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Why We Must
How We Can



Nothing to Disclose



Why We Have to Improve 
Antibiotic Use

• Antibiotics are unlike any other drug, in that 
use in one patient can compromise efficacy in 
another.

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

• We are running out of antibiotics.
• We won’t get new ones soon.
• Antibiotic overuse contributes to huge threats 

to the safety of our patients.



Clostridium difficile  Infections (CDIs) and Deaths 
Reach and Remain at Historic Highs

 CDI hospitalizations 
 Increased 3-fold 2000-2009

 250,000 per year

 Deaths linked to CDI
 14,000 in 2007

 $1 billion in medical costs
 CDIs in hospital patients only

 Epidemic strain
 Causes more cases and severity

 Strong link to quinolone exposure

• Lucado J, et al, Available at http://www.hcup-
us.ahrq.gov/reports/statbriefs/sb124.pdf.; Hall AJ   et al.. Presentation at the 
49th Annual IDSA Meeting.; Dubberke ER et al.  Clin Infect Dis 2008;46:497–
504.; McDonald LC et al. N Engl J Med 2005;353:2433–41.



 Estimated 2 million 
each year in the US 
develop antibiotic 
resistant infections.

 About 23,000 people 
die of those infections.

 Antibiotic overuse and 
misuse is an important 
driving factor.



Susceptibility Profile of Typical CRE

Antimicrobial Interpretation Antimicrobial Interpretation
Amikacin I Chloramphenicol R
Amox/clav R Ciprofloxacin R
Ampicillin R Ertapenem R
Aztreonam R Gentamicin R
Cefazolin R Imipenem R
Cefpodoxime R Meropenem R
Cefotaxime R Pipercillin/Tazo R
Cetotetan R Tobramycin R
Cefoxitin R Trimeth/Sulfa R
Ceftazidime R Polymyxin B MIC >4mg/ml
Ceftriaxone R Colistin MIC >4mg/ml
Cefepime R Tigecycline S



Assessment of Treatment of UTI in 
36 Hospitals

Treatment No. (%)

Patients treated for UTI present on admission, 
without indwelling catheter

111 —

Urine culture was not ordered, although standard 
practice before treatment 

18 (16.2)

Urine culture was positive, but no documented 
symptoms were present 

23 (20.7)

Urine culture was negative, and no documented 
symptoms were present 

3 (2.7)

No. of patients with potential for improvement 
in prescribing

44 (39.6)

MMWR March 7, 2014 / 63(09);194-200



The Pipeline is Dry

• Antibiotic development has contracted 
dramatically in recent years.

• Essentially no truly novel antibiotics on the 
immediate horizon.

• Even with huge investments, it will likely be 
many years before we have new antibiotics.

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



Antibiotic Stewardship to Combat 
C. difficile

• 2014 meta-analysis on the impact of 
stewardship on C. difficile included 16 studies. 

• Stewardship programs were significantly 
protective against C. difficile
– Pooled risk ratio 0.48; 95% CI: 0.38, 0.62

• Restrictive interventions were most effective.
• Protection especially strong in geriatric 

settings.
Feazel LM et al. J Antimicrob Chemother, March 2014



Impact of Reductions in Antibiotic Prescribing 
on C. difficile in England
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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



P. aeruginosa susceptibilities before and after 
implementation of antibiotic restrictions 

(CID 1997;25:230)
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Total costs of parenteral
antibiotics at 14 hospitals

Carling et. al. CID,1999;29;1189.



Clinical Outcomes Better With 
Antimicrobial Stewardship Programs 
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Recommendations for Antibiotic 
Stewardship Programs

 The proven benefits of antibiotic stewardship 
programs has led to formal recommendations 
for their implementation:

 “CDC recommends that all hospitals 
implement an antibiotic stewardship program.”

 American Hospital Association also 
recommends antibiotic stewardship programs 
as a “Top 5” intervention for improving the use 
of medical resources.



What is “Antibiotic Stewardship”?

• Ensuring that every patient gets:
• An antibiotic only when one is needed
• The right agent
• At the right dose
• For the right duration  





How Do We Make It Happen?
 Hospitals don’t all look the same, and neither 

do stewardship programs.
 There must be flexibility in how programs are 

implemented.
 But, there are certain key elements that have 

been strongly associated with success.



Core Elements for Antibiotic 
Stewardship Programs

 Leadership commitment from administration
 Single leader responsible for outcomes
 Single pharmacy leader
 Antibiotic use tracking
 Regular reporting on antibiotic use and 

resistance
 Educating providers on use and resistance
 Specific improvement interventions



Leadership Commitment

• There should be a formal expression of support 
for the stewardship program from the facility 
administration.

• Leadership must ensure that staff have time to 
implement the stewardship program.

• Financial support helps- a lot.  But is not 
always imperative.



Program Leadership

• There should be a designated leader of the 
antibiotic stewardship program.

• Physicians have proven very effective in this 
role.
– Prescribing is a medical staff function

• Pharmacy leadership is also critical.
• Leadership by committee is not as effective.



Antibiotic Use Tracking

• Important to monitor antibiotic use to:
– Find potential opportunities for improvement
– Assess the effectiveness of stewardship efforts

• Also helpful to monitor process and outcome 
measures for antibiotic use
– How often are treatment recommendations 

followed?
– What are C. difficile rates?



Reporting and Education

• Stewardship programs need to feed data back 
to the hospital on:

• Antibiotic use- process and outcome measures
• C. difficile
• Issues with resistance



Interventions to Improve Use

• Ultimately, specific interventions to improve 
the use of antibiotics are where the rubber 
meets the road for stewardship programs.



Every Provider Has to Engage

• Our experience in infection control shows us 
that prevention happens most effectively when 
everyone is engaged.

• The stewardship program is a key resource for 
improving antibiotic use.

• But for stewardship to happen, all providers 
have to view improving antibiotic use as an 
important part of patient care.



Conclusion

• Improving antibiotic use is an important 
patient safety issue.

• All hospitals should have antibiotic 
stewardship programs.

• Hospital leadership is essential to ensuring that 
efforts to improve antibiotic use are successful.

• Please let us know what we can do to help.
– Arjun Srinivasan: beu8@cdc.gov



Implementing a Hospital-based 
Antimicrobial Stewardship Program

Howard S. Gold, MD, FIDSA
Medical Director of Antimicrobial Stewardship

Silverman Institute for Health Care Quality and Safety, and
Division of Infectious Diseases

Beth Israel Deaconess Medical Center
Harvard Medical School
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BIDMC
• Academic tertiary care center

• 621 licensed beds
• 419 medical/surgical beds
• 77 critical care beds 

• ~5,000 births a year 

• Full range of emergency services, 
including a Level 1 Trauma Center 
and roof-top heliport

• Bone marrow transplantation

• Liver, kidney, pancreas 
transplantation

• Strong and longstanding 
commitment to health care quality



Goal of Antimicrobial Stewardship is to improve 
patient safety by optimizing use of antimicrobial 
drugs

• Improve clinical outcomes

• Minimize selective pressure for antimicrobial drug 
resistance and superinfection (e.g., Clostridium 
difficile infection)

• Reduce toxicity and interactions

• Cost-effective

• Meet evolving national standard

• Anticipated regulatory component



Why do we need Antimicrobial 
Stewardship in hospitals?
• 25-40% of hospitalized patients receive antibiotics

• Most of that use is empiric (~75%)
• Empiric treatment is often not de-escalated or 

tailored to culture results

• Up to 50% of antimicrobial use is inappropriate

• Antimicrobials are used by all services – everyone 
is an “expert”

Dellit, et al. Clin Infect Dis 2007, and others



BIDMC Antimicrobial Stewardship Team (AST)
• Began in FY06 as a collaboration between 

Health Care Quality (Infection Control) and 
Pharmacy

• Personnel
• Medical Director (~0.6 FTE)

• MD administrative position in Health Care Quality
• Pharmacy Clinical Coordinator, AST (~1 FTE)

• PharmD in Pharmacy
• Second MD (FTE from Med Director’s 0.6)

• Associate Hospital Epidemiologist 
• Pharmacy Clinical Coordinator, ID

• PharmD in Pharmacy 



Multiple tools advance Stewardship at BIDMC
• Restricted formulary (A-II) - >20 drugs require prior 

approval (A-II)
• Substantial use of computerized Provider Order Entry (cPOE) 

system as a tool of stewardship
• Virtual approval pager
• Exceptions for a number of defined clinical scenarios

• Interventions – prospective audit and feedback (A-I)
• Drug choice and dose optimization
• De-escalation
• IV to PO
• Recommend diagnostic tests
• Recommend Infectious Diseases consultation

• Evidence-based clinical practice guidelines and 
clinical pathways (A-I)

• AST website
• Available by hyperlinks from cPOE

Dellit, et al. Clin Infect Dis 2007



Multiple tools advance Stewardship at BIDMC

• Participation in Pharmacy and Therapeutics (P & T) 
Committee (A-III)

• Leadership of Antimicrobial Subcommittee of P & T Committee
• Formulary decisions

• Collaborate with Clinical Microbiology Lab (A-III)
• Drug susceptibility testing and reporting
• Diagnostics 
• New technologies

• Work with Infection Control/Hospital Epidemiology (A-III)
• Cluster investigation
• Prevention of hospital-acquired infections 

• Education (A-III)
Dellit, et al. Clin Infect Dis 2007



Restricted formulary with prior approval 
promotes Stewardship

• Aminoglycosides 
– Amikacin (Amikin®) 

• Antifungals 
– Micafungin (Mycamine®) 
– Fluconazole (Diflucan®) - IV Therapy 

And PO Doses >400 mg/24h 
– Liposomal Amphotericin B 

(Ambisome®) 
– Voriconazole (Vfend®) - IV Or PO 
– Posaconazole (Noxafil®)

• Beta-Lactam/Beta-Lactamase 
Inhibitors 

– Piperacillin-tazobactam (Zosyn®) 
Exceptions

• Carbapenems
– Meropenem (Merrem®)
– [Ertapenem (Invanz®)-nf]

• Cephalosporins
– Cefepime (Maxipime®) Exceptions
– Ceftazidime (Fortaz®) Exceptions
– Ceftriaxone (Rocephin®) Required For 

Doses > 2 g Q24h 
– Ceftaroline (Teflaro®) 

• Miscellaneous Antibacterial Drugs 
– Aztreonam (Azactam®) 
– Clindamycin (Cleocin®) - doses ≥ 900 

mg q6h IV
– Colistin (IV/INH) 
– Daptomycin (Cubicin®) 
– Linezolid (Zyvox®) - both IV/PO 
– Tigecycline (Tygacil®) IV 
– Vancomycin (Vancocin®) for therapy > 

72h Exceptions

• Antivirals
– Oseltamivir (Tamiflu®)(>75 mg BID)
– Palivizumab (Synagis®) IV for adult 

RSV 



How the antimicrobial approval process works 
at BIDMC

• In 2011 AST replaced first-year ID fellows as primary 
coverage of approval pager 

• ACGME and other fellowship issues
• PharmD and attending ID MD more effective

• Approval pager now staffed by AST (primarily AST 
PharmD) 8AM-4PM Monday-Friday

• ID fellows cover 4PM-8PM Monday-Friday, weekends 
and holidays 8AM-8PM

• AST members, ID fellows and ID staff can all approve 
restricted antimicrobials from the cPOE queue

Gross, et al. Clin Infect Dis 
2007



Antimicrobial approval process 
designed to minimize delays
• STAT doses (1st dose) bypass AST approval

• 1st dose in critically ill septic ICU and non-ICU 
patients bypass AST approval

• Number of waivers for various scenarios, e.g., 
cefepime for febrile neutropenia

• Doses ordered 8PM-8AM are given without 
approval, BUT continuation requires approval be 
obtained in the AM

• ED currently does not require approval



Prescriber enters indication in cPOE for restricted 
drug – some drugs* have indication-based dosing

• IV acyclovir 
• amikacin
• cefepime
• ceftriaxone
• IV ciprofloxacin
• colistin

• daptomycin
• ganciclovir
• gentamicin
• lamivudine
• levofloxacin
• meropenem

*not all are restricted

• palivizumab
• posaconazole
• tobramycin
• valganciclovir
• oral vancomycin



cPOE renal dosing calculation 
provides dosing guidance



Prescriber confirms dosing recommendation



Prescriber (re)enters indication and adds 
detail in cPOE for restricted drugs



When entering the order, prescriber receives notification of 
approval requirement with hyperlink to virtual pager

Order in cPOE Enter Orders and View Orders shows approval 
has not been obtained



Reminder further increases visibility 
of approval requirement

• High value
• Designed to reduce the chance that patient will miss doses due to 

lack of approval 

• Improves visibility with minimal intrusion
• Time-sensitive – only appears when action can be taken (8AM-

8PM)
• Appears to prescribers who enter patient’s cPOE
• Appears for only a handful of patients at any time (~5, <10)



cPOE encourages PO route by requiring rationale for IV use 
of bioavailable drugs to improve safety and reduce costs



Receive/Approve Queue in cPOE enhanced as 
a tool for stewardship



Receive/Approve Queue in cPOE enhanced as 
a tool for stewardship



Pharmacy interventions capture 
productivity and promote collaborative work



Relationship between Antimicrobial 
Stewardship Team and ID Consult Service
• Consult service should approve drugs 

recommended in consult (or otherwise)
• Maintain ID Consult Team Census to track 

consult patients
• AST routinely suggests ID consultation to primary 

teams
• AST is generally deferential to ID peers, but 

PharmDs often round with ID consult services 
and make suggestions and will interact in other 
situations as needed



AST website developed to centralize AST-
related content



Hospital Antibiogram



Antimicrobial drug use guidelines 
promote appropriate use



Daptomycin guidelines
• Broad-spectrum Gram-positive activity including MDR
• High use, high cost (ca. 20x cost of vancomycin/day)
• Uses include VRE, patients with MRSA infection 

intolerant of or refractory to vancomycin
• Vancomycin is preferred to daptomycin for VSS 

bacteremia/endocarditis, pending any good clinical study 
showing superiority of the latter drug

• IBW vs. DBW vs. TBW dosing for obese patients?
• Consider ceftaroline for MRSA SSTI intolerant of or 

refractory to vancomycin
• Caveat: daptomycin should not be used to treat 

pneumonia due to interaction with pulmonary surfactant 



cPOE meropenem decision support facilitates cost 
avoidance using PD dosing for appropriate cases



Vancomycin cPOE initiative to streamline 
vancomycin ordering for appropriate indications

• Providers enter pathogen/indication and allergy 
information with initial order

• Selected indications waive approval 

• Other indications are allowed up to 72 hours of 
use before approval required

• Reminder after 56 hours of empiric use to 
update indication based on culture results to 
waive approval



AST contributes to numerous interdisciplinary  
and antimicrobial drug guidelines 



AST contributes to numerous interdisciplinary guidelines -
Surgical Antibiotic Prophylaxis





Clinically suspected VAP Monitor
No

Review patient history, prior culture 
data, recent antibiotics, and allergies

Order three STAT antibiotics:
1) Vancomycin 
2) One of the following 

• Tobramycin
• Ciprofloxacin

3) One of the following , 
• Cefepime
• Piperacillin/tazobactam

Yes Goals for Day One:
1) Obtain good cultures before 

antibiotics
2) Select appropriate antibiotics
3) Start infusing antibiotics within 

two hours of suspecting VAP

Order immediate cultures:
1) Endotracheal aspirate (gram 

stain + culture)
2) Mini-BAL (gram stain + culture)
3) Blood cultures
4) Legionella urinary antigen

Has the patient been in a 
hospital or health care 
setting for ≥ 48 hours?

Treat for community-acquired 
pneumonia based on BIDMC 

CAP guideline

No

Initiate Day One VAP Protocol

Obtain endotracheal aspirate

Mini-BAL unless PEEP ≥ 15 cm H2O, 
platelet count < 50,000, or bleeding 

with usual endotracheal suction

Obtain blood cultures and send urine 
for Legionella

Ensure that the first dose of antibiotics 
begins infusing 

• within 120 minutes of the 
decision to initiate VAP protocol

• immediately after all cultures are 
obtained

MD Responsibilities RT Responsibilities

Yes

RN Responsibilities

Initiate VAP Pathway in POE
located in the Critical Care tab

Day One

Page Pharmacy for any antibiotics 
NOT available in Pyxis

and

Potential Antibiotic Adjustments Based on History and Allergies
If serious hypersensitivity to Vancomycin or suspected toxin-mediated illness, consider 

Linezolid instead.
 If at increased risk for infection with multidrug-resistant gram negative rod (e.g., recent 

antibiotic exposure, long-term care contact, etc.) or serious hypersensitivity to 
fluoroquinolones, use aminoglycoside (Tobramycin, Amikacin). Only if at risk for Legionella
or other atypical pathogens, or elevated risk of acute kidney injury, consider Ciprofloxacin.

 For patients with a serious penicillin allergy, consider Aztreonam.
 Use Meropenem for patients with colonization/infection with ESBL Klebsiella pneumoniae or 

other carbapenem-susceptible MDR gram-negative rod or recent beta-lactam exposure.



Cohen, et al. Infect Control Hosp
Epidemiol 2010

Appropriate diagnosis, treatment and use 
of enteral vancomycin encouraged by CDI 
guideline and cPOE programming

• CDI guideline stratifies 
disease by severity

• As per SHEA/IDSA CDI 
guideline, recommends:

• Metronidazole 500 mg PO 
q8h for mild-moderate CDI

• Vancomycin 125 mg PO 
q6h for severe CDI

• Vancomycin 500 mg PO q6 
AND metronidazole 500 mg 
IV q8h for severe-
complicated CDI (+/-
vancomycin PR)

• Indication-based dosing in 
cPOE hyperlinked to guideline



Standardizing appropriate 
treatment of C. difficile with cPOE 



AST works with Clinical Microbiology to help clinicians 
understand susceptibility testing 



Stewardship also helps with...
• CMS/TJC core process measures

• Surgical prophylaxis - SCIP
• Community-acquired pneumonia treatment
• Pay-for-performance
• Public reporting

• Drug shortages
• Antimicrobial drug shortage management 

is complicated business
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Summary
• BIDMC AST Successes

• Good team
• Electronic systems, particularly cPOE
• Improve patient safety
• Restrain growth of pharmacy expenditures for antimicrobial drugs
• Drug shortage management

• Opportunities for improvement
• Goal state (perfection) will never be attained
• More of everything, e.g., guidelines
• Electronic surveillance-> More proactive (the rest of the iceberg)
• Uniform entry of indication for antimicrobial drug order
• Uniform 72-hour review for empiric treatment
• Better metrics for drug utilization and outcomes



Summary
• Challenges

• Doctors, like cats, don’t like to be herded
• Provider preferences may not be evidence based or 

even responsive to evidence
• Resources (FTEs, Information Systems, new 

Microbiology technology) are limited

• Lessons learned
• Play to your strengths
• Knowledge, particularly institutional knowledge in a teaching 

hospital, is ephemeral- build durable change



Conclusion 

• Stewardship should be a fiduciary responsibility 
across the spectrum of health care

• Increasing drug resistance
• Limited innovation in antimicrobial drugs
• Improves patient safety and cost effectiveness

• Using a multi-faceted approach, Antimicrobial 
Stewardship programs can help hospitals become 
better stewards of antimicrobial drugs




