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INTRODUCTION

Extracorporeal membrane oxygenation (ECMO)
has been available for decades as a supportive
therapy for severe cardiopulmonary disease; how-
ever, its early use was marred by high complica-
tion rates and poor outcomes.1,2 Advances in
technology have led to improved complication
rates3 and an increasing amount of evidence sug-
gesting a potential benefit in select forms of car-
diac and respiratory failure has resulted in a
notable increase in the use of ECMO.4 As both

cannulation technique and extracorporeal circuits
evolve, there are an increasing number of indica-
tions for which ECMO may provide a benefit.5

This article reviews these emerging indications
and discusses potential future applications.

CONFIGURATIONS OF EXTRACORPOREAL
MEMBRANE OXYGENATION

ECMO refers to an extracorporeal device that
directly oxygenates and removes carbon dioxide
from the blood. Deoxygenated blood is withdrawn
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KEY POINTS

� Extracorporeal carbon dioxide removal (ECCO2R) may play an emerging role in the management of
respiratory failure.

� Novel upper-body configurations help facilitate patient mobilization and are particularly well-suited
to maintain physical conditioning in the pretransplant population.

� Extracorporeal cardiopulmonary resuscitation has the potential to improve neurologically intact
survival from cardiac arrest. However, appropriate patient selection is a key factor in optimizing
outcomes.

� In decompensated pulmonary hypertension, extracorporeal membrane oxygenation may serve as
a bridge to recovery in patients with reversible processes or to transplantation for irreversible
disease.

� More data are needed to define the optimal patient populations for extracorporeal support. Cost–
benefit analyses should be undertaken.
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from a central vein through a drainage cannula via
an external pump. The blood passes through an
oxygenator, where gas exchange occurs across
a semipermeable membrane, and is then reinfused
into a central vessel. Venovenous ECMO refers to
a circuit in which blood is both drained from and
returned to a central vein. A venovenous configu-
ration only supports gas exchange.6 Venoarterial
ECMO refers to a circuit in which blood is drained
from a vein and reinfused into an artery. Venoarte-
rial configurations can support impairments in
both gas exchange and hemodynamics. Two of
the major determinants of systemic oxygenation
with the use of ECMO are the rate of extracorpo-
real blood flow and the fraction of oxygen in the
gas compartment of the oxygenator.7,8 Blood
flow is determined predominantly by the size of
the cannulae used for drainage, and, to a lesser
extent, reinfusion. Larger cannulae are generally
able to achieve higher blood flow rates, which re-
sults in a greater proportion of the cardiac output
oxygenated by the ECMO circuit. The major deter-
minant of carbon dioxide removal, by contrast, is
the rate of gas flow through the gas compartment
of the oxygenator (known as sweep gas), with
extracorporeal blood flow rate, among other fac-
tors, having a less significant impact.8 The intrinsic
diffusion properties of the extracorporeal mem-
brane and the contribution of the native lungs will

also have a direct impact on gas exchange.
Because oxygenator membranes are highly effi-
cient at carbon dioxide removal, lower blood flow
rates and, therefore, smaller cannulae may be
used when the primary intention in using the de-
vice is extracorporeal carbon dioxide removal (EC-
CO2R).

9 An alternative to venovenous and
venoarterial configurations is an arteriovenous
strategy, in which the patient’s native cardiac
output, instead of an external pump, generates
the extracorporeal blood flow.10 The blood flow
rates are generally lower than what can be
achieved with a mechanical pump, and, therefore,
its use is predominantly restricted to ECCO2R.
Venovenous ECMO configurations may consist

of either a 2-site or single-site cannulation strat-
egy. In a 2-site setup, the drainage cannula is typi-
cally placed into the inferior vena cava via the
femoral vein and the reinfusion cannula is placed
into the internal jugular vein with its tip near the
junction between the superior vena cava and the
right atrium (Fig. 1).7 More recent advances in can-
nula design have led to the development of a bi-
caval, dual-lumen cannula that allows for both
drainage and reinfusion through 1 cannula placed
in the internal jugular vein (Fig. 2).11 When properly
positioned, which usually requires transesopha-
geal and fluoroscopic guidance, the reinfusion jet
of oxygenated blood is directed toward the

Fig. 1. Two-site venovenous extracor-
poreal membrane oxygenation.
Venous blood is withdrawn froma cen-
tral vein, pumped through an oxygen-
ator, and reinfused into a central vein.
Inset: When drainage and reinfusion
ports are in close approximation, some
portion of reinfused, oxygenated
blood (red arrow) may be drawn back
into the circuit without having entered
the systemic circulation, known as
recirculation (purple arrow). (Reprin-
ted from CollectedMed.com; with
permission.)
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