) or 
on drug-specific criteria (e.g., maximum length of ther-
apy, limitation to combination therapy). Restrictions can 
either be absolute, such that therapy is never permitted, 
or conditional after the evaluation of specific criteria. 
	 Restrictive criteria are often placed at the point of 
prescribing through the use of an antimicrobial order 
form. When restrictions are placed prospectively, most 
institutions allow the dispensing of drug when a review 
cannot be completed in a timely manner. This allows 
patients to receive active therapy immediately.
	 Order forms can become less effective if providers 
intentionally use ambiguous indications to obtain the 
restricted agent. Pharmacists must be keenly aware 
of ways to circumvent the system (e.g., fictitious indi-
cations, dispensing drug after day-shift hours). In 
certain cases it is prudent to fully evaluate the indica-
tion and require review by a stewardship expert before 
dispensing. These restrictions are often enacted by an 
antimicrobial stewardship team, which functions as the 
gatekeeper of restricted agents. The requesting physi-
cian usually contacts the service, and the patient case 
is compared with hospital guidelines and interpretative 
criteria for appropriate use. The antimicrobial steward-
ship team serves as an impartial arbitrator and generally 
has the authority to allow the use of a restricted antimi-
crobial for patient-specific situations. 
	 Because disputes can occur between those connected 
to the patient case and those applying guidelines based 
on objective criteria, most institutions have an appeals 

process. This can be a review by an impartial physician 
not involved in the patient case but with expertise in the 
subject matter.

Outcomes with Preauthorization/
Formulary Restriction 
	 Restrictive stewardship programs can result in imme-
diate outcomes (primarily financial gains) for hospitals. 
With appropriate enforceability, cost savings have been 
reported as high as $800,000 yearly. Several studies have 
also shown that limiting antimicrobial use to appropri-
ate indications can decrease antimicrobial resistance. 
These restrictions may limit the horizontal transfer of 
bacteria (i.e., transfer of a resistant pathogen from one 
patient to another) by decreasing the favorability of 
the environment. When several patients receive broad-
spectrum antibacterial therapy that alters normal flora, 
the environment is well adapted for rapid horizontal 
transfer of bacteria across hosts. This phenomenon was 
emphasized with the C. difficile incidence when changes 
in clindamycin prescribing were temporally associated 
with the cessation of disease. Clindamycin use altered 
the normal microbiota of patients; thus, the transfer of 
C. difficile from one patient to another occurred more 
readily.
	 Caution should be taken when applying antimicro-
bial stewardship to reverse resistance. Many institutions 
often try to curb antimicrobial use to reverse antimicro-
bial resistance in response to antimicrobial exposure. 
Studies on this approach have been less encouraging. 
For example, cephalosproin restriction resulted in a 
compensatory decrease in resistance to cephalosporins; 
however, increased use and increased resistance was 
seen with carbapenems.

Benefits and Pitfalls 
	 The chief advantage of preauthorization and formu-
lary restriction is that the critical period for antimicrobial 
selection is the point before the patient receives a drug. 
Thus, patients are assessed before any outcome can be 
attributed to a therapy. In doing so, antimicrobials can 
be stringently managed, and appropriateness of therapy 
can reach high levels. In addition, this strategy builds 
education into the process. By interrupting a drug order 
for a suboptimal antimicrobial before a patient receives 
it, prescribers can be engaged in a discussion of best 
practices to ensure optimal therapy for their patient and 
for the ecology of their hospital. However, education 
through preauthorization, although effective, is limited 
because these interventions are often inefficient and 
improve the care of only one patient at a time. In addi-
tion, these efforts are generally unsustainable when the 
active support is removed.
	 Several disadvantages also exist with restrictive 
approaches. First, hiring additional staff to evaluate 
each antimicrobial can be difficult and expensive. A 
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formulary restriction without an appeals process is prob-
lematic and may result in improper patient care. 
	 A second disadvantage is that therapy can be delayed 
by the additional approvals needed with this process. 
For some infections, this delay can affect patient out-
comes. The literature shows that timely therapy for 
serious infections is associated with improved patient 
outcomes, although the data are strongest comparing 
active treatments that were initiated within less than 
1–2 days. In the absence of septic shock, data are unclear 
regarding whether a delay in therapy of a few hours is 
significant for individual patient outcomes. Studies 
assessing the global impact of hurried treatment are 
emerging, and a slight delay to allow time to solidify the 
diagnosis may prove beneficial. For example, attempt-
ing to hasten the time to antimicrobial therapy for 
community-acquired pneumonia was associated with 
more incorrect diagnoses. Preauthorization programs 
may not delay care when carefully developed. 
	 Finally, this method of antimicrobial steward-
ship, if not appropriately supported by personnel, can 
increase tensions between front-line practitioners and 
administration.

Prospective Audit and Feedback Strategies 
	 Prospective audit and feedback empowers a specialist 
to interact directly with prescribers to tailor antimicro-
bial care for patients. In general, these strategies are 
employed after the drug is initially dispensed. Patient 
populations that receive a disproportionate amount of 
care or specific antimicrobials can be targeted. In both 
cases, antimicrobial use is evaluated against a set of 
approved guidelines to ensure the optimal use of drug 
therapy. By targeting a specific population or drug, time 
efficiency can be maximized.
	 To identify populations to target, antimicrobial use 
can be compared according to patient-specific fac-
tors such as a cancer diagnosis. The days of therapy 
can be tracked for the patients on these specific units. 
Compilation of antimicrobial consumption allows 
benchmarking to compare current use with that in pre-
vious years. Once targets are defined, hospital-specific 
guidelines can be enforced in real time to improve care 
and identify opportunities for education.
	 A common goal of the prospective audit and feedback 
strategy is to identify and correct situations in which 
suboptimal care is occurring. In these cases, steward-
ship may result in additional antimicrobial treatment. 
For instance, many stewardship teams prospectively 
review gram-negative bacteremias to ensure that 
patients are receiving the most active and appropriately 
narrow therapy. Identification of these cases provides 
opportunities for practitioner education.
	 Computerized CDSS are relatively new additions to 
antimicrobial stewardship. These tools are designed to 
improve identification of inappropriate antimicrobial 

care at both the patient and hospital level. These CDSS 
allow real-time hospital antibiograms; track antimicro-
bial consumption at the patient level; identify patients 
to target by disease state, hospital location, or infect-
ing organism; and interface with clinicians to provide 
feedback.

Clinical Outcomes Data 
	 Studies assessing prospective audit and feedback 
consistently find decreased antimicrobial use and asso-
ciated costs. Randomized trials comparing prospective 
audit and feedback strategies with the standard of care 
have shown a $400–$600 antimicrobial cost decrease 
per patient, a 37% decrease in antimicrobial use, and 
trends toward decreased patient length of stay. 
	 A distinct advantage of prospective audit and feedback 
is that a discussion may occur about the best treatment 
between the practitioner and stewardship personnel. 
When feedback has occurred in this manner, acceptance 
rates of around 90% have been reported. These inter-
ventions have led to either improved or similar patient 
outcomes. Furthermore, these strategies employ educa-
tion as a function of stewardship duties. One study found 
that 99% of patients receiving combination therapy ini-
tially required streamlining of antimicrobials to narrower 
therapies. Prospective audit and feedback resulted in 
practitioners following the advice of the stewardship 
team in 83% of the cases, and ultimately, nearly all (i.e. 
97% of the original 83%) completed the recommended 
therapy. The practitioner knowledge gained was durable 
7 months after program initiation, with only 54% of simi-
lar cases requiring intervention.
	 The goals of prospective audit and feedback are an 
extension of the traditional oversight process used in 
the prescription process, a role in which pharmacists 
are uniquely trained and situated. Prospective audit 
and feedback is common in academic hospitals, where 
antimicrobial specialists are most prevalent; however, 
these strategies may also be employed in the commu-
nity. Community settings have seen almost a 20% 
reduction in antimicrobial costs when intermittent 
stewardship was performed 3 days/week. Even without 
extensive infectious diseases training, critical pathways 
and protocols can be created to ensure guideline-con-
sistent care, and following well-accepted guidelines has 
improved patient outcomes.
	 Computerized CDSS can expedite prospective audit 
and feedback. For example, a stewardship team selec-
tively targeted patients with two or more antimicrobials 
with overlapping spectrum of activity found that CDSS 
decreased the number of patients requiring review by 
84%; of those reviewed, 71% had inappropriate therapy 
that required intervention, and redundant therapy was 
successfully discontinued in 98% of these cases. Thus, 
the use of CDSS can increase the specificity of antimi-
crobial review. Moreover, stewardship undertaken with 
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the aid of computerized CDSS has been prospectively 
compared with conventional care delivered by an anti-
microbial stewardship team. Notably, the team using 
computer technology achieved more cost savings in 3 
months, with more interventions in a shorter amount of 
time per day.

Benefits and Pitfalls 
	 Prospective audit and feedback strategies for antimi-
crobial stewardship facilitate a team approach to patient 
care, with practitioners focusing on individual patients 
and global hospital-based outcomes. This open feedback 
loop can reduce conflict between front-line practitio-
ners and stewardship team members and allow efforts to 
be focused on broad-spectrum antimicrobials likely to 
promote resistance. This strategy also allows steward-
ship team members to intervene in cases of insufficient 
therapy. Although this may result in increased antimi-
crobial use, practitioners may be more receptive to the 
presence of a stewardship team when suggestions are 
not limited to a reduction in drug therapy.

Comparisons of Strategies 
	 Active antimicrobial stewardship strategies such as 
prospective audit and feedback have been compared 
with passive approaches such as the use of order forms, 
stop orders, and limited formularies. A study that ran-
domized medical teams to prospective audit and 
feedback support or standard indication-based anti-
microbial guidelines found that prospective audit and 
feedback was associated with a shorter median duration 
of inappropriate antimicrobial use (2 days vs. 5 days) 
and a shorter median duration of hospital stay (7 days 
vs. 8 days).
	 A multisite study compared five institutions with pas-
sive antimicrobial management with nine institutions 
with active antimicrobial management; results showed 
better outcomes in the sites using active management. 
A stronger correlation with decreased cost of programs 
was also found with active management. In another 
study, outcomes differed on the basis of the provider 
performing stewardship, with infectious diseases phar-
macists and physicians achieving better results than ID 
medical fellows, chief resident physicians, or attending 
physicians.

Recommendations from 
Professional Organizations 
	 Antimicrobial stewardship is supported by several 
organizations in the United States and is obligatory in the 
United Kingdom and the European Union. In the United 
States, experts from the Society of Infectious Diseases 
Pharmacists, the Infectious Diseases Society of America, 
and the Society for Healthcare Epidemiology of America 

have created comprehensive guidelines for the conduct 
of antimicrobial stewardship. In addition, Web sites of 
the Society for Healthcare Epidemiology of America  
(www.shea-online.org/news/stewardship.cfm) and the 
Centers for Disease Control and Prevention (CDC; 
www.cdc.gov/getsmart/healthcare/improve-efforts/index.
html,) have compiled outcomes data from antimicrobial 
stewardship studies and useful tools for the conduct of 
antimicrobial stewardship.
	 Although antimicrobial stewardship has been asso-
ciated with favorable outcomes, participation in the 
United States has been largely voluntary to date. 
California has mandated that acute care hospitals mon-
itor and evaluate antimicrobial use. The legislation also 
requires a quality improvement committee for the over-
sight of the judicious use of antimicrobials. Although 
many of the specifics remain to be defined formally, 
this initiative might be the first of stricter regulatory 
requirements for the judicious use of antimicrobials in 
the United States.

Role of the Pharmacist 
	 Appropriate antimicrobial stewardship continues 
to gain importance as antimicrobial resistance rises, 
and only a few new drugs are developed each year. 
Pharmacists should serve as front-line practitioners in 
the appropriate stewardship of antimicrobials. Both 
prospective and retrospective stewardship efforts have 
shown promise for improving clinical outcomes and 
reducing costs.
	 Antimicrobial stewardship programs will likely 
expand beyond major medical centers and into the com-
munity. These programs will be multidisciplinary and 
will require pharmacy leadership for the achievement 
of goals based on patient outcomes rather than solely 
financial objectives. Hospitals will be able to benchmark 
their antimicrobial use and compare their antimicro-
bial consumption with similar U.S. hospitals. Sites 
will be able to participate in the CDC Antimicrobial 
Use and Resistance Option (www.cdc.gov/nhsn/PDFs/
pscManual/11pscAURcurrent.pdf).
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This mathematic modeling study using Monte Carlo 
simulation sought to answer whether antimicrobial 
stewardship teams could be financially justified with 
clinical outcomes rather than absolute cost reduction. 
The results of this study showed that antimicrobial 
stewardship programs could improve patient outcomes 
for serious bloodstream infections by changing inac-
tive therapy to active therapy. The hospital cost of anti-
microbial stewardship for this purpose is about $2400 
per QALY gained. In addition, an acceptability curve 
showed that more than 90% of programs should be cost-
effective at a rate of less than $10,000 per QALY. The 
results are encouraging because the traditional bench-
mark for the acceptability of medical interventions is 
$50,000 per QALY. The study suggests that antimicro-
bial stewardship services designed to improve care can 
be justified, even in the absence of strategies to reduce 
antimicrobial acquisition costs.
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Questions 1 and 2 pertain to the following case.
Your hospital has received funding to start an antimicro-
bial stewardship team. You have been asked to champion 
the effort and to jointly establish evidence-based outcomes 
to monitor and track the team’s progress. 

1. 	 Which one of the following is the best metric for 
this purpose?

A.	 Drug costs per patient-day standardized to 
inflation and hospital patient mix.

B.	 Impact of recommendations on resistance pat-
terns according to the hospital antibiogram.

C.	 Risk-adjusted mortality of patients receiving 
care under the stewardship program.

D.	 Rate of transition of patients from intravenous 
to oral antibiotics.

2.	 You have agreed on the outcomes to measure with 
hospital administration and begin assembling the 
antimicrobial stewardship team. Hospital admin-
istration has noted that the budget may expand in 
future years if outcomes justify the need. Human 
resources authorizes you to hire one of the follow-
ing staff combinations. Which one of the following 
combinations would best contribute to the stew-
ardship team’s intended outcomes?

A.	 An infectious diseases (ID)-trained pharma-
cist and two interested nurses.

B.	 An ID-trained pharmacist, a microbiologist, 
and a quarter-time epidemiologist.

C.	 An ID-trained pharmacist, one nurse, and a 
half-time data informatics person.

D.	 An ID-trained pharmacist and a half-time ID-
trained physician.

3.	 As a clinical manager for a department of pharmacy, 
you are asked to provide recommendations for the 
goals of antimicrobial stewardship. Your commu-
nity hospital has 250 beds, and cannot provide 
additional financial support. In addition to you, the 
hospital has three clinical pharmacists who have a 
full schedule addressing general pharmacotherapy 
issues. Which one of the following strategies 
would result in the best outcomes given the finan-
cial constraints?

A.	 Individual case review of all patients daily for 
infection-antimicrobial drug mismatches.

B.	 Development of clinical pathways for common 
ID in your hospital with retrospective review 
for pathway adherence.

C.	 Implementation of a monthly educational pro-
gram geared toward hospital-employed physi-
cians and nurses.

D.	 Targeting of the five most expensive antibi-
otics and requiring prospective pharmacy 
approval before use.

Questions 4–6 pertain to the following case.
You have been hired by a 250-bed community hospi-
tal to initiate an antimicrobial stewardship program. 
Benchmark data provided to you by hospital adminis-
tration suggest that the organization spends 20% more 
on antimicrobial purchases than do similar institutions 
in the area. These data were the catalyst for administra-
tive support for your position. The medical staff consists 
primarily of generalist physicians. Your pharmacy has 
the resources to allow one decentralized clinical phar-
macist daily. Computerized physician order entry will 
be implemented late in the current fiscal year. The 
institution provides cancer care and is affiliated with a 
tertiary care medical center, which provides the medical 
staff to care for these patients. Patients with leukemia 
and lymphoma account for about 20% of the daily cen-
sus. The tertiary care center has had several outbreaks of 
extended-spectrum β-lactamase–producing organisms, 
requiring empiric carbapenem use for neutropenic fever. 
All protocols for the care of patients with cancer are con-
sistent between the two institutions. One ID-trained 
physician travels to several institutions and does some 
consulting in your hospital. The microbiology labora-
tory is on-site, with automated susceptibility testing 
done using the Vitek-2 system. The laboratory compiles 
an institution-wide antibiogram every 2 years; this was 
done 18 months ago. This antibiogram showed signifi-
cant issues with fluoroquinolone-resistant Escherichia 
coli and Pseudomonas aeruginosa, but all other results 
were consistent for a rural hospital of its size.

4.	 Which one of the following is the best first step in 
establishing a viable stewardship program?
A.	 Compile an up-to-date antibiogram for the 

institution.
B.	 Enlist the Pharmacy and Therapeutics Com-

mittee to restrict fluoroquinolones.
C.	 Develop empiric antimicrobial use guidelines 

for the institution.
D.	 Enlist the ID physician to join the stewardship 

team.

5.	 As a condition for administrative support, the stew-
ardship program is expected to show at least a 10% 

Self-Assessment Questions 
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reduction in antimicrobial expenses for the next fis-
cal year. Given the limited time and resources, 
which one of the following would be the best first 
intervention to undertake?
A.	 Implement a pharmacist-driven, hospital-wide 

antimicrobial de-escalation program.
B.	 Require preapproval by the stewardship phar-

macist for all high-cost antimicrobials.
C.	 Enlist the oncologists and microbiology direc-

tor to establish an appropriate neutropenic 
fever protocol for the institution.

D.	 Undertake a comprehensive formulary review 
to ensure that the least expensive antimicrobial 
drug from each class is exclusively available.

6.	 You have successfully achieved both the financial 
and clinical first-year goals of the program. The 
patient mix and census is projected to remain con-
sistent, and the hospital administration asks you to 
submit financial goals for the coming year. Which 
one of the following goals would best show the 
impact of your programs?
A.	 Improve fluoroquinolone activity against E. 

coli isolates to match benchmark hospitals.
B.	 Decrease antimicrobial expenditures below 

current benchmarks.
C.	 Significantly reduce institutional vancomy-

cin use.
D.	 Maintain growth of antimicrobial expendi-

tures below the projected national level.

Questions 7–9 pertain to the following case.
You are an ID-trained pharmacist and faculty member at 
the local college of pharmacy. Your clinical practice site is 
the adjacent 650-bed university hospital, where you and 
the chief of ID serve as codirectors of the antimicrobial 
stewardship program. Another ID-trained pharmacist 
faculty member shares stewardship responsibilities with 
you. The hospital completed the implementation of an 
electronic health record system during the past year. 
Your current responsibilities include a review of culture 
reports to identify patients who may benefit from alter-
ations in therapy. About 100 culture and susceptibility 
results are generated by the microbiology laboratory 
daily. You or your colleague review about half of these 
results. An estimated 75% of cases require no interven-
tion; in 23%, an antimicrobial dose de-escalation would 
be appropriate; and in 2% a mismatch between the caus-
ative organism and the prescribed antibiotic is identified, 
requiring a change in therapy. The acceptance rate of the 
team’s recommendations approaches 90%. As part of 
the annual review process for the program, you want to 
expand its impact. Hospital administration is committed 
to improving the care of patients with ID and has told you 
to consider all available options.

7.		  Based on the available evidence, in which one of 
the following areas would expanding the review 
of antimicrobials and culture results be most 
cost-effective?

A.	 De-escalation in bloodstream infections.
B.	 Mismatches in bloodstream infections.
C.	 Mismatches in hospital-acquired pneumonia.
D.	 Mismatches in community-acquired 

pneumonia.

8.	 You are asked to propose a plan to improve the 
impact of antimicrobial stewardship. The budget 
allows no increase in financial resources for the 
effort. Which one of the following would provide 
the best results with the least need for additional 
resources?

A.	 Embedding ID protocols into the electronic 
health record.

B.	 Adding a PGY2 ID pharmacy resident.
C.	 Developing a preauthorization strategy for 

antimicrobial restriction.
D.	 Implementing an antimicrobial cycling pro-

gram in the intensive care units.

9.	 Hospital administration is willing to consider add-
ing a third-party clinical decision support tool to 
the current electronic medical record. After eval-
uating the available programs, you are preparing a 
proposal to justify the purchase of this tool, using 
language that would resonate with hospital admin-
istrative and financial officers. Which one of the 
following would be the best primary reason for 
the hospital to approve this tool?

A.	 Decrease antimicrobial expenditure for the 
hospital.

B.	 Increase effectiveness with no added 
personnel.

C.	 Improve data management to facilitate utiliza-
tion reviews and research.

D.	 Improve ability to provide point-of-care treat-
ment recommendations.

10.	 You are codirector of an antimicrobial stewardship 
program in an academic medical center. You cur-
rently employ a program of prospective audit and 
feedback for designated restricted antimicrobials, 
which include the carbapenem class. You have rec-
ognized an exponential growth in the number of 
patients initiated on carbapenem therapy. Many of 
these patients are on general medicine wards and 
are receiving carbapenem therapy for questionable 
indications. In most cases, a causative pathogen is 
never isolated; however, based on clinical improve-
ment, the patients are unable to be successfully 
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de-escalated from carbapenem therapy. Which one 
of the following would most effectively decrease 
unnecessary carbapenem use without compro-
mising patient care?

A.	 Recommend invasive pulmonary sampling for 
all patients with suspected pneumonia.

B.	 Require stewardship program preapproval for 
carbapenem use on general medicine wards.

C.	 Require stewardship program preapproval for 
carbapenem use on all wards.

D.	 Restrict carbapenem use to ID consultation 
only.

11.	 Your practice site serves a large transplant popula-
tion located in a single nursing unit. Random audits 
of the unit reveal 65% adherence to institutional 
hand hygiene policy. The antimicrobial steward-
ship team is asked to evaluate the contribution of 
antimicrobial use to continued problems with out-
breaks of vancomycin-resistant enterococci on this 
unit. The evaluation shows that vancomycin use on 
this unit is 30% greater than on similar units, and 
that piperacillin/tazobactam is the hospital’s pri-
mary broad-spectrum agent with very little use of 
other broad-spectrum therapy. Which one of the 
following interventions is most likely to quickly 
control these outbreaks?

A.	 Decrease the use of vancomycin.
B.	 Decrease the use of piperacillin/tazobactam.
C.	 Implement mask, glove, and gown isolation for 

all patients in the institution.
D.	 Enhance enforcement of hand hygiene polices.

12.	 You are beginning a project to characterize the vol-
ume of antimicrobial use in your institution. The 
institutional information system has provided you 
with the past 3 years of data on antimicrobial pur-
chases, which reflect 1 year before and 2 years after 
the start of your stewardship program. The organi-
zation wishes to benchmark your data to another 
local hospital that has similar programs, identical 
information technology systems, and a compara-
ble patient mix, but that is 100 beds smaller. Nurs-
ing units in both institutions are localized by clini-
cal program. Your average occupancy rate is 82% of 
capacity, and the comparator institution averages a 
95% occupancy rate. Which one of the following 
would best compare antimicrobial consumption 
between the institutions?

A.	 Grams of antibiotic purchased for each institu-
tion adjusted for bed capacity.

B.	 Inflation-adjusted dollar expenditures for each 
antimicrobial class for each institution.

C.	 Calculated defined daily doses (DDDs) per 
patient-day of each agent for each institution.

D.	 Calculated total grams of antimicrobial used 
per nursing unit.

13.	 An intensivist in your institution has expressed 
interest in examining the use of antimicrobials in 
the intensive care unit. Your review finds that most 
empiric therapy in the unit is carbapenem based. 
Examination of antibiogram data for the unit sug-
gests equal activity against gram-negative bacte-
ria for carbapenems, piperacillin/tazobactam, and 
cefepime. The intensivist suggests that a program of 
cycling between the three classes be implemented 
in the unit to help maintain activity of all classes 
of agents. Which one of the following is the best 
response to this proposal?

A.	 Cycle different antimicrobial classes for 
3-month periods.

B.	 Cycle different antimicrobial classes for 
6-month periods.

C.	 Rotate randomly between the three different 
classes of antimicrobials.

D.	 Restrict carbapenem use to situations with 
documented resistance to other agents.

14.	 You have been hired to implement an antimicrobial 
stewardship program on a 1-year contract. Admin-
istrators expect to see significant decreases in anti-
microbial consumption and antimicrobial expenses 
before considering renewal of your contract. Which 
one of the following would have the best chance 
of meeting the administration’s requirements?

A.	 Antibiotic order forms.
B.	 Preauthorization requirement.
C.	 Prospective audit and feedback.
D.	 Empiric antimicrobial use guidelines.

15.	 You have received approval for the purchase of a 
clinical decision support system to augment your 
antimicrobial stewardship program. You would 
like the software to address greater capture rates of 
inappropriate antimicrobial therapy, better review 
of antimicrobial use patterns, increased response 
to changes in organism susceptibility patterns, and 
improved empiric use of antimicrobial therapy. 
Based on the current capabilities of clinical deci-
sion support systems, which one of the following 
features would most contribute to your improve-
ment goals?

A.	 Real-time antibiogram generation capability.
B.	 Real-time alerting of bug-drug mismatches.
C.	 Artificial intelligence for selection of empiric 

therapy.
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D.	 Alerts generated when patients are initiated on 
a specific antimicrobial.

16.	 You are evaluating the impact of an antimicro-
bial stewardship program on institutional antibi-
otic expenditures. Which one of the following, if 
occurring in the previous fiscal year, would be the 
most significant confounding factor?

A.	 10% average increase in antibiotic prices.
B.	 Establishment of a bone marrow transplant 

program.
C.	 Establishment of a new outpatient surgery 

program.
D.	 10% increase in average daily census.

17.	 You implemented an antimicrobial steward-
ship program 1 year ago. At the time, the medical 
staff supported the initiative. You decided that a 
preapproval process managed by you and your resi-
dents would be the best way to improve antimicro-
bial therapy in the organization. However, conflicts 
have arisen regarding the approval of antimicrobi-
als for specific patients. These conflicts have signifi-
cantly decreased the medical staff support as well 
as the effectiveness of the stewardship program. 
Which one of the following adjustments would 
best enhance the program’s effectiveness?

A.	 Stop preapproval; implement antimicrobial 
order forms.

B.	 Transfer approval duties to the ID fellow.
C.	 Stop preapproval; implement a prospective 

audit and feedback program.
D.	 Provide more education regarding the pro-

gram to the medical staff.

18.	 An antimicrobial stewardship program has been in 
place in your institution for the past 2 years. Anti-
microbial therapy has improved as measured by a 
5% decrease in total antimicrobial volume, a 10% 
decrease in use of carbapenems, a 15% decrease in 
fluoroquinolones, and a 5% decrease in vancomy-
cin, as well as a decrease in the average length of 
therapy by 1 day. However, antimicrobial resistance 
continues to increase, as shown by a larger num-
ber of vancomycin-resistant enterococci, methicil-
lin-resistant Staphylococcus aureus, and extended-
spectrum β-lactamase isolates than at the start 
of the program. Which one of the following best 
explains the lack in improvement of antimicro-
bial susceptibilities?

A.	 Improvements in use must take place across 
relevant classes of antimicrobials to show 
decreased resistance.

B.	 Insufficient time has elapsed to show improved 
antimicrobial susceptibilities.

C.	 Changes in use patterns were not significant 
enough to result in a change in resistance.

D.	 Continued third-generation cephalosporin use 
resulted in the increased resistance.

19.	 In the first year of your institution’s antimicro-
bial stewardship program, antimicrobial expenses 
declined by 30%. In analyzing the decline, you 
identified several factors that could have contrib-
uted. Which one of the following is most likely to 
consistently contribute to this decline in annual 
antimicrobial expenses?
A.	 Price declines in antimicrobials.
B.	 Prudent formulary management.
C.	 Decrease in patient census.
D.	 Prospective audit and feedback program.

20.	 You have been asked to give a presentation to the 
medical staff about your antimicrobial stewardship 
program. You wish to highlight the most impor-
tant aspect of your program to the organization and 
to patient care. Which one of the following goals 
would be most important to emphasize?
A.	 Improved economic and cost-savings benefits.
B.	 Improved patient safety and quality of care.
C.	 Decreased use of broad-spectrum 

antimicrobials.
D.	 Decreased outbreaks of resistant organisms.
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