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Objectives

• Define antibiotic stewardship and discuss historical 

approaches to managing antibiotics

• Highlight landmark initiatives currently (and likely to) affect 

antimicrobial stewardship in the US

• Differentiate outcome vs. process measures utilized in 

current programs, and provide examples

• List opportunities for nurses to participate in antimicrobial 

stewardship



Global Consumption of Antibiotics

• From 2000-2010, total global antibiotic 
consumption grew by >30%

• ~50 billion to ~70 billion standard units (SU)
• Penicillins and cephalosporins ~60%
• Significant increase last resort antibiotics 

carbapenems and polymyxins

Leaders in Antibiotic Consumption 2010

13 billion SU 10 billion SU 7 billion SU

Adjusted per capita  US leader

22 SU per person 

Van Boeckel TP, et al. Lancet Infect Dis 2014;14:742–50.



US Consumption of Antibiotics
United States accounts for 10% of global consumption

US Antibiotic Dosing ~ 17,000,000 kg per year

(73,620,748,816 standard units)*

80% in Food Animals 
16% in 

Outpatient

Human

4% in 

Inpatient

Human

Only fraction** 

for life-

threatening 

infections!

*Number of doses sold, identified as pill, capsule, or ampule
Inpatient Use 20% of Human

Outpatient Use 80% of HumanEnforces need for GLOBAL 

Stewardship Efforts

**Estimated based on use of carbapenems and polymyxins.  Center for Disease Dynamics, Economics & Policy. 2015.  
State of the World’s Antibiotics, 2015. CDDEP: Washington, D.C. Van Boeckel, TP, et al. Lancet Infect Dis 2014;14: 
742–50.  Van Boeckel TP, et al. PNAS Early Edition 18 Feb 2015.   



Inappropriate Use of Antibiotics

• Surveys suggest that half of all 

antimicrobial use is inappropriate

– non-bacterial infections

– wrong antibiotic to begin with

– unnecessary antibiotic 

continued longer than it needs 

to be

Owens RC et al. Pharmacotherapy 2004;24:896-908



Increased Antibiotic Use Drives Resistance

Increasing fluoroquinolone resistance in Gram-negative bacilli correlates with increased fluoroquinolone use in patients from 43

states (numbers of isolates from 1994-2000=35,790). The 1990 to 1993 data points represent composite susceptibility and quinolone 

use for those 4 years.

Neuhauser MM et al. JAMA 2003;289:885-8
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Multi-Drug Resistant Enterobacteriaceae

http://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508.pdf#page=13

• Escherichia coli and Klebsiella pneumoniae 
are common causes of respiratory tract, 
blood, urine, and tissue infections

• They are typically susceptible to many 
antibiotics

• Extended-spectrum beta-lactamases 
(ESBLs) have now emerged in 10-15% of 
clinical isolates

• Carbapenems are widely considered the 
antibiotics of choice for ESBLs

• The rise in carbapenem use has been 
associated with emergence of carbapenem 
resistant strains

• Predominantly due to presence of blaKPC

carbapenemase enzymes
• Few available antibiotics remain with 

activity against these multidrug resistant 
Enterobacteriaceae

• New treatments needed



Consequences of Antimicrobial Resistance

Clinical and Financial Burdens
Sample of 1391 high-risk hospitalized adult patients from Chicago hospitals

Roberts RR et al. Clin Infect Dis 2009;49:1175-84



Antibiotic Use – Striking the Balance

Getting it Right Up Front

Increasing Response

Decreasing Mortality

Appropriate Use

Collateral Damage



What is Antibiotic Stewardship?

• Coordinated interventions designed to improve and measure the 

appropriate use of antibiotic agents by promoting the selection of 

the optimal drug regimen including dosing, duration of therapy, 

and route of administration.

Fishman N. Infect Control Hosp Epidemiol 2012;33:322-7



• Primary goal
– Optimize clinical outcomes while minimizing unintended consequences of antibiotic use

• Toxicity
• Selection of pathogenic bacteria (e.g., Clostridium difficile)
• Emerging resistance

• Secondary goal
– Reduce health care cost without compromising quality of care

Dellit TH et al. Clin Infect Dis 2007;44:159-77



Stewardship is Not a New Concept

• Many references from the 80’s on antibiotic restriction programs

• More contemporary stewardship (i.e., Antibiotic Management) 
included de-escalation recommendations and involved an 
antibiotic management team

• Described 3 phases of infection where the team could interact:

– Stage 1 – Empiric antibiotic therapy; uncertainty about cause of 
infection

– Stage 2 – Days 3-5; availability of culture and susceptibility data 
to help guide antibiotic therapy

– Stage 3 – Day 7 and later; completion of antibiotic therapy, 
discharge from hospital; dependent on type of infection and 
patient response to therapy from Stages 1 and 2

Quintiliani R et al. Am J Med 1987;82:391-4

Briceland LL et al. Arch Intern Med 1988;148:2019-22



Barlam TF, et al. Clin Infect Dis 2016;62:1197-202

• Primary goal
– Expanded on previous guidelines with recommendations on specific interventions and 

implementation



Strategies For Antimicrobial Stewardship from the 

Guidelines
• Core Strategies

– Prospective Audit with Intervention and Feedback

– Formulary Restriction/Prior Authorization

• Supplemental strategies

– Clinical pathways and guidelines

– Streamlining/de-escalation

– Dose (PK/PD) optimization

– Combination therapy

– Switch from parenteral to oral therapy

– Antibiotic Time-Outs

– Antimicrobial order forms

– Antibiotic cycling/switch

– Working closely with microbiologists

– Physician order entry

Dellit TH et al. Clin Infect Dis 2007;44:159-77; Barlam TF et al. Clin Infect Dis 2016;62:1197-202.



Preauthorization (PPA) versus Post 

Prescription Review with Feedback (PPRF)

Solid Line is DOT during PPRF; Dashed line is DOT during PPA.

• PPRF was more effective than PPA at reducing antibiotic DOT and 

Length of Therapy 

• No Differences in CDI, length of hospital stay, or in-hospital mortality

Barlam TF et al. Clin Infect Dis 2016;62:1197-202.

Tamma P et al. Clin Infect Dis 2017;64:537-43. 



Bantar et al. Clin Infect Dis 2003;37:180-6

Hospital-wide Program to Optimize Antibiotic Use 

• Decreased antibiotic use

• Decreased resistance

• Cost reduction: total savings of $913,236
over 18 months

0 10 20 30 40 50 60 70 80 90

Ceftazidime

Ceftriaxone

Cefuroxime

Cephalothin

Cefepime

Carbapenem

Ampicillin-sulbactam
Baseline Final

Consumption (DDD/1000 patient days)

• Antimicrobial Treatment Committee

– ID, Microbiologists, Pharmacists, IM, IT

• Hospital-wide Program

– No restrictions on antibiotic use

– Antibiotic Order Form

– Feedback and education to prescribers

– Recommended substitutions

• 3rd-generation cephalosporins 

cefepime

• Carbapenems 

aminopenicillin/sulbactam



The Low Hanging Fruit – Controlling Antibiotic Costs



Mandatory surveillance in hospitals >65 y.o.

All patients, all settings

Alcohol-based hand sanitizers

National hand hygiene campaign

Auditing of environmental cleaning standards

Hospital Environmental Inspections

Antibiotic Stewardship – 4C’s (dashed line)

Reductions of Proton Pump Inbitors

Persuasive/Restrictive 

ASP on 4C antibiotics:
- Cephalosporins

- Ciprofloxacin/fluoroquinolones

- Clindamycin

- Co-amoxicillin

Reduced hospital 

C.difficile by 68% in 

hospitals and 45% in 

community settings



Opportunities for Stewardship: Influenza

• 65% of patients admitted with influenza received antibiotics empirically

• 35% of these patients received therapy inappropriately (no evidence of bacterial infection)

• Respiratory cultures ordered in only 15% of patients

Ghazi IM, et al. Infect Control Hosp Epidemiol 2016;37:583-9



Justifying an Antimicrobial Stewardship Program

• Poor Outcomes/Resistance Already Present –
New therapies/interventions needed to reduce multidrug 
resistant bacteria

• Poor Outcomes/Resistance Prevalence Low –
Optimizing infection-control/stewardship activities could 
delay/prevent emergence of multi-drug resistance

No two institutions have precisely the same issues…

USE YOUR OWN DATA!



“Measurement is the first step that leads to control and 
eventually to improvement…”

- Dr. H. James Harington
Harrington Institute Inc.

“An ASP is not an ASP without measurement…”
- anonymous



When to Measure in an Antimicrobial Stewardship 

Program (ASP)?

• Pre-intervention

– What and where is the ASP problem at your institution?

• high resistance, abusive use of certain antibiotics, poor outcomes for 

a certain infectious process

– What data are needed to assist in correctly identifying a path to problem 

solution?

• Post-intervention

– How compliant were providers with the ASP intervention?

– Did the intervention achieve intended results?

– Are new modifications needed?

– Help support/justify ASP resources?



Don’t Stop… Continuous Monitoring is Required

• When resources are shifted elsewhere and compliance declines, a 
reduction in successful outcomes will be observed.

• Compliance of VAP treatment program reduced from 100% to 44%

• Percentage of patients receiving appropriate antibiotic therapy fell 
from 70.8% to 56.3% (36.1% in patients not receiving care by 
protocol, p<0.001).

• Triple antibiotic therapy decreased from 79.2% to 32.8% (p<0.001)

• Time to appropriate therapy increased by one day

• Death during hospitalization increased from 32% to 42% (p=0.603)

Wilde AM et al. Pharmacotherapy 2012;32:755-63



Process versus Outcome Measures

Outcome Measures
• Based on the primary goal of ASP

• May not always measure quality of 

care

• Often affected by multiple variables

• Examples:

– Mortality

– Clinical success/failure

– Resistance

– Superinfections (C. difficile)

– Healthcare costs

– Length of Stay

Process Measures
• Useful only if have a link to the 

outcome

• Easier to measure

• Examples:

– Compliance

– Reductions in antibiotic 

utilization

– Antibiotic cost

– Frequency/time to appropriate 

antibiotic therapy

– Acceptance of ASP 

recommendations



Evaluating Antibiotic Consumption: 

Defined Daily Doses (DDD)
– Promoted by World Health Organization

– Assumed average maintenance dose per day for a drug used for its main 

indication in adults.

– Total grams are summed during period of interest and divided by WHO-assigned 

DDD (grams/day).

– Often expressed in DDDs per 1000 patient days for benchmarking with other 

hospitals.

– Limitations:

• Will underestimate antibiotic exposure in patients with impaired renal function

• Aggregate use may include pediatric prescriptions, which is not accounted for 

in assigned DDD

• If administered daily dose differs from WHO DDD, then no accurate 

assessment of number of days of therapy



Evaluating Antibiotic Consumption:

Days of Therapy (DOT) – Now Favored by Guidelines

– Direct measure of the number of days of therapy

– Represents the administration of a single agent on a given day regardless of 

number of doses or dosage

– Often expressed in DOT per 1000 patient days for benchmarking with other 

hospitals.

– Can be used to compare relative use between drug classes and among children

– Limitations:

• Will overestimate use for drugs given in multiple doses per day

• Often more difficult to measure without computerized pharmacy records



NHSN Antimicrobial Utilization Measure (NQF #2720)

• Developed by CDC

• Goal: Hospital benchmarking of antibiotic use

• Standardized Antimicrobial Administration Ratio (SAAR)

– Antimicrobial use collected electronically at point of care

– Data separated by medial/surgical, ward/ICU, adult/pediatric

– Numerator: Antimicrobial DOT’s by patient care location

– Denominator: Days present for each patient care location (i.e., number of 

patients who were present for any portion of each day of a calendar month 

for each location)

• Currently being evaluated as a Center for Medicare and Medicaid 

Services (CMS) performance measure requirement

NHSN: National Healthcare Safety Network

http://www.cdc.gov/nhsn/acute-care-hospital/aur/

http://www.qualityforum.org/QPS/QPSTool.aspx



California Antibiotic Stewardship Program Initiative
Making ASP Mandatory

• Part of California Department of Public Health

• First and only (so far) state to enact ASP legislation

• California Senate Bill 739 mandated that by Jan 1, 2008, all 
general acute hospitals must monitor and evaluate the utilization of 
antibiotics and charge a quality improvement committee 
responsible for oversight of antibiotics

• September 2014: California Senate Bill 1311 – ASP programs 
must follow recommendations by federal government or 
professional organizations (includes physician or pharmacist 
trained specifically in stewardship)

http://www.cdph.ca.gov/programs/hai/Pages/AntimicrobialStewardshipProgramInitiative.aspx



National Action Plan for Combating Antibiotic-

Resistant Bacteria (CARB)

• Issued by the White House in March 2015

• Based on the September 2014 Report to the President on 

Combating Antibiotic Resistance, released by PCAST

• Set’s forth goals to slow the emergence of resistance and spread 

of resistant bacteria

• Strengthening Antimicrobial Stewardship in inpatient, outpatient, and long-term 

care settings

• All acute care hospitals and long term care facilities should have a 

stewardship program in place by 2020

PCAST: President’s Council of Advisors on Science and Technology

http://www.whitehouse.gov/sites/default/files/docs/carb_national_strategy.pdf



• Based on CDC developed, The Core Elements of Hospital Antibiotic Stewardship 

Programs

• Goal is to assist inpatient acute care hospitals developing an ASP by offering 

suggestions for framework, support, and tools

• Launched May 25, 2016

• A playbook for Stewardship in Long Term Care Facilities is in the works
• http://www.qualityforum.org/Publications/2016/05/Antibiotic_Stewardship_Playbook.aspx

http://www.qualityforum.org/Publications/2016/05/Antibiotic_Stewardship_Playbook.aspx


CDC 7 Core Elements

• Leadership Commitment: dedicate necessary human, financial, 

and information technology resources

• Accountability: appoint a leader responsible for program 

outcomes (usually an ID trained physician or pharmacist)

• Drug Expertise: appoint a single pharmacist leader

• Action: implement at least one recommended ASP action

• Tracking: monitor process and outcome measures

• Reporting: report the above information regularly to doctors, 

nurses, and relevant staff

• Education: educate clinicians about disease state management, 

resistance, and optimal prescribing

http://www.cdc.gov/getsmart/healthcare/pdfs/core-elements.pdf



Current and Future National ASP Metrics

• CMS Sepsis Treatment Measure

– Launched in October 2015

– Stressed early goal directed therapy and recommends specific antibiotics for 

patients presenting with sepsis

• CMS SAAR Measure as Condition of Participation (CoP)

– On hold after public comment

• The Joint Commission: Antimicrobial Stewardship Measure

– Implemented in January 2017

– Requires all hospitals to have programs in place that meet the CDC Core 

Elements

• IDSA/SHEA Provider Level ASP Measurements

– Bolt-on to CMS Sepsis: Antibiotic Time Out at 72 hours

– Minimizing Inappropriate anti-MRSA Antibiotic Use

CMS: Center for Medicare and Medicaid Services





Joint Commission Hospital & Critical Access 

Hospital Accreditation Document List

• List of patients receiving antimicrobials
• Emergency department patients prescribed antibiotics

• Ambulatory and clinic patients (under hospital program) who are prescribed antibiotics

• Hospitalized patients who will be discharged on antibiotics

• Documents demonstrating leadership support for the organization antimicrobial 

stewardship program (e.g., accountability document, budget plans)

• Document describing how the organization is using the CDC’s Core Elements of 

Stewardship

• Organization approved antimicrobial stewardship protocols (e.g., policies, 

procedures, order sets)

• Antimicrobial stewardship data (e.g., days of therapy)

• Stewardship reports documenting improvements



The Role of Nursing in Antibiotic Stewardship

• Limited data in the literature (exception is role in nursing 

homes/long term care facilities)

– Mesh terms: APRN, antibiotic, stewardship revealed zero 

matches

• BUT OF COURSE THERE IS A ROLE!

• Can be broken by the following areas:

– Practice

– Education

– Research

– Policy

Manning ML, et al. Am J Infect Control 2016;44:1454-7



Practice
• Could be applied to both nursing staff as well as advanced 

practice nurses

• Adopt antibiotic stewardship as a patient safety imperative

• Provide robust educational offerings on topics related to resistance 

and stewardship

• Promote antibiotic time-outs

• Partner and collaborate with antibiotics stewardship teams
– We collaborate with our Infection Control Nurses

– Two nurses sit on our Stewardship Committee (they are based in Quality)

– We bring Nurse Educators on board when implementing a new dosing strategy or policy 

that effects administration or monitoring of antibiotics

• Raise nursing awareness

• Participate in CDC Get Smart About Antibiotics Week



Initiatives to Reduce 
Antibiotic Use for 
Asymptomatic 
Bacteruria

Nursing program to 
hold urine testing 
and monitor



Education

• Applied to American Association of Colleges of Nursing, nursing 

faculty and curriculum committees

• Assure that basic and graduate level nursing curriculum includes 

benefits, risks, and management of antibiotic use, appropriate 

antibiotic use and administration, and role of nurses

• Develop education materials to support nurses in prescribing 

antibiotics appropriately (APRNs)

• Deploy infection preventionists as staff educators and members of 

stewardship team



Research & Policy

• All nursing degrees, organizations, and constituencies

• Assess the impact of nursing involvement in antibiotic stewardship 

on use patterns (DOTs)

• Examine antibiotic prescribing patterns among nurse practitioners

• Examine the impact of infection preventionist involvement in 

antibiotic stewardship on use patterns

• Support and disseminate information on the NCARB, Joint 

Commission Standard, and CDC Elements

• We need your ideas for future support and involvement



• Since the early development of antibiotics, the successful utilization of these 

agents has been challenged by the develop of antibiotic resistance

• Some form of managing antimicrobial use has been in practice for decades

– Early recommendations focused around managing drug budget

• Only in the last decade has a focus re-emerged on Antimicrobial Stewardship as a 

quality improvement program

– IDSA/SHEA Antimicrobial Stewardship Guidelines released

– Process and Outcomes Metrics defined

– Stewardship now mandatory in Acute Care Hospitals (by 2020) with Joint 

Commission Standards in place

• Role of Nurses

– Still undefined but clearly many opportunities for involvement including 

Practice, Education, Research, and Policy

Summary


