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Objectives

• Understand the purpose of an antimicrobial 
stewardship program

• Define core elements of a hospital’s 
antimicrobial stewardship program

• Review policies and interventions that 
support judicious antibiotic usage

• Review emerging developments in 
antimicrobial stewardship



Alexander Fleming c. 1945

• “The time may come when penicillin can be 
bought by anyone in the shops. Then there is the 
danger that the ignorant man may easily under 
dose himself and, by exposing his microbes to 
nonlethal quantities of the drug, educate them to 
resist penicillin…In such a case the thoughtless 
person playing with penicillin treatment is 
morally responsible for the death of the man who 
finally succumbs to infection with the penicillin-
resistant organism. I hope this evil can be 
averted.”



Dellit TH, et al. Clinical Infect Diseases. 2007 
44: 159-77.











Background

• The Centers for Disease Control and Prevention (CDC)
▪ 20-50% of all antibiotics prescribed in U.S. acute care hospitals

• Unnecessary or inappropriate

▪ More than two million people are infected with antibiotic-resistant 
organisms

▪ 23,000 deaths annually

▪ Antibiotic exposure is the single most important risk factor for the 
development of Clostridium difficile associated disease (CDAD).

▪ “Get Smart for Healthcare Campaign” in 2009 
• Promote improved use of antibiotics in acute care hospitals

▪ Recommended that all acute care hospitals implement Antibiotic 
Stewardship Programs in 2014



Evidence to support stewardship

• CDC website
– C. difficile, antimicrobial resistance, costs, other end points

• IDSA/SHEA guidelines (2007)
– “Effective antimicrobial stewardship programs can be 

financially self-supporting and improve patient care (A-II).”

– “Comprehensive programs have consistently 
demonstrated a decrease in antimicrobial use (22%–36%), 
with annual savings of $200,000–$900,000 in both larger 
academic hospitals and smaller community hospitals.”



• Leadership support
• Accountability
• Drug Expertise
• Actions to Support Optimal Antibiotic Use
• Tracking: Monitoring Antibiotic Prescribing, Use 

and Resistance
• Reporting Information to Staff on Improving 

Antibiotic Use and Resistance
• Education



Leadership support, Accountability, 
Drug Expertise

Who’s involved?

• Infection control professionals

• Pharmacy (usually infectious disease trained)

• Microbiologists

• Physician

• Administration

• Staff



Actions to Support Optimal Antibiotic 
Use

Components of programs

• Physician surveys
– Direct actions, priorities

• Pre-authorization programs for antimicrobials
– Restricted, different “tiers”

• Standardized definition and identification of infection based 
on NHSN criteria, etc.

• Identification of colonization, contamination and active 
infection
– “Stewardship of Culturing”

• Adoption of locally customized guidelines based on published 
guidelines (CAP, UTI, CDI, CR-BSI, sepsis, SSTI)

Mullin K, et al. A Multifaceted Approach to Reduction of Catheter-Associated Urinary Tract Infections in the Intensive Care Unit
with an Emphasis on "Stewardship of Culturing." Infect Control Hosp Epidemiol. 2017 Feb;38(2):186-188.











Components of programs

• Lectures to staff on MRSA, C. 
difficile, UTI

• Hospital specific surgical 
prophylaxis guidelines

• Extended infusion of 
carbapenems, zosyn

• Create antibiograms
specifically for MRSA, 
pseudomonas, enterococcus in 
ICU

• Renal adjustments to 
medications (at start and 
during therapy)



Components of programs

• IV-PO conversion
• Sepsis protocol “surviving sepsis”
• De-escalation therapy at 48-72 

hours
• Review of “outliers”
• Vaccine preventable infections
• “dose, duration and indication”

– Antimicrobial order forms (BII)

• “antibiotic time-out”
– Few studies and intervention 

successes vary
– Target some vs all antibiotics?

• Lee et al. Ann Int Med, 2014.  Montreal. 
Usage declined with some though not 
all antibiotics

• Reduction in annual costs but no 
change in overall antibiotic usage



Components of programs
• Computer surveillance and decision support
• Pharmacist rounds with physicians (active)
• Antimicrobial cycling

– van Duijn et al studied 8 ICUs in Europe from 2011-2014
• 745 patients cycling period (6 wks) vs 853 mixing period
• Cycling does not reduce prevalence of carriage of antibiotic-resistant gram neg

• Selective susceptibility reporting
– Suppression of ciprofloxacin susceptibility to Enterobacteriaceae if lack 

of resistance to other antibiotics noted
• Mean monthly Ciprofloxacin utilization decreased from 87 to 39 DDD (defined 

daily dose) per 1000 patient days
– Increase in amoxicillin-clavulanate usage
– Increase in E. coli but not pseudomonas susceptibility

• Automatic stop orders
• Review of key “never” combinations (ex—anaerobic coverage)

Langford, B., et al. Antimicrobial Stewardship in the Microbiology Laboratory: Impact of Selective Susceptibility Reporting on 
Ciprofloxacin Utilization and Susceptibility of Gram-Negative Isolates to Ciprofloxacin in a Hospital Setting. J Clin Microbiol
2016:54-9 S4:2343-2347
Joppe van Duijin et al. The effects of antibiotic cycling and mixing on antibiotic resistance in intensive care units: a cluster-
randomized crossover trial.  Lancet, Infectious Diseases  2018:18, 4:401-409



Procalcitonin

• “We suggest that measurement of procalcitonin
levels can be used to support shortening the 
duration of antimicrobial therapy in sepsis 
patients” (weak recommendation, low quality of 
evidence).

• “We suggest that procalcitonin levels can be used 
to support the discontinuation of empiric 
antibiotics in patients who initially appeared to 
have sepsis, but subsequently have limited 
clinical evidence of infection” (weak 
recommendation, low quality of evidence).



Procalcitonin

• Schuetz P et al. Effect of procalcitonin-guided antibiotic 
treatment on mortality in acute respiratory infections: a 
patient level meta-analysis. Lancet Infect Dis 2018; 18:95-
107
– Cochrane review – meta-analysis of data from 26 randomized 

controlled trials
– 6708 participants with acute respiratory illness
– Mortality at 30 days was significantly lower in procalcitonin-

guided patients than in control patients

• Some conflicting data 
• Strongest data in favor of procalcitonin in meningitis, 

pneumonia, upper respiratory tract infection and sepsis.
– Sager R et al, BMC Medicine 2017:15.



Rapid diagnostic testing

• Develop implementation protocol for 
education and adoption of testing

– Reporting of results

– Periodic feedback

• Is testing leading to actionable plan and results?

• How is the testing contributing to stewardship?
– Not just antibacterial stewardship…consider antiviral and 

antifungal stewardship

• Role in maintaining a stewardship program



Allergy testing

• 2-15% of patients with reported penicillin allergy 
actually have an allergy to penicillin (multiple 
references)

• Differences in availability of testing in US versus 
Europe

• Huang K-H G et al noted a statistically significant 
trend towards increased 3 month mortality in 
hematologic malignancy in patients with B-lactam 
allergy (16% versus 12% p = 0.01). AAAI 2017. 



Staphylococcus aureus
bacteremia and penicillin allergy

• Blumenthal et al evaluated a decision tree to 
determine optimal evaluation and treatment for 
patients with MSSA bacteremia and reported PCN 
allergy
– Vancomycin found to result in fewer cures (vs Cefazolin)
– Vancomycin resulted in highest rate of recurrence (vs

Cefazolin)
– Vancomycin had greatest frequency of allergic reactions 

and adverse drug reactions (vs Cefazolin)
– CONCLUSION:  PCN allergy should be addressed in patient 

with MSSA bacteremia for optimal treatment.

Blumenthal K, et al. Improving Clinical Outcomes in Patients with Methicillin-Sensitive Staphylococcus aureus Bacteremia and Reported 
Penicillin Allergy. Clin Infect Dis 2015 Sept 1; 61(5):741-749.



(1) no allergy evaluation, give vancomycin (Vanc); (2) allergy history–guided treatment: 

if history excludes anaphylactic features, give cefazolin (Hx-Cefaz); and (3) complete 

allergy evaluation with history-appropriate PCN skin testing; if skin test negative, give 

cefazolin (ST-Cefaz).  Blumenthal K, et al. Improving Clinical Outcomes in Patients with Methicillin-Sensitive Staphylococcus 

aureus Bacteremia and Reported Penicillin Allergy. Clin Infect Dis 2015 Sept 1; 61(5):741-749.



Tracking and Reporting

• Identification of goals
– Important to measure impact on patient safety, cost, 

resistance patterns, antimicrobial use
• Reduction of C. difficile rates (ex—focus of fluoroquinolone

use)
• Reduction of carbapenemase resistant enterobacteriaceae
• Reduction of mupirocin-resistance rates (ex—stop date for 

mupirocin use)

• Process measures
• Outcome measures
• How to provide feedback

– Clinical impact, economic impact



Addressing clusters of nosocomial 
infections

• Working through a “pain point”
– Mediastinitis, device related infections, Ca-UTI, etc

• Apply core elements of CDC’s Hospital 
Antibiotic Stewardship Programs
– Leadership support

– Accountability

– Drug Expertise

– Actions to Support Optimal Antibiotic Use



Actions to Support Optimal Antibiotic 
Use

Components of programs

• Physician surveys
– Direct actions, priorities

• Pre-authorization programs for antimicrobials
– Restricted, different “tiers”

• Standardized definition and identification of infection based 
on NHSN criteria, etc.

• Identification of colonization, contamination and active 
infection

• Adoption of locally customized guidelines based on published 
guidelines (CAP, UTI, CDI, CR-BSI, sepsis, SSTI)



Actions to Support Optimal Antibiotic 
Use

Components of programs

– Tracking: Monitoring Antibiotic Prescribing, Use 
and Resistance

– Reporting Information to Staff on Improving 
Antibiotic Use and Resistance

– Education



ASP in small hospitals

• In-house expertise

• Telemedicine

• Quality improvement projects

– Evaluate impact of an intervention

– Gain visibility and “buy-in”



ASP in special populations

• Orthopedic surgeries

• Cardio-thoracic surgeries

• Immunocompromised

• ER

• Various ICU settings

• Transitions of care
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