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The authors’ hospital embarked on a three-component, multidisciplinary, hospital-based antimicrobial use program to
cut costs and reduce inappropriate antimicrobial use. Initially, antimicrobial use patterns and costs were monitored for
12 months. For the next two years, an antimicrobial use program was implemented consisting of three strategies: auto-
matic therapeutic interchanges; antimicrobial restriction policies; and parenteral to oral conversion. The program re-
sulted in a reduction in the antimicrobial portion of the total pharmacy drug budget from 41.6% to 28.2%.
Simultaneously, the average cost per dose per patient day dropped from $11.88in 1991 to $10.16 in 1994. Overall, mean
monthly acquisition cost savings rose from $6,810in 1992 to $27,590 in 1994. This study demonstrates that a multidis-
ciplinary antimicrobial use program in a Canadian hospital can effect dramatic cost savings and serve as a quality assur-
ance activity of physician antimicrobial prescribing behaviour.
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Programme hospitalier pluridisciplinaire d’antibiothérapie : impact sur les dépenses de la
pharmacie de I’h6pital et sur I'emploi des médicaments

RESUME : L’établissement des auteurs a amorcé un programme hospitalier pluridisciplinaire d’antibiothérapie en trois
volets afin de réduire les cotits et de prévenir I'’emploi inapproprié des antibiotiques. Au départ, les modes d’utilisation
des antibiotiques et les colits ont été surveillés pendant 12 mois. Pendant les deux années suivantes, un programme
d’antibiothérapie comportant trois stratégies a été mis en application : substitution thérapeutique automatique, poli-
tique de restriction des antibiotiques et conversion de la voie parentérale a la voie orale. Le programme a entrainé une
réduction de la portion antimicrobienne du budget total de la pharmacie en terme de médicaments, soit de 41,6 % a
28,2 %. Simultanément, le colit moyen par dose par patient a chuté de 11,88 $ en 1991 a 10,96 $ en 1994. De facon
globale, les économies en matiére de colit mensuel d’acquisition se sont élevées de 6 810 $ en 1992 a27 590 $ en 1994.
Cette étude démontre qu'un programme d’utilisation pluridisciplinaire des antibiotiques dans un hépital canadien peut
amener des économies considérables en terme de coits et servir de mesure d’assurance de la qualité lorsqu’il est ques-
tion des habitudes d’ordonnance des médecins en matiere d’antibiothérapie.
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The benefits of antimicrobial use for the treatment and
prevention of community acquired and nosocomial infec-
tions are readily evident. However, emerging antimicrobial re-
sistance (1-3), escalating drug acquisition costs (4), inapp-
ropriate antimicrobial usage (5,6) and adverse drug effects (6)
have prompted physicians, pharmacists and hospital adminis-
trators (7) to develop programs to evaluate antimicrobial use
and to promote rational and cost effective use of these drugs.
In particular, concerns about antimicrobial resistance (1-3)
with the subsequent development of nosocomial infection (8)
and cost containment issues (4-6) have accelerated the devel-
opment of such strategies.

It has been reported that antimicrobial costs constitute 20%
to 50% of a hospital’s total drug budget (9-14). Our institution
is a tertiary care university teaching hospital in which antimi-
crobials accounted for over 40% of the pharmacy’s drug acqui-
sition costs. As a result, this class of drugs was targeted for
increased scrutiny during an era of expenditure curtailment.

With the objectives of cutting costs and reducing inappro-
priate antimicrobial use, our hospital implemented a three-
component, multidisciplinary hospital-based, antimicrobial
use program in August 1992. It was anticipated that this
would improve the quality of patient care and decrease drug
costs. This report describes the results of our program and its
impact on antimicrobial use and expenditures.

MATERIALS AND METHODS

Baseline antimicrobial use patterns and expenditure data
at the hospital were gathered for a 12-month period before the
initiation of the antimicrobial use program. Due to the region-
alization of medical services in the Hamilton-Wentworth re-
gion, the focus of the 465-bed hospital is general medicine and
surgery, oncology, obstetrics and gynecology, and orthopedic
prosthetic surgery.

During the 12-month period preceding the implementation
of the program, three antimicrobial management strategies
were put into place. As a first step, the antimicrobial hospital
formulary was streamlined by the Pharmacy and Therapeutics
Committee. Drugs that duplicated clinical efficacy, possessed
higher toxicity profiles, had inferior pharmacokinetic proper-
ties or were more expensive were deleted. Next, an automatic
three-day stop order was enforced for all antimicrobials,
thereby necessitating reassessment of therapy before the drug
was reordered. Finally, clinical antimicrobial therapy guide-
lines for community acquired and nosocomial infections were
introduced to hospital medical staff through the use of news-
letters, departmental in-services, educational rounds, pocket
charts and wall posters. The clinical therapeutic guidelines
were developed jointly by the Infectious Diseases service and
the hospital pharmacists with subsequent approval by the
hospital’s Pharmacy and Therapeutics Committee.

Development and implementation of the multidisciplinary
antimicrobial use program involved physicians, pharmacists,
nurses and administrative personnel. The three strategies of
this program, which are described below, were approved by
the hospital Medical Staff Advisory Committee and activated
in August 1992, following an extensive educational program.
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TABLE 1
Therapeutic interchange of antimicrobial agents

Substituted drug and dose

Amoxicillin
250-500 mg q8h po

Original drug and dose
Ampicillin
250-500 mg gq6h po

s

Cephalothin 1-2 gq4h IV —  Cefazolin 1-2 g q8h IV
Cefamandole 1-2 gg6h IV —  Cefuroxime 0.75 g q8h IV
Cefoxitin 1-2 g g6h IV —  Cefotetan 1 gq12h IV
Cefotaxime 2 g q8h IV —  Ceftriaxone 1 g q24h IV
Cefotaxime 2 g q4h IV —  Ceftriaxone 2 g q12h IV
Tobramycin —  Gentamicin

1.5 mg/kg q8-24h IV 1.5 mg/kg q8-24h IV
Clindamycin —  Clindamycin

600 mg gq6h IV 600 mg q8h IV
Vancomycin —  Metronidazole

125 mg g6bh po
IV Intravenously; po Orally

500 mg g8h po
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Figure 1) Sample of therapeutic interchange form

Strategy 1 — automatic therapeutic interchanges: Based on
the hospital’s newly streamlined antimicrobial formulary,
nine possible automatic therapeutic substitutions were identi-
fied. When a physician ordered one of eight specified antimi-
crobials, the drug was automatically replaced by a therapeutic
equivalent. Interchanges took effect immediately and physi-
cians were notified of the substitution by means of specific in-
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Figure 3) Antimicrobial expenditures as a percentage of the total drug
acquisition costs from 1981 to 1994. Bars represent total drug costs;
the line indicates antimicrobial costs

TABLE 2
Annual drug pharmacy expenditures before and after pro-
gram implementation

Approved: Pharmacy & Therapeutics Comminee April 1952 Total drug Antimicrobial Percentage of
Year budget ($) budget ($) total budget
Figure 2) Sample of intravenous to oral reminder sticker 1991 3,697,017 1,539,553 41.6
1992 3,344,750 1,356,624 40.6
1993 3,382,655 1,104,687 32.6
1994 3,252,305 918,301 28.2

terchange notices, which were placed on the patient’s medical
record. The notices subsequently required countersignature by
the physician as acknowledgement of the switch. The thera-
peutic interchanges are listed in Table 1 and an example of a
therapeutic substitution notice is given in Figure 1.

Strategy 2 — antimicrobial restriction policy: The eight anti-
microbials with the highest acquisition costs (ceftriaxone, cef-
tazidime, imipenem-cilastatin, vancomycin, tobramycin,
amikacin, cefotetan and fluconazole) identified during the
baseline data collection period were designated as restricted
drugs. Use of any of these agents was permitted only if they
were given for an approved indication. These indications were
developed by the Infectious Diseases service and the pharmacy
with approval by the Pharmacy and Therapeutics Committee.
The indications were printed on the restricted antibiotic order
form, which had to be completed and signed by the prescribing
physician before release of the drug by the pharmacy. The drug
could then be given for up to three days. These forms were re-
viewed daily by the pharmacy personnel and served as a qual-
ity assurance activity ensuring that antimicrobials were being
prescribed appropriately. As with other antimicrobials, the
three-day automatic stop order was also in effect to encourage
reassessment of the need for further therapy with the restricted
drug. It was also anticipated that, with additional clinical and
laboratory data available after 72 h, therapeutic options could
be reevaluated. Physicians were then advised by pharmacy
personnel if they failed to comply with accepted indications.
Strategy 3 — parenteral to oral conversion: Specific antimicro-
bials available in parenteral and oral forms with appropriate
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pharmacokinetic properties and bioavailability profiles were
selected. Oral administration of such agents could be consid-
ered as an alternative to the parenteral route if a patient was
able to swallow and had a functioning gastrointestinal tract
(15). Whenever one of these drugs was ordered for parenteral
use, a yellow sticker giving cost and dosage details of the oral
formulation was affixed to the chart as a reminder to the physi-
cian that oral treatment should be considered (Figure 2).

Antimicrobial usage patterns and acquisition costs for the
baseline data period were compared with those for the two-
year period following implementation of the program. Cost
minimization of the drug acquisition costs was analyzed. To
minimize the effects of confounding variables such as bed clo-
sures and reduction in costs of certain drugs, the baseline and
postintervention periods were compared in terms of the mean
cost per dose of antimicrobials per patient day.

RESULTS

Antimicrobial expenditures as a percentage of the total
drug acquisition costs for the Henderson General Hospital
Pharmacy from 1981 to 1994 are given in Figure 3. With the
introduction of new and more expensive drugs, total drug ac-
quisition costs rose steadily, reaching a peak in 1991.1n 1991,
before implementation of the antimicrobial program, annual
total acquisition costs were $3,697,017, of which 41.6% was
antimicrobial agents. Two years after implementation of the
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Figure 4) Average monthly antibiotic purchasing costs in the years
1991 to 1994

TABLE 3
Examples of annual costs and of cost savings after implemen-
tation of the program ($)

Before After Cost
(1991) (1994) reduction ($)
Therapeutic interchange
Cefotaxime/ 75,767 36,142 39,625
ceftriaxone
Cefoxitin/cefotetan 48,981 28,333 20,648
Tobramycin/ 97,285 61,356 35,929
gentamicin
Restricted IV antibiotics
Ceftazidime 309,675 180,091 129,584
Vancomycin 218,337 212,481 5,856
Imipenem 175,492 139,967 35,525
IV to oral
Metronidazole 14,894 13,405 1,489
Cotrimoxazole 9,916 7,370 2,546

IV Intravenous

program, the total drug budget had dropped by 14% to
$3,252,305 while the antimicrobial portion had been reduced
by 13.4% to 28.2% of the total (Table 2). Thus, the antimicro-
bial budget fell by $621,252, a decrease of 40%.

Figure 4 demonstrates how the average monthly antimicro-
bial acquisition costs decreased during the study period from
$126,650in 1991 to $80,770 in 1994. The mean monthly cost
savings were $6,810in 1992, $11,480 in 1993 and $27,590 in
1994.

The actual number of antimicrobial doses dispensed was
also examined in relation to the number of patient days. There
was a decline in the average number of patient days per month
from 14,005 in 1991 to 11,669 in 1994. However, while the
mean number of antimicrobial doses dispensed per month fell
from 9299 in 1991 to 8151 in 1994, the mean number of doses
dispensed per patient day remained constant at 0.66. Calcula-
tion of the mean cost per dose per patient day revealed a drop
from $11.88 in 1991 to $10.16 in 1994. Although it would
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Figure 5) Monthly use patterns of intravenous (1.V.) vancomycin and
ceftazidime before and after intervention in August 1992

have been desirable to assess the individual contribution of
each of the strategies (automatic interchanges, restricted
anti-microbials and parenteral to oral conversion) to the over-
all reduction in the mean cost per dose per day, it was impossi-
ble to do so. The initiation of the strategies simultaneously
and the involvement of some antimicrobial agents in more
than one strategy precluded this analysis.

Automatic therapeutic interchanges: Implementation of this
part of the program was the least problematic. Examples of
some of the cost savings realized are shown in Table 3. The
most dramatic effect was an annual cost savings of $39,625
due to the cefotaxime to ceftriaxone interchange, while a sav-
ings of $35,929 was realized with the tobramycin to gentami-
cin interchange.

Restricted antimicrobial agents: The monthly use of all eight
restricted antimicrobials either remained the same or declined
after initiation of the program (Figure 5). The most significant
annual cost savings were in the use of ceftazidime ($129,000),
imipenem ($35,000) and vancomycin ($6,000).

Parenteral to oral conversion: Preliminary assessments (Ta-
ble 3) showed disappointing cost reduction results with this
strategy. This intervention, which was targeted at specific an-
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timicrobials rather than specific clinical syndromes, eg, osteo-
myelitis, did not have the anticipated impact on prescribing
habits. It was found that for patients eligible for a possible
switch from parenteral to oral therapy, the change was actu-
ally made in only 27% of cases. However, when a pharmacist
was specifically assigned to monitor this aspect of the pro-
gram, compliance improved dramatically to 75%, resulting in
an annual cost savings of $50,000.

DISCUSSION

Historically, quality assurance in hospitals has always
been of paramount importance. In recent years, however, cost
containment has become a major concern for physicians and
administrators alike. Ideally, programs that address both of
these concerns are of greatest value and have the most signifi-
cant impact. Our antimicrobial management program was in-
stituted with two main objectives in mind: to increase the
quality of antimicrobial prescribing and to control runaway
costs of antimicrobial therapy.

A number of strategies have already been advocated to im-
prove antimicrobial use, including approaches that are educa-
tive and persuasive, facilitative and restrictive (6).
Unfortunately, educational programs alone do not seem to
have the desired effect (16), whereas improved results have
been reported with restrictive policies such as those that re-
quire written justification by the prescribing physician
(17,18). We felt that the best results would be obtained by
combining education with facilitative and restrictive methods.

Our first step was to optimize the hospital formulary by
limiting unnecessary drugs, implementing a three-day stop
order and developing guidelines for antibiotic use. An appro-
priately designed formulary can lead to a reduction in cost of
antimicrobials as well as more cost effective use of drugs by
prescribing physicians (6). This, together with specific educa-
tional programs developed jointly by the infectious diseases
and pharmacy departments, laid the groundwork for the intro-
duction of our three-component antimicrobial management
program: automatic therapeutic interchange, antimicrobial re-
striction, and parenteral to oral conversion or sequential anti-
biotic therapy (SAT).

Automatic therapeutic interchange usually involves the
conversion by the pharmacy of one drug for another which has
improved pharmacokinetic properties and/or lower acquisition
costs. Examples of the former include conversion from
cephalothin (half-life 0.5 h) to cefazolin (half-life 1.8 h) and ce-
foxitin (half-life 1 h) to cefotetan (half-life 3.4 h), while genta-
micin is usually interchanged with tobramycin or amikacin for
cost reasons (19,20). The automatic interchange of ceftriax-
one for cefotaxime not only resulted in a pharmacokinetic ad-
vantage but effected further cost savings when the customary
ceftriaxone dose was reduced from 2 g every 24 h to 1 g every
24 h as part of our antimicrobial use program.

A United States study reported that administrative and
preparation costs added US$7.00 to the cost of each dose of in-
travenous antibiotics (21). In Australia, A$4.55 to A$10.58 is
added to the cost of each intravenous dose (22). Other investi-
gators have reported that, by simply replacing one intravenous
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drug with another that is given less frequently, considerable
cost savings are realized even if the acquisition cost of the re-
placement drug is higher (19,23).

The focus of our restrictive policy was the form that physi-
cians completed indicating why they wished to use one of the
restricted agents. The forms served a gatekeeper function and
provided educational benefits as well, because each time that
a physician wished to order one of these agents, he or she re-
viewed the approved indications listed on the form and indi-
cated which of these was appropriate. The completed forms
also provided a database for quality assurance review. Re-
lease of the restricted drug for three days allowed time for
more data accrual relevant to the patient’s condition and gave
the physician ready but controlled access to all formulary
items.

SAT refers to the practice of limiting the use of parenteral
antibiotics to the early stages of infection and then changing
to oral drugs for the remainder of treatment. This is not a new
approach, and a number of papers published in the 1970s
dealing with osteomyelitis and septic arthritis in children ad-
vocated using such methods (24-26). A literature search re-
vealed 32 studies in support of SAT. Of these, 13 were
randomized, controlled trials and 19 are nonrandomized stud-
ies (27). Both types of trials examined treatment of a variety of
infections including sepsis, pneumonia, urinary tract infec-
tions and intra-abdominal infections. The evidence quite
clearly supports the use of intravenous therapy followed by
oral treatment in appropriate patients.

SAT is associated with economic benefits, patient benefits
and benefits to the health care provider. At the Vancouver
Hospital and Health Sciences Centre, an intravenous to oral
conversion program has been in place for eight years and has
resulted in savings of at least $30,000 yearly, while a similar
program at Hartford Hospital in Connecticut has projected an
annual savings of US$107,637 (28-30). Further savings are
accrued by allowing out-of-hospital treatment since approxi-
mately one-half of costs associated with hospital therapy are
due to simple board and care (31). One multicentre study in-
volving 766 hospitalized patients showed that by using SAT
an estimated 2266 hospital days were saved resulting in sav-
ings of $793,100 (32). Patient benefits include increased com-
fort and mobility as well as a decreased risk of nosocomial
infection. An earlier return to family and possibly to work fur-
ther enhance quality of life. By lessening preparation and ad-
ministration time, use of oral agents also decreases the
amount of personnel time associated with drug delivery.

This antimicrobial use program has been very successful in
that it has resulted in dramatic savings and may have short-
ened hospital stay in patients who were switched from par-
enteral to oral therapy. The reduction in monthly acquisition
costs from $126,650 to $80,770 represents true cost savings.
These savings are further verified by reduction in mean cost
per dose per patient day from $11.88 to $10.16 and are inde-
pendent of such variables as bed closures and market varia-
tions in drug acquisition costs. The program also served as a
quality assurance activity to improve physician prescribing
behaviour of antimicrobials.
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