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Minimizing Antimicrobial Resistance
in Hospital Bacteria: Can Switching

or Cycling Drugs Help?

John E. McGowan, Jr, MD

During the past decade, some pathogens in the hospi-
.tal, and in the community as well, have developed resis-
tance to the antimicrobial drugs in current use.! Use of
antimicrobial agents is one of the factors leading to resis-
.tance in microorganisms.2-3 Existence of this cause and
effect relationship forces us to examine the ways in which
we use antibiotics.

It has been postulated that switching to a new drug of
the same family can reduce levels of resistance to older
drugs, and that “cycling” antimicrobials (periodically sub-
stituting a new member of the same drug family for a
*drug currently in use) might minimize development of
resistance to specific drugs in the same family.* A number
of recent studies5-!¥ have attempted to discern the effec-
tiveness of these strategies (Table). The majority of these
trials have substituted amikacin for gentamicin or
tobramycin in hopes of reducing prevalence of resistance
.to drugs of this group. This review addresses two major
questions about these practices: Do they work? and Are
they cost-effective?
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How Good Are the Methods?

In reviewing these trials, careful attention must be paid
to the methods used for investigation.? Certain problems
stand out. First, laboratory techniques used to test for
susceptibility differ from hospital to hospital and from
time to time. For example, Gerding and Larson?® men-
tion that data from the first several years of amikacin use
are difficult to compare with current information because
disks used earlier in disk agar-diffusion studies had a
different concentration of amikacin than the disks used
today. However, many of the studies listed in the Table
compensated for laboratory variability by referring most
resistant organisms to a central testing facility.

Second, selection biases are likely in studies of this
subject. For example, much of the information about
switching aminoglycosides comes from studies sponsored
by a company making one of the drugs suggested for this
indication. Most of the papers listed in the Table were
from two symposia sponsored by the manufacturer. Can
independent studies of the issue receive the same access
to publication?

A third factor to consider is the control of confounding
variables. Antimicrobial usage has often been assumed to
be the sole factor responsible for changes in resistance
patterns. However, a number of other factors can be
mnvolved as well.2-2! These factors include changes in the
patient population (especially prominent and potentially
dramatic in these days of “hospital marketing plans”),
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CHANGES IN PREVALENCE OF RESISTANCE IN GRAM-NEGATIVE AEROBIC BACILLI ASSOCIATED
WITH CHANGES IN USE OF AMINOGLYCOSIDE ANTIMICROBIALS IN SEVERAL STUDIES, 1980-1986*
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t Gent = gentamicin, Tobr = tobramycin, Amik = amikacin.

t D = decrease, | = increase, S = remained stable, V = varied markedly by organism. No entry = data not available or drug not used.

D S
S
S

O—-—0000

I
I
I
|
I
!

- — O —
wwmw—09
wwm

w

—_—— - — O — O - —
— O 0 —00
O-—-00

Owvwwm—

OO0 —-—<—Ww

changes in the procedures and techniques performed
(again, changing widely in response to the new economic
forces), increased influence of organisms causing com-
munity-acquired infection (arising in part from today’s
rush to move the patient out of the hospital), and dif
ferences in prevalence of organisms from hospital to hos-
pital. Such non-antibiotic factors may explain in part why
increases in prevalence of resistant organisms are so strik-
ingly location-specific.22

The studies listed in the Table attempted to detect
differences in prevalence of resistance after changes in
antimicrobial usage. Such investigations of temporal asso-
ciation require additional cautions.? First, in similar stud-
ies, increase or decrease in resistance have occurred inde-
pendent of changes in drug usage.?3-26 Second, other
control measures may be put into effect along with
changes in antibiotic use. This makes it more difficult to
attribute a causal role to altered antibiotic prescribing.3-22
Third, even when resistant organisms have been found to
emerge, they do not necessarily persist.2? Fourth, even a
marked increase in resistance at a given institution may
increase the level only to levels seen at other institutions
years ago.28 Fifth, a relationship may be apparent for
some organisms but not for others.27.15.16,18,19,22,29
Sixth, it is difficult to analyze use of one drug without
considering all other antimicrobials employed. As Mayer
notes, “since plasmids may contain multiple resistance
genes, each coding for an enzyme that inactivates one or
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more antibiotics, and since multiple drugs are used in the
hospital environment, direct correlation of the use of -
specific antibiotics and specific resistance patterns may be
obscured.”?2

Can Switching Drugs Reduce Resistance?

In several of the trials, a switch to amikacin from ge..
tamicin or tobramycin produced apparent decreases in
prevalence of resistance to gentamicin or tobramycin
without increase in amikacin resistance (see Table). Thus,
hospitals experiencing outbreaks with gentamicin or
tobramycin-resistant organisms well might try substitut-
ing amikacin in attempting to stem the epidemic.

In some trials, however, an increase in prevalence
of amikacin resistance was seen during amikacin
use,13:14.16.17 and an increase in prevalence of amikacin
resistance has even been noted when the drug has not
been employed.?3 In countries where amikacin has been .
introduced into routine use, the prevalence of resistance
seems to have increased.3?

When increased resistance has been noted, it has not
necessarily occurred in a straight-line, dose-response -
relationship. Linear relationships have been noted on
occasion,3! but the interval between introduction of an
aminoglycoside into routine use and appearance of resis- -
tant strains in hospital populations has varied markedly
for different drug-organism pairs.210 Occasionally, resis-
tance has developed shortly after introduction of the
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drug; more frequently, a drug has been used for an
appreciable period before resistance becomes preva-
lent.16.29.32

Plasmid-mediated resistance mechanisms have been
demonstrated for amikacin33-35 as well as for other ami-
noglycosides.?®37 These observations help to explain the
dramatic increases in resistance to amikacin that have
occurred in “localized outbreaks,” even after many years
in which little or no increase in resistance was seen.16
Thus, whether or not switching or cycling of anti-
microbials will be effective in reducing prevalence of resis-
tance seems to depend on the organisms causing
nosocomial infection in a given hospital and the types of
resistance mechanisms present in these endemic bacteria.

What About Cycling?

Cycling is based on the hypothesis that substituting a
new drug will foster decreased levels of resistance to the
drugs formerly in use, restoring their value so that they
again can be useful in therapy. The Table presents studies
in which switching drugs did lead to a decrease in resis-
tance to the older aminoglycosides. However, it is unclear
that one can go back to the older drugs in the future. Data
about this are scarce; in three studies that attempted to
return to gentamicin from amikacin as the routine
therapy, the prevalence of resistance to gentamicin rose
again quickly after its use was reinstated.!!-14.15

Should I Cycle Antimicrobials in My Hospital?

Whether or not to make the attempt to cycle aminogly-
cosides depends on several considerations®:

First, does a problem of resistance exist? Resistant hos-
pital organisms apparently exist to a much lesser extent in
community hospitals.32.38.39 In view of the high cost of
'many of the alternative drugs, it makes no sense to intro-
duce a new agent if no difficulty is being seen.*® By
contrast, prevalence of resistance is increasing in a
number of university and other referral centers.!

Second, is the hospital’s problem an organism or group
of organisms known to have responded to switching or
cycling at other institutions? As noted above, responses
have been organism-specific. For some bacteria, substitut-
ing may not be as effective as limiting total prescriptions
and duration of use for a given drug group—or for more
than one group, if the resistance is plasmid-mediated and
linked to other resistance factors.*2

Third, what is the goal of the substitution? A goal of
decreasing the selective pressure favoring an epidemic
hospital organism seems potentially achievable, as noted
frequently in the Table. However, the data presented
above pose questions about the value of introducing one
drug in an attempt to restore the utility of a second drug.

Are These Practices Cost-Effective?

A new emphasis on cost of antimicrobials has been
spurred by prospective reimbursement.4® True cost-
effective use must consist of reducing antimicrobial use
where the quality of care is not compromised. This stipulation
must not be overlooked in the current efforts to diminish
the overall level of prescribing of antimicrobials, which
represent a large proportion of the pharmacy budget in
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many United States hospitals. To heed this rule, however,
demands that we define cost-control in the context of
improving antimicrobial use, emphasizing the areas of
improvement which allow reduction of use.

That such improvement is possible is emphasized by
Aldis and Cowan.*® These investigators studied the use of
antimicrobials in a community hospital during a 1-month
period, and found that changes in the antimicrobials
employed could have been made without diminishing
care of the patient, but with a substantial savmgs in cost to
the hospital.

The studies to date provide minimal data on the i 1mpact
of substitution or cycling programs on patient care, phar-
macy acquisition and preparation costs, or drug admin-
istration costs. Thus, no conclusion about cost-effec-
tiveness is possible at this time.

CONCLUSIONS , _

I. Antimicrobial usage is one, but only one, of the
factors that leads to antimicrobial resistance in micro-
organisms.

2. The relative potential of an antimicrobial for trigger-
ing resistance will help determine the drug’s value3—but
ethcient methods for this assessment are sadly lacking at
present.*! Development of such ‘methods should be a
high research priority.45

3. Decreasing overall antimicrobial use has been given
special importance in today’s prospective reimbursement
system. 46 These efforts also can help to minimize the
likelihood of antimicrobial resistance. Antimicrobial
usage must be reduced where quality of care will not be
compromised. Yet, the phenomenon of linkage of resistance
factors makes it uncertain that decreased use will lead to a
drop in prevalence of resistance to that drug.!347

4. The value of rotation or cycling of antimicrobials will
depend on local patterns of resistant organisms, preva-
lence of specific resistance mechanisms in a given popula-
tion of nosocomial organisms, and the goals set for such
change in prescribing practices.

5. The cost-effectiveness of cycling programs is not
evaluable at this time.
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