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Abstract

Although antibiotics have been avail-
able for decades, only recently has there
been an emergence of scientific data to
determine the best mode of drug admini-
stration to maximize bactericidal activity
and minimize toxicity. This knowledge of
optimal administration techniques has
evolved with our understanding of the
pharmacodynamic properties or the cor-
relation of drug concentration and the
clinical effect (eg, bacterial killing) ob-
served with the major classes of antimi-
crobials. The maximization of
antibacterial activity through the use of
pharmacodynamics will be an important
tool for antibiotic utilization in the future
since novel antimicrobial compounds are
not readily available, bacterial resistance
is increasing, and capitative reimburse-
ment systems will force clinicians to use
older, less expensive therapies. However,
the clinician must remember that the
administration technique used to maxi-
mize antibacterial activity is very differ-
ent depending on the antimicrobial drug
class. For instance, the rate and extent of
bacterial killing by aminoglycosides are
more a function of the concentration of
the aminoglycoside. Unlike the amino-
glycosides, beta-lactams achieve maxi-
mum bacterial killing when the drug
concentration remains constantly above
the minimum inhibitory concentration
(MIC). The pharmacodynamic properties
of a specific antibiotic drug class are,
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therefore, an integration of two related
areas, microbiologic activity and phar-
macokinetics. Accordingly, it is not
completely correct to choose antibiotics
based solely on their microbiologic ac-
tivity or pharmacokinetics; rather, anti-
microbials should be selected and
utilized based on their individual phar-
macodynamic properties. The applica-
tion of these recent findings provides the
opportunity for both intravenous and
oral antimicrobials to be utilized in a
manner that promotes maximal efficacy,
while reducing the risk of drug toxicity.
Some of the newer, broad-spectrum
cephalosporins offer these benefits and,
due to a longer half-life, are suited for
use in switch therapy with the added
advantage of infrequent dosing.

he rapid transition of healthcare
Tdeliver'y in the United States to-

ward a managed care system
comes at a time when we are faced with
a variety of difficulties pertaining to in-
fection eradication. This article will re-
view how we can best use our currently
available antiricrobials through a better
understanding of their pharmacody-
namic properties. Different, innovative
dosing regimens will also be considered
with an emphasis on how these dosing
regimens, including intravenous to oral
switch therapy options, can be tailored
to improve clinical outcomes while ad-
dressing some of today’s healthcare
challenges.

An Integrated Approach
Although antibiotics have been avail-
able for decades, only recently has there
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been an emergence of adequate scien-
tific data to determine the mode of drug
administration that maximizes bacterial
killing. This knowledge of optimal ad-
ministration techniques has evolved
with our increasing understanding of an-
timicrobial pharmacodynamics, which is
an integration of two related areas: the
drug concentration and the amount and
rate of bacterial killing effected. The
pharmacokinetics of a drug deals with its
rate of absorption, distribution, and
elimination, and all are important in de-
termining the drug concentrations in
both serum and tissue fora given dosing
interval., Pharmacodynamics is con-
cerned with the relationship between
this concentration and the antimicrobial
effect. We now know that the optimal
dosing and time course of antimicrobial
treatment must reflect the interrelation-
ship between pharmacokinetics and
pharmacodynamics that exist for the
particular agent being used.

In fact, understanding and using the
principles of pharmacokinetics and
pharmacodynarmics are the mechanisms
by which we will move forward into the
next generation of antimicrobial selec-
tion and administration. This has be-
come necessary due to three separate
issues. First, there is no host of new
antibiotics waiting to be approved and
marketed. Those that are newly avail-
able and those that will be released
shortly do not offer significant advantages
in terms of spectrum of activity, pharma-
cokinetics, or pharmacodynamics.

The second issue we face today is the
continually evolving problem of antibi-
otic resistance. For example, there are
clearly concemns regarding antibiotic re-
sistance from Streptococcus pnewmoniae
and other pathogens. In addition, en-
terococci strains that were previously
uniformly susceptible to vancomycin
have now been identified as resistant. [t
is reasonable to expect this trend to con-
tinue with a variety of pathogens becom-
ing resistant to the currently available
antiricrobials.

When the problem of resistance is
coupled with the problem of a lack of
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new, innovative antibiotics, we are led
to focus on a third issue: that of the
emerging managed care environment.

U, nderstandmg amd usmg the prmczples of phar—

‘macokinetics and pkarmacodynamzcs are the
mechanisms by whzch we will move forward into
the next generation of a_ tzmzcambzal selectzon‘
"and admmzstmtzon.

When we, as healthcare providers, are
asked to provide the same quality of care
for less money, we will find that the
application of pharmacodynamic rela-
tionships will provide an opportunity to
optimize antimicrobial therapy and to
provide high quality care at the lowest
possible cost. Using this integrated ap-
proach in our antibiotic treatment deci-
sions also gives us the opportunity to
work with currently available agents in
order to optimize therapy, which will be
imperative as capitative reimbursement
systerns force clinicians to use older, less
expensive therapies.

Applying this integrated approach to
the dosing of oral cephalosporins can
result in both maximally efficient bacte-
rial eradication as well as cost contain-
ment.

New Pharmacodynamic Information

To obtain the best outcome possible,
we must take full advantage of antimi-
crobial pharmacodynamics. The past
decade of pharmacodynamic research
has presented us with a better under-
standing of the mechanism of antimicro-
bial effect, the influence of the host on
drug disposition, and the complex inter-
actions of the organism-antimicrobial-
host triad. Recent data also specifies the
correlation of drug concentration and
bacterial killing for the major antimicro-
bial classes, mainly the beta-lactams,
aminoglycosides, and fluoroquinolones
so we can determine how best to admin-
isterantimicrobials in order to maximize
bactericidal effects. Itis this new knowl-
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edge that is proving most beneficial for
antibiotic therapy today and has
changed the way we view antibiotic ad-
ministration.

"The base of pharmacodynamics is the
correlation between drug concentration
and clinical effect, and with regard to
antimicrobials, it is the correlation be-
tween concentration and the clinical ef-
fect of bacterial killing. There was a
point not very long ago when we be-
lieved that a drug with a long half-life,
low protein binding, and low minimum
inhibitory concentration (MIC) or mini-
mum concentration of the drug at which
there is the pharmacologic effect of in-
hibiting bacterial growth, was an ideal
agent. We now see that this isnot always
true. These parameters do not provide
information about the activity of higher
drug concentrations and the antimicro-
bial effects that can persist after drug
exposure, or the “postantibiotic effect”
(PAE). The effect of increasing concen-
trations on bactericidal activity and the
presence or absence of a PAE give a
much better description of the time
course of antimicrobial activity than that
provided by the MIC.!

For maximum efficacys, it is also nec-
essary for a drug to satisfy adequately
certain microbiological parameters, in-
cluding presence of the drug at the site
of infection for an appropriate duration
and at a critical concentration, in addi-
tion to having affinity for the bacterial
binding site.” All such parameters relate
to the pharmacokinetics of the agent.

One difficulty we have with antimi-
crobial pharmacodynamics is our current
inability to determine the concentration
of drug at the site of action. Instead, we
rely on the measurement of drug con-
centration in serum, blood, or urine to
determine a relationship to bactericidal
activity and obtain the MIG for each
agent. The assumption is that the meas-
urable drug concentrations in blood, se-
rum, or urine is proportional to the drug
concentration at the active site of the
bacteria. The pharmacokinetic parame-
ters of the area under the drug concen-
tration-time curve (AUC), maximum

observed drug concentration (peak),
and drug half-life are often linked with
the MIC of the pathogen to produce
pharmacodynamic parameters such as
AUC/ MIC ratio, peak/MIG ratio, and
the time that the concentration remains
above the MIC (time greater than MICG).
Correlation of these parameters with
bacterial killing has revealed the crucial
concept that different classes of antimi-
crobials do not share the same pharma-
codynamic behavior.” This realization
makes it inappropriate to choose an an-
tibiotic because of microbiologicactivity
or pharmacokinetics alone. Instead, an
agent must be selected according to its
complete pharmacodynamic profile.’
We must also exercise caution in order
to avoid reverting to thinking that the
way we administer one class of antimi-
crobials is the same as the way we should
administer another class.

Concentration- vs. Time-dependent
Activity and PAE

A general pharmacodynamic division
among antimicrobials occurs between
the aminoglycosides and fluoroqui-
nolones, which have bactericidal activ-
ity that is dependent upon drug
concentration, and the beta-lactams,
which, conversely, produce bacterial
killing based on the time of exposure.*®®
Vancomycin, macrolides, and clindamy-
cin also exhibit time-dependent antimi-
crobial activity as do the beta-lactams.'
The aminoglycosides and fluoroqui-
nolones eliminate bacteria more rapidly
in vitro when through higher doses or
higher concentrations, the drug concen-
tration is appreciably higher than the
MIG for the pathogen involved. Beta-
lactams, on the other hand, kill bacteria
more efficiently when the drug concen-
tration remains constantly above the
MIG of the organism.” Also, the rate of
killing does not increase with increasing
drug concentration.

This principle is illustrated when the
concentration-dependent agents to-
bramycin and ciprofloxacin are adminis-
tered in vitro at dosages producing
concentrations of various multiples of
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the MIC; the number of colony-forming
units are seen to decrease more rapidly
with each rising MIC multiple. How-
ever, when the same MIC multiples are
created with ticarcillin we observe little
difference in the rate of bactericidal ac-
tivity between concentrations four, six-
teen, and sixty-four times the MIC
(Figure 1). Likewise, other researchers
have shown that when increasing con-
centrations of the beta-lactam, cefo-
taxime, are employed against Klebsiella
preumoniae and Staphylococcus aureus,
higher concentrations were associated
with only a slight reduction in bacterial
counts during a 6- to 8-hour dosing pe-
riod and an earlier initiation of bacterial
killing. However, from about two hours
on, the rates of killing for concentrations
at one to 64 times the MIC were virtu-
ally identical.’

Obviously, increasing drug concen-
tration maximizes therapy and outcome
when using the aminoglycosides or
fluoroquinolones, but does not carry the
same benefits when administering beta:
lactams. Because the rate and extent of
bactericidal activity remains fairly con-
stant when beta-lactam concentration
reaches approximately four times the
MIC, giving larger doses or producing
exposure to additional multiples of the
MIC concentration does not increase the
rate or extent of infection elimination.

Persistent suppression of bacterial
growth after fimited antimicrobial expo-
sure has been observed for decades and
all antimicrobials seem to have a pro-
longed PAE with gram-positive cocci.
Drugs that inhibit protein or nucleic
acid synthesis, such asaminoglycosides,
fluoroquinolones, tetracyclines, macro-
lides, and rifampin, also induce pro-
longed PAEs with gram-negative bacilli.
However, the beta-lactam antibiotics
produce short or no PAEs with gram-

negative bacilli, with the exception of

carbapenems, which do exhibit PAE ac-
tivity against Psexdomonas aerugin osa.
For example, in vivo PAEs observed
with cefotaxime against standard strains
of 8 aurens and K. pnenmoniae are quite
different. Using a dose of cefotaxime
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that produced serum concentrations €x-
ceeding the MIC for 2.0 to 2.6 hours
resulted in a PAE of 4.2 hours with 5.
aureus, but only a very short delay in

Figure 1. Unlike tobramycin and ciprofloxacin, ticarcillin
shows little difference in bactericidal activity once concen-

trations teach four times the MIC

regrowth was observed against K. preu-
moniae. 'The presence of neutrophils
does not markedly enhance invivo PAEs
with the cephalosporins. It should also
be noted that while the presence or ab-
sence of in vitro PAEs is usually predic-
tive of invivo results, beta-lactamsare an
exception. While these antimicrobials
exhibit prolonged PAEs with strepto-
cocci in vitro, short or no PAEs are seen
in vivo. This may be due to the slower
growth rate of streptococei in vivo."

These pharmacodynamic charac--

teristics imply that the course of antimi-
crobial activity over a particular dosing
interval can vary markedly for different
antibiotics. Because beta-lactam antibi-
otics behave in a time-dependent man-
ner with respect to bactericidal activity
and produce prolonged PAEs only with
staphylococct, the goal of a dosing regi-
men is to maximize the duration of ex-
posure. Specifically, the amount of time
that beta-lactam concentrations exceed
the MIC for the pathogen should be the
parameter that we watch in order to pro-
duce the best effect possible. However,
aminoglycosides and fluorogquinolones
exhibit concentration-dependent Kill-
ing and prolonged PAEs. Therefore, the
goal of an optimum dosing regimen for
these drugs is to focus on maintaining
higher drug concentrations. Overall,
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peak-MIC ratios are the most important
pharmacodynamic components to con-
sider when trying to maximize efficacy
for the aminoglycosides and fluoroqui-
nolones.’

Nonbeta-lactam Dosing Strategies
Using the pharmacodynamic con-
cepts discussed thus far, we begin to un-
derstand that proper dosing strategies will
help us make full use of a given antimi-
crobial’s potental effect. For the concen-
tration-dependent aminoglycosides, we
know that our goal is to optimize the peak
to MIC ratio. Although conventional ami-
noglycoside dosing is 1.5 to 2.0 mg/kg
every eight hours with therapeutic drug
monitoring (TDM) of peak and trough
serum concentrations, in 1992 we stud-
ied once-daily aminoglycoside dosing in
an effort to maximize the peak to MIC
ratio. Recent reports show that maxi-
mum bactericidal activity is achieved
when aminoglycoside concentrations
reach 10 times the MIC. In addition,

new data suggests that the previous con-
cepts of aminoglycoside toxicity, which
were thought to occur at peak and
rrough levels exceeding 12 mg/L and
2.0 mg/L respectively, are incorrect.'**?
Our regimen applied newer pharma-
codynamic principles in the clinical set-
ting and produced three benefits:
higher peak drug concentrations and
prolonged PAEs, which are both associ-
ated with larger amounts of bacterial
killing, no increased toxicity, eliminat-
ing concern for having conventional
peak and trough levels and TDM, and
substantial cost savings through re-
duced drug-monitoring requests.

After October 1992, all adult patients
in our 850-bed community-teaching
hospital prescribed aminoglycosides
were converted to our once-daily dosing
regimen.'*" Patients with ascites, total
body surface area burns greater than
20%, a pregnancy, enterococcal endo-
carditis, or end-stage renal disease were
ineligible. The administration tech-
nique was to give one intravenous dose
of 7 mg/kg gentamicin or tobramycin
infused over a 60-minute period every
24 hours in patients with creatinine
clearances of more than 60 mL/minute.
Although the expected peak concentra-
tion was 20 mg/I.—well above the con-
ventional toxic level—once-daily
administration produced trough con-
centrations reaching 0 mg/L, thereby
limiting drug accumulation and toxic-
ity. Avariety of other research and clini-
cal experience also suggest that with
once-daily aminoglycoside administra-
tion, significantly less drug accumula-
tion occurs in those tissues that are
susceptible to aminoglycoside roxicity,
most notably the kidney and ear. In
patients with reduced renal function,
however, the same aminoglycoside
dose was given, but at increased inter-
vals of 36 hours for those with creatinine
clearances of 40 to 60 mL/minute, and
every 48 hours for patients with clear-
ances between 20 and 40 mL/minute,

During the first phase of the pro-
gram, random serum concentrations
were obtained for all patients after the
first or second dose and dosing intervals
were modified, if needed, based on
aminoglycoside concentrations. 'Thera-
peutic drug monitoring was ordered at
weekly intervals thereafter. Evaluation
of the first 500 patients in the program
showed that 74% were dosed every 24
hours, 17% every 36 hours, 7% every 48
hours, and 2% less frequently than
every 48 hours. The median duration of
therapy was three days. Nephrotoxicity
in these patients was 1.2% compared to
an historical rate of 5% in patients un-
dergoing conventional aminoglycoside
dosing for similar time periods. 'There-
fore, by utilizing pharmacodynamics in

THE AMERICAN JOURNAL OF MANAGED CARE

FEBRUARY 1996



§

this instance, we not only maximize bac-
tericidal activity, but it appears that we
also minimize the rate of toxicity for a
twofold benefit.

Because of the low incidence of tox-
icity, the short duration of therapy, and
the fact that most patients had good
renal function and were receiving 24-
hour dosing, a second phase of the study
eliminated TDM for many patients. Se-
rum creatinine measurements contin-
ued to be taken every two to three days,
and patients who continued therapy for
three to five days underwent a random
drug concentration measurement on the
fifth day and weekly thereafter. Among
the 602 patients included in this second
phase, 1.3% experienced a rise in serum
creatinine indicative of nephrotoxicity'®
but it should be noted that this criterion
cannot differentiate between aminogly-
coside-induced toxicity and that from

other causes. Upon discontinuation of

therapy, serum creatinine declined to
pretreatment therapy in all patients.
Therefore, toxicity rates were close to
that obtained during phase one, and
again, significantly less than those seen
with conventional therapy.

Comparing the average number of
requests for TDM prior to the study
with those made during phase one and
two illustrates the third benefit of a
once-daily aminoglycoside dosing. Sig-
nificant opportunity for cost savings was
presented, which is particularly impor-
tant within the confines of the managed
care environment. An overall reduction
in monitoring requests of 40% or about
300 requests per month were noted for
gentamicin. A similar pattern was ob-
served with tobramycin for a reduction
of approximately 50 monitoring re-
quests per month, Since the onset of the
program, we conservatively estimate
that the once-daily dosing program has
saved approximately $40,000 in drugs,
supplies, and nursing and pharmacy la-
bor for the 2,200 patients enrolled in the
program so far. Furthermore, the re-
duced number of drug monitoring re-
quests will result in an additional
savings of $100,000 annually for the av-
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erage 600-bed, tertiary care facility.
This estimate is based on a cost of $25
per test, including reagents, equipment,
labor, and overhead.”

A discussion of fluoroquinolone dos-
ing is also needed, when considering
how to use the pharmacodynamics of
nonbeta-lactam antimicrobials in an ef-
fort to maximize outcomes. Like the
aminoglycosides, it is important to take
advantage of peak fluoroquinoclone con-
centrations by trying to administer the
largest dose possible. However, one ma-
jor concern of both clinicians and drug
manufacturers is the potental for cen-
tral nervous system toxicity with these
particular agents, limiting the clinician’s
ability to significantly increase the dose.
In our institution, we have used larger
doses of the fluoroquinolones in a rela-
tively small number of patientsand have
not seen any such related toxicity, lead-
ing us to believe that there may be a
patient-specific component to CNS ef-
fects. However, in patients with altered
renal function, caution should be exer-
cised when giving very large doses,
since patients who are not clearing the
drug effectively will have high serum
concentrations and increased potential
for toxicity. Maximizing concentration
is not the way to maintain or improve
outcomes for these patients.

Using MIC With Beta-lactams
Integrating pharmacodynamic prin-
ciples into beta-lactam therapy dictates
that we take a much different approach
than with the aminoglycosides and
fluoroquinolones. The rate and extent
of bactericidal activity of beta-lactams
are maintained once concentration
reaches about four times the MIG for
the specific pathogen.”’9 Therefore, the
goal of therapy is not to double the dose
or to obtain high peak concentrations.
Rather, the goal is to maintain levels
above the MIC for as long as possible.
Three questions confront us when de-
veloping beta-lactam dosing strategies.
First, dowe have data definitively show-
ing that the time above the MIG is im-
portant? Second, for what amount of

VOL. II, SUP.

THE AMERICAN JOURNAL OF MANAGED CARE



-+ CONTINUING PHARMACY EDUCATION -

Figure 2. Cefaclo
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time should serum beta-lactam concen-
trations be above the MIC during each
dosing interval? Finally, what is the re-
lationship between maintaining drug
concentration above the MIC in serum
and at the site of infection?

The answers to the first and second
questions are difficult to prove in human
models due to the design of most clinical
trials, which simply calculate the effects
of higher doses within the same dosing
interval. When a higher dose is found to
produce a better clinical effect, it is dif-
ficult to determine whether higher peak-
to-MIC ratio, higher AUC-to-MIC ratio,
or longer duration above the MIG is of
primary importance. The interdepend-
ence among these parameters, however,
can be eliminated by conducting studies
using different dosing intervals that are
easily performed in animal models.

There is ample evidence using ani-
mal infection models to support the im-
portance of the MIC. One study using
cefaclor against S\ azress in nonneu-

tropenic mice shows that regardless of

dose, there is very clear, linear propor-
tionality between increased time above
the MIG and increased percent survival
(Figure 2). Furthermore, this investiga-
tion indicates that decreasing peak con-
centration by dividing administration
between decreased doses optimizes the

i produces a linear relationship between

increased time above the MIC and increased survival
regardless of dose.

time above the MIC." For example, the
first point on the 40 mg/kg line repre-
sents one 40-mg dose, the second point
represents two doses of 20 mg, the third
point, three doses, etc.

This is substantiated by a study done
some time ago using cefmenoxime,
which is not currently available in the
United States, in patients with noso-
comial pneumonias.”” When investiga-
tors maintained the time above the
“dynamic response concentration,” or
MIC, closer to six or eight hours, which
comprised the better part of the dosing
interval, the number of days to bacterial
eradication was significantly reduced
(Figure 3).

Others have used neutropenic mur-
ine thigh and lung infection models to
determine whether there is some consis-
tency in the duration of time above the
MIC required when different cepha-
losporins are used against different bac-
terial pathogens. Mice were treated for
24 hours with four different drugs in
more than 40 different drug-pathogen
combinations. Despite variations in
MIC of up to 100-fold, the time above
the MIC required to produce a bacte-
riostatic effect wich strains of Enzerobac-
teriaceae  and S preymoniae were
generally between 35% and 40% and
were very similar among four different
cephalosporins. The most bactericidal
activity, however, occurred when the
time above the MIC approached 60% to
70% of the dosing interval. Comparable
results have been observed in an experi-
mental Klebsiella pneumonia rat model
using survival and mortality as end
points. It is important to note, however,
that in contrast to the effects seen in
studies with gram-negative pathogens,
values for time above the MIG with §.
aurexs were much lower, at 19% to 28%
for a bacteriostatic effect and 30% to
40% for maximum effect.’ Although the
effect of increased time above the MIC
is more pronounced in neutropenic ani-
mals due to their lack of host defenses,
similar results have been found in non-
neutropenic animal models.

Recent data also exist to answer the
third question regarding the parity be-
tween serum and tissue drug concentra-
tions. One technique for determining
this relationship has been to raise skin
blisters either by suction or with a local

S12
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irritant. When we administer beta-lac-
tams, we see a very rapid equilibrium
between serum drug concentrations and
those found in the interstitial blister

fluid. Because of this proportionality, if

you maximize the time above the MIG
in serum, you, by default, maximize the
time above the MIC at the site of infec-
tion, which is what is desired for a good
treatment outcome for nonintracellular
pathogens. One investigation further
showed that cefotaxime concentrations
of 5 micrograms/ml or less were main-
tained for approximately two hours
longer in blister fluid than in serum. A
similar relationship has been observed
with peritoneal fluid. We can therefore
conclude that for most susceptible or-
ganisms, the duration of time that infec-

++» ORAL CEPHALOSPORINS IN SWITCH THERAPY -+

Another way of maximizing time
above the MIC is to give larger doses or
to dose more frequently. However, there
are potential problems here as well.
When dealing with intravenous admini-
stration, a more frequent dosing sched-
ule gives rise not only to extra doses but

Figure 3. When cefmenoxime concentrations are main-
tained above the MIC (DRC) for 6 to 8 houss, or for the
majority of the dosing interval, the time to bacterial

ton-site drug levels exceed the MIC
will be longer than that in serum.

Beta-lactam Dosing Strategies

The results of the pharmacodynamic
investigations mentioned above that the
most effective broad-spectrum cepha-
losporin dosing fegimen would be one
that provide levels above the MIC.
Therefore, when we discuss strategies
for optimizing beta-lactam therapy,
there are different methods of admini-
stration we can use to keep serum con-
centrations high enough to accomplish
the desirable length of time above the
MIC.

One method is to use probenecid to
alter drug elimination. Probenecid
works well but there are some concerns
surrounding its use. Many patients re-
quiring antimicrobial therapy are on
multidrug regimens, and there is the po-
tential for drug interaction and perhaps
more important, the undesired altered
elimination of another therapeutic
agent. [n addition, compliance must be
considered anytime another drug is
added to a regimen. The chird issue is
thatif there are adverse events, although
they may not be life-threatening, one
must determine whether they are
caused by the probenecid or the antimi-
crobial itself, chen consider a change in
medication.

eradication is significantly reduced.

also to additional pharmacy preparation
and nursing labor costs. The cost of pre-
paring one dose can sometimes be very
close to the cost of the antibiotic itself.
The option of doubling the antibiotic
dose is available but keep in mind that
doubling the dose will not, in fact, dou-

ble the time above the MIC. With any of

the cephalosporins, doubling the dose
will only increase the time above the
MIC by about one half—lif‘ei, or for about
an hour to an hour and a half during the
dosing interval. The ability of patients to
tolerate large doses of a particular agent
must also be considered.

Studies are currently underway to in-
vestigate the use of continuous infusion
of antimicrobials in order to achieve ade-
quate time above the MIC. This is a
pharmacodynamically sound option be-
cause any serum concentration can be
maintained in order to keep levels above
the MIC for any pathogen group. So far,
studies have shown that a continuous
infusion regimen can result in a signifi-
cantly higher cure rate than intermittent
dosing in profoundly neutropenic pa-
tients. Continuous infusion can also be
accomplished with approximately 30%
to 50% less drug, especially with the
beta-lactams, because we do not need to
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have peak concentrations.””% Clearly,
continuous infusion of antimicrobials
presents the opportunity to apply phar-
macodynamic principles while not only
improving outcomes, but also while ad-
dressing pharmacoeconomic concerns.
Decreasing the cost of therapy through
decreased dosing of antibiotics and de-
creased preparation, administration, and
nursing time is also possible with this
dosing strategy.

Oral Agents and Switch Therapy
Continuous antimicrobial infusion
may be ideal for hospitalized patients,
but this dosing strategy does not allow
for maximum cost savings that are at-
tained when the patient can be effec-
tively treated with oral medication and
discharged so as to avoid additional hos-
pital costs altogether. The solution lies
insome of the new, oral third-generation
cephalosporins. These newer agents are
therapeutically and microbiologically
appropriate for treating many patho-
gens, yet they have a longer half-life that

Figure 4. The longer half-life of the newer cephalosporins
allow once- or twice-daily dosing,

allows once- or twice-daily dosing (Fig-
ure 4). In fact, some of the new oral
beta-lactams have pharmacodynamic
profiles that allow achieving concentra-
tions above the MIC with less frequent
dosing and produce results very similar
to what we see with the continuous in-
fusion of older agents.

As a result of the data discussed ear-

lier, we can conclude that treatment of

neutropenic patients or treatment dur-
ing the acute infection period in the nor-

mal host can be best accomplished by
using antibiotic regimens that provide
antimicrobial concentration above the
MIC of the pathogen constantly
throughout the 24-hour dosing period.
However, because switch therapy gen-
erally is initiated once the bacterial
inoculum has been decreased with intra-
venous agents and the patientis improv-
ing clinically, this approach is not
advocated in the neutropenic patient.
Oral antimicrobial regimens that main-
tain serum concentrations above the
MIC for greater than 50% of the dosing
interval should be adequate to ensure
good clinical outcome.” Since the opti-
mal duration above the MIC for a given
antibiotic may vary with the infecting
organisrn, the site of infection, the inocu-
lum effect, and the immunocompetence
of the host, choosing an appropriate oral
agent for switch therapy is extremely
important and such a choice must be
made on the basis of the pharmacody-
namic principles explained here.

There are presently a number of oral
cephalosporins approved for use, and se-
lection among them can often prove dif-
ficult. Since oral beta-lactams being
considered for use in switch therapy
should have a minimum time above the
MIC of more than 50% of the dosing
interval, the selection process for the
ideal agent should focus on oral cephalo-
sporins providing serum concentrations
greater than 50% of their dosing interval
above the MIC for the pathogen involved.

Oral cephalosporins are currently be-
ing used for switch therapy in the treat-
ment of infectious processes of the
respiratory tract, skin and soft tissues,
and urinary tract. Common pathogens
responsible for respiratory tract infec-
tions include Hazemophilus influenzae,
Moraxella catarrhalis, and S. preumoniae.
Skin and soft tissue infections are most
likely due to S. aurens, whereas urinary
tract infections are most often caused by
Escherichia coli.

As the MIC data for these pathogens
are integrated with the pharmacokinetic
data supplied by manufacturers of the
available agents, a pharmacodynamic
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comparison of the various oral cepha-
losporins can be made with respect to
the time above the MIG for a specific
pathogen. Oral cephalosporins with
greater than 50% of their dosing interval
above the MIC, which is the concentra-
tion that will inhibit 90% of organisms,
have the greatest potential for clinical
cure during switch therapy (Table 1).
Alchough selection of an agent with less
than 50% of the interval above the MIC
does not preclude the possibility of a
good clinical outcome, regimens that
produce short periods above the MIC of
the pathogen have been recently shown
in animal models to have a less than
optimal success rate.

As illustrated in Table 3, several
cephalosporins including cefadroxil,
cephalexin, cephradine, and cefuroxime
axetil produce serum concentrations
that exceed the MIG of §. awrens for
more than 50% of their dosing intervals.
Therefore, any of these drugs would be
suitable options for switch therapy in-
volving this pathogen. Similarly, there
are a number of oral cephalosporins with
the required greater than 50% of their
dosing intervals above the MIC for the
pathogens associated with respiratory
tract infection. However, only cefixime,
and cefpodoxime proxetil provide a suf-
ficient rime above the MIC for all three
common respiratory tract pathogens. In
urinary tract infections due to E. co/, all
of the cephalosporins exhibiting gram-
negative action will provide sustained
concentration at the infection site bue if
the infection is extrarenal and switch
therapy is indicated, only cefixime and
cefpodoxime will provide serum con-
centrations that exceed the MIG for
more than 50% of their dosing intervals.

Additional research pertaining to
other organisms has been conducted.
For example, one study showed that the
new third-generation oral cephalospor-
ins with longer half-lives provide ade-
quate time above the MIG for most
Enterobacteriaceae infections and the ef-
fect is similar to that achieved with in-
travenous cefotaxime sodium and betrer
than that produced with intravenous ce-

-+ ORAL CEPHALOSPORINS IN SWITCH THERAPY -

furoxime. Switch therapy for these in-

fections, therefore, appears to be a vi-
. 2

able option as well.

Conclusion

It is evident that exploring the phar-
macodynamic behavior of currently
available antimicrobials and combining
this knowledge with pharmacokinetics
will provide us with the dosing regimen
options and cost-saving possibilities
that are much needed in today’s health-
care environment. With respect to eradi-
cation of infection, including those
pathogens identified as becoming resis-
tant, consideration of new dosing regi-
mens is likely to become more common
as the emphasis on managed care in-
creases. Furthermore, the properties of
the new, oral broad-spectrum cephalo-
sporins offer additional dosing strategies

Table 1. Pharmacodynamic Integration for
the Oral Cephalosporins

Streptococcus Group:A " All

Nicotau DP Quintiliani R PharmacoEconomics 1994; (Suy

. rs Cefaclor:
+ Cefpodoxime
« Cefuroxime axetil

H. influenza = Cefixime:

« Cefuroxime axetil

M. catarrhalis = Cefaclor *Cefixime
« Cefpodoxime ‘

Nicolau DP, Quintiliani R. PharmacoEconomics 1994; (Suppl. 2):34:9.

Nicolay DR, Qulntiiant R PharmacoScononilos 1984; (Suppt 2):
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for bacterial killing, and their broad-
spectrum capabilities combined with
longer half-lives gives us the ability to
institute intravenous to oral switch ther-
apy for earlier hospital discharge and
optimal savings while maintaining a
good clinical outcome. Understanding
how the integration of microbiological
activity and pharmacokinetic properties
of a particular agent join to produce its
pharmacodynamic characteristics sim-
plifies our decision-making process
when selecting the most appropriate an-
timicrobial for a particular pathogen.
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