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INTRODUCTION

Critically ill patients have alterations in the pharmacokinetic (PK) parameters that
describe drug absorption, distribution, metabolism, and excretion. These distur-
bances arise from the acute response of critical illness, including systemic inflamma-
tory responses, organ dysfunction, altered tissue permeability, pH disturbances,
changes in intravascular or extravascular space, fluid shifts, or decreased protein con-
centration. These PK alterations are relevant, as they may precipitate unexpected
medication toxicities or impair efficacy. To optimize patient outcomes, PK changes
should be as best possible identified when developing medication regimens for criti-
cally ill patients.1–4
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KEY POINTS

� Extracorporeal membrane oxygenation (ECMO) is associated with physiologic and
biomechanical changes that can impact drug disposition.

� There are limited data describing changes in drug pharmacokinetic parameters for pa-
tients treated with ECMO.

� Changes in pharmacokinetics are often drug specific.

� Extrapolation of ECMO data from neonatal literature is limited due to significant differ-
ences in body composition and elimination pathways.

� Therapeutic drug monitoring, when possible, should be considered to individualize ther-
apeutics in patients receiving ECMO therapy.
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EXTRACORPOREAL MEMBRANE OXYGENATION AND PHARMACOKINETICS

Mechanical ventilation, renal replacement therapy (RRT), and extracorporeal mem-
brane oxygenation (ECMO)5–8 can impact drug disposition and complicate the man-
agement of critically ill patients. During ECMO therapy, a large volume of blood is
extracted from the venous system and is circulated outside the body into an oxygen-
ator (Fig. 1). A typical ECMO circuit consists of polyvinyl chloride (PVC) tubing, a hol-
low fiber (polymethylpentene) oxygenator, and a heat exchanger.9 PK changes during
critical illness are often more pronounced in the presence of ECMO. Several aspects,
such as the sequestration of medications in the ECMO circuit, increased volume of
distribution, and alterations in organ perfusion may alter PK parameters in patients
receiving ECMO5,7,9–12 (Table 1).
The effect of ECMO therapy on PK varies and is not fully elucidated for most drugs.

Investigating the impact of the ECMO circuit and its resulting physiologic changes on
PK and pharmacodynamics (PD) is difficult given the limited patient population on
which to generate data. The ECMO population is numbered because ECMO is often
a salvage therapy offered by limited number of centers. The available data investi-
gating ECMO therapy is not only limited in size, but is typically also observational
because it is difficult to conduct randomized trials with a control group. Although there
is some literature available in neonatal populations, it is difficult to generalize these
data to adult populations. ECMO technology is frequently evolving, and circuits’ man-
ufacturers and materials vary, further limiting data generalizability. Demands of clinical
care and blood volume during critical illness make sparse PK sampling with population
modeling methods the only feasible method to investigate drug PK parameters in
these patients. Although this approach can identify some covariates associated with
differential drug disposition, it is not possible to generate precise PK parameters under
a variety of clinical scenarios.

Fig. 1. ECMO configuration.
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