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ObjectivesObjectives

• Gain a conceptual framework for the 
pharmacotherapeutic processp p p

G i h t d l i f ti• Gain an approach to deploy informatics 
interventions in pharmacy

• Understand how to evaluate such anUnderstand how to evaluate such an 
intervention: the example of antibiotics 
stewardship in the outpatient arenastewardship in the outpatient arena

2



3



Antibiotics StewardshipAntibiotics Stewardship

• Responsibility to preserve the effectiveness of 
antibiotics
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Associations Between Antimicrobial 
Use and Resistance.

• Changes in use parallel changes in resistance
• Resistance is more prevalent in healthcare‐associated 

d h d fcompared with community‐acquired infections
• Hospital units with highest rates of antimicrobial use also have 

the highest rates of resistancethe highest rates of resistance
• Patients with infections caused by resistant strains are more 

likely to have received prior antimicrobialsy p
• Increasing duration of patient exposure to antimicrobials 

increases colonization with resistant organisms

Guidelines for Developing an Institutional Program to Enhance Antimicrobial Stewardship:
Clinical Infectious Diseases 2007;44:159-77 6



The Target: Outpatient AntibioticsThe Target: Outpatient Antibiotics
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Outpatient AntibioticsOutpat e t t b ot cs

• Prescribed mostly (75%)  for acute respiratory infections…
– Otitis mediaOtitis media
– Sinusitis
– Pharyngitisy g
– Bronchitis
– Non‐specific URIs

• …illnesses where antibiotic usage is mostly ineffective
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Antibiotic Use in Outpatient Respiratory Illnessesp p y
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Adapted from Gonzales, CID 2001:33p759-760 10



Designing an Effecti e Inter entionDesigning an Effective Intervention

What Has Been Done?
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Approaches to Reduce Overuse of  
A tibi ti f ARIAntibiotics for ARI

• Education
– CliniciansClinicians
– Patients
– Communityy

• Audit‐Feedback

• Combination of above
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Approaches to Reduce Overuse of ABXApproaches to Reduce Overuse of ABX

Ranji et al., Medical Care 2008; 46; 847 13



Effect Size VariationEffect Size Variation

Metlay JP et al.  Ann Emerg Med 2007; 50, 221-230
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Sustainability of Antibiotics Stewardship 
Interventions

Davey P, et al. Systematic Review of Antimicrobial Drug Prescribing in Hospitals. Emerging Infectious Diseases 
.2006;12:211-216.
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Designing an Effecti e Inter entionDesigning an Effective Intervention

New Approaches Needed

16



Drug 
Needed?

N

YY
Stop

Safe/
Effective  Choose Drug

Y
YY

NN

Evaluate Drug

Deliver Drug

Prescribe Drug 17



Drug 
Needed??Stop

N

Y

Safe/
Effective  Choose Drug

Y
Y

N

On the

N

NNon- On the
Formulary

Y

N
Evaluate Drug

Y

Ri ht

Non
Formulary

Req.

N Y

Restricted?

Y

Justified??
Y

Right
Patient/

Time

NN Y

NY Deliver Drug

Y
Best

Practice? Right 
Frequency/

Dose

N
N

Y

Prescribe Drug

Y

18



Drug 
Needed?

NN

Y

Stop

Safe/
Effective  Choose Drug

Y
Y

N

On the

N

NNon- On the
Formulary

Y

N
Evaluate Drug

Y

Ri ht

Non
Formulary

Req.

N Y

Restricted?

Y

Justified?
Y

Right
Patient/

Time

NN Y

NY Deliver Drug

Y
Best

Practice? Right 
Frequency/

Dose

N
N

Y

Prescribe Drug

Y

19



Drug
Needed??Stop

NN

Y

Safe/
Effective  Choose Drug

Y
Y

N

On the

N

NNon- On the
Formulary

Y

N
Evaluate Drug

Y

Ri ht

Non
Formulary

Req.

N Y

Restricted?

Y

Justified??
Y

Right
Patient/

Time

NN Y

NY Deliver Drug

Y
Best

Practice? Right 
Frequency/

Dose

N
N

Y

Prescribe Drug

Y

20



Drug 
Needed?Stop

N

Choose Drug

Y

BestN

Y

Best
Practice

Rx?
Evaluate Drug

Y

Ri ht

N

Y Right
Patient/

Time

N

Deliver Drug

21



The InterventionThe Intervention
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The Intervention

• Clinical decision-support software 
interposed at the time of an electronic 
prescription

• Deploy therapeutic guidelines for the 
diagnosis and treatment of ARIdiagnosis and treatment of ARI
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Process RequirementsProcess RequirementsProcess RequirementsProcess Requirements
• GOAL is embraced by ally
• RULES are clear and simple
• SIGNS are clear and visible
• Minimizes impedance to healthcare
• Adds value when possiblep
• Easy to maintain, monitor and share
• Credible

– CDS RULES are strong and evidence‐based
– Safe and effective
– Compliance is verifiable and enforced
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Business RequirementsBusiness RequirementsBusiness RequirementsBusiness Requirements

• Educate providers• Educate providers
• Document rationale
• Allow for feedback
I b d it i• Imbed monitoring

• Mechanism to build, share andMechanism to build, share and 
maintain the software
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TechnicalTechnical LimitationsLimitationsTechnicalTechnical LimitationsLimitations
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Clinical Practice Guidelines for ARI

• Published in Annals of Internal Medicine in 2001, these 
guidelines were developed by a panel of clinicians and 

d d b h CDC IDSA ACP ASIM d AAFPendorsed by the CDC, IDSA, ACP‐ASIM and AAFP.

• Each clinical disease within the blanket term “acuteEach clinical disease within the blanket term  acute 
respiratory infection” was addressed individually, with 
focus on establishing diagnosis, determining likelihood of 
bacterial etiology and predicting benefit of antibiotic usebacterial etiology and predicting benefit of antibiotic use

Gonzales, et al. Ann Intern Med 2001: 134, 479
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Targeted Antibioticsg

• Targeted the two most popular 
antibiotics for bronchitis  sinusitis and antibiotics for bronchitis, sinusitis and 
URI

A ith i– Azithromycin
– formulary fluoroquinolone (gatifloxacin)

• Other antibiotics were not affected
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OutcomesOutcomes
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Utilization of Targeted ABXUtilization of Targeted ABX

Azithromycin CDS-eRx Gatifloxacin CDS-eRx
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Desirable Outcomes

• Warranted utilization was unaffected

• Unwarranted utilization was reduced
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Undesirable Outcomes

• Warranted utilization was impeded

• Unwarranted utilization was transferred to 
alternative antibiotics
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Was Utili ation Adjusted Toward the Was Utilization Adjusted Toward the 
Guideline-Defined Desirable 

Outcomes? 
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Prescribed When Indicated for ARI
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Prescribed When Not Indicated for ARI
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Targeted vs. All ABX for ARIg
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More Outcomes

• All cases of pneumonia received antibiotics

• Overall improvement in guideline 
congruence entirely attributable to 
antibiotics targeted by the interventiong y
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Summary (1)Summary (1)

• Antibiotics pressure is a key promoter of 
antimicrobial resistanceantimicrobial resistance

• Most unwarranted use of antibiotics targets• Most unwarranted use of antibiotics targets 
outpatients with uncomplicated acute 
respiratory infections (ARI)respiratory infections (ARI)  
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Summary (2)Summary (2)

• Conventional educational interventions to 
reduce unwarranted use of antibiotics inreduce unwarranted use of antibiotics in 
ARI have met with limited effectiveness; 
long‐term outcomes are not knowng

• Computerized clinical decision support• Computerized clinical decision support, 
particularly when interposed at the time of 
an e‐prescription, can be both effective andan e prescription, can be both effective and 
sustainable, but the effect may be limited 
to targeted antibiotics. g
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Future DirectionsFuture Directions

• Multicenter Cluster Randomized Trial

• Outcome studies of other drugs subject to 
a similar interventiona similar intervention
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