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ANTIMICROBIAL 
STEWARDSHIP 

INTERVENTIONS:  
DESIGN, 

IMPLEMENTATION, 
AND EFFICACY 



You can’t always get what you want . . . 
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HISTORY OF ANTIMICROBIAL USE IN INFECTIOUS DISEASES 

• “Here, eat this root.” 

2000 B.C. 

• “That root is heathen. Here, say this prayer.” 

1000 A.D. 

• “That prayer is superstition. Here, drink this potion.” 

1850 A.D. 

• “That potion is snake oil. Here, take this penicillin; it’s a miracle drug.” 

1940 A.D. 

• “Penicillin is worthless. Here, take this new antibiotic; it’s bigger and 
better.” 

1985 A.D. 

• “Those antibiotics don’t work any more. Here eat this root.” 

2013 A.D. 



Antimicrobial Stewardship: Design, 
Implementation and Efficacy 

 Background 

 Conceptual framework for use of antibiotics 

 Strategies to improve antibiotic use 

 HUP Antimicrobial Stewardship Program 

 Evaluation 

 Impact analysis 

 Microbial ecology 

 CRE 
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Why Are We Having This Conversation? 

 A lot of in-patient antibiotic prescriptions are unnecessary or sub-
optimal. 

 We are running out of antibiotics. 

 We won’t get new ones anytime soon. 

 Antimicrobial resistance is a significant clinical issue 

 It is not just about resistance: 

 C. difficile infection 

 Increased toxicity and other adverse events 

 Increased morbidity and mortality 

 Increase  length of stay 

 Increased cost of care 

 

 



50% of 
antimicrobial use 

is either 
unnecessary  or 

inappropriate 
Reimann & D’Ambola. JAMA 1968;205:537 



Unnecessary Use of Antimicrobials in 

Hospitalized Patients 

Prospective observational study in ICU 

576 (30%) of 1941 antimicrobial days of therapy deemed 
unnecessary 

Hecker MT et al. Arch Intern Med. 2003;163:972-978. 

Most Common Reasons for Unnecessary Days of Therapy 
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Why Does This Matter?   
• 200-300 million antibiotics are prescribed annually 

• 45% for outpatient use 

• 25-40% of hospitalized patients receive antibiotics 

• At least 30% are unnecessary or sub-optimal  

• 5% of hospitalized patients experience an adverse reaction 

• >$1.1 billion spent annually on unnecessary adult antibiotic 
prescriptions for URI 

• 50-80% of outpatient antibiotic use is inappropriate 

• Antibiotics are unlike any other drug: use of the agent in 
one patient can compromise efficacy in another 



 





IS ANTIBIOTIC ABUSE A PROBLEM? 

 Contributes to rising cost of medical care 

 Increased adverse drug effects/reactions 

 5% of hospitalized patients who receive antibiotics 
experience an adverse reaction 

 20% of patients who require medical care have a history of 
an adverse drug effect 

 Emergence of resistance 



31.9% 

Hidron AI, et al. Infect Control Hosp Epidemiol 2008;29:996-1011 



The Death of Antibiotics? 
Klebsiella pneumoniae 



21 21 
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Impact of Antibiotic Resistance 

Organism Increased risk of 

death (OR) 

Attributable 

LOS (days) 

Attributable 

cost 

MRSA bacteremia 1.9 2.2  $6,916 

MRSA surgical infection 3.4 2.6 $13,901 

VRE infection 2.1 6.2 $12,766 

Resistant Pseudomonas 

infection 

3.0 5.7 $11,981 

Resistant Enterobacter 

infection 

5.0 9 $29,379 

• Total cost of antimicrobial resistance is estimated to be $30 
billion annually. 

Cosgrove SE. Clin Infect Dis. 2006; 42:S82-9. 
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The Bottom Line 

• Antimicrobial resistance is a critical patient safety 
issue 

• Antimicrobial resistance is a public health threat 

• Antibiotics should be viewed as a limited resource 

• Antimicrobial stewardship provides the 
infrastructure to preserve antibiotics 
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The Pipeline is Dry 

 Only 15-16 antibiotics are in development 

 Only 8 of these have activity against key Gram negative bacteria 

 None have activity against bacteria resistant to all current drugs 

Boucher HW et al. Clin Infect Dis 2009; 48:1–12 
European Centre for Disease Prevention and Control/European Medicines Agency  
Joint Technical Report 
http://www.emea.europa.eu/pdfs/human/antimicrobial_resistance/EMEA-576176-2009.pdf 
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 “The development of new antibiotics 
without having mechanisms to insure their 
appropriate use is much like supplying your 
alcoholic patients with a finer brandy.” 

-Dennis Maki, 1998 
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Antimicrobial Stewardship: Definition 

• Processes designed to measure and optimize 
the appropriate use of antimicrobials 

• Achieved by selecting the appropriate agent, 
dose, duration of therapy and route of 
administration 

 



34 

Antimicrobial Stewardship: Objectives 

• Achieve optimal clinical outcomes 

• Minimize toxicity and other adverse events 

• Minimize development of antimicrobial resistance  
 

May also reduce excessive costs attributable to: 

• Inappropriate/unnecessary therapy 

• Suboptimal outcomes 

• Toxicity and other adverse events 

• Antimicrobial resistance 

 



Antimicrobial Stewardship Interventions 

 Education 

 Formulary restriction 

 Prior approval 

 Prospective Audit with Feedback (Streamlining) 

 Cycling/rotation 

 Computer-assisted programs 

 Comprehensive programs 
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Antimicrobial Stewardship 

Prior Approval 

• Time consuming in real time 

• Misses opportunities to de-
escalate after antimicrobials 
started 

• Less popular now because of 
concerns about inadequate 
empiric therapy and need for 
prompt antibiotic 
administration 

 

Post-Prescription Review 

• Time consuming but 
schedulable 

• Uses prospective audit and 
feedback 

• Harder to enforce unless 
there is the power to stop 
antibiotics 

• Will not capture unnecessary 
or superfluous empiric 
therapy 
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PRIOR APPROVAL PROGRAMS 

 Multiple approaches 

 Phone approval 

 Antibiotic order forms 

 Automatic stop orders 

 Direct interaction 

 Control categories 

 Simple chart entry 

 Most onerous to physicians 

 Most effective single intervention 

 McGowan and Finland.  J Infect Dis 1974;130:165-8 

 Recco et al.  JAMA 1979;241:2283-6 

 Coleman et al.  Am J Med 1991;90:439-44 



PRIOR APPROVAL:   
MICROBIOLOGICAL OUTCOMES 

 Prior approval for selected parenteral agents 

 Antimicrobial expenditures decreased 32% 

 Susceptibilities to all -lactam and fluoroquinolone   
antibiotics increased 

 Most dramatic in ICUs 

 No change in survival  

 No change in LOS 

 No delay in appropriate therapy 

White AC et al.  Clinical Infectious Diseases 1997;25:230-9 



Prior Approval 

• The most widely implemented and evaluated approach to 
improving in-patient antimicrobial use 

• The one true hard stop intervention 

• Very effective and very quickly effective 

• Relatively easy to implement 

• Labor intensive 

• Requires subject matter expertise 

• Can create ill-will among providers 

• Can lead to quick burnout of approvers 
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PROSPECTIVE AUDIT & FEEDBACK 



 Prospective Audit & Feedback Example 

Parenteral antibiotic use, cost per 1000 patient-days,  
and Medicare Case Mix Index (MCCMI) 

P
er

ce
n

t 

Carling P et al. Infect Control Hosp Epidemiol. 2003;24(9):699-706. 



Measurable, Sustained Outcomes 

Rates of CDI 

Rates of Resistant Enterobacteriaceae 

Carling P et al. Infect Control Hosp Epidemiol. 2003;24(9):699-706. 



Stewardship Optimizes Patient Safety: 

Improved Use of Antibiotics 
Cluster randomized trial over 10 months 
• 6 IM teams received academic detailing regarding 

appropriate use of vancomycin, levofloxacin, 
piperacillin/tazobactam 

• 6 IM teams received guidelines only 

Camins BC et al. Infect Control Hosp Epidemiol. 2009;30:931-8. 
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 Quasi-experimental before-after study of postprescription review 

 5 academic medical centers 

 Adults receiving at least 48 hrs of study antibiotics 
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Results of Multicenter Intervention 
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Conclusions 

 Postprescription review and feedback intervention most effective in 

institutions with established ASPs 

• Institutional support 

• Dedicated resources 

 Acceptance rates equal 

• Greater case-finding and intervention 

• Increased contact with healthcare providers 
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NEJM 1998;338:232 
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Computerized Antibiotic Assistant 

 Significant reductions in: 

• Orders for drugs with reported allergies (35 vs. 146) 

• Excess drug dosages (87 vs.405) 

• Antibiotic-susceptibility mismatches (12 vs. 206) 

• Mean number of days of excessive dosages (2.7 vs. 5.9) 

• Adverse events (4 vs. 28) 

Evans et al.  N Engl J Med 1998;338:232 



58 

Computerized Antibiotic Assistant 

VARIABLE

PREINTERVENTION

PERIOD INTERVENTION PERIOD

Regimen

Followed

Regimen

Overridden

LOS - ICU (days) 4.9 2.7 8.3
Total LOS (days) 12.9 10.0 16.7
Cost of antiinfective ($) 340 102 427
Total cost ($) 35,283 26,315 44,865

Evans et al.  N Engl J Med 1998;338:232 
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WEB ADDRESS 

www.uphs.upenn.edu/antibiotics 
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Clinical Outcomes 

P
e
rc

e
n

t 

RR 2.8 (2.1-3.8) RR 1.7 (1.3-2.1) RR 0.2 (0.1-0.4) 

Fishman N. Am J Med 2006;119:S53 
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UPHS ECONOMIC OUTCOMES 
RANDOMIZED CONTROLLED TRIAL 

Annual savings (600 interventions/month) 

• Antibiotics:   $302,400.00 

• Infx-assoc costs:    $533,000.00 

• Total costs:         $4,277,000.00 



You can’t always get what you want . . . 



But if you try sometime, you just might find, you get what you need!! 
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Impact Analysis 
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A Cautionary Tale 
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Duration of Therapy 







Duration of Antibiotics 
• Some studies indicate that shorter courses of antibiotics are 

sufficient 

– Ventilator associated pneumonia 

– Community acquired pneumonia 

– Septic arthritis 

• Regardless, duration of antibiotics in many cases longer than 
most would consider sufficient 

– Average duration of antibiotics for SSTI is 14 days (range 10-16 
days) 

– Average duration for VAP is 15 days (range 10-21 days) 
Hayashi, CID, 2011. 
Chastre, JAMA, 2003. 
El Moussaoui, BMJ 2006. 
Peltola, CID 2009. 
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Treatment of VAP 

 8 day course equal to 15 day 

course in RCT 

Chastre J. JAMA 2003;290:2588 
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Mathematical Modeling of ASP Interventions 
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Mathematical Modeling of ASP Interventions 
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Impact on Antimicrobial Resistance 



Impact of ASPs on Antimicrobial Resistance 
Ecological Data 

Changes in antimicrobial use are paralleled by changes in 

the prevalence of resistance 

Antimicrobial resistance is more prevalent in healthcare-

associated bacterial infections 

Patients with infections caused by MDROs are more likely to 

have received prior antimicrobials 

Hospital units with highest antimicrobial use also have 

highest resistance rates 

Increased duration of exposure (time at risk) increases 

likelihood of colonization with MDRO 



Impact of ASPs on Antimicrobial Resistance 
Epidemiological Data 

Majority of data from control of outbreaks 

• CDI 

• ESBL 

• VRE 

Limited data demonstrating impact on endemic 

resistance 

 



POOR STUDY DESIGN ISSUES 

Selection biases 

Insufficient power 

Varying duration of intervention 

Failure to deal with confounders 

• Cause of resistance is multifactorial 

• Community vs. nosocomial pathogens 

• Multiple concurrent control measures 

• Colonization pressure 

Generalizability 

• Bug/drug combinations 

• Setting 



Can Antimicrobial Stewardship Limit Resistance? 
Best Evidence 

Decreased CDI 

Decreased resistant GNB 

Decreased VRE 

Decreased LOS (particularly in the ICU) 

 

Carling et al. ICHE 2003;24:699-706 
Climo et al. Ann Intern Med 1998;128:989-95 
Khan et al. J Hosp Infect 2004;54:104-8 
Meyer et al. Ann Intern Med 1993;119:353-8 
Pear et al. Ann Intern Med 1994;120:272-7 
Bradley et al. J Antimicrob Chemother 1997;40:707-11 
de Man et al. Lancet 2000;355:973-8 
Singh et al. Am J Respir Crit Care Med 2000;162:505-11 
 



Impact of Changes in Antibiotic Prescribing on  
CDI in England 
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55% of all CDI caused by 
NAP1/027 
Among all CDI: 
17% assoc. w Ceph 
12% assoc. w  FQ 

 

36% of all CDI caused by 
NAP1/027 
Among all CDI: 
12% assoc. w Ceph 
5% assoc. w  FQ 

21% of all CDI caused by  
NAP1/027 
Among all CDI: 
10% assoc. w Ceph 
4% assoc. w  FQ 

Ashiru-Oredope et al. J Antimicrob Chemother 2012; 67 Suppl 1: i51–i63 
Wilcox MH et al. Clinical Infectious Diseases 2012;55(8):1056–63 
http://www.hpa.org.uk/web/HPAweb&Page&HPAwebAutoListName/Page/1179745282388 
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Conclusions: C. difficile as an ASP Endpoint 

 Data is compelling 

 As much as 60% of healthcare-associated CDI may be attributable 

to antibiotic use 

 Many published studies, using good methods, show an 

association between reduced antibiotic use and reduced C. difficile 

infections 

 Results can be demonstrated within a year 

 Targeting key antibiotics can be very effective 

• Fluoroquinolones 

• Cephalosporins 
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Antibiotic Resistance: What Does the Data Show? 

 There are many published studies looking at the impact of 

reductions in antibiotic use on resistance 

 Most of them do show favorable impacts 

• Reduced use leads to reduced resistance 

• Could be publication bias 

• Commonly in an outbreak setting 

 Some common limitations 
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Overall Impressions 

 The data supporting reducing antibiotic use as a way to 

impact resistance are not as weak as I thought 

 Some studies are pretty compelling 

• CRE 

 Few studies look at the impact of stewardship 

interventions on resistance among patients who were 

actually eligible to get the intervention 

• Case-case-control studies 
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Antimicrobial Stewardship and CRE 

Marchaim D. et. al. Infect Control Hosp Epidemiol 2012;33:817-30. 



87 

Antimicrobial Stewardship and CRE 

Bogan C, Marchaim D. Future Microbiol 2013;8:979-91. 
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Conclusions 

 Antimicrobial stewardship interventions can arrest outbreaks of 

MDROs 

• CDI 

• ESBL 

• VRE 

 Overall data demonstrating impact on antimicrobial resistance 

is improving 

• Correct study design critical 

• Must study impact on patients eligible to receive intervention 

 Fewer data supporting effect of ASPs on endemic resistance 

• Impact on antibiogram unlikely to be an effective outcome measure 

 Prior approval may be a more effective AS intervention with 

respect to preventing emergence of antimicrobial resistance 
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Antibiotic Use in the United States 

70%6%

9%

15%

Nontherapeutic use - Livestock

Therapeutic use - Livestock

Therapeutic use - Humans

Other (soaps, pesticides, pets, etc.)

Union of Concerned Scientists, January 2001 
 


