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Infection in critically ill patients

Infection is an important problem in critically ill patients and an important source of morbidity and
mortality in intensive care units (ICUs)" .

Antimicrobial therapy has emerged as one of the most crucial elements in the treatment of severe
infections and has been studied extensively in recent years.

Timely initiation of the antimicrobial agent as well as the selection of an antimicrobial agent with
the appropriate spectrum have shown to be important determinants of clinical success.

In the Surviving Sepsis Campaign (SSC), treatment strategies are split into different bundles
depending upon how immediately the treatment is required. Fluid resuscitation, oxygen therapy
and antibiotics are in the 1 h bundle.? Antimicrobial therapy in critically ill patients most often is
based on standard dosing protocols, with little or no attention to the baseline characteristics (e.g.
weight) or the altered physiology of the patient that results in changes in pharmacokinetics (PK).3

Deciding on the dose of antibiotic in a septic patient is probably equally important to the timing.

Robust data are available for exposure effect relations between antibiotics and bacterial killing in
vitro and in animals, but the effect of antibiotic exposure on mortality has not been well defined
yet.4

Results from a randomised controlled trial with aminoglycosides showed that a dedicated
therapeutic drug-monitoring intervention (also described as therapeutic drug management) in a
general patient cohort in one hospital significantly reduced their length of stay.® Retrospective
studies of quinolones®7, B lactams®89, glycopeptides'® and linezolid!' show advantages in terms of
clinical cure, mortality, or both, associated with achievement of target
pharmacokinetic/pharmacodynamic indices.

Altered antibiotics’ pharmacokinetics in critically ill

Information about effective antibiotic dosing specifically for critically ill patients is not usually
included in treatment guidelines; product information for the antibiotic usually guides the choice of
dose for such patients.

However, product information is based on dose finding studies in patients who are not critically ill,
and the results are then extrapolated to critically ill patients.

Increased volume of distribution, changes in protein binding and in the elimination rate from the
circulation through the kidney or the use of extracorporeal circuits contribute to this substantial
pharmacokinetic difference.?

Furthermore numerous studies have demonstrated that antibiotic plasma concentrations—
especially those of hydrophilic antibiotics, such as 3 lactams—are variable and unpredictable in
ICU patients.'2-15



Consequently, general dosing guidelines for critical patients might not be a satisfactory solution16:
pharmacokinetic variability reduces the ability to predict therapeutic doses of antibiotic for
individual patients.

Multidrug-resistant (MDR) bacteria

In addition to pharmacokinetic problems, critical patients are often infected with bacteria with
reduced antimicrobial susceptibility ( that is pathogens with higher minimum inhibitory
concentrations).!”

The phenomenon of Multidrug-resistant organisms (MDR) is ubiquitous: three-quarters of
European countries have reported at least one extensively drug-resistant organisms in ICU
patients. This is consistent with the continuously increasing trends of antimicrobial resistance and
the high percentage of extended spectrum beta-lactamase (ESBL)-positive and carbapenemases-
producing isolates.

A present and most worrisome problem is the emergence of panresistent isolates, for example
colistin resistance in K. pneumoniae carbapenemase (KPC), involves in some countries up to 20
% of the isolates.'®

It's important to underline that subtherapeutic concentrations of antibiotics may favour resistance
development.

Antibiotics and critically ill: a difficult challange
To summarize: the critically ill patient with infection has 2 problems:

1. Physicians don’t know how much antibiotic is necessary because critically ill patients are
different from general populations in terms of drug absorption, distribution and elimination,
on which dose finding studies were conducted, and have significant pharmacokinetic
variability, so every critically ill patient is different from each other and effective dosing
guidelines are difficult to write up

2. ICU infections are mostly due to MDR bacteria

A significant number of patients therefore have reduced antibiotic exposure and do not reach the
pharmacokinetic/pharmacodynamic (PK/PD) target required for the treatment of severe infection.?

Treatment failure, worst outcome, increased length of stay, costs and selection of resistant
organisms are the consequence of this failed goal. ©

Pharmacokinetic/pharmacodynamic (PK/PD) targets

Optimisation of antibiotics dosing, such that predefined pharmacokinetic/pharmacodynamic
(PK/PD) targets for maximal bacterial killing are achieved, has been proposed as one such
approach to overcome these problems.19:20

Thus the major challenge for clinicians is to ensure that dosing achieves the
pharmacokinetic/pharmacodynamic targets that are associated with improved likelihood of positive
clinical outcomes.

The dosing strategy for antibiotics will vary depending on the mode of action of the drug and also
on individual patient factors that influence its pharmacokinetic and pharmacodynamic (PK/PD)
interactions.
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