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ABSTRACT

Veno-venous extracorporeal membrane oxygenation (ECMO) is a life-saving technique in the armamentarium of critical
care medicine. It involves extracorporeal blood circulation outside the body, providing temporary respiratory support
while allowing the lungs to heal. Traditionally, patients undergoing ECMO require sedation to minimize discomfort and
facilitate mechanical ventilation. The “awake ECMO” concept emerged as a promising strategy to mitigate sedation-
related complications and facilitate early mobilization in critically ill patients. In this article, we describe the potential
advantages of awake ECMO and its role in preserving respiratory muscle function, enhancing rehabilitation prospects,
and improving patient outcomes.
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:CMO is a cutting-edge life-support mea-
A ssure for critically ill patients, particularly
those with severe acute respiratory failure, such
as acute respiratory distress syndrome (ARDS).
Veno-venous ECMO (VV ECMO) is the con-
figuration of choice in respiratory failure with
preserved heart function, offering a lifeline by
providing temporary respiratory support while
“buying time” for the lungs to heal.

Definition of veno-venous extracorporeal
membrane oxygenation (VV ECMO)

VV ECMO temporarily assists the failing lungs
by circulating the patient’s blood through an ex-
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tracorporeal circuit that is oxygenated and decar-
boxylated. It provides adequate oxygenation and
carbon dioxide (CO,) removal while allowing
the lungs to be ventilated with an ultraprotective
strategy and heal, preventing further damage and
improving patient outcomes.!

Various cannulation sites are available for VV
ECMO. Typically, the drainage cannula is placed
in the femoral vein or (less frequently) in the in-
ternal jugular vein, while the return cannula can
be inserted into the internal or femoral vein. Al-
ternatively, a dual-lumen cannula can be used. In
such a case, the cannula is placed via the internal
jugular vein. The blood drawn is oxygenated and
decarboxylated as it passes through a membrane

January-February 2025



AWAKE ECMO

oxygenator, and both oxygenation and CO, re-
moval can be modulated by adjusting FiO, and
blood flow, as well as sweeping gas flow, respec-
tively. This continuous cycle of oxygenation and
carbon dioxide removal effectively bypasses the
patient’s native lung function, providing essen-
tial respiratory support.

Use of ECMO in early ARDS treatment

The scope of ECMO application in ARDS has
evolved significantly over time, driven by techno-
logical advancements, enhanced understanding
of pathophysiology, and accumulating clinical
evidence. Initially, ECMO was mainly used as a
rescue therapy for patients with severe ARDS re-
fractory to conventional mechanical ventilation.
However, with growing evidence supporting its
efficacy and safety profile, ECMO has gradually
become integrated into the standard management
approach for ARDS, particularly in cases of pro-
found hypoxemia and severe hypercapnia.2

Following the influenza A HIN1 pandemic
in 2009 and the publication of the observational
results from the Australia/New Zealand experi-
ence? the use of VV ECMO to treat refractory
respiratory failure increased significantly, de-
spite two subsequent randomized trials failing
to demonstrate a clear benefit of VV ECMO as
compared to conventional therapies in terms of
survival.

The CESAR trial demonstrated improved sur-
vival and reduced ventilator-associated lung in-
jury in patients with severe ARDS, emphasizing
the importance of transferring patients to special-
ist centers for the management of severe respi-
ratory failure. The trial supports the use of VV
ECMO in appropriate cases, particularly when
standard treatments, including lung-protective
ventilation, prove insufficient.# The EOLIA trial2
failed to demonstrate the superiority of an early
VV ECMO strategy over a conventional strategy
with an ECMO backup on mortality at 60 days.
However, the data suggest a possible clinical
benefit from ECMO over standard care, mainly
when applied early. Both trials raised significant
criticisms and had relevant crossover rates.

Subsequent guidelines and consensus state-
ments, including those from the Extracorporeal
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Life Support Organization (ELSO) and the Euro-
pean Consensus Guidelines on the Management
of Respiratory Distress Syndrome, have further
reinforced the role of ECMO in severe ARDS
management. These guidelines offer evidence-
based recommendations encompassing patient
selection criteria, optimal cannulation strategies,
ventilatory management and ECMO circuit op-
timization to maximize outcomes in ARDS pa-
tients who need ECMO support.5

The COVID-19 pandemic further boosted the
use of ECMO in severe respiratory failure, with
many studies reporting favorable outcomes in
COVID-19 patients supported with ECMO.¢

In essence, the traditional utilization of ECMO
in early ARDS treatment has transitioned from
being a rescue therapy to an indispensable com-
ponent of the therapeutic armamentarium for se-
vere respiratory failure.

The awake ECMO strategy

The innovative concept of awake ECMO has
emerged as a promising strategy to mitigate se-
dation-related complications and facilitate early
mobilization in critically ill patients.” This rela-
tively new approach represents a paradigm shift
in managing severe respiratory failure.

Traditionally, patients undergoing ECMO re-
quire sedation to minimize discomfort and fa-
cilitate mechanical ventilation. However, awake
ECMO, where patients remain conscious and
spontaneously breathe while supported by the
extracorporeal circuit, has gained momentum
in recent years. This approach presents several
potential advantages: by preserving respiratory
muscle function, facilitating early mobilization,
enhancing psychological well-being and miti-
gating sedation-related complications, it may
enhance rehabilitation prospects and improve
patient outcomes.”

Advantages of awake ECMO

Protection of the lungs during mechanical ven-
tilation

The potentially injurious effects of mechani-
cal ventilation (ventilation-induced lung injury,
VILI) are well known and have led to the con-
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cept of lung-protective ventilation.8 ECMO rep-
resents an extreme approach to lung protection in
severely injured lungs.

On the one hand, having the patient under ex-
tracorporeal support may reduce superimposed
lung strain to a minimum and avoid ventilation.
However, this makes the patient totally depen-
dent of the patient on extracorporeal gas ex-
change and, frequently, makes the right heart un-
able to cope with the increased workload, mak-
ing it necessary to upgrade the support to VA or
VAV ECMO.?

On the other hand, the “spontaneous” breath-
ing that is allowed in awake ECMO is not posi-
tive per se.

Allowing the patient to breathe spontaneously
may potentially lead to excessive breathing ef-
forts and patient self-induced lung injury (P-SI-
LI).10 This is particularly true for the most severe-
ly ill patients, as well as for those supported with
ECMO. Hence, it is essential to strictly monitor
patients to prevent P-SILI. In this view, ECMO
potentially regulates patients’ respiratory efforts
by cautiously adjusting the gas flow and blood
flow passing through the circuit and consequently
modulating the patient’s respiratory drive.

Also, selected patients may be extubated dur-
ing awake ECMO. However, to date, clear evi-
dence of improved outcomes has not been found
in this setting. On the other hand, it is paramount
to cautiously select patients, considering that any
significant circuit malfunction may lead to the
need for emergent tracheal intubation.!!

AWAKE ECMO

Beneficial effects of spontaneous breathing

One of the primary advantages of awake
ECMO is the preservation of respiratory muscle
function. Sedation and mechanical ventilation
during traditional ECMO can lead to muscle
atrophy and weakness, prolonging the dura-
tion of mechanical ventilation and ICU stay.
Awake ECMO preserves the integrity of the
diaphragm and respiratory muscles by allow-
ing patients to breathe spontaneously, reducing
muscle atrophy and facilitating reduced ventila-
tor dependency and early weaning from ECMO
support.12 Indeed, by preserving respiratory
muscle strength, patients are better equipped to
resume independent breathing once ECMO 1is
discontinued, potentially reducing the duration
of mechanical ventilation and ICU stay. Table
I summarizes the potential advantages and dis-
advantages of spontaneous breathing during
ECMO.12

Avoidance of sedatives and muscle relaxants

Awake ECMO may mitigate the risk of seda-
tion-related complications and adverse events.
Sedatives and analgesics used during traditional
ECMO can contribute to delirium, prolonged
mechanical ventilation, and drug-related side
effects. Awake ECMO reduces the incidence of
these complications by avoiding or minimizing
sedation, facilitating a more favorable clinical
course. Additionally, awake patients may exhibit
improved hemodynamic stability and neurocog-

TABLE l.—Advantages and disadvantages of awake spontaneous breathing during ECMO.

Awake spontaneous breathing during ECMO

Advantages

Disadvantages

Ventilation is directed towards better-perfused lung areas,
optimizing ventilation-perfusion matching.

Active diaphragm function helps prevent ventilator-induced
diaphragm dysfunction associated with controlled
mechanical ventilation.

Positive transpulmonary pressure during spontaneous breathing
and potential patient self-induced lung injury (P-SILI).

Increased oxygen consumption, carbon dioxide production and
potential worsening hypoxemia due to intense respiratory
muscle effort during high work of breathing.

Preserved proper chest wall and lung expansion, preventing Urgent intubation and mechanical ventilation are required in the

atelectasis and maintaining functional residual capacity.

Improved venous return, cardiac filling, and pulmonary
lymphatic drainage by reducing intrathoracic pressure, in
contrasting with mechanical ventilation.

Avoided endotracheal intubation while maintaining natural
defense mechanisms against bacteria, potentially lowering
the risk of ventilator-associated pneumonia.

Reduced need for deep sedation.

Reduced occurrence of barotrauma.

event of ECMO equipment failure.
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nitive function, as sedative agents do not inter-
fere with cardiovascular or cerebral autoregula-
tion.!3

Physiotherapy and rehabilitation

Awake ECMO enables early mobilization and
rehabilitation, which are essential critical care
management components. Patients on ECMO
are often immobilized due to sedation and me-
chanical ventilation, increasing the risk of
muscle deconditioning, joint contractures, and
thromboembolic events. ECMO promotes physi-
cal activity and preserves functional capacity by
keeping patients awake and ambulatory in the
collaborating and spontaneously breathing indi-
vidual. Research has shown that early mobiliza-
tion during ECMO support is associated with
improved outcomes, including shorter ICU stays
and enhanced long-term recovery.” 13

Furthermore, awake ECMO facilitates active
physical therapy and rehabilitation. Patients can
participate in mobility exercises, such as sitting
on the edge of the bed or ambulating with assis-
tance while supported by the ECMO circuit. This
early mobilization prevents muscle decondition-
ing and joint contractures and enhances cardio-
vascular and respiratory functions and overall
functional recovery.6

One of the main objections to active physical
therapy and mobilization in ECMO patients is
a concern about safety and adverse events. Al-
though some severe events have been reported
(mainly accidental decannulation or bleeding
from cannulation sites), a recent systematic re-
view was not able to demonstrate a particular
“effect of physical therapy and mobilization on
adverse effects including clinically important
bleeding, intracerebral hemorrhage, ischemic
digits, accidental decannulation, circuit dysfunc-
tion, or new organ damage.”!4

On the other hand, the expected benefits of
early rehabilitation were also recently underlined
by Polastri et al., who, while acknowledging the
potential adverse effects of physical therapy in
this setting, define mobilization while on ECMO
as “a standard of care,” adding that “it is crucial
to acknowledge the value of patient mobility in
ECMO settings, as rehabilitation has proven to
be highly beneficial.”!5
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Cannulation sites may influence the incidence
of mechanical complications?. but these can be
minimized by the center’s experiencel® and by
using a multidisciplinary approach.!?

Active mobilization of ECMO patients is
feasible and safe when undertaken by an expert
multidisciplinary team and can lead to improved
short- and long-term outcomes.

Neuropsychological aspects

In addition to physiological benefits, awake
ECMO offers psychological advantages for pa-
tients. Besides the reduction in sedative medi-
cines and the resulting decrease in the incidence
of delirium and other negative effects of deep
sedation, interacting with relatives, friends, and
medical staff brings evident benefits. This in-
cludes the ability to cope with the “hostile” ICU
environment for patients and families. Moreover,
the possibility of communicating symptoms and
needs to the caring team represents a fundamen-
tal tool for the patient from a physical and psy-
chological point of view.?

Maintaining consciousness and communica-
tion during ECMO support fosters a sense of
control and empowerment, alleviating anxiety
and mitigating psychological distress. Patients
can actively participate in their care decisions,
communicate with healthcare providers, and en-
gage in meaningful interactions with family and
friends. This patient-centered approach enhances
the overall experience of ECMO support and
may positively impact psychological well-being
and coping mechanisms during critical illness.”

Healthcare system

Awake ECMO may offer several economic ad-
vantages from a healthcare resource utilization
perspective. Reduced sedation requirements and
shorter duration of mechanical ventilation can
lead to decreased ICU length of stay and lower
healthcare costs. Furthermore, early mobiliza-
tion and rehabilitation may accelerate recov-
ery, potentially reducing the need for prolonged
post-ICU care or rehabilitation services. Awake
ECMO aligns with values-based care and health-
care sustainability by optimizing resource allo-
cation and promoting efficient use of healthcare
resources.
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Despite its numerous advantages, awake
ECMO presents unique clinical considerations
and challenges. Patient selection is crucial, as
not all individuals with severe respiratory con-
ditions may be suitable candidates for awake
ECMO. Careful assessment of cognitive func-
tion, hemodynamic stability, and respiratory
drive is essential to ensure patient safety and
optimize outcomes. Close monitoring and inter-
disciplinary collaboration are also imperative for
the management of potential complications, such
as circuit-related issues, bleeding, and hemody-
namic instability.

Clinical applications and outcomes:
improving outcomes for end-stage
respiratory failure patients
awaiting lung transplantation

In patients with advanced lung disease that does
not respond to noninvasive ventilation (NIV),
invasive mechanical ventilation is considered
the only life-saving strategy. However, in cases
where prolonged invasive support is required
while awaiting for a suitable organ for transplan-
tation, there is a heightened risk of ventilator-as-
sociated events and infection-related ventilator-
associated complications.

During this waiting period, the ECMO usage
has several advantages. It eases the burden on
respiratory muscles and corrects imbalances in
the oxygen and CO, levels, potentially obviating
the need for invasive mechanical ventilation. A
retrospective study conducted at a single medi-
cal center found that maintaining spontaneous
breathing during extracorporeal support was as-
sociated with lower rates of complication before
and after lung transplantation. This resulted in
lower mortality rates and shorter hospital stays
post-operation than mechanically ventilated pa-
tients.!8. 19

Furthermore, patients on awake ECMO can
actively participate in rehabilitation programs,
which helps to minimise muscle weakness dur-
ing transplantation.20 An analysis of a retrospec-
tive cohort at a single centre indicated reduced
overall hospital costs for patients who underwent
rehabilitation while being supported with ECMO
before lung transplantation. This suggests a po-
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tential economic advantage associated with
physical therapy and ambulation during ECMO
compared to conventional methods.2!

Use of awake ECMO in chronic
obstructive pulmonary
disease (COPD) patients

Currently, NIV is the primary treatment for
COPD exacerbations. However, if NIV fails and
invasive mechanical ventilation is needed, the
prognosis worsens. Extracorporeal CO, removal
(ECCO,R) has emerged as a potential strategy
to avoid intubation and mechanical ventilation.
ECCO,R in COPD patients helps alleviate respi-
ratory distress and breaks the cycle of dynamic
hyperinflation which is often worsened by me-
chanical ventilation. Despite limited scientific
evidence, awake ECMO/ECCO,R is considered
beneficial as it shows promise as an alternative
to invasive mechanical ventilation for COPD
exacerbations. It reduces ventilatory needs and
alleviates dynamic hyperinflation.22 However,
the high rate of complications underscores the
importance of carefully weighing the risks and
benefits in each case.

Awake ECMO in ARDS patients:
challenges in respiratory drive
control and high intubation rate

Challenges in respiratory drive control

Implementing awake ECMO in patients with
ARDS presents several challenges, especially in
regard to controlling respiratory drive and man-
aging the high intubation rate associated with se-
vere respiratory failure.

Controlling respiratory drive in ARDS pa-
tients undergoing awake ECMO is a complex
clinical dilemma. While it is desirable to main-
tain spontaneous breathing to prevent VILI and
improve patient outcomes, excessive respiratory
drive can lead to patient-ventilator dyssynchro-
ny, lung injury and hemodynamic derangement.
Achieving a delicate balance between providing
adequate respiratory support and avoiding lung
injury poses a considerable challenge in the man-
agement of ARDS patients on awake ECMO.

Additionally, factors such as underlying lung
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pathology, patient comorbidities, sedation re-
quirements and ventilatory settings can influence
respiratory drive dynamics in ARDS patients.
Clinicians must carefully titrate sedation and ad-
just ventilator parameters to optimize respiratory
drive control while ensuring adequate oxygen-
ation and ventilation. Multimodal monitoring,
including respiratory rate, tidal volume, arterial
blood gases and neurological assessment, is es-
sential for assessing respiratory drive and adjust-
ing management strategies accordingly.23-25.

Recent studies have highlighted the potential
benefits of advanced respiratory support tech-
niques, such as neurally adjusted ventilatory as-
sist (NAVA) and proportional assist ventilation
(PAV), in optimizing respiratory drive control
and enhancing patient-ventilator synchrony in
ARDS patients on awake ECMO26-28 These mo-
dalities offer personalized respiratory support by
synchronizing ventilator assistance with respira-
tory efforts, thereby minimizing the risk of dys-
synchrony and improving patient comfort and
outcomes.

High intubation rate

Despite advancements in respiratory support mo-
dalities, ARDS patients remain at high risk of
requiring invasive mechanical ventilation due to
disease progression or worsening respiratory fail-
ure. The decision to intubate ARDS patients re-
ceiving awake ECMO requires careful consider-
ation, weighing the benefits of airway protection
and mechanical ventilation against the potential
risks of VILI and sedation-related complications.

Several factors contribute to the high intuba-
tion rate observed in ARDS patients, including
disease severity, hypoxemia, hypercapnia, re-
spiratory distress, and hemodynamic instability.
Early identification of patients at risk of respi-
ratory decompensation and prompt intervention
are crucial for mitigating the need for intubation
and optimizing patient outcomes.2?

Moreover, the judicious use of adjunctive ther-
apies, such as prone positioning, neuromuscular
blockade, inhaled pulmonary vasodilators and
ECCO2R can help stabilize ARDS patients and
prevent or delay the need for intubation. These
interventions aim to optimize oxygenation, re-
duce VILI and facilitate lung recovery while
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maintaining spontaneous breathing and avoiding
the adverse effects of mechanical ventilation.30-32
Awake ECMO presents a promising approach
to managing ARDS patients, potentially improv-
ing outcomes and reducing the need for invasive
mechanical ventilation. However, challenges in
controlling respiratory drive and managing the
high intubation rate underscore the importance of
individualized patient care and multidisciplinary
collaboration in optimizing respiratory support
strategies and enhancing patient outcomes.

Awake ECMO in COVID-19 patients

ECMO is a well-established method for manag-
ing patients with acute respiratory failure, in-
cluding those with COVID-19-related ARDS.
Although outcomes for COVID-19-related
ARDS patients on ECMO tend to be worse com-
pared to non-COVID-19 ARDS cases, evidence
from simulated targeted trials suggests a poten-
tial benefit of ECMO in selected severe COVID-
19-related ARDS patients.30. 33 More signifi-
cant benefits are observed in those with severe
hypoxemia and those requiring high-intensity
mechanical ventilation early in the illness. Suc-
cess rates are higher in high-volume, specialized
centers. VV ECMO has been utilized in COVID-
19-related ARDS patients with right heart failure
to enhance myocardial contractility by normaliz-
ing pH and reducing PaCQO,, thereby decreasing
pulmonary vascular resistance.2’ In refractory
cases, VA ECMO and hybrid configurations have
shown success. In cases of prolonged respiratory
failure, ECMO serves as a bridge to lung trans-
plantation. Research is needed to identify early
interventions that can enhance in-hospital out-
comes and alleviate strain on healthcare systems
due to later health complications.

Limited reports of awake ECMO in selected
COVID-19 cases

Despite the theoretical benefits of awake-ECMO
in terms of gas exchange, respiratory effort and
mobility, most patients ultimately required endo-
tracheal intubation. Acute complications such as
bleeding or pneumothorax, along with bacterial
superinfections, sepsis, and disease progression,
led to respiratory exhaustion despite combined
VV ECMO and NIV treatment.
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In a recent study, we identified the patients
who had the Macklin effect on baseline CT; the
Macklin effect is a radiological sign correlated
with the onset of barotrauma, such as pneumo-
thorax or pneumomediastinum if these patients
underwent mechanical ventilation.34 Belletti
et al., in a recent meta-analysis, confirmed this
data.35 Considering this alert, in our minimal case
series, we have adopted a different approach; at
the moment, the patient with the Macklin effect
required mechanical ventilation instead of intu-
bation, and we proceeded with the awake ECMO
in spontaneous breathing.3® We concluded that
early application of awake VV ECMO without
IMV in patients with COVID-19 with severe
ARDS at high risk for barotrauma (defined as
evidence of Macklin-like radiological sign on
chest CT) resulted in no barotrauma events and
low intubation and mortality rates. Future studies
should confirm these findings in broader popula-
tions and different clinical settings.30

ECMO-related complications

ECMO complications are associated with a sig-
nificantly higher rate of morbidity and mortal-
ity. These complications may arise from the un-
derlying pathology necessitating ECMO or the
ECMO procedure.

Hemorrhage is the most common ECMO
complication in 10-30% of cases.3¢ Hemorrhage
can occur in the abdominal, retroperitoneal, or
intrathoracic regions and at the site of a previ-
ous invasive procedure, the cannula site, or the
surgical site. Systemic heparinization, platelet
dysfunction and clotting factor hemodilution all
increase bleeding. Heparin can be reduced or
stopped to control bleeding, and platelets and
clotting agents can be infused.3” The infusion of
activated factor VII has produced inconsistent
outcomes and should be reserved for life-threat-
ening bleeding, administered only after all other
measures have been exhausted.38

Although systemic thromboembolism caused
by thrombus formation within the extracorporeal
circuit is a rare complication, it can be fatal. It
has a more significant impact with VA ECMO
than with VV ECMO.

Heparin-induced thrombocytopenia (HIT)
can occur in patients on ECMO. Once HIT is
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confirmed, a non-heparin anticoagulant should
replace the heparin infusion. Among these pa-
tients, 37% experienced cerebral infarction or
intracranial hemorrhage (ICH), 15% had focal
hemorrhage, 9% had focal infarction and 13%
had general brain edema.38. 39

Oliguria is a common early renal complica-
tion of ECMO. Some patients exhibit acute tu-
bular necrosis and may require hemofiltration
and dialysis.40 Septic issues may also arise due
to the frequent adjustment of the ECMO circuit,
increasing the risk of infection.

Metabolic problems during ECMO, such as
hypo- or hyperglycaemia and electrolyte abnor-
malities, can also occur. Additionally, ECMO
may alter the concentration and volume of cer-
tain medications due to diminished liver or kid-
ney function and an increased volume of distri-
bution, potentially resulting in the ineffective-
ness of the administered therapies.4!

Conclusions

Patients undergoing ECMO require sedation to
minimize discomfort and facilitate mechani-
cal ventilation. The “awake ECMO” is when
patients remain conscious and spontaneously
breathe while supported by the extracorporeal
circuit. This approach helps preserve respiratory
muscle function, facilitate mobilization, enhance
psychological well-being and mitigate sedation-
related complications. It presents a promising
approach to the management of patients with
ARDS, including those with COVID-19. It also
benefits patients who underwent active physical
therapy and mobility exercises while supported
with ECMO before lung transplantation. This ap-
proach offers the potential to reduce the need for
invasive mechanical ventilation to enhance early
rehabilitation and improve patient outcomes.

Key messages

* Veno-venous extracorporeal membrane
oxygenation temporarily assists failing lungs
by circulating the patient’s blood through an
extracorporeal circuit that oxygenates and
decarboxylates it.
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* The innovative concept of awake
ECMO has emerged as a promising strategy
to mitigate sedation-related complications
and facilitate early mobilization in critically
ill patients.

* Advantages of awake ECMO: preserva-
tion of respiratory muscle function, reduction
of muscle atrophy, reduced ventilator depen-
dency, early weaning from ECMO support,
early mobilization and rehabilitation, allow-
ing patients to actively participate in their
care decisions.

* Despite the theoretical benefits of awake
ECMO in terms of gas exchange, respiratory
effort, and mobility, most patients ultimately
require endotracheal intubation.
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