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William Stuart
Surgeon General of the United States of America

1967: 
“The time has come to close the 
book on infectious diseases. We 

have basically wiped out infection 
in the United States.”



“To do things differently, we must see 
things differently.  When we see things 
we haven’t noticed before, we can ask 

questions we didn’t know to ask before.”

John Kelsch, Xerox
Quality Health care in America Project



Antimicrobial Stewardship
• Education
• Guidelines and clinical pathways
• Antimicrobial cycling
• Antimicrobial order forms
• Combination therapies
• De-escalation
• Dose optimisation
• Parenteral to oral conversion

Dellit et al. Clinical Infectious Diseases 2007; 44:159-77



Rationale for antibiotic optimisation:
balancing the needs of patient and society

Richards 2005

Inappropriate 
antibiotic therapy 
associated with 
higher mortality

Indiscriminate use 
of broad-spectrum 
antibiotics driving 

resistance



Antibiotic Heterogeneity Options

Kollef. CID 2006; 43:S82–8



Antibiotic cycling: systematic review
• 11 articles claiming to have evaluated efficacy BUT 

only 4 suitable for review
• Multiple methodological flaws and a lack of 

standardisation mean studies do not permit reliable 
conclusions regarding the efficacy of cycling

• Further trials are required
• Advise against the routine implementation as a 

means of reducing antibiotic resistance rates
Brown & Nathwani. JAC 2005:55;6–9.



Antibiotic cycling: non-systematic review
• 14 papers reviewed out of which 11 showed benefit.

– Introduction controls Gram-negative resistance problems
– Where no specific susceptibility problem exists it can reduce 

background resistance. 
– Reduction in ICU nosocomial infections especially VAP.
– Reduction in the incidence of ICU nosocomial sepsis due to 

resistant organisms.
– Improvement in effective antibiotic prescribing in ICU.
– Reduction in ICU mortality rates.

Masterton. JAC 2005:55;1-5.



Cycling versus diversity and the selective 
pressure on a bacterial clone

• Diversity offers greater heterogeneity at the level of the individual patient
• Cycling offers greater heterogeneity at the level of the ward

Bergstrom et al. PNAS. 2004:101;13285–13290



“Antibiotic Rotation and Development of
Gram-Negative Antibiotic Resistance”

• 2 antibiotic classes (quinolone and beta-lactam) cycled 
over 4x4-month periods in SICU.

• Results:
– Antibiotic use increased 24%. 
– Acquisition of resistant GNB highest with levo (RR 3.2;95% CI: 

1.4–7.1) and pip/tazobactam exposure (RR 2.4; 95% CI 1.2–4.8)

• Cycling of homogeneous antibiotic exposure is unlikely to 
control the emergence of gram-negative antimicrobial 
resistance in intensive care units

Van Loon et al. Am J Respir Crit Care Med 2005:171:480–487.



Cycling in the Community Hospital
• July 2000 to June 2002, antibiotics cycled quarterly; 

quinolones, beta-lactam–inhibitor combinations, and 
cephalosporins

• Implementation of an antibiotic cycling:
– Program feasible in a community hospital setting. 
– No adverse safety concerns identified. 
– Antibiotic cycling was more expensive (30%)
– Antibiograms suggested cycling may reduce resistance but not 

statistically significant.

Bruno-Murtha et al. Infect Control Hosp Epidemiol 2005;26:81-87.



Cycling Success with Pseudomonas

Antibiotic 2002 2004 P value
Ceftazidime 67 92 0.002
Pip/Tazobactam 78 92 0.043

• SICU 2003: 4 antibiotics pip/tazobactam, imipenem/cilastin, 
ceftazidime, ciprofloxacin cycle being repeated 4 months

• Pseudomonas aeruginosa, Escherichia coli, and Klebsiella
pneumoniae resistance monitored

• MICU control: E. coli susceptibility to piperacillin/tazobactam
decreased during this time period (p = 0.047)

Bennett et al. J Trauma. 2007;63:307-11.

% Susceptible



Cycling Confusion

Antibiotic Cycle Isolates/100 cases Isolates/100 cases P value
Cycle 3 and 4 80.0 and 73.7 37.3 0.04
Acinetobacter 1.2 @ Base 15.3 @ Cycle End 0.01

• MICU 2000-2: quarterly cycling regimen : Baseline then 
cefepime, ciprofloxacin, piperacillin-tazobactam, imipenem-
cilastatin

• Outbreak of MDR P. aeruginosa followed cefepime

Hedrick et al. Surg Infect (Larchmt). 2008;9:139-52.



Getting it Right with Cycling
• 19-bed MICU = 1,172 patients over 28.5 months
• After 4.5 months of baseline an antibiotic-cycling 

protocol implemented, using 4 antibiotic classes 
with Gram-negative activity cycled 3/4 months.

• Antimicrobial resistance in 30% GNB infections
• Antibiotic cycling not associated with significant 

changes in appropriate empirical antimicrobials

Merz et al. Chest 2006;130:1672–1678



Cycling to Control Problems
• Retrospective analyses of colonization or infection by S. maltophilia

from 1992 to 2002 
• Antibiotic cycling programmes using broad-spectrum agents 

including carbapenems
• No significant differences in incidence of SMAL cycling v. non-cycling 

periods
• Significant secular increase in the hospital-wide rate of infections 

caused by S. maltophilia (P=0.01728).
• “Antibiotic cycling protocols were not associated with a 

significantly increased rate of colonization of S. maltophilia.”

Pakyz et al. Epidemiol Infect. 2009;137:1679-83.



Cycling and Resistance Development
• Effects of two antibiotic policies (predominance of either beta-

lactam or fluroquinolones) on acquisition of third generation 
cephalosporin-resistant Enterobacteriaceae [CRE V. FCRE]

• 8-month baseline period, then predominant beta-lactam (weekly 
cycling of ceftriaxone, amoxicillin–clavulanic acid and 
fluroquinolones) or a fluoroquinolone regimen for 3 months, with 
cross-over for another 3 months

• 35–39% reduction of beta-lactam not associated with reduced 
acquisition of CRE, whereas a 243% increase of fluoroquinolone
increased acquisition of FCRE.

Nijssen et al. Intensive Care Med 2010;36:512–519



Systematic programs of antimicrobial cycling
are touted as likely strategies for reducing

the spread of antibiotic-resistant bacteria in hospitals. 
Here, we have shown that the proposed mechanism

by which cycling would have this effect is
untenable on theoretical grounds

Theoretical Conclusions: 1

Bergstrom et al. PNAS. 2004:101;13285–13290



Theoretical Conclusions: 2
The intuitive assumption that cyclic selective pressure would 

produce resistance levels commensurate with the mean 
selection pressure was contradicted; rather resistance 
drifted towards a level commensurate with maximum 

selection pressure. If the ratchet effect exists in reality, it 
may produce unexpected excess resistance, particularly in 

the community for antibiotics used in respiratory 
infection, where cycling is pronounced, or in ITU antibiotic 

rotation.

Magee. JAC 2005;56:427–430.



• Clinicians working in the ICU setting should routinely use 
antibiotic strategies aimed at limiting the emergence of 
resistance

• Antibiotic cycling appears to be of limited value as a 
standalone intervention

• Strategies of multiple interventions may be best:
– Antibiotic heterogeneity
– Shorter courses of treatment
– Narrowing or de-escalation of antibiotics bases on culture

Kollef. CID 2006; 43:S82–8

Theoretical Conclusions: 3



Cycling versus diversity: a case study

• Little clinical information is available for the 
comparison of homogeneous and heterogeneous 
antibiotic policies

• Prospective cohort study over 44 months in a 
single ICU to compare the clinical impact of 4 
different antibiotic strategies on microbiological 
ecology - March 2000 to October 2003

Sandiumenge et al. JAC 2006:57; 1197–1204



Intervention schedule
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APCarb, anti-pseudomonal carbapenem; Cip, ciprofloxacin; Clin, clindamycin;
APCeph, anti-pseudomonal cephalosporin; P/T, piperacillin/tazobactam
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Sandiumenge et al. JAC 2006:57; 1197–1204



Achieving Heterogeneity

AHI, antibiotic homogeneity index

AHI

Sandiumenge et al. JAC 2006:57; 1197–1204



*P<0.05 compared with the patient-specific period.
†<5% of Enterococcus faecalis resistant to vancomycin.

PS=patient-specific period, PP=prioritization period, RP=restriction period, MP=diverse  period.
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Study findings
• Guideline-driven strategies of empirical antibiotic 

prescription were not associated with any benefit
• Prioritisation and restriction determined high homogeneity

– Facilitated colonisation by Enterobacteriaceae and non-fermentative Gram-
negative bacilli

– Outbreaks of carbapenem-resistant A. baumannii during carbapenem
prioritisation

– ESBL-producing Enterobacteriaceae during cephalosporin prioritisation

• Patterns favoring balanced use of different antimicrobials 
should be preferred

Sandiumenge et al. JAC 2006:57; 1197–1204



Antibiotic optimisation: a call to action

• “Despite many questions remaining about the 
best way of ensuring proper use of antimicrobial 
agents, providing the best patient outcomes, 
reducing the risk of adverse effects (including 
antimicrobial resistance) and promoting cost-
effectiveness, antimicrobial optimisation
programs can and must be implemented now”

Allerberger et al 2008



Evaluation of Optimization Strategies

Dellit TH, et al. Clin Infect Dis. 2007;44(2):159-177.



The Strength of Stewardship 

Dellit TH, et al. Clin Infect Dis. 2007;44(2):159-177.

Tactic Comment Level of 
Evidence

Guidelines & clinical 
pathways

Can improve antibiotic utilization A-I

Streamlining or de-
escalation

Can be an effective component A-II

Dose optimization Is an important component A-II
Education Essential but needs active 

intervention
A-III

IV to PO switch Can be an effective component A-III
Antimicrobial order forms Can be an effective component B-II
Antimicrobial cycling Insufficient data C-II
Combination therapy Insufficient data C-II



Conclusions
• Low antibiotic heterogeneity is linked to high antibiotic 

resistance
• Heterogeneity can be achieved by diversity or by 

antibiotic cycling
• Antibiotic diversity increases the range of antibiotics 

without increasing toxicity or selective pressure
• Antibiotic diversity is superior to antibiotic cycling and is 

easier to implement
• Promising BUT we need more trials to see if this works!
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