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Throughout most of the world we are witnessing an ever increasing number ofAbstract
aged people as a percentage of the general population. In the coming years, the
unique spectrum of infections presented by an elderly population, particularly
those in long-term care facilities, will challenge our ability to maintain an
effective battery of antibacterials. The pharmacokinetic parameters of most
antibacterial agents are altered when assessed in the elderly due in part to non-
pathological physiological changes. The inability to clear a drug from the body
due to declining lung, kidney/bladder, gastrointestinal and circulatory efficiency
can cause accumulation in the body of drugs given in standard dosages. While this
may have the potential benefit of achieving therapeutic concentrations at a lower
dose, there is also a heightened risk of attaining toxic drug concentrations and an
increased chance of unfavourable interactions with other medications. Pharmaco-
dynamic issues in the elderly are related to problems that arise from treating
elderly patients who may have a history of previous antibacterial treatment and
exposure to resistant organisms from multiple hospitalisations. Furthermore, the
elderly often acquire infections in tandem with other common disease states such
as diabetes mellitus and heart disease. Thus, it is essential that optimised dosage
strategies be designed specifically for this population using pharmacodynamic
principles that take into account the unique circumstances of the elderly. Rational
and effective dosage and administration strategies based on pharmacodynamic
breakpoints and detailed understanding of the pharmacokinetics of antibacterials
in the elderly increase the chances of achieving complete eradication of an
infection in a timely manner. In addition, this strategy helps prevent selection of
drug-resistant bacteria and minimises the toxic effects of antibacterial therapy in
the elderly patient.

The pharmacokinetic parameters of most an- individual variation.[1] Furthermore, tissue distribu-
tibacterial agents are altered when assessed in the tion dynamics change dramatically in the elderly
elderly as a result of non-pathological physiological because of a higher overall body fat content. This
changes. In general, renal function begins to decline favours movement of lipophilic drugs into the tis-
in middle age with a profound decrease in creatinine sues and accumulation of hydrophilic drugs in the
clearance. However, there is significant inter- plasma.[2] The combination of changes in volume of
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distribution, decline in renal function and acquisi- benefit of vaccination of young children with the
tion of infections in tandem with chronic disease seven-valent pneumococcal conjugate vaccine and
states requiring long-term drug treatments puts the the use of the pneumococcal polysaccharide vaccine
elderly population at significant risk of adverse drug in adults aged >65 years or within certain popula-
reactions (ADRs) arising from drug-drug interac- tions at high risk for pneumococcal disease, the
tions and changes in metabolism. estimated efficacy for the pneumococcal polysac-

charide vaccine is only 44% and total populationPharmacodynamic problems arise in the treat-
vaccination rates are suboptimal even in the US.ment of those elderly patients who may have a
Furthermore, not all strains are covered by the vac-history of previous antibacterial treatment. Elderly
cine, which means the risk of infection with drug-patients are at increased risk of acquiring drug-
resistant S. pneumoniae in the elderly is stillresistant strains of Staphylococcus, Streptococcus
great.[10-12]

and Enterococcus, among others, because of longer
stays in intensive care units, transitional units and Significant problems arise in the diagnosis of
nursing homes. Elderly patients not only have a infections in the elderly. The clinical symptoms of
higher rate of hospitalisations but also longer hospi- infection in the elderly may not include fever and
tal stays, often followed by entrance or return to a chills, but may instead mimic the normal signs of
long-term care facility.[3] The elderly population is aging or symptoms of concomitant disease, further
plagued by multiple chronic diseases combined with complicating the decision to administer antibacteri-
significant physical impairments. A German survey als to the elderly in long-term care facilities. Even
found a median of three concomitant diseases community-acquired pneumonia in the otherwise
among the 125 nursing home patients they stud- healthy elderly may present first as confusion, with-
ied.[4] Cardiovascular disease and neurological dis- out obvious classical signs of respiratory infection.
ease/psychiatric disease were most common, occur- Conversely, patients may have fever without appar-
ring in 98% and 86%, respectively, of patients, ent infections.[3,5,13-16]

followed by diabetes mellitus, which occurred in Selection of treatment for infections in the elder-
42% of patients.[4] Such patients generally have a ly is often empirical, despite the availability of infor-
history of infection with drug-resistant bacteria and mation for more rational and precise choices. When-
often act as transmitters, carrying bacterial infec- ever possible, particularly in the elderly population,
tions acquired in the hospital setting with them back the pharmacodynamics of a drug should be assessed
to the long-term care facility. Thus, outbreaks of against the offending isolate and the information
infection with multi-drug-resistant strains are com- combined with pharmacokinetic information based
mon in long-term care facilities. For any particular on the results of individual patient data; most impor-
patient, every day spent in such an environment tantly, creatinine clearance and monitoring of free
increases the risk of nosocomial infection and con- drug concentrations after the initiation of treatment
sequent infection-related death.[3-6]

should be considered.[2] This initial assessment and
Elderly patients often require long-term use of subsequent consistent monitoring are of particular

medical devices such as catheters, which are notori- value in the elderly population, in whom variance
ous for colonisation by drug-resistant bacteria such from the expected result based on general guidelines
as Pseudomonas spp. and multi-drug-resistant forms for treatment may be significant. Rational and effec-
of Staphylococcus.[3-7] Antibacterial agents often fail tive dosage and administration strategies can be
against biofilms established on indwelling devices designed for the elderly using a combination of
by these bacteria, and treatment may require remov- pharmacokinetic and pharmacodynamic parameters
al of the infected device.[8,9] S. pneumoniae is also a that take into account each individual patient’s
significant cause of morbidity and mortality among unique circumstances. Because of the wide variabil-
the elderly. While recent studies have alluded to the ity in elderly patients, each patient must be assessed
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and treated individually rather than resorting to use trations and accumulation may have the potential
of general guidelines based on age alone. Careful benefit of achieving therapeutic concentrations at a
assessment also increases the chances of achieving lower dose, there is also a heightened risk of in-
complete eradication of an infection in a timely creased ADRs if the appropriate dosage adjustments
manner, helps avoid selection of additional popula- are not made.[2,5,13,15,18-21] Conversely, failure of
tions of drug-resistant bacterial strains and reduces water-soluble drugs to penetrate the site of infection
the risk of toxic effects in the patient. because of decreased total body water and/or muscle

mass can lead to treatment failure while plasma drugThe intent of this article is to merge experimental
levels appear to be at steady state. A summary ofand clinical pharmacokinetic and pharmacodynamic
pharmacokinetic changes relating to use of an-knowledge regarding antibacterial use in the elderly,
tibacterials in the elderly is presented in table I.thereby creating a constructive guide for optimising

antibacterial choice and dosage and administration
regimens based on individual patient parameters. 2. Pharmacodynamics

Pharmacodynamic parameters describe the rela-1. Pharmacokinetics in the Elderly
tionship between serum concentration and the extent

The normal physiological changes that occur to which the drug is able to bind or interact with its
with aging require attention when determining a specific bacterial target and cause cell growth inhi-
course of antibacterial treatment. While there does bition or death, as measured by minimum inhibitory
not appear to be evidence for significant changes in concentration (MIC).[25,26] MIC measurements pro-
antibacterial absorption via the digestive system in vide useful information on the inhibition of a patho-
the elderly, there are significant changes in renal gen at a measured endpoint. However, they are static
clearance and distribution of antibacterials. in vitro measurements that do not provide data on

Variance in renal clearance among elderly indi- the time course of antimicrobial action, such as the
viduals is significant. Although renal function as duration of drug exposure necessary for bacterial
measured by creatinine clearance does vary with eradication, the rate of bactericidal activity or the
age, age alone is not predictive of impaired renal persistence of effects of antimicrobial agents.[25,27]

function, which emphasises the importance of spe- Antibacterials display two types of activity: con-
cific consideration of individual patient parameters centration- or time-dependent killing. The time-de-
before beginning treatment.[1] In the patient with pendent group of antibacterials includes the β-
decreased renal clearance, renally cleared drugs will lactams as well as vancomycin and clindamycin.
be retained in the body if dosage adjustments are not Bacterial killing assessed for antibacterials in the
made, and this may result in dangerously high plas- time-dependent group correlates poorly with peak
ma free drug concentrations.[17] Creatinine clearance serum concentration; rather, the best predictor of
is thus a crucial parameter on which to base the clinical success for this group is the amount of time
initial dosage. during which the plasma antibacterial concentration

The elderly may be particularly sensitive to fat- exceeds the MIC for the organism. Since the prima-
soluble drugs when drug dosages do not take into ry parameter influencing clinical success is time at
account the generally increased fat/muscle ratio or over MIC (T/MIC), use of these agents is optimis-
found in older people. Elderly patients are therefore ed by giver smaller, frequent doses or constant infu-
at risk not only of accumulation of water-soluble sion.[26,28] The most important parameter for antimi-
antibacterials in plasma, resulting in increased plas- crobial agents that kill bacteria in a concentration-
ma free drug concentrations, but also of tissue com- dependent manner is the concentration achieved in
partment concentrations in excess of recommended the patient’s plasma. The rate and extent of bacteri-
levels. While the penetration of a drug to the site of cidal activity of these drugs increases proportionate-
infection is critical to achieving therapeutic concen- ly as drug concentrations increase, even when the
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Table I. Pharmacokinetic (PK) changes of antibacterials in the elderly

PK parameter Physiologic change Result PK effect References

Volume of distribution Increased proportion of Increased solubility of Prolonged drug half-life 2
adipose tissue lipophilic drugs in tissue

compartments

Decrease in total body water Decreased solubility of water- Increased plasma 2
and lean mass soluble drugs in tissue concentration

compartments

Oedema Dilution of standard doses at Standard dose is inadequate 22
infection site and in plasma

Increased proteinuria or Decreased plasma albumin Decrease in protein-bound 2,21,22
decreased albumin production drug fraction (inactive) and
because of chronic disease increase in free drug in plasma

(active)

Drug metabolism Reduced hepatic function as Decreased hepatic blood flow Increased half-life of 21
a result of physiological or decreased hepatic function hepatically cleared drugs
aging or liver disease

Polypharmacy (for Competition for cytochrome Inhibition of metabolism of 13
concomitant disease) P450 enzyme metabolism competing drug and

accumulation of non-
metabolised form
Enhanced metabolism of
competing drug and increased
drug activity
Competition for albumin
binding sites and accumulation
of drug not preferentially
bound to albumin

Renal drug elimination Reduced renal function as a Decreased blood flow and/or Increased drug half-life, 23
result of physiological aging decreased glomerular filtration inability to remove drug from
or renal disease rate the plasma, and accumulation

of drug in the plasma

Renal replacement therapy Increased drug removal Dose adjustment for some 24
drugs based on type of
therapy

levels achieved are substantially above the MIC of concentration-time curve over 24 hours of adminis-
the target organism. The aminoglycoside and qui- tration (AUC0–24) to measures of drug potency
nolone drug classes are examples of antibacterials (MIC).[26] Thus, the pharmacokinetic/pharmacody-
that display concentration-dependent killing.[26,28] namic parameters of interest in predicting clinical

outcomes are the maximum plasma concentration
3. Pharmacokinetics/ (Cmax)/MIC and the AUC0–24/MIC (also sometimes
Pharmacodynamics referred to as the area under the inhibitory plasma

concentration-time curve) for concentration-depen-
The rate and extent of bactericidal activity de-

dent killing, and the T/MIC for time-dependent kill-pends initially on the concentration of the drug at the
ing antibacterials[26,28] (figure 1).site of action (pharmacokinetic factors) and the MIC

It is important to mention that a pharmacokinetic/of the pathogen (pharmacodynamic factors). This in
pharmacodynamic prediction of clinical success isturn, determines the outcome of therapy.
specific to the patient, the drug and the infectingFor example, the pharmacokinetic/pharmacody-
organism. As an example, clinical data for the fluo-namic ratio predicts the therapeutic response of mi-
roquinolone levofloxacin predicted a Cmax/MIC ra-croorganisms to concentration-killing antimicrobi-
tio of ≥12.2 for eradication of Gram-positive orga-als by correlating free drug area under the plasma
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nisms in respiratory tract infections.[29] A Cmax/MIC of polypharmacy.[3,13,18,23] Of particular note is the
ratio of 23.6 for grepafloxacin was required for fact that a large proportion of drugs are metabolised
eradication of Haemophilus spp. in patients with via the cytochrome P450 (CYP) enzyme pathway.
chronic bronchitis.[30] In outpatients with communi- There is limited capacity to metabolise multiple
ty-acquired respiratory infections such as acute ex- drugs by this pathway and many common an-
acerbations of chronic bronchitis and community- tibacterials such as erythromycin act as inhibitors of
acquired pneumonia caused by S. pneumoniae, CYP enzymes, thereby contributing to potentially
animal, in vitro and clinical data support an toxic combinations.[18,21]

AUC0–24/MIC of ≥25 as being predictive of bacteri- An example of an antibacterial ADR with dire
al eradication.[31-34]

consequences is dysglycaemia caused by gatiflox-
Optimising dosage regimens for common infec- acin. Park-Wylie et al.[35,36] have studied the medi-

tions in the elderly population by focusing on cal records of 1.4 million elderly Canadian patients,
pharmacokinetic/pharmacodynamic principles is of whom >3000 were treated as outpatients with
addressed in section 5. Important drug class consid- antibacterials and subsequently hospitalised for
erations are discussed in section 6. dysglycaemia. In this study, gatifloxacin was com-

pared with moxifloxacin, levofloxacin and
4. Adverse Drug Reactions in the Elderly ciprofloxacin as well as with macrolides and sec-

ond-generation cephalosporins as a cause of hos-Antibacterials are a significant cause of ADRs in
pitalisation for dysglycaemia in elderly patients whothe elderly with up to 20% of re-admissions to
were receiving antibacterials. Gatifloxacin is some-hospitals occurring as a result of ADRs.[21] The two
what unique in causing opposing effects of bothreactions of greatest concern are gastrointestinal
hypoglycaemia and hyperglycaemia. The studyand CNS effects. CNS-related reactions are particu-
showed that elderly patients treated with gatiflox-larly troublesome because they are often indistin-
acin were four times more likely than control pa-guishable from normal age-related decline such as
tients to be hospitalised with hypoglycaemia. Fur-confusion and muscle weakness.[2,5,13,18] In elderly
thermore, patients hospitalised for hyperglycaemiapatients with cardiovascular disease, chronic ob-
were 17 times more likely to have been treated withstructive pulmonary disease, diabetes, cancer, or-
gatifloxacin than with macrolides, and there was nothopaedic injury, autoimmune disease or other
evidence of hyperglycaemia in any patient treatedchronic diseases common in the elderly population,
with the other respiratory fluoroquinolones ordesigning a successful antibacterial treatment regi-
cephalosporins. The investigators recommended usemen is more complicated because of the likelihood
of alternate, safer antibacterial choices in the elderly
population.

However, an earlier study by Ambrose et al.[37] of
hyperglycaemia induced by gatifloxacin suggested a
reduction in the dosage based on age and/or renal
function, particularly in elderly patients prone to
disturbances in serum glucose levels. These investi-
gators[37] and Noreddin et al.[20] used clinical data
and in vitro methods to predict the ability to attain
bacterial killing with a reduced dosage of gatiflox-
acin in the elderly. However, reduced antibacterial
dosages may lead to selection of resistant strains,
and it was unclear from these studies whether the
reduced dose of gatifloxacin would encourage pro-
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Fig. 1. Antimicrobial pharmacodynamic parameters predictive of
bacterial eradication leading to favourable clinical outcome.
AUC = area under the plasma concentration-time curve; Cmax =
maximum plasma concentration; MIC = minimum inhibitory concen-
tration; T/MIC = time that the plasma antibacterial concentration
exceeds the MIC for the organism.
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duction of bacterial resistance. Furthermore, dysgly- nosocomial lower respiratory tract infections were
caemia was not confirmed as being dose related.[38] found to be ≥125 for efficacy and >250 for optimal
Gatifloxacin was recently removed from most mar- effect, significantly higher than the accepted 25–40
kets because of idiosyncratic dysglycaemia. values for typical Gram-positive infections.[39]

5. Common Infections in the Elderly 5.2 Soft Tissue Infections

The elderly population in general has its own
Elderly patients, particularly long-term care fa-

specific mix of infective organisms that is unique in
cility patients, are prone to outbreaks of soft tissue

terms of the severity and prevalence of particular
infections. Pressure ulcers, cellulitis, diabetic foot

types of infections, and in the fact that it varies from
infections and infected wounds are common be-

the assortment of infections acquired in younger
cause of a lack of mobility, thin skin, malnutrition

populations.[5,13] We now focus on antibacterials
and decreased blood flow. Soft tissue infections are

preferred for the treatment of the three most com-
often polymicrobial. Common organisms include S.

mon forms of infection experienced by the elderly
pyogenes, Staphylococcus spp., meticillin-resistant

population: respiratory tract infections, soft tissue
S. aureus (MRSA), Proteus mirabilis, Escherichia

infections and urinary tract infections (UTIs).
coli and other Gram-negative bacteria.[3,13] As with
other infections in the elderly, antibacterial resis-5.1 Respiratory Tract Infections
tance is a major concern. Long-term care facilities

Pneumonia is associated with high morbidity and often harbour endogenous multi-drug-resistant P.
mortality in the elderly population compared with aeruginosa and MRSA, which can spread rapidly
younger age groups. In general, pneumonia acquired from patient to patient within such a facility.[6,14,40]

in a community setting is likely to be S. pneumoniae, Additionally, a high proportion of patients arriving
Haemophilus influenzae or Moraxella catarrhalis. at these facilities are already colonised by MRSA
Other Gram- negative bacteria and atypicals such and have a very high risk of developing an infection
as Chlamydia pneumoniae are less common but involving these organisms.[3,14,40] A worldwide in-
should be considered when choosing empirical ther- crease in the number of reported community-ac-
apy. The new respiratory fluoroquinolones and quired MRSA infections led to recognition of
macrolides as well as the ketolide telithromycin vancomycin as the new first line of defence. Howev-
provide adequate coverage against these common er, vancomycin-resistant isolates have been reported
respiratory pathogens. However, attention must be in the US since 2002 together with intermediately
paid to the pharmacokinetics of the chosen drug in susceptible isolates in both Japan and France.[40]

an elderly patient to ensure maximum bacterial erad- Bacterial resistance to β-lactams, fluoroquinolones,
ication and prevent development of resistant bacteri- vancomycin and other broad-spectrum treatments
al strains. for soft tissue infections is also increasing, thereby

Examination of nosocomial infections from ei- limiting treatment options for complicated skin in-
ther a hospital setting or a long-term care facility fections. Furthermore, the new antibacterial
reveals that the most likely culprits are P. aerugi- linezolid for MRSA must be used carefully as resis-
nosa and other multi-drug-resistant Gram-negative tant strains are already appearing and there are few
bacteria, meticillin (methicillin)-resistant S. aureus, other drugs from which to choose.[40,41] Thus, empir-
anaerobes from oral microflora, and drug-resistant ical treatment for soft tissue infections may no long-
S. pneumoniae.[3,5,6,13,15] A combination therapy op- er be appropriate. Instead, obtaining specific drug
tion might be considered to eradicate such hard-to- susceptibility profiles for isolates and considering
treat infections. Using a concentration-dependent patients’ creatinine clearance and history of prior
antibacterial as an example, the AUC0–24/MICs in a antibacterial treatment are imperative elements in
patient population treated with ciprofloxacin for the rational design of a specific treatment for an
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infection, with combination therapy becoming the MIC ratios are the critical parameters.[15] However,
norm.[42] the prolonged post-antibiotic effect (PAE) of ami-

noglycosides means once-daily dosing may be ap-
5.3 Urinary Tract Infections propriate. Interestingly, aminoglycosides appear to

work best using the concept of ‘dose-dependentUTI is probably the most common infection of
killing’, such that concentrations significantly abovethe three discussed in this article. It is often present
MIC are preferred, followed by a low trough toas asymptomatic bacteriuria in the elderly popula-
allow for reversal of adaptive resistance and relief oftion because of decreased hormone levels, prostate
drug accumulation in the kidney.[44-46] Aminoglyco-dysfunction and poor bladder function. Indwelling
sides are generally not optimal for the treatment ofcatheters and immobility heighten the potential for
respiratory infections in the elderly. This is becauseinfection.[5,13,14] Asymptomatic bacteriuria is treated
of the combination of relatively poor penetrationonly in specific circumstances such as the lead up to
into the lung tissue, high potential for nephrotoxicitysurgery.[42] In community acquired UTI, E. coli is
and ototoxicity, narrow treatment window and athe most commonly isolated bacterium in women
lack of evidence for benefit in elderly patients withwhile P. mirabilis is more commonly isolated from
respiratory infections, particularly in those with con-men.[13,14] Pharmacokinetic/pharmacodynamic ra-
comitant disease, compared with relatively safer andtios predictive of treatment success against Gram-
more effective drugs, such as the fluoroquinolonesnegative bacteria are generally higher than those for
or macrolides, which also have a prolonged PAEGram-positive organisms as might be expected giv-
but fewer ADRs and good penetration into theen the known difficulty of treating Gram-negative

infections. Failure of antibacterial therapy with stan- lung.[13,15,19,47-50]

dard treatment protocols may occur as a result of When aminoglycosides are chosen, dosages
inability to achieve adequate drug concentrations at should be reduced in patients with reduced creati-
the site of infection and/or because of a patient nine clearance.[49] However, in patients with oede-
history that includes previous suboptimal treatment ma, the loading dose may need to be increased.[22]

with antibacterials.[25]
Once-daily administration with the dosage interval

Achieving adequate drug penetration to the infec- adjusted based on creatinine clearance, determined
tion site is critical for the treatment of any infection both before and during aminoglycoside administra-
as initial suboptimal treatment may lead to first-step tion, is necessary to monitor for possible kidney
resistance of microbes that upon sensitivity testing damage in elderly patients.[51] Duration of treatment
may appear to still be within the susceptibility range, (preferably ≤7 days) is also a critical parameter
although with a slightly higher MIC. However, with regarding development of nephrotoxicity and
additional suboptimal treatments, an upward drift of ototoxicity.[51] Because there is a finite amount of
MIC can be observed as additional resistance gene- drug that can be retained in the kidney, administra-
expressing mutants are selected and eventually fully

tion of large loading doses early in the treatment
resistant isolates may be recovered.[16,22,25,42,43] Due

course can provide the highest dose possible to
consideration to a drug’s ability to penetrate to the

infected sites with a lessened effect on the kidney.[52]

site of the specific infection should always be given
This can achieve faster resolution of the infection

when choosing a drug.
and less exposure of the kidney over time to the
drug, the goal being to eradicate the infection and6. Drug Class Considerations
conclude antibacterial treatment as soon as possible.
However, patients already exhibiting electrolyte im-

6.1 Aminoglycosides
balances or signs of kidney dysfunction prior to
initiation of treatment are, in general, poor candi-Aminoglycosides are concentration-dependent
dates for aminoglycoside use.[49-51]drugs and as such their Cmax/MIC and AUC0–24/

© 2007 Adis Data Information BV. All rights reserved. Drugs Aging 2007; 24 (4)



282 Noreddin & Haynes

Aminoglycosides may play a role in the treat- achieve levels above the recommended MIC with
ment of P. aeruginosa and other infections caused standard dosage and administration strategies. This
by Gram-negative organisms or multiple organisms is attributed to the pharmacokinetic property of
when used in conjunction with β-lactams. However, azithromycin of accumulating in phagocytic cells
this is dependent on the site of infection and local that move into the interstitial spaces of the tissue
resistance profiles. A large survey conducted at the where the infection is present, such that the concen-
All India Institute of Medical Sciences in 2004 tration of the drug in other tissues and body fluids
found that among hospitalised patients, aminoglyco- (e.g. the epithelial lining fluid) exceeds the plasma
sides (even when combined with β-lactams) would concentration.[57] Thus, for azithromycin, the con-
most likely not be adequate treatment for soft tissue centration of drug in the epithelial lining fluid of
infections caused by the most common trio of bacte- patients with lung disease may be a better predictor
ria: MRSA, E. coli and Pseudomonas spp.[53] of clinical outcome than serum concentrations.[15,57]

Azithromycin has the potential advantage that a
6.2 β-Lactams single dose provides 5 days of antibacterial therapy

directly at the infection site in association with onlyβ-Lactams (penicillins, cephalosporins and
the typical ADRs experienced with antibacterials

carbapenems) are strictly time-dependent drugs, and
and no requirement for dose adjustment in patients

increasing the dose more than 5-fold of MIC does
with renal impairment, because the drug is eliminat-

not increase their effectiveness. The critical parame-
ed primarily via the faeces.[22] Indeed for many

ter for β-lactams is T/MIC,[15,26] such that trough
antibacterials, the trend is moving toward studies

levels must remain above MIC to prevent bacterial
involving increased dosages of the antibacterial over

recovery and regrowth and the emergence of resis-
shorter time periods, which is designed to achieve

tant strains.[22] Thus, the dosage and administration
maximal antibacterial effect and minimal exposure

strategy for this class of drug requires the adminis-
of the bacterial population to the drug, decreasing

tration of many (up to six) smaller doses per day.
the chance for relapse as a result of appearance of

However, elderly patients treated with β-lactams
endogenous-resistant clones.[58-60]

may be better served by continuous infusion so that
Telithromycin is a ketolide that is also used tocompliance is assured and the likelihood of drop-

treat respiratory tract infections. Like azithromycinping below MIC values is low. Preference for con-
and other members of the macrolide class, it hastinuous infusion of β-lactams is supported by the
very high penetration into epithelial lining fluid andresults of some clinical studies[54,55] that appear to
alveolar macrophages.[61] Telithromycin levels canpredict a need to increase the pharmacodynamic
be maintained well above the MIC of infectingtarget for β-lactams compared with previous predic-
organisms within the epithelial lining fluid and alve-tions obtained from in vitro studies. In fact, the T/
olar macrophages, and at levels always in excess ofMIC must be 100% for the dosing interval in some
those measured in plasma. Overall, this ketolidecases to achieve successful eradication of infection,
appears to be well tolerated by elderly patients;particularly against Gram-negative bacteria.[43]

however, there have been very rare instances of
telithromycin hepatotoxicity.[61,62]

6.3 Macrolides and Ketolides

The macrolides have traditionally been consid- 6.4 Glycopeptides and Glycylcyclines
ered concentration-independent agents; however,
recent data suggest that azithromycin may be con- Glycopeptides such as vancomycin are time-de-
centration-dependent. The critical parameters for pendent antibacterials. Thus, as for β-lactams, ideal
macrolides are T/MIC and AUC0–24/MIC.[43,56] treatment means continuous infusion to maintain T/
However, treatment success with azithromycin oc- MIC at optimal levels. However, glycopeptides are
curs despite serum concentrations that do not nephrotoxic when infused and have poor penetration
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into the lung.[41] Although vancomycin is the stan- While AUC0–24/MIC ratios >175 are associated
dard choice for treatment of MRSA, which can with more rapid bacterial killing, recent in vitro
cause both lung and soft tissue infections in the studies and a study conducted in the mouse thigh
elderly, a high mortality rate in patients with ventila- model showed that for Gram-negative bacteria, sup-
tor-associated pneumonias makes this class overall a pression of resistance and treatment success require
poor choice for treatment of respiratory infections in drug AUC0–24/MIC ratios of 157 and 190, respec-
the elderly.[15] As intermediate- and fully resistant tively.[28,43,68-70]

MRSA emerge worldwide, newer broad-spectrum These findings parallel the results of in vitro
antibacterials such as the glycylcycline tigecycline analyses indicating that AUC0–24/MIC ratios for
have recently been approved as alternative treat- fluoroquinolones can be significantly lower for
ments. While tigecycline has the disadvantage of Gram-positive pathogens.[65] However, while previ-
requiring intravenous infusion every 12 hours, it has ous breakpoints of 30–40 for fluoroquinolones ver-
superior tissue penetration with high levels achieva- sus S. pneumoniae were considered adequate,
ble in polymorphonuclear leukocytes, a significant- new evidence indicates that this may not be
ly longer half-life and no requirement for dosage the case. An investigation into the activity of moxi-
adjustment based on age or renal function.[40,63]

floxacin against S. aureus and β-haemolytic strepto-
cocci reported optimal antibacterial effects with

6.5 Fluoroquinolones AUC0–24/MIC ratios of 150–200.[28] With rising
S. pneumoniae MIC values worldwide, severalThe fluoroquinolones levofloxacin, ciproflox-
groups have concluded that AUC0–24/MIC ratios foracin, gatifloxacin, moxifloxacin and gemifloxacin
fluoroquinolones in the range of 100–400 maximiseare among the first-line therapies for UTIs and re-
bacterial eradication. More importantly, the newspiratory infections in the elderly, regardless of aeti-
targets may prevent second-step resistance develop-ology.[14,25,64] Some clinical studies indicate that
ment in populations already containing the parCthese drugs are tolerated by the elderly population at
first-step mutation.[28,43,47]

least as well as non-fluoroquinolone therapies, and
The clinician has two issues complicating thewith excellent therapeutic results compared with

choice of optimal target AUC0–24/MIC ratios forother drug regimens.[64]

fluoroquinolones: (i) the longer-acting fluoroqui-Overall, fluoroquinolones are considered to be a
nolones display comparable antimicrobial effects atconcentration-dependent drug class and their
much lower ratios because of their longer half-lives;AUC0–24/MIC and Cmax/MIC ratios are considered
and (ii) agents in this class exhibit variability into be the major parameters predictive of bacteriolog-
terms of penetrating tissues at the site of infection.ical eradication and clinical efficacy. However,
The target ratio should thus be chosen based onclinical trials appear to indicate that a high fluoro-
MICs determined for several specific fluoroqui-quinolone Cmax/MIC helps prevent selection of re-
nolones against the offending isolate(s) and consid-sistant bacterial strains, and this may therefore
eration should be given to the potential for tissuebe the more important parameter if there is a signifi-
penetration of that fluoroquinolone to the site ofcant risk of emergence of resistant subpopula-
infection, as well as to the probability of achievingtions.[15,65-67]

that target in an elderly patient without reachingEvaluation of the optimal AUC0–24/MIC for
toxic concentrations.[19,48,71,72]

fluoroquinolones in a patient population with
The fluoroquinolone class provides a good exam-nosocomial lower respiratory tract infections

ple of the PAE, which is defined as the continueddemonstrated a breakpoint for bacterial killing of
suppression of an organism’s growth persisting afterapproximately 100, which was significantly higher
antimicrobial exposure. Most relevant to the elderlythan the breakpoint of 25–40 for typical Gram-
in long-term care situations is that fluoroquinolonespositive infections suggested in in vitro studies.[39,65]

© 2007 Adis Data Information BV. All rights reserved. Drugs Aging 2007; 24 (4)



284
N

oreddin &
 H

aynes

©
 2007 A

d
is D

a
ta

 In
fo

rm
a

tio
n

 BV
. A

ll rig
h

ts re
se

rve
d

.
D

ru
g

s A
g

in
g

 2007; 24 (4)

Table II. Antibacterial time- or concentration-dependence and adjustments for renal or hepatic clearance

Drug class/drug Dose Time Concentration Adjust for Adjust for Notes
dependence dependence severe liver renal

dysfunction dysfunction

Aminoglycosides No[22] Yes[22] Nephro- and ototoxicity related to duration of treatment
Possible exacerbation by concomitant use of NSAIDs,
allopurinol or vancomycin[51,52]

Slow tissue penetration: used commonly in combination with
other antibacterials[76]

Gentamycin 7 mg/kg,[64] 240mg IV Yes
od

Tobramycin Adjusted per patient: Yes
peak 8 μg/mL; trough
2 μg/mL[76]

Fluoroquinolones Possible increased risk of tendinopathy with renal failure and
corticosteroid use[77,78]

Minimally prolonged corrected QT interval in patients with
predisposing factors[73,78]

High risk of selection for fluoroquinolone-resistant Escherichia
coli (urinary tract infection) in long-term care facilities[79]

Moxifloxacin 400mg od Yes No[25] No[25] Does not appear to interact significantly with CYP system;
reduced absorption if taken with antacids or iron[78,80]

Levofloxacin 75mg od Yes Yes[25]

500mg od

Gatifloxacin 400mg od Yes No[25] Yes[25] May cause hypo/hyperglycaemia in predisposed patients[2,5,35,36]

Ciprofloxacin 1000mg XR od Yes No[25] Yes[25] Inhibits CYP1A2 metabolism of theophylline, warfarin and
digoxin[78,81]

Macrolides Inhibit CYP metabolism: erythromycin use leads to toxicity
when combined with warfarin, calcium channel
antagonists[22,81,82]

Dose adjustments based on renal clearance not age[83]

Azithromycin 500mg × 1, Yes Yes Yes[22] Yes[22]

250mg × 4

Clarithromycin 500mg od Yes No[84] Yes[83] Use in elderly patients treated with colchicine can be fatal[85]

Ketolides

Telithromycin 800mg od Yes No[62] No,[62] except Rare incidence of hepatotoxicity[86]

if creatinine Interferes with CYP metabolism similar to macrolides
clearance <30 Adjustment for renal impairment only if creatinine clearance <30
mL/min mL/min[62,81]

Continued next page
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Table II. Contd

Drug class/drug Dose Time Concentration Adjust for Adjust for Notes
dependence dependence severe liver renal

dysfunction dysfunction

Glycylcyclines

Tigecycline 100mg IV, 50mg × 6 Yes Yes[63] No[63,87] No adjustment required based on age or sex, no apparent
every 12h interference with digoxin[87]

β-Lactams

Penicillin 3MU load, continuous Yes Yes[88] Neurotoxic in patients with renal failure on standard or high
infusion 10–12MU dose. Dose adjustment in elderly based on renal clearance[88]

every 12h

Piperacillin/ 4g/0.5g IV three to Yes
tazobactam four times daily[89]

Carbapenems Yes[24]

Ertapenem 1g IV for 7d[90] Yes Elderly tend to have higher unbound fraction than younger
patients. Dose adjustment based on individual renal function
not age[89,90]

Meropenem 0.5–1g IV three to Yes Does not appear to induce seizures as frequently as
four times daily[89] imipenem[91]

Imipenem 0.5–1g IV three to Yes Risk of adverse effects in elderly related to estimation of renal
four times daily[89] function

Rare risk of seizures in predisposed patients[91]

Glycopeptides

Vancomycin 80–120 mg/h IV Yes Yes[24] Narrow dosing range: serum levels >40 mg/L are toxic;
optimum 20–25 mg/L
Poor soft tissue penetration in diabetic patients[92]

Oxazolidinones

Linezolid 600mg bid Yes No[93] No[94] One report of neuropathy with long-term treatment >1mo[95]

Possible MAO inhibitor, caution for serotonin syndrome in some
patients[96]

Dose- and time-dependent inhibition of mitochondrial protein
synthesis, lactic acidosis, bone marrow suppression with long-
term use[97,98]

bid = twice daily; CYP = cytochrome P450 enzyme; IV = intravenous; MAO = monoamine oxidase inhibitor; MU = million units; od = once daily; XR = extended-release formulation.
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display prolonged PAEs for Gram-negative bacilli. of levofloxacin and moxifloxacin for community-
acquired pneumonia. All patients were consideredThe PAEs for fluoroquinolones for both Gram-posi-
high-risk patients; more than 70% had a knowntive and -negative isolates are generally in the range
history of cardiac disorders and 30% were diabetic.of 1.5–2.5 hours.[28] Prolonged PAEs protect against
The study confirmed a previously reported 6ms pro-bacterial regrowth during troughs when serum
longation of the QTc interval with moxifloxacin andlevels fall below the MIC value. Post-antibacterial
no prolongation of the QTc interval with levoflox-leukocyte enhancement is also an important factor in
acin. There was no significant difference betweenthe persistence of antimicrobial action and refers to
groups in terms of cardiac events and no clear rela-the observed characteristic increase in the suscepti-
tionship between prolongation of the QTc intervalbility of bacteria to leukocyte phagocytosis that oc-
and cardiac events.curs in the post-antibacterial phase. This added bac-

Additionally, a small study by Tsikouris et al.[74]terial susceptibility to intracellular killing doubles
found no difference in QTc interval or QT disper-the duration of the PAE of fluoroquinolones for
sion when healthy subjects were treated with succes-Gram-negative bacilli. These prolonged effects al-
sive rounds of ciprofloxacin, levofloxacin or mox-low administration of large, infrequent doses of
ifloxacin, assigned in random order. The QTc inter-fluoroquinolones. Thus, one high daily dose confers
val in subjects receiving moxifloxacin wasa rapid, high-level attack on the bacterial population.
prolonged by 6–16ms but there was no prolongationThe resultant high AUC and Cmax levels provide
of the QTc interval with levofloxacin or ciproflox-optimal eradication times and, more importantly,
acin, and no cardiac events were reported in anydecreased selection of resistant bacteria.[28]

subject. As such, the role of fluoroquinolones as aIn clinical practice for elderly patients, optimisa-
cause of torsades de pointes because of minimallytion by achieving high concentrations of fluoroqui-
prolonged QTc interval remains under investigation.nolones at the target site must be balanced against

Tendon ruptures, particularly involving thethe risk of toxicity and potentially serious ADRs.
Achilles tendon, in patients taking fluoroquinolonesADRs of particular concern for this class of agents
may have some relation to age, renal status andwhen used in the elderly include CNS effects, cardi-
dosage.[64] However, exceptions occur and there areotoxicity and tendon ruptures.
reports of ruptures occurring several months after

CNS ADRs in elderly patients taking fluoroqui- drug withdrawal.[64]

nolones may be as mild as confusion and may be The most commonly used fluoroquinolones
incorrectly assumed to be due to age rather than to (ciprofloxacin and levofloxacin) undergo renal
the effects of the drug. However, effects as severe as clearance and, as such, the already long half-life of
seizures and psychosis may also be seen.[72]

fluoroquinolones is considerably extended in elderly
The fluoroquinolones sparfloxacin and patients, who may have decreased renal function

grepafloxacin are associated with prolongation of (particularly if aged >80 years) and decreased mus-
the corrected QT (QTc) interval, which may lead to cle mass. Although dosages can be adjusted down-
torsades de pointes.[73] While these two drugs are not ward for the elderly, creatinine clearance should be
in use, fluoroquinolones as a class nevertheless con- determined if possible so that dosages can be op-
tinue to be associated with prolongation of the QTc timised based on patient creatinine clearance, rather
interval. However, two recent studies focusing on than purely on age.[64]

moxifloxacin have indicated that the minimal
change in the QTc interval produced by moxiflox- 7. Conclusion
acin may not be significant. In one of these studies,
Morganroth et al.[73] evaluated 400 elderly patients The pharmacokinetic parameters of most an-
(mean age 77.8 years) in 47 US hospitals in a tibacterial agents are altered when measured in the
prospective, randomised, double-blind comparison elderly. Consequently, treatment outcomes in elder-
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Table III. Tissue penetration for selected antibacterial drugs into infected soft tissue, pneumonic lung tissue or epithelial lining fluid (ELF),
alveolar macrophages (AM) and urine

Drug class/drug Dose Compartmenta

Aminoglycosides

Gentamicin 7 mg/kg,[49] 240mg IV ALF Cmax/serum Cmax 0.32 (4.27 mg/L), which is sufficient for some organisms
od[99] in VAP/ICU patients (MIC ≤4 mg/L)[99]

Tobramycin Adjusted per patient: ELF 1.53 (at peak 8h); ELF levels not always above MIC for organism. Slow
peak 8 μg/mL; trough tissue penetration; high serum peak required to achieve effective concentration in
2 μg/mL[76] tissue[76]

Fluoroquinolones Associated with high risk for selection of fluoroquinolone-resistant Escherichia
coli in urinary tract infections in long-term care facilities[79]

Moxifloxacin 400mg od ELF 5 (Streptococcus pneumoniae)/AM 32: adequate for intracellular
organisms[48]

Soft tissue (inflamed) 0.5 in diabetic patients/1.2 in non-diabetic patients;
sufficient for Streptococcus spp. and MRSA[100]

Levofloxacin 750mg od ELF 98.6%[19]

500mg od ELF 2.1 (S. pneumoniae)/AM 5.8: adequate for intracellular pathogens[48]

500mg od Soft tissue 1.2: generally sufficient; high individual variation[101]

500mg od UE 80.4%[102]

Gatifloxacin 200mg od ELF 91.4%[20]

400mg od ELF 97.9%[20]

Ciprofloxacin 1000mg XR od UE (XR) 40.5%[102]

Macrolides

Azithromycin 500mg × 1, ELF inadequate for S. pneumoniae/AM 2483:[48] both levels adequate for
250mg × 4 intracellular organisms[48,103]

Clarithromycin 500mg bid ELF 11–31/AM 543–1265 over 24h (healthy adults)[103]

Ketolides

Telithromycin 800mg od ELF AUC/plasma AUC 40/15; ELF AUC/MIC90 intracellular pathogens >1000,
extracellular pathogens 10–320; AM AUC/plasma AUC 1000/15[61]

Nasal mucosa 5.9; bone 1.6[104]

ELF T/MIC 100%, Cmax/MIC and AUC24h/MIC seven or more times that of serum
for a panel of macrolide-resistant S. pneumoniae isolates: all isolates
eradicated[105]

Glycylcyclines

Tigecycline 100mg IV, 50mg every ELF AUC/MIC90 exceeded MIC90 for 100% of dosing interval for S. pneumoniae
12h × 6 and 25% of dosing interval for Chlamydia pneumoniae, but did not exceed the

MIC90 at any time during the dosing interval for Mycoplasma pneumoniae,
Moraxella catarrhalis and Haemophilus influenzae[106]

AC AUC/MIC90 exceeded MIC90 for all above organisms for 100% of dosing
interval[106]

UE 32%[87]

β-Lactams

Penicillin 3MU load, continuous ELF – poor penetration: 20–50% of serum levels
infusion 10–12MU AM – generally poor accumulation[107]

every 12h

Continued next page
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Table III. Contd

Drug class/drug Dose Compartmenta

Piperacillin/tazobactam 4g/0.5g IV three to four Pneumonic lung interstitium 0.63/1.93; muscle 0.4/0.7: useful for extracellular
times daily[89] bacteria but not for Pseudomonas spp.[108]

Inflamed tissue (diabetic soft tissue infection) 0.45/1.36: T/MIC acceptable for
organisms with MIC <16 mg/L but not appropriate for Pseudomonas spp.[109]

ELF 0.56/0.91 (nosocomial pneumonia): these values were insufficient based on
the MICs of causative organisms[110]

UE 70%[89]

Carbapenems

Ertapenem 1g IV od for 3 days[111] Blister fluid 0.61, blister fluid MIC >4 mg/L, T/MIC 100%: sufficient for
Staphylococcus spp., Streptococcus spp. and Enterobacteriaceae (healthy
adults)[111]

1g IV od for 7 days[89] Lung tissue 23.6, ELF 9.4: lung concentration >MIC90 for most CAP organisms
including penicillin-resistant S. pneumoniae[112]

UE 44%[89]

Meropenem 0.5–1g IV three to four Pneumonic lung tissue concentration >MIC90 for most clinically relevant
times daily[89] pathogens[113]

UE 70%[89]

Imipenem 0.5g IV three to four Healthy (plasma AUC/tissue AUC)/critical elderly (plasma AUC/tissue AUC):
times daily[114] muscle 2/9, subcutaneous tissue 2.3/7.1[114]

Critically ill elderly had significantly lower and slower tissue penetration,
concentrations were not sufficient using maximum dose for this population[114]

0.5–1g IV three to four UE 60–70% with cilastatin[89]

times daily[89]

Glycopeptides

Vancomycin 80–120 mg/h IV[92] Soft tissue infection: diabetic patients 0.1; non-inflamed tissue 0.3. Plasma levels
were kept high at 36.5 mg/L but tissue levels were still insufficient compared with
MIC. Serum concentration >40 mg/L is toxic; serum concentration <10 mg/L is
ineffective[92]

Oxazolidinones

Linezolid 600mg orally every 12h Synovial fluid 0.92, synovium 0.82, muscle 0.84, bone 0.4 (healthy elderly): all
for 48h + 1h before levels were >MIC90 for susceptible Gram-positive organisms[115]

surgery[115]

600mg bid for six ELF 8.35, AM 0.71, mucosal biopsy 0.79: all tissue concentrations exceeded
doses[116] MIC90 for MRSA and S. pneumoniae (41- to 75-year-old ex-smokers, some with

COPD, but without infection)[116]

UE 30%[93]

a Reported numbers are the predicted percentage of elderly patients in whom target can be achieved (ELF%) or reported
compartment/plasma concentration ratio or percentage UE (UE%).

AC = alveolar cells; ALF = alveolar lining fluid; AUC = area under the plasma concentration-time curve; bid = twice daily; CAP =
community-acquired pneumonia; Cmax = maximum plasma concentration; COPD = chronic obstructive pulmonary disease; ICU = intensive
care unit; IV = intravenous; MIC = minimum inhibitory concentration; MRSA = meticillin-resistant Staphylococcus aureus; MU = million units;
od = once daily; T/MIC = time at or over MIC; UE = urinary excretion of unchanged drug; VAP = ventilator-assisted pneumonia; XR =
extended-release formulation.

ly patients can be influenced by decreased renal inadequate treatments, and long-term care facilities
function and alteration in the volume of distribution, often harbour endogenous multi-drug-resistant bac-
leading to treatment failure and/or increased risk of teria that can spread rapidly from patient to patient.
ADRs. Additional problems arise in the treatment of Furthermore, these patients often acquire infections
elderly patients who may have a history of previous in tandem with other common disease states such as
antibacterial use. These patients may already har- heart disease and diabetes so that interference with
bour resistant bacterial strains selected by previous multiple other treatments can cause changes in the

© 2007 Adis Data Information BV. All rights reserved. Drugs Aging 2007; 24 (4)



Optimising Antibacterial Therapy in the Elderly 289

otherwise have no potential conflicts of interest that areavailability of active antibacterials. Another poten-
directly relevant to the content of this article. The secretarialtial problem in elderly patients is that atypical
assistance of Shey Peterson is highly appreciated.
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are common in this patient group. Even individuals

Referenceswith community-acquired pneumonia can present
1. Lindeman RD, Tobin J, Shock NW. Longitudinal studies on thewith atypical symptoms that may lead to a delay in rate of decline in renal function with age. J Am Geriatr Soc

1985 Apr; 33 (4): 278-85antibacterial treatment. Waterer et al.,[75] for exam-
2. Chutka DS, Evans JM, Fleming KC, et al. Drug prescribing forple, recently reported that a delay of >4 hours in

elderly patients. Mayo Clin Proc 1995; 70 (7): 685-93
time to first antibacterial dose because of atypical 3. Strausbaugh LJ, Sukumar SR, Joseph CL. Infectious disease

outbreaks in nursing homes: an unappreciated hazard for frailpresentation in the elderly significantly increased
elderly persons. Aging Infect Dis 2003; 36: 870-6adverse outcomes. While the association between

4. Engelhart ST, Hanses-Derendorf L, Exner M, et al. Prospective
infection in the elderly and mortality most likely has surveillance for healthcare-associated infections in German

nursing home residents. J Hosp Infect 2005; 60: 46-50more to do with co-morbidity than a 4-hour delay in
5. Gavazzi G, Krause K-H. Ageing and infection. Lancet Infect

treatment, this finding nevertheless emphasises the Dis 2002 Nov; (2): 659-66
6. Wang CY, Jerng JS, Cheng KY, et al. Pandrug-resistantconfounding situations that can arise in the elderly

Pseudomonas aeruginosa among hospitalized patients:and the vigilance required when diagnosing infec-
clinical features, risk factors and outcomes. Eur Soc Clin

tions and choosing antibacterials for patients in this Microbiol Infect Dis 2006; 12: 63-8
7. Rosenthal VD, Maki DG, Salomao R, et al. Device-associatedgroup. For elderly patients, antibacterial agents with

nosocomial infections in 55 intensive care units of 8 develop-high tissue penetration, low potential for interaction ing countries. Ann Intern Med 2006, 92
with many drugs commonly prescribed to the elder- 8. Curtin J, Cormican M, Fleming G, et al. Linezolid compared

with eperezolid, vancomycin, and gentamicin in an in vitroly and a clearance not affected by a decline in kidney
model of antimicrobial lock therapy for Staphylococcus

function may be a preferred choice (tables II and epidermidis central venous catheter-related biofilm infections.
Antimicrob Agents Chemother 2003 Oct; 47 (10): 3145-8III).

9. Edmiston CE Jr, Goheen MP, Seabrook GR, et al. Impact ofBecause of the fragility of elderly patients, the selective antimicrobial agents on staphylococcal adherence to
biomedical devices. Am J Surg 2006 Sep; 192 (3): 344-54first drug prescribed must be effective for the best

10. Greene CM, Kyaw MH, Ray SM, et al. Preventability of inva-chance at an optimal outcome. Therefore, attention
sive pneumococcal disease and assessment of current

must be paid to the pharmacokinetics of the chosen polysaccharide vaccine recommendations for adults: United
States, 2001–2003. Clin Infect Dis 2006; 43: 141-50drug in order to ensure the correct drug is prescribed

11. McBean AM, Jung K, Hebert PL. Decreasing invasive pneumo-in the first instance for maximum bacterial eradica- coccal disease in the elderly: a state level analysis. Vaccine
tion and to prevent selection of resistant bacterial 2006; 24: 5609-14

12. Kyaw MH, Lynfield R, Schaffner W, et al. Effect of introduc-strains. Obtaining drug susceptibility profiles and
tion of the pneumococcal conjugate vaccine on drug resistant

taking into account the patient’s pharmacokinetic Streptococcus pneumoniae. N Engl J Med 2006; 354 (14):
1455-64information and any history of prior antibacterial

13. Stalam M, Kaye D. Antibiotic agents in the elderly. Infect Distreatment are imperative considerations in the ra-
Clin North Am 2004; 18: 533-49

tional design of individual, specific and effective 14. O’Donnell JA, Hofmann MT. How to manage nursing home
patients with or without chronic catheterization. Infect Distreatments of infections in the elderly patient. Over-
2002; 57 (5): 45-8

all, more studies focusing exclusively on antibacter- 15. Ferrara AM, Fietta AM. New developments in antibacterial
choice for lower respiratory tract infections in elderly patients.ial dosage and the timing of administration of an-
Drugs Aging 2004; 21 (3): 167-86tibacterials in elderly patients are clearly needed to

16. Nerella S, Meyer KC. Drug treatment of pneumococcal pneu-
improve our ability to maintain and support these monia in the elderly. Therapy Pract 2004; 21 (13): 851-64

17. Flamminger A, Maibach H. Drug dosage in the elderly: derma-members of the population.
tologic drugs. Drugs Aging 2006; 23 (3): 203-15

18. Wright RM, Warpula RW. Geriatric pharmacology: safer pre-Acknowledgements scribing for the elderly patient. J Am Podiatr Med Assoc 2004;
94 (2): 90-7

No sources of funding were used to assist in the prepara- 19. Noreddin AM, Marras TK, Sanders K, et al. Pharmacodynamic
tion of this manuscript. Associate Professor Noreddin has target attainment analysis against Streptococcus pneumoniae

using levofloxacin 500mg, 750mg and 1000mg once daily inreceived a research grant from Schering-Plough. The authors

© 2007 Adis Data Information BV. All rights reserved. Drugs Aging 2007; 24 (4)



290 Noreddin & Haynes

plasma (P) and epithelial lining fluid (ELF) of hospitalized 37. Ambrose PG, Bhavnani SM, Cirincione B, et al. Gatifloxacin
patients with community acquired pneumonia (CAP). Int J and the elderly: pharmacokinetic-pharmacodynamic rationale
Antimicrob Agents 2004; 24: 479-84 for a potential age-related dose reduction. J Antimicrob Chem

2003; 52: 435-4020. Noreddin AM, Hoban DJ, Zhanel GG. Comparison of gatiflox-
acin and levofloxacin administered at various dosing regimens 38. Yamada C, Nagashima K, Takahashi A, et al. Gatifloxacin
to hospitalized patients with community-acquired pneumonia: acutely stimulates insulin secretion and chronically suppresses
pharmacodynamic target attainment study using North Ameri- insulin biosynthesis. Eur J Pharmacol 2006 Dec 28; 553 (1-3):
can surveillance data for Streptococcus pneumoniae. Int J 67-72
Antimicrob Agents 2005; 26: 120-5 39. Forrest A, Nix DE, Ballow CH, et al. Pharmacodynamics of

21. Schmucker DL. Liver function and phase I drug metabolism in intravenous ciprofloxacin in seriously ill patients. Antimicrob
the elderly. Drugs Aging 2001; 18 (11): 837-51 Agents Chemother 1993; 37: 1073-81

22. Pea F, Viale P, Furlanut M. Antimicrobial therapy in critically 40. Lee SY, Kuti J, Nicolau D. Antimicrobial management of
ill patients. Clin Pharmacokinet 2005; 44 (10): 1009-34 complicated skin and skin structure infections in the era of

emerging resistance. Surg Infect 2005; 6 (3): 286-9523. Wyatt CM, Kim MC, Winston JA. Therapy insight: how
changes in renal function with increasing age affect cardiovas- 41. Itani KMF, Weigelt J, Li JZ, et al. Linezolid reduces length of
cular drug prescribing. Nat Clin Pract 2005; 3 (2): 102-9 stay and duration of intravenous treatment compared with

vancomycin for complicated skin and soft tissue infections due24. Trotman RL, Williamson JC, Shoemaker DM, et al. Antibiotic
to suspected or proven methicillin-resistant Staphylococcusdosing in critically ill adult patients receiving continuous renal
aureus (MRSA). Int J Antimicrob Agents 2005; 26: 442-8replacement therapy. Clin Infect Dis 2005; 51: 1159-66

42. Niederman M. Principles of appropriate antibiotic use. Int J25. Zhanel GG, Noreddin AM. Pharmacokinetics and pharmacody-
Antimicrob Agents 2005; 26 Suppl. 3: S170-5namics (PK/PD) of quinolones: maximizing bacterial eradica-

tion and preventing resistance. Res Adv Antimicrob Agents 43. DeRyke CA, Lee SY, Kuti JL, et al. Optimizing dosing strate-
Chem 2004; 4: 39-67 gies of antibacterials utilizing pharmacodynamic principles:

impact on the development of resistance. Drugs 2006; 66 (1):26. Mouton JW, Dudley MN, Cars O, et al. Standardization of
1-14pharmacokinetic/pharmacodynamic (PK/PD) terminology for

anti-infective drugs: an update. J Antimicrob Chem 2005; 55: 44. Moore RD, Lietman PS, Smith CR. Clinical response to ami-
601-7 noglycoside therapy: importance of the ratio of peak concen-

tration to minimal inhibitory concentration. J Infect Dis 198727. Craig WA, Bhavnani SM, Ambrose PG. The inoculum effect:
Jan; 155 (1): 93-9fact or artifact? Diagn Microbiol Infect Dis 2004; 50: 229-30

45. Begg EJ. Individualized drug and dose: the clinical pharmacolo-28. Noreddin AM, Haynes VL, Zhanel GG. Pharmacokinetics and
gist’s calling or curse? Exp Pharmacol Physiol 2005; 32: 975-8pharmacodynamics of the new quinolones. J Pharm Pract

2005; 18 (6): 1-12 46. Kirkpatrick CMJ, Begg EJ. Aminoglycoside dosage regimens
after therapeutic drug monitoring. Clin Pharmacokinet 2002;29. Preston SL, Drusano GL, Berman AL, et al. Pharmacodynamics
41 (10): 791-2of levofloxacin: a new paradigm for early clinical trials [see

comments]. JAMA 1998; 279 (2): 125-9 47. Hutschala D, Skhirtladze K, Zuckermann A, et al. In vivo
measurement of levofloxacin penetration into lung tissue after30. Tran JQ, Ballow CH, Forrest A, et al. Comparison of the
cardiac surgery. Antimicrob Agents Chem 2005; 49 (12):abilities of grepafloxacin and clarithromycin to eradicate po-
5107-11tential bacterial pathogens from the sputa of patients with

chronic bronchitis: influence of pharmacokinetic and pharma- 48. Capitano B, Mattoes HM, Shore E, et al. Steady state in-
codynamic variables. J Antimicrob Chem 2000; 45: 9-17 trapulmonary concentrations of moxifloxacin, levofloxacin

and azithromycin in older adults. Chest 2005; 125: 965-7331. MacGowan AP, Bowker KE, Wootton M, et al. Activity of
moxifloxacin, administered once a day, against Streptococcus 49. Xuan D, Nicolau DP, Nightingale CH. Population
pneumoniae in an in vitro pharmacodynamic model of infec- pharmacokinetics of gentamicin in hospitalized patients re-
tion. Antimicrob Agents Chem 1999; 43 (7): 1560-4 ceiving once-daily dosing. Int J Antimicrob Agents 2004; 23:

291-532. Hershberger E, Rybak MJ. Activities of trovafloxacin, gatiflox-
acin, clinafloxacin, sparfloxacin, levofloxacin, and ciproflox- 50. Kashuba ADM, Nafziger AN, Drusano GL, et al. Optimizing
acin against penicillin-resistant Streptococcus pneumoniae in aminoglycoside therapy for nosocomial pneumonia caused by
an in vitro infection model. Antimicrob Agents Chem 2000; 44 gram-negative bacteria. Antimicrob Agents Chem 1999; 43
(3): 598-601 (3): 623-9

33. Thomas JK, Forrest A, Bhavnani SM, et al. Pharmacodynamic 51. Paterson DL, Robson JMB, Wagener MM, et al. Risk factors for
evaluation of factors associated with the development of bacte- toxicity in elderly patients given aminoglycosides once daily. J
rial resistance in acutely ill patients during therapy. An- Geriatr Intern Med 1998; 13: 735-9
timicrob Agents Chem 1998; 42 (3): 521-7 52. Rybak MJ, Abate BJ, Kang L, et al. Prospective evaluation of

34. Lacy MK, Lu W, Xu X, et al. Pharmacodynamic comparisons of the effect of an aminoglycoside dosing regimen on rates of
levofloxacin, ciprofloxacin, and ampicillin against Streptococ- observed nephrotoxicity and ototoxicity. Antimicrob Agents
cus pneumoniae in an in vitro model of infection. Antimicrob Chem 1999; 43 (7): 1549-55
Agents Chem 1999; 43 (3): 672-7 53. Mohanty S, Kapil A, Dhawan B, et al. Bacteriological and

35. Park-Wylie LY, Juurlink DN, Kopp A, et al. Outpatient ga- antimicrobial susceptibility profile of soft tissue infections
tifloxacin therapy and dysglycemia in older adults. N Engl J from Northern India. Indian J Med Sci 2004; 58 (1): 10-5
Med 2006; 354: 1352-61 54. Kasiakou SK, Lawrence KR, Choulis N, et al. Continuous

36. Park-Wyllie L, Shah BR, Juurlink DN. Correspondence. N Engl versus intermittent intravenous administration of antibacterials
J Med 2006; 354: 2725-6 with time-dependent action: a systematic review of

© 2007 Adis Data Information BV. All rights reserved. Drugs Aging 2007; 24 (4)



Optimising Antibacterial Therapy in the Elderly 291

pharmacokinetic and pharmacodynamic parameters. Drugs Streptococcus pneumoniae in the United States. Diagn
2005; 65 (17): 2499-511 Microbiol Infect Dis 2005; 51: 31-7

55. Lau WK, Mercer D, Itani KM, et al. Randomized, open-label, 72. Owens RC Jr, Ambrose PG. Antimicrobial safety: focus on
comparative study of piperacillin-tazobactam administered by fluoroquinolones. Clin Infect Dis 2005; 41: S144-57
continuous infusion versus intermittent infusion for treatment 73. Morganroth J, DiMarco JP, Anzueto A, et al. A randomized trial
of hospitalized patients with complicated intra-abdominal in- comparing the cardiac rhythm safety of moxifloxacin vs
fection. Antimicrob Agents Chemother 2006 Nov; 50 (11): levofloxacin in elderly patients hospitalized with community
3556-61 acquired pneumonia. Chest 2005; 128: 3398-406

56. Noreddin AM, Roberts D, Nichol K, et al. Pharmacodynamic 74. Tsikouris JP, Peeters MJ, Cox CD, et al. Effects of three
modeling of clarithromycin against macrolide-resistant [PCR- fluoroquinolones on QT analysis after standard treatment
positive mef(A) or erm(B)] Streptococcus pneumoniae simu- courses. Ann Noninvasive Electrocardiol 2006; 11 (1): 52-6
lating clinically achievable serum and epithelial lining fluid

75. Waterer GW, Kessler LA, Wunderink RG. Delayed administra-free-drug concentrations. Antimicrob Agents Chem 2002; 46
tion of antibiotics and atypical presentation in community-(12): 4029-34
acquired pneumonia. Chest 2006; 130: 11-5

57. Blumer JL. Evolution of a new drug formulation: the rationale
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