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The use of antimicrobials for the therapy and prevention of

infection is pervasive in the North American health care

system. Antimicrobials are now the second most commonly

used class of drugs in the United States and Canada (1,2). In

addition, antimicrobial agents contribute significantly to hos-

pital expenditures and account for 5% to 20% of a hospital’s

global budget (3), while comprising 20% to 50% of an institu-

tion’s drug acquisition budget (4,5). Moreover, between 25%

and 33% of hospitalized patients are treated with antimicro-

bial agents (6,7).

With such widespread use, it is understandable that sur-

veys have suggested that antimicrobials are inappropriately

or incorrectly used in 22% to 65% of patients (6-8). In an era of

cost containment, controlling antimicrobial use will reduce

hospital expenditures; however, the motivation for controlling

antimicrobial use is not restricted to monetary issues. Emerg-

ing antimicrobial-resistant organisms have developed from

selective pressure applied by the misuse and overuse of anti-

microbial agents in the hospital setting (9,10). In addition, ad-

verse drug events due to the use of antimicrobial agents affect

patient length of stay, costs and attributable mortality (11,12).

Appropriate prescribing of anti-infective agents in the hospital

setting improves the quality of clinical care provided to pa-

tients (13).

An integrated antimicrobial stewardship program is a multi-

disciplinary activity that attempts to achieve the aforemen-

tioned principles (14,15). The specific goals of antimicrobial

stewardship are: to prevent the emergence of antimicrobial-

resistant organisms, to control costs, to enhance the quality of

medical care by improving physician performance, to reduce

adverse drug events and to provide continuing medical educa-

tion to physicians and other health care personnel.

The strategies employed to promote an antimicrobial stew-

ardship program in the hospital setting have included both

persuasive and restrictive approaches (Table 1). Persuasive

techniques attempt to alter physician prescribing behaviour

through educational activities for physicians through either

direct interaction with prescribers (eg, conferences or lectures)

or indirect advice by means of simple chart entry (16); through

peer review with delayed feedback on antimicrobial use (17);

through academic detailing (18,19); through drug detailing by

pharmaceutical representatives (20); through distribution of

an antimicrobial handbook (21,22), through development of

clinically-based therapeutic guidelines (23) and through

computer-assisted decision support (13). In contrast, restric-

tive strategies have a direct impact on antimicrobial use pat-

terns by limiting prescribing behaviour. Techniques employed

to alter physician prescribing behaviour have included a con-

trolled formulary system (24-26), automatic stop orders (25),

automatic therapeutic interchange (24,27,28), antimicrobial

order forms (25,29-31), restricted antimicrobial agents (24)

and infectious diseases consultations for specific agents. Con-

sultations vary from verbal authorization to employ a particu-

lar antimicrobial agent (32), to actual authorization granted
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with communication to the pharmacy before the release of the

agent (33-35), to a mandatory formal written consultation

with subsequent advice on antimicrobial management from a

infectious diseases physician. The strategy of employing man-

datory infectious diseases consultation has been described as

a complementary action to concurrent review of antimicrobial

therapy by a clinical pharmacist. In this scenario, the clinical

pharmacist advises attending physicians on alternative ther-

apy or dose modification, and an infectious diseases consulta-

tion is sought only if disagreement occurs (34).

The strategies described above have met with varying de-

grees of success. The most successful and lasting effects have

been accomplished through restrictive prescribing methodolo-

gies (25,29-34) or computer-assisted decision support (13).

However, concerns have been voiced that restrictive policies

might result in suboptimal antimicrobial use or may compro-

mise patient care (35,36). Moreover, Kassirer (37) has advo-

cated that quality improvement policies should not only con-

trol antimicrobial use but also be informative.

Unlike restrictive policies, the impact of any facilitative

educational intervention is often difficult to assess because of

the complex nature of educational variables and because the

effects of education often decay over time unless they are con-

tinuously reinforced. Furthermore, the diverse nature of edu-

cational interventions, the lack of standardized evaluation

and the interaction of emotional, philosophical, patient and

laboratory parameters that contribute to clinical decision-

making regarding antimicrobial therapy make assessments

and comparisons of these interventions very labour intensive.

The success of an antimicrobial stewardship program de-

pends upon the involvement of individuals dedicated to the

program. Hospital personnel who are passionate about the

goals of antimicrobial stewardship often gravitate towards

such a program. These individuals include representatives

from the departments of pharmacy, clinical microbiology, in-

fectious diseases, infection control, nursing and administra-

tion, and prescribing physicians. A steering committee to as-

sist in initiating and facilitating the operation of the program

should comprise these individuals (15) (Table 2). The commit-

tee has a central role in formulating policies and developing

the strategies to achieve the goals of the program, and should

be charged with spearheading action for evaluating antimicro-

bial use through drug utilization reviews (DUR) as well as cost

and outcome analyses. These actions provide the necessary

data required to gauge what antimicrobial use problems exist.

Approaches to DURs have been drug-specific (ie, evaluat-

ing vancomycin use) (38), directed against antimicrobial

agents used in specific clinical syndromes (ie, the treatment of

community-acquired pneumonia) or service directed (ie, anti-

microbial agents used on the orthopedic service) (4) and may

be performed either regularly or sporadically over various time

frames. Information collected can be used to create physician-

specific profiles of prescribing patterns. Data on physician pre-

scribing profiles that evaluate the appropriateness of antimi-

crobial prescribing may be employed administratively in the

physician credentialing process. Failure to meet peer-accepted

standards of prescribing guidelines may also be grounds for

failing to achieve an appropriate standard of care, and, there-

fore, obstruct reappointment (9). DUR data may also be pro-

vided to various other administrative committees such as the

Pharmacy and Therapeutics, Quality Assurance or Outcomes

Evaluation Committees. Thus, DURs are an excellent example

of multidisciplinary activity in the hospital setting involving

pharmacy-physician and physician-administration interac-

tions.

An integrated antimicrobial stewardship program was de-

veloped and implemented by the authors and evolved over a

number of years at the Henderson site of the Hamilton Health

Sciences Corporation. This program comprises several compo-

nents and was implemented through the following strategies:

a hospital formulary system, automatic stop orders, therapeu-

tic guidelines, automatic therapeutic interchanges, antimicro-

bial order forms, antimicrobial restriction policies, mandatory

infectious diseases consultations and a sequential antimicro-

bial therapy program. Each component of the program played

an integral role in its ultimate success.

HOSPITAL FORMULARY SYSTEM
Hospital antimicrobial formularies are restricted prescrib-

ing lists of antimicrobial agents that are drawn up using clear

criteria. Formularies should be reviewed regularly by qualified

staff and should contain products with the best cost to benefit
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TABLE 1
Strategies to improve physician prescribing behaviour

Persuasive Restrictive

Education for prescribers

Peer review

Academic detailing by pharmacists

Detailing by pharmaceutical

representatives

Antimicrobial handbook

Therapeutic guidelines

Computer-assisted decision

support

Controlled formulary

Automatic stop orders

Automatic therapeutic interchange

Antimicrobial order forms

Restrictive antimicrobial policies

Infectious diseases consultations

TABLE 2
Composition of steering committee for antimicrobial
stewardship program

Infectious diseases physician

Pharmacist

Microbiologist

Infection control practitioner

Surgeon

General internist

Intensivist

Paediatrician
Obstetrician and gynecologist

Emergency department representative

Nursing department representative

Administrator
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ratio within their jurisdiction. When employed in the foremen-

tioned manner, antimicrobial formularies are cost-saving

measures because they streamline the number of agents pur-

chased, delete superfluous agents and thus, minimize cost

(39-41). Furthermore, the formulary system has been en-

dorsed by the Society for Healthcare Epidemiology of America

and the Infectious Diseases Society of America as a policy that

aids in the control of antimicrobial resistance (42). The basic

tenets of choosing agents for the formulary are that the agents

must be efficacious, have low toxicity profiles, possess phar-

macokinetic advantages, have cost advantages compared with

drugs of the same class and have a low predilection for the de-

velopment of resistance. With these principles in mind, Table

3 shows an example of antimicrobial formulary listing.

Multidisciplinary input is required for the selection of

agents for the formulary. This cooperative venture involving

physicians, pharmacists, infection control practitioners, mi-

crobiology representatives and administrators (comprising

the Antimicrobial Stewardship Steering Committee) should

forward recommendations to the Pharmacy and Therapeutics

Committee for final administrative approval. Input from mi-

crobiology representatives is essential in formulary establish-

ment because routine susceptibility testing is done only for

formulary agents. In turn, the microbiology laboratory may

employ graded susceptibility reporting with the usual dosing

recommendations, renal dose adjustments and costs that

streamline clinician antimicrobial choices.

However, considerable debate surrounds the use of formu-

lary systems. Concerns about the perception of the restriction

of clinical freedom, the validity of the process of selection

and/or restriction and sacrificing patient care to cost control,

and the perceived negative impact on pharmaceutical research

and development have been voiced (43). However, although

the antimicrobial formulary system possesses intrinsic limita-

tions, it is an integral part of the stewardship program that

provides a rational approach to prescribing and assisting the

control of antimicrobial resistance and costs.

AUTOMATIC STOP ORDERS
The objective of automatic stop orders is to necessitate re-

assessment of the need for antimicrobial therapy (15,42). Dif-

ferent schemas have been developed for the implementation of

this strategy – some institutions employ automatic stop or-

ders for intravenous agents only, while others apply this strat-

egy to both parenteral and oral agents. Commonly employed

stop dates for parenteral agents are three or seven days, while

five or seven days are frequently used for oral agents. In par-
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TABLE 3
Example of an antimicrobial formulary

Parenteral Agents
Antibacterial

Penicillin G K Meropenem*
Procaine penicillin G Gentamicin
Benzathine penicillin G Tobramycin*
Cloxacillin Amikacin*
Piperacillin Clindamycin
Piperacillin-tazobactam* Metronidazole
Cefazolin Vancomycin*
Cefuroxime Trimethoprim/

sulfamethoxazole
Cefotetan* Ciprofloxacin*
Cefotaxime* Doxycycline
Ceftazidime* Erythromycin lactobionate

Antifungal
Amphotericin B Fluconazole*
Amphotericin B lipid
complex*

Pentamidine*

Antiviral
Acyclovir Ganciclovir

Oral Agents
Antibacterial

Penicillin Vee Vancomycin*
Cloxacillin Metronidazole
Amoxicillin Azithromycin
Cephalexin Isoniazid
Cefuroxime axetil Rifampin
Clindamycin Rifabutin*
Doxycycline Pyrazinamide
Trimethoprim/
sulfamethoxazole

Ethambutol

Ciprofloxacin
Antifungal

Nystatin Itraconazole*
Ketoconazole Dapsone*
Fluconazole*

Antiviral
Acyclovir Indinavir
Famciclovir* Saquinavir
Ganciclovir Didanosine*
Zidovudine Zalcitabine*
Lamuvidine

Antiparasitic
Pyramethamine* Sulfadiazine*

*Restricted agent requiring Infectious Diseases approval

Figure 1) Development of therapeutic practice guidelines
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ticular, this technique may be most successful when applied to

surgical perioperative prophylaxis (eg limiting the prescrip-

tion of drugs to 24 h postoperation). A caveat to the use of

automatic stop orders is that health care facilities must insti-

tute precautions that prevent inadvertent lapses in continu-

ous therapy.

This strategy encourages interaction between pharmacists

and physician prescribers. Adherence to this strategy must be

handled in a professional manner with mutual respect be-

tween the professionals involved. In our institution, auto-

matic stop orders at 72 h for intravenous drugs are enforced

by the pharmacy and encourage reassessment of the need for

further therapy at this juncture. It is anticipated that addi-

tional clinical and laboratory information is available by 72 h

of therapy, enabling physicians to consider other options such

as conversion from intravenous to oral therapy (24).

THERAPEUTIC GUIDELINES
Therapeutic guidelines are a means of facilitating antimi-

crobial stewardship. Formulation of guidelines should follow

the pathway outlined in Figure 1. Initially, the need for the

guidelines should be assessed with the recognition of who will

benefit and who should set the bench mark for the guidelines.

Later, widespread consultation leads to the approval phase
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Figure 2) Perioperative antimicrobial prophylaxis order form for general surgery procedures
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with subsequent education of the users of the guidelines by

way of newsletters, educational rounds, pocket charts, wall

posters (24) or computer-assisted decision support (5). It is

very important to build a consensus so that participants in the

program become committed to adhering to the guidelines. Fi-

nally, the impact of the guidelines should also be evaluated.

On occasion, therapeutic guidelines may be combined with

another more restrictive antimicrobial stewardship strategy,

such as antimicrobial order forms. This method has been em-

ployed very successfully by the authors to decrease inappro-

priate prescribing of perioperative antimicrobial prophylaxis

(44). Not only did the perioperative antimicrobial prophylaxis

order form promote the appropriate use of antimicrobials for

surgical prophylaxis, but it standardized prophylactic regi-

mens, ensured the timely administration of the prophylactic

agents, had a long lasting effect and reduced drug acquisition

costs. Universal distribution of the form to nursing units, phy-

sician offices and the emergency department with continued

stakeholder input ensured compliance with the program. An

example of our perioperative antimicrobial prophylaxis order

form is shown in Figure 2. Other investigators have demon-

strated the benefit of computer-assisted decision support in

combination with therapeutic guidelines in improving appro-

priateness of prescribing, reducing adverse drug events and

controlling the emergence of resistance (5).

AUTOMATIC THERAPEUTIC SUBSTITUTIONS
The practice of therapeutic antimicrobial substitutions has

become routine in many health care institutions. Therapeutic

substitution implies dispensing a drug different in chemical

structure from the one originally prescribed. The substitute

must be from the same therapeutic antimicrobial class (thera-

peutic alternative) and have the same pharmacodynamic prop-

erties (ex ceftriaxone substituted for cefotaxime) (Table 4).

Therapeutic substitution originates from the need for ra-

tional drug therapy within the context of rising costs and is

devised and approved by physician prescribers and adminis-

trative committees within an institution. Therapeutic substi-

tution implies that the selected substitute will have a compa-

rable therapeutic affect, as compared with the original pre-

scribed agent, although adverse events or potential interac-

tions with the substitute may differ. It has been commonly

employed with cephalosporin antibiotics in the literature (45).

To safeguard patient welfare, the American College of Physi-

cians has set standards for therapeutic substitution that

stipulate that an effectively functioning formulary system and

a Pharmacy and Therapeutics Committee must be in place,

prescribers must be informed that a substitution has occurred

and effective education of physicians in therapeutics should

be undertaken (45).

Some therapeutic substitution strategies are agent-

specific, similar to those accomplished by Achusim (28), who

applied a cefoxitin-to-cefotetan switch and realized cost sav-

ings. Other reports have favoured multiple drug switches (24).

Furthermore, therapeutic substitution may only involve

switching a three-times daily regimen with a once daily regi-

men, as in the case of once daily aminoglycoside dosing

(46,47). The once daily dosing regimens are more economical

because they require less time and labour by pharmacy and

nursing personnel, but do not sacrifice efficacy.

Certain precautions must be applied to the concept of auto-

matic antimicrobial therapeutic substitution. If the inter-

change occurs immediately, physician prescribers of the origi-

nal antimicrobial agent must be alerted to the substitution.

This may be carried out by interchange notices placed in the

patient’s medical record (Figure 3), with subsequent counter-
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TABLE 4
Examples of automatic therapeutic substitutions

Originally prescribed drug Therapeutic alternative

Ampicillin 250 to 500 mg every 6 h
orally

Amoxicillin 250 to 500 mg
every 8 h orally

Cephalothin 1 to 2 g every 4 h
intravenously

Cefazolin 1 to 2 g every 8 h
intravenously

Cefoxitin 1 to 2 g every 6 h
intravenously

Cefotetan 1 g every 12 h
intravenously

Cefotaxime 1 g every 8 h
intravenously

Ceftriaxone 1 g every 24 h
intravenously

Cefotaxime 2 g every 4 h
intravenously

Ceftriaxone 2 g every 12 h
intravenously

Vancomycin 125 mg qid orally Metronidazole 250 mg qid orally

Gentamicin 1.5 mg/kg every 8 h
intravenously

Gentamicin 4 to 6 mg/kg every
24 h intravenously

Figure 3) Automatic therapeutic substitution order form
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signature by the attending physician as acknowledgement of

the switch (24). In addition, continued educational efforts

must be undertaken by pharmacists and other resource people

to apprise physician prescribers of innovations in therapeutic

substitution. Adherence to these principles will guarantee the

success of this strategy.

ANTIMICROBIAL ORDER FORMS
The use of antimicrobial order forms, which are often used

in combination with other strategies (44), is a significant com-

ponent of an integrated stewardship program. Order forms

permit the collection of data for DURs because they contain

written justification of antimicrobial use; however, the quality

of the information gathered is dependent on those filling in

the forms and, therefore, may be of limited use.

Some institutions use antimicrobial order forms that incor-

porate questions about the indications for antimicrobial agent

use, suggested dosing regimens and duration of therapy. Al-

though this technique is restrictive in nature, it may also have

educational value for prescribers. Antimicrobial order forms

have been proven to reduce costs (44) and control inappropri-

ate antimicrobial use (29,30).

ANTIMICROBIAL RESTRICTION POLICIES AND
INFECTIOUS DISEASES CONSULTATIONS

Antimicrobial restriction policies have been advocated to

curb the spread of antimicrobial-resistant organisms (9,10,48)

and inappropriate use of expensive broad-spectrum agents

(8), and diminish adverse events (11). These policies are rou-

tinely employed in conjunction with some form of approval

process or antimicrobial order form (8,26,49). The authors’

experience with the restriction of eight antimicrobials associ-

ated with the highest acquisition costs (cefotetan, ceftriaxone,

ceftazidime, imipenem/cilastatin, vancomycin, tobramycin,

amikacin and fluconazole) has been previously reported (24).

Restrictions on antimicrobial use vary among hospitals.

Targeted agents requiring justification for their use have

included costly, broad-spectrum drugs such as cefotetan, cef-

triaxone, ceftazidime, imipenem/cilastatin, aztreonam, ticar-

cillin/clavulanate, ciprofloxacin and recently more narrow-

spectrum agents such as vancomycin (50), to which drug-

resistant organisms have developed. A variety of mechanisms

for authorizing the use of these restricted antimicrobials exist.

Authorization schemas range from mere verbal approval (32)

to written consultation by infectious diseases physicians

when restricted agents are employed (34). The former strategy

for authorization is predicated upon mutual agreement to

seek approval for use from a designated peer by both the pre-

scribing physician and the pharmacy that dispenses the re-

stricted agent. Prescribers are allowed a 24 h grace period to

obtain approval. In a collegial atmosphere, this strategy,

which centres on the gate keeper principle, should proceed

smoothly; however, adversarial situations may arise if per-

mission is not granted.

A second mechanism of handling restricted agent authori-

zation involves infectious diseases physicians directly. Pre-

scribing physicians are required to contact an infectious dis-

eases physician to obtain consent for the use of a restricted

antimicrobial before its administration. In most cases, ap-

proval is granted, and the information is conveyed to the phar-

macy by the infectious diseases physician; however, an infec-

tious diseases physician must be available on a 24 h basis,

and on occasion, disagreements arise that may jeopardize the

infectious diseases physician’s role as a clinical consultant. A

variation of the approval mechanism involves the use of a pre-

printed restricted antimicrobial order form with specific indi-

cations for the restricted drug that must be completed and

signed by the prescriber before the pharmacy can release the

drug (24). A 24 h grace period is allowed for the completion of

the form. Failure to comply with the completion of the re-

stricted antimicrobial order form within the grace period trig-

gers notification of the prescriber by the pharmacy. This modi-

fication of the first mechanism allows retrospective audits of

indications for restricted antimicrobial use and is an excellent

quality assurance activity.

The final strategy for controlling the use of restricted anti-

microbials is mandatory infectious diseases consultations.

This technique has been very successfully employed in the in-

tegrated antimicrobial stewardship program at the Henderson

site of the Hamilton Health Sciences Corporation. Initially, a

restricted antimicrobial order form is completed authorizing

dispensing of the restricted agent for 72 h. Subsequently,

pharmacy personnel provide notification to infectious dis-

eases physicians of the need for consultation if therapy is to be

continued with the restricted agent beyond 72 h. The 72 h

grace period is employed because clinical, microbiological and

other laboratory data often become available within this time

frame. Moreover, the patient’s condition may stabilize within

72 h, creating an opportunity to reassess the need for further

therapy with the restricted agent. Other investigators have

employed the 72 h cut-off period to initiate an intervention for

restricted agents (51). The outcome of 101 consecutive man-

datory consultations for restricted antimicrobials by the auh-

tors (CR and LM) is shown in Table 5.

Another approach to mandatory infectious diseases con-

sultations relies on collaborative efforts between the clinical

pharmacist and the infectious diseases physician. In this sce-

nario, the clinical pharmacist conducts a concurrent review of

all orders for restricted antimicrobial agents. Based on the

pharmacist’s review, recommendations are provided to the

prescriber (52,53). Disagreement between the clinical pharma-

cist and the prescriber automatically result in default to an in-

12C Can J Infect Dis Vol 9 Suppl C September 1998

Rotstein et al

TABLE 5
Outcome of 101 consecutive mandatory infectious disease
consultations for restricted antimicrobial agents

Percentage of patients
(n=101) Result of intervention

39 Intravenous to oral switch

24 Discontinued all antimicrobial agents

22 Discontinued some antimicrobial
agents

15 Changed to more appropriate
intravenous antimicrobial agents

6

G:...rotstein.vp
Mon Oct 19 15:10:26 1998

Color profile: Disabled
Composite  Default screen



fectious diseases consultation for final adjudication of the

need for the restricted agent (15,36).

The restricted antimicrobial policies described above, with

or without infectious diseases intervention, have all had vary-

ing degrees of success (29,34,54) as assessed by cost reduc-

tions and enhanced antimicrobial susceptibilities (32). In the

authors’ opinion, offering physicians a 72 h window of anti-

microbial use contingent on completing an antimicrobial or-

der form followed by a mandatory consultation ensures com-

pliance with antimicrobial use policies; however, others have

very successfully employed computer-assisted decision sup-

port to the same end (5,13).

SEQUENTIAL ANTIMICROBIAL THERAPY
Sequential antimicrobial therapy (SAT) refers to the prac-

tice of limiting the use of parenteral antimicrobial agents to

the early phases of infection, with the remainder of continu-

ous therapy administered orally. Oral therapy is suited for an-

timicrobials that have comparable pharmacokinetic and phar-

macodynamic properties and bioavailability profiles in both

the parenteral and oral forms (55). Oral administration of

such agents should be considered an alternative means of

therapy, providing that the patient is able to swallow, has a

functioning gastrointestinal tract, is clinically stable after im-

proving with initial intravenous therapy and has an infection

for which oral therapy is not contraindicated (56). The bene-

fits of SAT include increased patient comfort due to earlier dis-

continuation of intravenous access devices, thus reducing the

risk of nosocomial infection; enhanced mobilization of the pa-

tient; earlier discharge from the hospital; improved quality of

life; and reduced cost of antimicrobial therapy. Savings are ac-

crued by dispensing with the preparation and administration

cost of $8.20 per intravenous dose administered (57) and per-

mitting out-of-hospital care.

SAT has been demonstrated to be effective in a number of

clinical infections including pneumonia, urinary tract infec-

tions, intra-abdominal infections, osteomyelitis, septicemia

and endocarditis (55,58,59). Nevertheless, therapeutic failure

or relapse may occur if poor compliance with oral treatment

occurs.

The implementation of SAT may follow syndromic or drug-

specific approaches. In the former approach, SAT is promoted

for infections such as community-acquired pneumonia, while

the latter approach targets a specific drug (eg, metronidazole

or ciprofloxacin) (Table 6). In the authors' practice of this

strategy, whenever one of a selected group of drugs was or-

dered for parenteral use, a yellow sticker giving cost and

dosage details of the oral formulation was affixed to the pati-

ent’s medical record as a reminder to the physician that oral

treatment should be considered (Figure 4) (24). To attain

the maximum impact of this program, constant monitor-

ing was necessary (24). Targeting a specific clinical syn-

drome may be labour intensive, but has accomplished the an-

ticipated results and reduced costs without sacrificing efficacy

(60).

EVALUATION OF ANTIMICROBIAL
STEWARDSHIP PROGRAMS

Due to funding cutbacks in the Canadian health care sys-

tem, health care facilities have been forced to implement

changes in antimicrobial use policies. Health care workers are

faced with the challenge of maintaining professional stan-

dards while using fewer resources. In the past, the goal of

most antimicrobial use policies initially was cost reduction.
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TABLE 6
Bioavailability of commonly used oral antimicrobial agents

Drug Bioavailability (%)

Penicillin 60

Amoxicillin 74 to 92

Ampicillin 30 to 55

Amoxicillin/clavulanic acid 60

Cloxacillin 37 to 60

Cephalexin 90 to 100

Cefuroxime axetil 37 to 52

Cefixime 30 to 50

Azithromycin 37

Clarithromycin 55

Erythromycin 50

Ciprofloxacin 70-80

Levofloxacin >95

Metronidazole >95

Clindamycin 50

Trimethoprim/sulfamethoxazole 70 to 90

Doxycycline >90

Figure 4) Sequential antimicrobial therapy reminder sticker
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However, with the emergence of multiply resistant organisms

and an appreciation for improving patient care outcomes, the

aims of antimicrobial stewardship have broadened. Corre-

spondingly, the evaluation of antimicrobial stewardship pro-

grams has also evolved.

Measurement tools used to assess the success of antimicro-

bial stewardship programs have usually evaluated this suc-

cess in terms of cost savings or cost avoidance (8). John and

Fishman (8) have estimated annual cost savings with or with-

out cost avoidance ranging from $7,440 to $483,032. At the

Henderson site of the Hamilton Health Sciences Corporation, a

multidisciplinary antimicrobial use program realized annual

savings of $331,080 and a reduction in the mean cost per dose

per patient day from $11.88 to $10.16. Early SAT has also fa-

cilitated a reduction in length of hospital stay, effectively di-

minishing acute health care facility expenditures (60); how-

ever, mere cost savings are insufficient in today’s health care

environment.

Other measurement modalities have been employed. Con-

trolling antimicrobial-resistant organisms has been used as

an end-point for evaluating antimicrobial stewardship pro-

grams. Quale and colleagues (61) describe a significant de-

cline in widespread colonization with vancomycin-resistant

enterococci by manipulating a hospital antibiotic formulary

and altering physician prescribing habits. Others have docu-

mented a reduction in nosocomial infection marker events (en-

terococcal and selected Gram-negative bacteria bloodstream

infections; colonization with methicillin-resistant Staphylo-

coccus aureus, Acinetobacter or Stenotrophomonas; and Clos-

tridium difficile-associated diarrhea) with the implementation

of an antimicrobial-prescribing improvement program (62). In

addition, a nosocomial epidemic of C difficile diarrhea was

controlled through the restriction of clindamycin (63). Fur-

thermore, an assessment of antimicrobial resistance has also

been used to evaluate the antimicrobial management strategy

of cycling or rotating agents – a strategy that has been inade-

quately explored (64). Although it is widely believed that se-

lective pressure exerted by widespread antimicrobial use is

considered to be causally associated with the emergence of re-

sistance, the evidence to support the corollary that ‘good anti-

microbial control’ will prevent the emergence of resistance is

only suggestive (42).

Finally, measurement tools for enhancing the quality of

medical care are assuming more importance in assessing out-

comes of antimicrobial stewardship programs. Pestotnik and

coworkers (5,13) used computer-assisted decision support to

improve the timing and duration of antimicrobial periopera-

tive prophylaxis while simultaneously decreasing antibiotic-

associated adverse events by 30%. Similarly, two of the

authors (CR and SS) employed a perioperative antimicrobial

order form to improve the appropriateness and timing of pro-

phylactic regimens (44). The evaluation of outcomes based on

quality of care measurements are preferred to ensure future

improvements in patient care. Such evaluations are also in

keeping with the recommendations of the Canada Communi-

cable Disease Report on controlling antimicrobial resistance

(65).

POTENTIAL OBSTACLES TO THE SUCCESS OF
AN INTEGRATED ANTIMICROBIAL STEWARDSHIP

PROGRAM IN THE HOSPITAL SETTING
Any multifaceted program designed to reduce costs, pre-

vent the development of antimicrobial resistance, improve the

quality of patient care, reduce adverse events and provide edu-

cational benefits to physicians may prove difficult to imple-

ment, evaluate and analyze as infectious diseases problems

cross all specialty boundaries. Although one may concede that

it is an insurmountable task, the ideals of an integrated anti-

microbial stewardship program are worth pursuing. In the

pursuit of these goals, there are a number of common obsta-

cles that may arise and must be overcome. These roadblocks,

reviewed in detail by Goldmann and colleagues (9), include

the concepts of lack of ownership of the program and account-

ability, deficiencies in enforcing the program including the

lack of financial support, lack of trust in the hospital admini-

stration, lack of local expertise to run the program (ie infec-

tious diseases physicians, clinical pharmacists and electronic

information support systems), and lack of evaluation feed-

back to physicians about the program. Health care facilities

must provide the necessary financial resources, personnel and

administrative backup to prevent and overcome these obsta-

cles. Failure of a stewardship program may be predicated upon

the lack of support personnel to educate, implement and

evaluate a program. This may have stemmed from the lack of

financial commitment by the institution and may promote

lack of trust in the administration, causing physician aliena-

tion and resulting in the failure of physicians to alter their pre-

scribing behaviours. A stewardship program requires admini-

stration support and physicians must perceive that they have

ownership in the program. Finally, in response to poor physi-

cian compliance with the program administrators may be

prompted to link physician credentialling or reappointment to

compliance with the program. Compliance with the program

would obviate the need to exercise control over the credential-

ling process.

In conclusion, integrated antimicrobial stewardship pro-

grams in the hospital setting are based on the ideals of pro-

moting better quality patient care, reducing antimicrobial re-

sistance and curtailing hospital expenditures. Such programs

hold promise for the future as measures to prevent the emer-

gence of infections that are resistant to all available antimi-

crobial agents (66). In addition, with the use of antimicrobial

stewardship programs physicians will ultimately be success-

ful in achieving improvements in patient management and

outcomes.
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