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When the momentum has gone: what will be the
role of extracorporeal lung support in the future?
Darryl Abrams a, Matthew Bacchetta b, and Daniel Brodie a

Purpose of review
There has been expanding interest in and use of extracorporeal support in respiratory failure concurrent
with technological advances and predominantly observational data demonstrating improved outcomes.
However, until there is more available data from rigorous, high-quality randomized studies, the future of
extracorporeal support remains uncertain.
Recent findings
Outcomes for patients supported with extracorporeal devices continue to show favorable trends. There are
several large randomized controlled trials that are in various stages of planning or completion for
extracorporeal membrane oxygenation (ECMO) and extracorporeal carbon dioxide removal (ECCO2R) in
the acute respiratory distress syndrome (ARDS) and chronic obstructive pulmonary disease (COPD), which
may help clarify the role of this technology for these disease processes, and which stand to have a
significant impact on a large proportion of patients with acute respiratory failure. Novel applications of
extracorporeal lung support include optimization of donor organ quality through ex-vivo perfusion and
extracorporeal cross-circulation, allowing for multimodal therapeutic interventions.
Summary
Despite the ongoing rise in ECMO use for acute respiratory failure, its true value will not be known until
more information is gleaned from prospective randomized controlled trials. Additionally, there are
modalities beyond the current considerations for extracorporeal support that have the potential to
revolutionize respiratory failure, particularly in the realm of chronic lung disease and lung transplantation.
Keywords
acute respiratory distress syndrome, artificial lung, chronic obstructive pulmonary disease, extracorporeal carbon
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INTRODUCTION
The role of extracorporeal gas exchange support in
the management of both acute and chronic respiratory failure has evolved significantly since its first
successful clinical application in the 1970s [1].
Despite initial failed attempts at demonstrating a
benefit of extracorporeal membrane oxygenation
(ECMO) and extracorporeal carbon dioxide removal
(ECCO2R) over standard of care mechanical ventilation for severe acute respiratory distress syndrome
(ARDS) in randomized controlled trials [2,3], advances in technology combined with improvements in
conventional management strategies have led to
reports of improved outcomes for ECMO in acute,
severe hypoxemic respiratory failure [4–8]. The current literature offers a clue as to the short-term
expectations for ECMO in severe ARDS, with a
recently completed randomized controlled trial
likely to further clarify its role [9]. Additional
upcoming studies will help to inform the utility

of ECCO2R in less severe forms of ARDS as a means
of achieving lung-protective ventilation beyond the
current standard of care [10,11]. Likewise, the use of
ECCO2R to manage acute exacerbations of chronic
obstructive pulmonary disease (COPD) has been
shown to be feasible, and its role will likewise be
better defined in upcoming trials [12].
The use of ECMO (or ECCO2R) as a means
of supporting patients with end-stage respiratory

a

Division of Pulmonary, Allergy and Critical Care and bDepartment of
Surgery, Columbia University College of Physicians and Surgeons, New
York, USA
Correspondence to Daniel Brodie, MD, Associate Professor of Medicine,
Division of Pulmonary, Allergy and Critical Care, Columbia University
College of Physicians and Surgeons, 622 W168th Street, PH 8E, 101,
New York, NY 10032, USA. Tel: +1 212 305 9817;
fax: +1 212 305 8464; e-mail: hdb5@cumc.columbia.edu
Curr Opin Crit Care 2018, 24:23–28
DOI:10.1097/MCC.0000000000000475

1070-5295 Copyright ß 2018 Wolters Kluwer Health, Inc. All rights reserved.

www.co-criticalcare.com

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Respiratory system

KEY POINTS
 The results of a recently completed randomized
controlled trial of ECMO for severe ARDS may help
clarify its appropriate place among the various
management strategies for ARDS.
 ECCO2R holds the promise of an even greater impact
on acute respiratory failure than ECMO, given its
potential role in facilitating minimization of invasive
mechanical ventilation in both moderate ARDS and
acute exacerbations of COPD, though positive results
from current and future trials are needed before
ECCO2R can be recommended for these indications
outside of the research setting.
 Whereas ECMO as bridge to transplantation may help
optimize select patients’ lung transplant candidacy,
there will likely be greater impact on maximization of
successful lung transplantation through various ex-vivo
means of optimizing donor lung quality.
 Organizations such as the International ECMO
Network and Extracorporeal Life Support Organization
aim to facilitate the development of rigorously designed
trials in order to best inform the use of extracorporeal
support in respiratory failure.

failure to lung transplantation (bridge to transplantation, BTT) has continued to expand, with
favorable results from large observation studies
encouraging further expansion of extracorporeal
support as BTT, particularly as a means of facilitating
mobilization and avoiding complications of invasive mechanical ventilation [13,14 ]. Further in the
future, extracorporeal technology may expand
beyond its more traditional roles of support,
which to date have been limited to short-term use
confined to the intensive care unit. Miniaturization,
increased efficiency, novel antithrombotic coating
technology, and improved durability of extracorporeal circuitry could lead to long-term, paracorporeal
support, effectively the equivalent of a durable
lung assist device or artificial lung. These and other
advances, if ultimately achieved, would revolutionize the approach to both acute and chronic respiratory failure.
&

EXTRACORPOREAL MEMBRANE
OXYGENATION FOR SEVERE ACUTE
RESPIRATORY DISTRESS SYNDROME
The rationale for ECMO in severe ARDS stems from
its ability to provide oxygenation and ventilation
whenever invasive mechanical ventilation is either
inadequate at supporting gas exchange or can do so
only at the expense of excessive plateau airway
pressures, contributing to ventilator-associated lung
24
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injury (VALI) with its associated morbidity and
mortality [15]. The most recently published prospective randomized trial of ECMO versus conventional
mechanical ventilation in severe ARDS remains the
efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane oxygenation for severe adult respiratory
failure (CESAR) trial, now 8 years old, showing a
significantly higher 6-month survival without
severe disability in those referred for consideration
of ECMO [5]. However, the pragmatic nature of the
trial, without strict control of conventional management strategies and only consideration of ECMO
in the intervention arm limit the ability to determine the effect of ECMO itself on survival. Subsequent matched pair analyses of ECMO versus
conventional management in ARDS showed conflicting results of the impact of ECMO on outcomes
[16,17]. Lack of consensus in the existing literature
with ongoing debate about the efficacy of ECMO in
severe ARDS has led to a multicenter, prospective
randomized controlled trial of ECMO versus ongoing optimal standard of care conventional management [Extracorporeal Membrane Oxygenation for
Severe Acute Respiratory Distress Syndrome
(EOLIA)] [9], which includes low-tidal volume ventilation, neuromuscular blocking agents, and prone
positioning, in patients with severe ARDS, the
results of which are anticipated in early 2018. A
result that favors the use of ECMO over the existing
standard of care would justify an expanded role for
ECMO in severe ARDS, though the nature of the
study design would encourage putting ECMO in the
context of a larger algorithm that incorporates other
less invasive measures prior to the consideration of
ECMO [18]. However, a negative study is unlikely to
significantly curb enthusiasm for ECMO, given the
rapid increase in usage that has already been occurring in the absence of convincing and rigorous,
high-quality data. A recent epidemiological study
from Germany demonstrated a marked increase in
venovenous ECMO usage from 1 per 100 000 population in 2007 to 3 per 100 000 in 2012 [19 ].
However, this increase has also come with an unexpectedly high rate of mortality within the first 48 h
of ECMO, suggesting either the potentially inappropriate use of ECMO in patients with excess predicted
mortality independent of respiratory failure, or
some combination of lack of experience and suboptimal technique. This study highlights the need
for standardization of ECMO practices, including
appropriate patient selection and optimization of
lung protective ventilation strategies, though the
optimal approach to invasive mechanical ventilation during ECMO support is unsettled and remains
a target of ongoing investigations [20,21 ].
&&

&
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Regardless of the results and subsequent interpretations of the EOLIA trial, there will remain
justifiable uses of ECMO in severe ARDS that are
unlikely to be captured in randomized controlled
trials [22]. These include the use of ECMO to facilitate safe transport of patient with severe ARDS from
hospitals unable to provide adequate ARDS management to centers with sufficient experience and
resources to provide optimal treatment strategies,
including more advanced maneuvers such as prone
positioning. With higher center-specific case volume associated with more favorable outcomes
[23 ,24 ,25], and ECMO transport increasingly
being demonstrated as safe (and safer than transport
of the severe ARDS patient without ECMO support
[5]), regionalization can certainly be justified, and
even encouraged in the right clinical context
[26,27 ,28]. Additionally, those patients too critically
ill to tolerate a methodical, stepwise, algorithmic
approach to ARDS management (e.g. severe hemodynamic instability or gas exchange impairment too
severe to tolerate prone positioning) may benefit
from the rapid institution of ECMO.
&&

&

&

EXTRACORPOREAL CARBON DIOXIDE
REMOVAL FOR LESS SEVERE ACUTE
RESPIRATORY DISTRESS SYNDROME
Whether or not severe, refractory hypoxemia
remains a reasonable indication for extracorporeal
support in ARDS, one could make a strong case for its
use to minimize VALI, which is the more common
risk for morbidity and mortality in ARDS, a risk that
is present even in milder forms of ARDS whenever
oxygenation is relatively well preserved [29]. Animal
models, posthoc analyses of randomized trials, and
observational data all suggest that reductions in
tidal volumes and airway pressures below the current standard of care could further reduce ARDS
mortality [30–32]. However, achieving very low
tidal volume, low pressure ventilation – as well as
low respiratory rates – whenever trying to limit the
total exposure of the lung to excess energy [33 ], is
inherently limited by intolerable levels of hypercapnia and acidemia, especially in the context of
reduced respiratory system compliance from ARDS.
Prospective studies with surrogate outcomes have
indicated a protective effect whenever invasive
mechanical ventilation is reduced to very low
(beyond standard of care) tidal volumes, airway
pressures, or respiratory rates, whenever coupled
with ECCO2R to manage ventilation [34–36]. As
carbon dioxide removal is achievable with lower
blood flow rates than for oxygenation [37], ECCO2R
can be accomplished with smaller cannulae, which
may translate into a lower risk profile than ECMO. If
&

the physiological benefit of ECCO2R translates into
a significant impact on major clinical outcomes, the
impact could have far greater reach than ECMO for
severe hypoxemia given that moderate ARDS is
much more commonly encountered than severe
ARDS (46.6 versus 23.4% as per the prospective
cohort LUNG SAFE study) [38 ].
At the current time, ECCO2R remains an experimental technique for maximizing lung protective
ventilation [39]. Its acceptance and broad application for use within the ARDS population hinges on
ongoing and future studies that will better define
its role and bring clarity to the risk–benefit profile
associated with its use [10,11].
&&

EXTRACORPOREAL CARBON DIOXIDE
REMOVAL FOR ACUTE HYPERCAPNIC
RESPIRATORY FAILURE
Much in the way ECCO2R can facilitate minimization of invasive mechanical ventilation in ARDS, it
can likewise be used to minimize or avoid invasive
mechanical ventilation in patients with acute exacerbations of COPD, who are either failing noninvasive ventilation (NIV) or already receiving invasive
mechanical ventilation, a scenario that is otherwise
associated with high morbidity and mortality owing
to dynamic hyperinflation, ventilator-associated
injury and pneumonia, and consequences of immobility, among others [40]. This feasibility has been
demonstrated repeatedly in predominantly small,
observational studies [41–44]. Perhaps the best indicator to date of a benefit of ECCO2R over conventional management in COPD exacerbations can be
found in a cohort study of patients failing NIV who
received ECCO2R, matched to historical controls
managed conventionally [45]. NIV paired with
ECCO2R had a 12% intubation rate, compared with
33% in the historical control group. However, the
potential risks associated with such an intervention
are highlighted by a 52% rate of adverse events
related to ECCO2R, which illustrates both the need
for prospective randomized data to understand the
net clinical effect of ECCO2R for COPD exacerbations and the importance of device selection and
management. A prospective randomized controlled
trial is currently underway, evaluating the role of
ECCO2R in both those failing NIV and those already
intubated in the context of COPD exacerbations
[12]. If this and other prospective studies show a
favorable risk–benefit profile for ECCO2R in acute
exacerbations of COPD, there is potential for widespread application of the technology in the clinical
realm, especially with the development of devices
that require minimal expertise beyond that needed
for the initiation and management of renal dialysis
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circuits. However, until such time as this technology
is shown to be superior to conventional management, it should be reserved only for research
purposes. If clinical efficacy is established, costeffectiveness should also be rigorously explored
and may determine, in large part, how widespread
the technology becomes. Any benefit found in the
COPD population would potentially translate to
other forms of acute hypercapnic respiratory failure
as well, including severe cases of status asthmaticus.

EXTRACORPOREAL SUPPORT AS BRIDE
TO TRANSPLANTATION
Pretransplant extracorporeal support has traditionally been associated with poor outcomes, often
attributed to complications of the device, poor timing of implementation, and inappropriate patient
selection. However, recent cohort studies have demonstrated markedly improved outcomes whenever
ECMO (or ECCO2R) is initiated as a means of maximizing patients’ pretransplant conditioning and
transplant eligibility, which involves the prioritization of early mobilization and removal or avoidance
of invasive mechanical ventilation, whenever feasible [14 ,46–48]. Upper body cannulation strategies
may maximize the chance of achieving both of these
goals, including patients with primary or secondary
pulmonary hypertension who require venoarterial
ECMO [49,50,51 ,52]. Favorable outcomes have also
been linked to ECMO case volume, with lower mortality rates associated with higher volume centers
[24 ,25]. Given the current trends in posttransplant
mortality for patients bridged with ECMO, there will
likely be ongoing, steady use of ECMO as BTT,
without the possibility of a randomized controlled
trial to prove a benefit over conventional management given the nature of the patient population.
However, we encourage careful patient selection to
minimize the possibility of patients being delisted
while dependent on ECMO, a so-called ‘bridge to
nowhere’, especially whenever those patients are
alert and interactive, bound to the ICU but unable
or unwilling to be disconnected from extracorporeal
support [53].
&

&

&

NOVEL USES OF EXTRACORPOREAL
LUNG SUPPORT
The expansion of lung transplantation ultimately
depends much more on sufficient donor lung availability than it does on the successful use of ECMO as
BTT, as the number of individuals awaiting lung
transplantation greatly exceeds the available number of organs, many of which are deemed unsuitable
for transplantation prior to or during procurement
26
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(https://http://www.unos.org/data/). Novel strategies to improve donor lung quality have revolved
around ex-vivo lung maintenance, affording the
opportunity to optimize lung function prior to
transplantation. The most commonly cited
approach has been ex-vivo lung perfusion, which
uses an acellular normothermic perfusate to prolong
the time period for assessment of lung quality and
potentially improve the function of impaired lungs
during the same timeframe [54,55]. A competing
system uses normothermic whole blood perfusate
[56]. Unfortunately, both systems are limited to
several hours, which may be inadequate to achieve
sufficient lung recovery, especially for more grave
injuries such as aspiration or contusion. A recently
reported technique that may overcome these limitations is cross-circulation between potential donor
lungs and a transplant recipient [57 ]. Through the
use of an extracorporeal system that maintains a
durable physiologic homeostatic environment, this
swine model demonstrates the feasibility of maintaining organ viability for days, which allows for a
natural reparative process in injured lungs. The
durability of the system creates the opportunity to
use strategies to improve lung function, such as stem
cell-based therapies, that would previously have
been infeasible with only a few hours of ex-vivo
support [58].
Although extracorporeal systems may significantly expand the number of suitable donor organs
for lung transplantation, it is unlikely to completely
satisfy the unmet needs of patients awaiting lung
transplantation.
Ultimately, patients with chronic and acute on
chronic respiratory failure are in need of a durable
device capable of providing gas exchange on the
order of months to years, either as bridge to transplantation or destination device therapy, comparable with ventricular assist devices for end-stage
heart failure. Such devices are currently under development and being studied in short-term animal
models [59 ], though human-based, long-term
application of these devices likely remains years
away. Finally, the suggestion that chronic COPD
could be treated with intermittent ‘lung dialysis’
via ECCO2R in stable, advanced COPD patients,
much the way chronic kidney disease is treated with
chronic kidney dialysis, is being explored with
increasing urgency. Whether such a strategy will
be efficacious or feasible has yet to be determined.
&&

&

CONCLUSION
Despite the ongoing rise in ECMO use for severe
ARDS, it’s future impact will not be fully understood
until more information is obtained from prospective
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randomized controlled trials with a focus on moderate ARDS and acute exacerbations of COPD.
Enrichment of study populations by selecting those
most likely to benefit from ECMO and ECCO2R may
help to optimize trial design [60 ], and organizations such as the International ECMO Network
(ECMONet) and the Extracorporeal Life Support
Organization (ELSO) may further help to facilitate
the development of rigorously designed trials,
thereby maximizing the quality of evidence for
the use of such technology(http://www.internatio
nalecmonetwork.org; http://www.elso.org). Additionally, there are novel potential considerations
for extracorporeal support beyond the usual indications that have the potential to revolutionize the
management of chronic respiratory failure and lung
transplantation. However, substantial work remains
before such approaches will be ready for clinical
application.
&&
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