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Abstract

Critically ill patients with infection provide a number
of challenges to clinicians in terms of optimizing their
antimicrobial treatment. Of foremost importance,
initial antibiotic treatment should be selected as

to provide coverage for the causative pathogens.
However, the administration of those antibiotics
(dosing, interval of administration, duration of infusion,
route of administration) should be prescribed in a
manner to ensure optimal drug delivery to the site of
infection. This is a challenge given the characteristics
of many infected critically ill patients (shock, elevated
cardiac output in the resuscitated state, supranormal
creatinine clearance, increased volume of distribution).
Intensive care unit practitioners should utilize
treatment strategies that strive to deliver antibiotics in
an individualized manner aimed at attaining desired
pharmacokinetic/pharmacodynamic targets. The

goal of such a treatment strategy is to maximize the
likelihood of curing the infection and allowing the
critically ill patient the best opportunity for recovery.
Effective implementation of antimicrobial optimization
delivery strategies will likely require a multi-disciplinary
approach including intensivists, pharmacists, and
infectious disease specialists.

In this issue of Critical Care, Carlier and colleagues
describe pharmacokinetic/pharmacodynamic (PK/PD)
target attainment in critically ill patients receiving mero-
penem or piperacillin/tazobactam as extended infusions
[1]. These investigators found that 48% of patients did not
achieve the desired PK/PD target (100% time that the free
antibiotic fraction exceeds the minimum inhibitory con-
centration (MIC)), of which almost 80% had a measured
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creatinine clearance (CrCl) >130 ml/minute. More
worrisome was the observation that 37% of patients with
CrCl >130 ml/minute did not achieve the minimum PK/
PD target (50% time that the free antibiotic fraction
exceeds the MIC). These investigators concluded that
patients not attaining PK/PD targets may be at risk for
treatment failure without upward antibiotic dose titra-
tion. The findings from this study suggest that we should
add inadequate antibiotic dosing to the list of antibiotic
treatment characteristics that can adversely impact the
outcomes of infected critically ill patients. This is an
important issue when one considers that antibiotic use is
often viewed as a variable expense in the hospital setting
that can be manipulated to achieve cost savings. Such an
attitude is flawed with the understanding that the most
cost-effective approach to treating serious infections is
the approach that is most likely to achieve rapid clinical
success.

The most recent Surviving Sepsis Campaign Guidelines
recommend that broad-spectrum antibiotics be adminis-
tered within the first hour of recognition of septic shock,
with one or more agents that have activity against the
likely causative pathogens, and that the duration of
therapy typically be between 7 and 10 days [2]. These
recommendations are based on studies demonstrating
that the timing of appropriate antibiotic therapy, defined
as an antimicrobial regimen demonstrating in vitro
activity against the isolated organism(s) responsible for
the infection, is critical in determining the outcomes of
such patients [3-5]. However, even if an appropriate
initial therapy with an active antibiotic regimen is
administered, patient outcomes may not be optimized
due to inadequate drug concentration delivery to the site
of infection. This is important for both concentration-
dependent antibiotics as well as for antibiotics whose
efficacy is based on the achieved dosing interval time that
the antibiotic concentration is above the MIC of the
pathogen. Moreover, many prescribers of antimicrobial
therapy in the hospitalized patient are unaware that drug
delivery targets are not met given that therapeutic drug
monitoring is not routinely performed for most antibiotic
classes.
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Recent randomized trials of inadequately dosed anti-
biotics (ceftobiprole and tigecycline) for patients with
nosocomial pneumonia have demonstrated greater treat-
ment failures and mortality for the inadequately dosed
antibiotics compared to more optimally dosed compara-
tors [6-8]. The usual rationale for selecting such doses for
investigational antibiotics is to minimize any drug-related
toxicity. This is highlighted by the current dosing of
tigecycline that is half of the originally considered dosing
due to greater rates of nausea and vomiting at the higher
doses (the higher doses being more likely to achieve
desired drug concentration PK/PD targets). Additionally,
the results from two meta-analyses and a recent clinical
trial found that the use of prolonged infusions of beta-
lactam antibiotics achieved similar clinical results com-
pared to similar or higher dosed intermittent infusion
antibiotic therapy [9-11]. However, in one of the meta-
analyses, a trend towards benefit among patients receiv-
ing intermittent infusion antibiotics possibly explained
by the use of higher antibiotic doses was observed [10].
For fair balance it should be noted that another recent
meta-analysis showed that prolonged or continuous
infusion of pipercillin-tazobactam or carbapenems was
associated with lower mortality, although these results
were primarily from nonrandomized studies [12].

The influence of CrCl on outcomes among patients with
severe infections also seems to be an important deter-
minant of clinical outcome, in large part by influencing
antibiotic elimination and achieved drug concentration
targets at the infection site. Elevated CrCl has been shown
to be an important predictor of subtherapeutic beta-
lactam concentrations [13,14]. The use of prolonged
antibiotic infusions has been proposed as a strategy to
achieve appropriate targeted antibiotic blood concentra-
tions in patients with augmented renal clearance [15]. The
potential detrimental influence of augmented CrCl on the
outcomes of critically ill patients with infections has been
demonstrated in several randomized trials. Kollef and
colleagues [16] found that patients with CrCl =150 ml/
minute had greater clinical cure rates for VAP with 10 days
of imipenem compared to 7 days of meropenem despite
administering meropenem as a prolonged infusion. In a
trial of nosocomial pneumonia, ceftobiprole dosed at
500 mg every 8 hours was clinically inferior and associated
with greater mortality compared to ceftazidime dosed at
2 grams every 8 hours plus linezolid dosed at 600 mg every
12 hours [8]. In this trial, increased CrCl was found to be
associated with a greater risk of mortality, suggesting that
under-dosing of antibiotics may be most detrimental in
patients with normal or augmented CrCl. This may also
explain the hesitation among intensivists to use the
currently approved dosing regimen of ceftaroline (600 mg
every 12 hours) in critically ill patients as it has not been
rigorously evaluated in that population.
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Carbapenem antibiotics and beta-lactams represent the
most common antibiotics currently prescribed in
critically ill patients. However, there is no routine
therapeutic drug monitoring available for these agents as
exists for aminoglycosides and vancomycin. This creates
uncertainty for many clinicians prescribing antibiotics,
especially when patient-specific conditions such as renal
function, volume status, and hemodynamics are chang-
ing. Therefore, intensivists must carefully consider how
antibiotics are delivered in terms of dose, interval of
administration, and duration of infusion in order to
optimize PK/PD target attainment. The duration of
therapy must also be carefully considered in that longer
durations of treatment for optimal success may be neces-
sary for difficult to treat pathogens such as Pseudomonas
or Acinetobacter species [16]. A recent example of new
methods for achieving such targets is the use of advanced
aerosol delivery systems that hold the promise of
exceeding therapeutic targets in the lung with antibiotics
such as colistin, aminoglycosides, and fosfomycin that
cannot be accomplished with parenteral administration.

Conclusion

Carlier and colleagues must be commended for their
study highlighting the relationship between elevated
CrCl and inability to attain PK/PD targets for prescribed
antibiotics despite the use of prolonged infusions. This is
an important finding given the increasing use of pro-
longed antibiotic infusions and suggests that clinicians
should carefully evaluate the presence of elevated CrCl
when making decisions regarding antibiotic dosing. From
a practical standpoint, the use of an antibiotic loading
dose along with the prolonged antibiotic infusion should
be considered in patients with elevated CrCl to allow for
more rapid attainment of the desired antibiotic concen-
tration at the infection site. Moreover, maximal recom-
mended doses of antibiotics should be prescribed in
critically ill patients, especially in the presence of elevated
Cr(l, as suggested by Arnold and colleagues [11] regard-
less of whether or not prolonged infusions are employed
(for example, cefepime 2 grams every 8 hours, pipercillin-
tazobactam 4.5 grams every 6 hours, meropenem 1 gram
every 8 hours). Future studies are needed that address the
issue of antibiotic dosing optimization in the presence or
absence of elevated CrCl. Such studies also need to
carefully consider the influence of confounding factors,
such as the MIC of the targeted pathogens and the
patient’s drug volume of distribution, that can also
influence the optimization of antibiotic dosing.
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CrCl, creatinine clearance; MIC, minimum inhibitory concentration; PK/PD,
pharmacokinetic/pharmacodynamic.
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