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KEY POINTS

� Low tidal volume ventilation with a moderate to high positive end-expiratory pressure is
the foundation of an evidence-based lung protective approach to management of acute
respiratory distress syndrome.

� The same lung protective approach should be applied to patients with coronavirus dis-
ease 2019 and acute respiratory distress syndrome.

� Prone positioning is the primary rescue strategy for patients with severe acute respiratory
distress syndrome.

� Extracorporeal membrane oxygenation can be considered in patients with acute respira-
tory distress syndrome refractory to standard lung protective ventilation and prone
positioning.
INTRODUCTION

Critical care providers are frequently confronted with the challenges of managing pa-
tients with acute respiratory distress syndrome (ARDS). Although noninvasive options
like high-flow nasal oxygen (HFNO) are appropriate for select patients with mild ARDS,
many will ultimately require intubation and mechanical ventilation. The purpose of this
review is to describe an evidence-based approach to ventilatory management that
avoids exacerbation of lung injury and offers the best hope for good outcomes—inten-
sive care unit (ICU) and hospital survival, as well as decreased length of stay, days on
the ventilator, and avoidance and minimization of the cognitive, physical, and psycho-
logical impairments that are common to patients with ARDS and severe critical illness.
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We review the major advances in lung protective ventilation with a focus on low tidal
ventilation and the optimal use of positive end-expiratory pressure (PEEP). We explore
the conflicting and sometimes controversial literature with regard to recruitment ma-
neuvers and driving pressure as a goal and prognostic factor for patients with
ARDS. Because many patients will still deteriorate despite lung protective ventilation,
we discuss rescue strategies, including prone positioning and extracorporeal mem-
brane oxygenation (ECMO). Lasty, given the extraordinary situation created by the
coronavirus disease 2019 (COVID-19) pandemic and the high volume of patients
with critical disease and ARDS, we discuss the evidence for ventilatory management
of these patients, as well as the burgeoning literature regarding ECMO strategies and
outcomes.

LUNG PROTECTIVE VENTILATORY MANAGEMENT

Since Ashbaugh and colleagues1 landmark paper in 1967 describing acute respiratory
distress in 12 adults, intensivists and respiratory therapists have used varied ap-
proaches to the mechanical ventilation of patients with ARDS. Much of the initial focus
during this era, both in the operating room and in the ICU, was on optimization of gas
exchange and higher tidal volumes were common.2,3 Researchers, however, demon-
strated that mechanical ventilation, especially with high tidal volumes, could cause or
exacerbate lung injury.4 In 1990, Hickling and colleagues5 demonstrated that a me-
chanical ventilatory strategy that decreased the peak inspiratory pressure and toler-
ated hypercapnia could improve mortality in a cohort of patients with ARDS. Over
the next decade, several randomized controlled trials investigated lung protective ap-
proaches, with mixed but mostly negative results.6–9

In 2000, the landmark ARMA trial10 of patients with ARDS compared a traditional
ventilatory approach of 12 mL/kg of predicated body weight with a plateau pressure
of less than 50 cmH2Owith a lung protective approach of 6 mL/kg with a plateau pres-
sure target of less than 30 cm H2O. The trial was halted early after 861 patients were
randomized owing to an absolute mortality benefit of 9% 31% versus 40% mortality
before hospital discharge. Although this trial established that lung protective ventila-
tion with low tidal volumes and an FiO2/PEEP scale as the standard ventilatory
approach to patients with ARDS,11 implementation and compliance continued to
vary over the next 20 years. LUNG SAFE—a large multinational prospective cohort
study of severe respiratory failure—demonstrated both an underdiagnosis of ARDS
and widespread noncompliance with lung protective ventilation: fewer than two-
thirds of patients with ARDS received less than 8 mL/kg of predicated body weight.12

POSITIVE END-EXPIRATORY PRESSURE AND OPEN LUNG APPROACHES

The use and adjustment of moderate to high PEEP is a standard approach to the man-
agement of ARDS and severe hypoxemia. However, there is considerable variability
among clinicians in the use of PEEP strategies.12 As mentioned elsewhere in this
article, the ARMA trial used an FiO2/PEEP table to set PEEP levels. Subsequent trials
over the next decade investigated the potential benefits of higher levels of PEEP in pa-
tients receiving low tidal volume ventilation. Brower and colleagues13 in the ALVEOLI
trial found no difference in mortality or unassisted breathing in their comparison of lung
protective ventilation using low versus high PEEP/FiO2 tables; the mean PEEP values
were 8 versus 13. The LOVS trial in 2008 examined an “open lung” approach of higher
PEEP and recruitment maneuvers and found no improvement in mortality compared
with a standard lung protective ventilation approach similar to the ARMA protocol.
The study did demonstrate, however, improvements in secondary outcomes,
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including hypoxemia and need for rescue therapies.14 The third major study of PEEP in
the management of ARDS—the EXPRESS trial15—compared a “minimal distention”
approach with an “increased recruitment” approach that maximized PEEP while main-
taining plateau pressures of less than 28 to 30 cm H2O. This trial did not demonstrate
any mortality benefits, but patients in the intervention arm did have more ventilator-
and organ failure-free days. A subsequent systematic review and meta-analysis of
these 3 trials confirmed the absence of a benefit of higher PEEP with regard to hospital
mortality among all patients.16 This meta-analysis highlighted the critique that PEEP
trials have failed to detect potential benefits to subgroups with severe ARDS.
Therefore, despite these large, well-designed trials, considerable uncertainty re-

mains about the best approach to PEEP management. Some clinicians favor an indi-
vidualized approach to PEEP titration based on data showing that the amount of
recruitable lung is highly variable17 and low tidal volume ventilation without appro-
priate PEEP adjustment can result in significant alveolar decruitment.18

One common approach is the use of esophageal pressure monitoring as a surrogate
for pleural pressure and calculating transpulmonary pressure (PL 5 Palveolar – Ppleural)
(Fig. 1). PEEP is usually set to achieve a PL above zero at end expiration.19 In the
single-center EPVent study, Talmor and colleagues20 randomized patients with acute
lung injury or ARDS to an esophageal pressure–guided approach or a conventional
approach of PEEP adjustment using the standard ARDSNet PEEP/FiO2 scale. This
resulted in significant PEEP differences between the groups—17 � 6 versus 10 � 4
(P < .001)—and higher P/F ratios and respiratory system compliance in the esopha-
geal pressure group. There was no statistically significant difference in mortality
although adjustment for severity of illness did result in a significant decrease in 28-
day mortality. The follow up multicenter study—EPVent221—also investigated a
esophageal pressure–guided approach but compared it to a higher PEEP–FiO2 table
with a maximum PEEP of 24. This trial found no significant difference in the primary
end point of death and days free from mechanical ventilation through day 28. Even
Fig. 1. Transpulmonary pressure (Ptp) is the difference between airway and esophageal pres-
sures measured at 2 points in the respiratory cycle: end-inspiration and end-expiration. It is
recommended to set PEEP such that the end-inspiratory Ptp is less than 25 cm H2O and the
end-expiratory Ptp is greater than 0 cm H2O.
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though this was a negative trial, there still may be some rationale for intensivists using
esophageal pressure measurements to guide PEEP therapy, especially in patients
with a high body mass index or abdominal compression from ascites or other intra-
abdominal processes.

RECRUITMENT MANEUVERS

In addition to PEEP, and often used as a combined approach, recruitment maneuvers
are a commonly used strategy of applying sustained pressure for a set period of time
to open collapsed lung segments and improve oxygenation.22,23 One challenge in
evaluating outcomes is the significant variability in the approaches described in
different trials, both in terms of the actual recruitment maneuvers and how the strategy
is used with PEEP adjustment.24 At the University of California–San Francisco, for
instance, our standard recruitment maneuvers protocol is to set continuous positive
airway pressure to 30 cm H2O for 35 seconds, but other institutions use pressures
of 40 cm H2O or higher for longer periods of time. Several trials and meta-analyses
that investigated recruitment maneuvers, most often as a component of a combined
approach with PEEP adjustment, have reported mortality or oxygenation
benefit.14,24–27 A recent American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine guideline provided a conditional
recommendation for recruitment maneuvers in patients with ARDS.11

More recently, however, the multicenter, multinational ART study of more than 1000
patients investigated a combined recruitment maneuvers and decremental PEEP trial
approach compared with a standard ARDSNet low PEEP strategy. The intervention
was complex: neuromuscular blockade was initiated and then patients were placed
on pressure control ventilation with a driving pressure of 15 cm H2O followed by a
recruitment maneuver via an incremental PEEP technique of 25 cm H2O for 1 minute,
35 cm H2O for 1 minute, and 45 cm H2O for 2 minutes. A decremental PEEP trial was
subsequently performed and PEEP set at the level of PEEP with best static compli-
ance plus 2 cm H2O. A second recruitment maneuver was then performed at
45 cm H2O for 2 minutes. Despite improvements in oxygenation and driving pressure,
the primary outcome—28-day mortality—was higher in the intervention group, and
this group also experienced a small decrease in the number of ventilator-free days.
An accompanying editorial suggested strong reconsideration of the open lung
approach explored in this and previous trials.28

DRIVING PRESSURE AND OTHER CONSIDERATIONS WITH VENTILATOR
MANAGEMENT

Driving pressure is commonly defined as airway plateau pressure (Pplat – PEEP), or the
ratio of tidal volume to respiratory system compliance (Vt/Crs). Among the earliest con-
siderations of driving pressure as a concept was as a component of a lung protective
intervention in a small 1998 trial.6 In 2015, Amato and colleagues analyzed 9 previous
randomized controlled trials of various mechanical ventilation interventions in patients
with ARDS and concluded that driving pressure was the independent variable most
strongly associated with survival. Other variables like a decrease in tidal volume and
increases in PEEP only demonstrated benefit if associated with decreases in the
driving pressure. Another secondary analysis of driving pressure also found it to be
a risk factor for mortality with higher survival when the driving pressure was less
than 13 cm H2O at day 1 of mechanical ventilation.29 This study, however, did not
find as strong a correlation with mortality as the study by Amato and colleagues,
and determined that driving pressure added little additional value when compared
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with airway plateau pressure and respiratory system compliance. More recently, a
systematic review and meta-analysis of 7 studies and more than 6000 patients
receiving mechanical ventilation for ARDS demonstrated that a higher driving pressure
is associated with a higher mortality.30 The authors concluded that a driving pressure
of less than 13 to 15 cm H2O could be a target for clinicians. Although some investi-
gators argue that the driving pressure should be monitored routinely in clinical prac-
tice,19 we agree with the conclusion of other investigators that more research is
needed to both confirm its role as a predictor of mortality and to determine how to
best incorporate it into a clinical protocol.31

Other areas of recent investigation with regard to management of mechanical venti-
lation include patient self-inflicted lung injury and conservative oxygen strategies. Pa-
tient self-inflicted lung injury, a term coined by Brochard and colleagues in 2017,32

describes the clinical condition in which spontaneous breathing during mechanical
ventilation may result in lung injury through a variety of mechanisms: unintended
high tidal volumes, high transpulmonary pressure swings owing to vigorous efforts
with creation of a “pendelluft” phenomenon, and negative alveolar pressures with
concomitant development of lung edema. Although investigators recognize that spon-
taneous breathing during mechanical ventilation can confer benefits, including the
maintenance of respiratory muscle function, improved gas exchange, and lighter
sedation requirements, there is increasing concern that spontaneous breathing can
contribute to lung injury, especially in severe ARDS.33,34 However, data from the
observational LUNG SAFE study indicate that spontaneous breathing is common early
in the course of ARDS, is not associated with increased mortality, and may result in
decreased ICU length of stay and earlier weaning from mechanical ventilation.35

The authors nonetheless urge caution in interpretating the study’s results given the
greater use of controlled ventilation in severe disease and the absence of measure-
ments of respiratory effort that may provide a better indication of potential harm. There
needs to be further study of a structured approach to spontaneous breathing during
mechanical ventilation, such as use of a higher PEEP strategy that could confer benefit
and avoid some of the harms described elsewhere in this article.36

Hyperoxia is common in the management of early stage ARDS, with a prevalence of
30% on day 1 in the LUNG SAFE study. Two recent randomized controlled studies—
LOCO237 and ICU ROX38—investigated whether a conservative oxygen strategy
could improve outcomes. LOCO2, which enrolled only patients with ARDS, did not
result in an improved 28-day survival and the study was stopped early owing to safety
concerns. ICU ROX included a broader range of patients requiring mechanical venti-
lation, but also did not show any benefit in the primary outcome of ventilator-free days.
We agree with the conclusion of the accompanying editorial that hyperoxia is unnec-
essary and should be avoided, but the lower threshold of 88% used in LOCO2 may be
harmful in patients with ARDS.39
OTHER VENTILATOR MODES
Airway Pressure Release Ventilation

Airway pressure release ventilation is a ventilatory strategy first described by Stock
and Downs in 1987, which allows a patient to breathe spontaneously while providing
continuous positive airway pressure with a short, periodic release phase40,41 (Fig. 2).
This mode of ventilation uses continuous positive airway pressure to promote and
maintain alveolar recruitment, with a partial release phase for ventilation. The imple-
mentation of airway pressure release ventilation can vary considerably, which poses
a significant challenge when evaluating studies comparing its use with conventional



Fig. 2. Airway pressure release ventilation uses alternating levels of inspiratory (P High) and
expiratory (P Low) pressures. Inspiratory time is known as T High and expiratory time is
known as T low.
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mechanical ventilation for patients with ARDS. The duration of the release phase may
be fixed or it may be adjusted based on changes in a patient’s respiratory
mechanics.41

To date, there is only 1 randomized control trial that compares airway pressure
release ventilation with a low tidal volume mechanical ventilation for patients with
ARDS.42,43 Between May 2015 and October 2016, 138 patients with ARDS were ran-
domized to either airway pressure release ventilation or low tidal volume ventilation
with the primary end point of number of ventilator-free days within 28 days of enroll-
ment.42 Patients randomized to the airway pressure release ventilation group had a
median of 19 ventilator-free days compared with 2 ventilator-free days for patients
in the low tidal volume group (P<.001). The mortality rate in the ICU was 19.7% in
the airway pressure release ventilation group and 34.3% in the low tidal volume group;
however, this difference was not statistically significant (P 5 .053). This study had
several limitations, including the small sample size and investigation only at a single
center. Notably, despite randomization, patients in the low tidal volume group had
more comorbidities than patients in the airway pressure release ventilation group.
Currently, there are no large, multicenter, randomized, controlled trials that demon-
strate an improvement in patient outcomes with the use of airway pressure release
ventilation versus low tidal volume ventilation for ARDS. Thus, airway pressure release
ventilation should not be implemented in standard clinical practice until more evidence
is provided for its benefits.
High-Frequency Oscillatory Ventilation

High-frequency oscillatory ventilation (HFOV) is a mode of ventilation that was devel-
oped after an incidental finding in 1972, when CO2 was detected at the mouthpiece of
an experimental circuit developed to measure the effects of neuromuscular blockade
on lung impedance under anesthesia.44,45 This observation lead to the development of
HFOV, in which ventilation can be modulated by oscillation frequency. HFOV delivers
very small tidal volumes that should, in theory, make this method of lung protective
ventilation well-suited for patients with ARDS. In 2013, 2 multicenter randomized
controlled trials of HFOV versus standard mechanical ventilation were reported. The
OSCILLATE trial concluded that HFOV, when compared with low tidal volume
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ventilation and high PEEP, did not decrease in-hospital mortality.46 The OSCAR trial
showed no significant difference in 30-day mortality between HFOV and standard
ventilatory management for patients with ARDS.47 A subsequent meta-analysis of 6
randomized control trials showed HFOV was not associated with improved survival
in patients with ARDS.48 At this time, HFOV is not recommended for the management
of adult patients with ARDS.49
RESCUE THERAPIES
Prone Positioning

Prone positioning is associated with improved oxygenation owing to an improved
ventilation–perfusion ratio in the setting of the recruitment of dependent portions of
the lung with more homogenous ventilation distribution, an increase in lung volume,
and improved redistribution of perfusion.50 In the prone position, the effect of
compression from the heart, gravity, and the chest wall are decreased for portions
of the lung that are dependent in the supine position.51 Although prone positioning
had previously been used for patients with ARDS, initial trials failed to show an asso-
ciation with improvements in patient outcomes.52–55

In 2013, the Prone Positioning in Severe Acute Respiratory Distress Syndrome
(PROSEVA) study group published the results of a multicenter, prospective, random-
ized, controlled trial investigating the effect of early prone positioning on outcomes of
patients with severe ARDS.56 Randomization occurred within 36 hours of intubation.
Patients randomized to the prone positioning arm of the trial were proned within
1 hour of randomization and were kept in this position for at least 16 hours per day.
Patients in the treatment arm were placed in the prone position an average of 4 � 4
times. There was a significant difference in 28-day and 90-day mortality rates between
the supine and prone positioning groups. At 28 days after inclusion, the mortality rate
was 32.8% for the supine group and 16.0% for the prone group. At 90 days, the mor-
tality rate was 41.0% for the supine group versus 23.6% for the prone group. The trial
investigators concluded that the use of early prone positioning for at least 16 hours at a
time conferred a mortality benefit for patients with severe ARDS. The discrepancy be-
tween the findings of the PROSEVA trial and the prior studies has been attributed to
the more uniform use of low tidal volumes (6 mL/kg) and neuromuscular blockade.51,56

The duration of prone position for greater than 12 hours, a focus on patients with se-
vere ARDS, and the fact that the involved hospitals had significant experience with
prone positioning may also have contributed to the positive findings of the PROSEVA
trial in comparison with prior trials.51,57

Extracorporeal Membrane Oxygenation

The results of the initial randomized control trials for ECMO for ARDS did not support
the use of ECMO for severe ARDS.58,59 In 2009, the Conventional ventilation or ECMO
for Severe Adult Respiratory failure (CEASAR) trial was conducted in the UK to reeval-
uate the use of ECMO for ARDS in the setting of modern ventilation strategies and
improved patient selection.60 In this multicenter, randomized, controlled trial, 180 pa-
tients were enrolled and assigned randomly to either conventional management or
consideration for venovenous (VV)-ECMO. Of the 90 patients randomized to the
ECMO arm of the trial, 85 were successfully transferred to a center with ECMO capa-
bility and 75% ultimately underwent VV-ECMO cannulation. The primary end point of
survival to 6 months after randomization was achieved by 63% of patients within the
ECMO consideration group and 47% patients within conventional management
group. Because only 75% of the patients within the ECMO consideration arm actually
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received VV-ECMO, the study investigators did not specifically recommend ECMO for
severe ARDS, but instead recommended that these patients be transferred to a center
with ECMO capability. These regional centers may have more expertise in applying
lung protective ventilation effectively.
Important limitations of the CESAR trial include the use of greater than recommen-

ded tidal volumes in the control group and the significant number of patients random-
ized to the ECMO arm who did not undergo ECMO cannulation.61 In an effort to
address the limitations of prior VV-ECMO for ARDS trials, the international, random-
ized ECMO to Rescue Lung Injury in Severe ARDS (EOLIA) trial was conducted to
study the efficacy of early VV-ECMO versus standard lung protective ventilation for
patients with severe ARDS.62 Early cannulation was defined as endotracheal intuba-
tion with fewer than 7 days of mechanical ventilation. The 60-day morality rate was
35% for the VV-ECMO group and 46% for the control group (P 5 .09).62 The investi-
gators concluded that the mortality at 60 days was not significantly different between
patients treated with early VV-ECMO and those treated with conventional manage-
ment. Of note, the study was stopped early and there was crossover between the
VV-ECMO and control groups. Within the control group, 35 patients (28%) underwent
VV-ECMO cannulation. For these 35 patients, the time of VV-ECMO cannulation was
6.5 � 9.7 days after randomization and the 60-day mortality rate was 57%. Although
there was no statistically significant difference in mortality, the study did suggest a po-
tential mortality benefit. Further, when considering the secondary outcomes, there
was a statistically significant decrease in the number of days of prone positioning
and days of renal replacement therapy for patient in the ECMO group. Although this
trial did not seem to support the use of VV-ECMO for ARDS definitively, the potential
for a mortality benefit that was seen with regard to secondary outcomes has sup-
ported the continued use in selected patients. Based on these studies, the Extracor-
poreal Life Support Organization (ELSO), an international consortium of institutions
focusing on providing advanced therapies for organ failure, published guidelines for
the use of ECMO for respiratory failure63 (Table 1).
Although many studies focus on the short-term outcomes of ECMO for ARDS, there

are fewer studies that focus on long-term outcomes. A retrospective review of patients
Table 1
ELSO guidelines for ECMO for adult respiratory failure

Indications Risk of mortality �80%
PaO2/FiO2 <100 on FiO2 >90%
Murray score 3–4

Hypercarbia with plateau pressure >30 cm H2O
Severe air leak
Patient awaiting lung transplant with

need for intubation immediate
respiratory collapse unresponsive to
optimal emergent management

Relative
contraindications

Advanced age
Immunosuppression
Central nervous system hemorrhage
Terminal malignancy
Severe comorbidity
Mechanical ventilation for �7 d

Data from Extracorporeal Life Support Organization. ELSO Guidelines for Cardiopulmonary Extra-
corporeal Life Support, Version 1.4.; 2017.
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in the ELSO registry from 2012 to 2017 who were cannulated for VV-ECMO and suc-
cessfully weaned was performed to examine long-term outcomes.64 In this study,
6536 patients were identified and 89.7% survived to discharge. The patients were
divided into 2 groups, complete recovery and partial recovery. Complete recovery
was defined as discharge to home and partial recovery was defined as ongoing
need for hospitalization, transfer to a referral hospital, or discharge to a location other
than home. The factors that were noted to have a negative impact on the achievement
of complete recovery were age 65 years or greater, cardiac arrest before VV-ECMO
cannulation, use of vasopressors, use of neuromuscular blocking agents, renal
replacement therapy before VV-ECMO cannulation, ECMO cannulation for 2 or
more weeks, and the development of an ECMO-related complication.64

CORONAVIRUS DISEASE 2019 AND ACUTE RESPIRATORY DISTRESS SYNDROME
Ventilator Management

Since the beginning of the COVID-19 pandemic, there has been considerable and
at times heated debate about the best approach to ventilator management.
Several early studies from China, Italy, and the United States described very
high mortality in patients requiring mechanical ventilation,65–69 and mainstream
and social media accounts of ICU outcomes were often grim. All of this reporting
likely contributed to the belief among some clinicians that mechanical ventilation
should be avoided at all costs.70 Further adding to the debate and confusion,
some argued that COVID-19 causes a unique type of lung injury and requires a
different approach to ventilator management than standard evidence-based lung
protective ventilation.71

In contrast, major guidelines from the Society of Critical Care Medicine, the World
Health Organization, and the National Institutes of Health recommend an evidence-
based approach to lung protective ventilation for COVID-19–induced ARDS, including
low tidal volume ventilation, maintaining plateau pressure of less than 30 cm H2O, and
consideration of higher PEEP in those with moderate to severe ARDS.72–74 Prone posi-
tioning for 12 to 16 h/d is recommended by all guidelines for those with severe ARDS
and refractory hypoxemia. We strongly agree with the perspective that, in a time of
great challenge and uncertainty, we should follow the evidence-based recommenda-
tions of these guidelines.70,75,76

For those with COVID-19 and acute hypoxemic respiratory failure but not requiring
mechanical ventilation, we favor HFNO as the initial approach, largely based on prior
institutional experience and strong evidence from non–COVID-19 causes of hypox-
emic respiratory failure.77 There are conflicting studies regarding the role of noninva-
sive ventilation, either with continuous positive airway pressure or bilevel positive
airway pressure.78–80 Helmet noninvasive ventilation has been of particular interest
during the pandemic, and several studies before COVID-19 did demonstrate favorable
outcomes compared with face mask noninvasive ventilation,81 standard supplemental
oxygen,82 and HFNO.83 The degree of aerosolization with either HFNO or noninvasive
ventilation techniques remains unclear.84 Regardless of the approach, patients should
be monitored closely and an experienced airway provider immediately available if ur-
gent intubation is required.

Extracorporeal membrane oxygenation considerations with coronavirus disease 2019
The experience regarding the use of ECMO for COVID-19 in France is captured by
a retrospective cohort study of patients within the Paris–Sorbonne ECMO–COVID
University Hospital Network.85 In this study, 492 patients with COVID-19 were
treated in the ICU between March 8, 2020, and May 2, 2020. Patients were



Table 2
Paris Sorbonne University hospital network criteria for ECMO cannulation for COVID-19

Indications ARDS criteria86,87 plus optimal ventilator
management (FiO2 of �80%, tidal volume
6 ml/kg of predicated body weight, PEEP of �10 cm H2O)
and one of the following:

1. PaO2 to FiO2 ratio of <50 mm Hg for >3 h
2. PaO2 to FiO2 ratio of <80 mm Hg for >6 h
3. Arterial blood pH of <7.25 and

PaCO2 of �60 mm Hg for �6 h

Contraindications Age >70 y
Severe comorbidities
Cardiac arrest (unless immediate cardiopulmonary

resuscitation is provided and low-flow time < 15 min)
Irreversible neurologic injury Mechanical

ventilation for >10 d Refractory multiorgan failure
Simplified Acute Physiology Score II of >90

Data from Schmidt M, Hajage D, Lebreton G, et al. Extracorporeal membrane oxygenation for se-
vere acute respiratory distress syndrome associated with COVID-19: a retrospective cohort study.
Lancet Respir Med. 2020;8(11):1121-1131. https://doi.org/10.1016/S2213-2600(20)30328-3.

Coleman & Aldrich860
considered eligible for ECMO if they had ARDS and despite optimum ventilator
management met specific criteria for respiratory failure severity (Table 2). Eighty-
three of these patients (16.9%) underwent ECMO cannulation, 98% with VV. The
median age of the patients with COVID-19 who were cannulated for ECMO was
49 years with a median Simplified Acute Physiology Score II of 45. The median
time from intubation to ECMO cannulation was 4 days and the median duration
of ECMO support was 20 days. The authors noted that prone positioning after
ECMO cannulation was recommended and this strategy was used in 67 patients
(81%) in this cohort. The probability of 60-day mortality for COVID patients treated
with ECMO was estimated to be 31%.
A recent ELSO registry review investigated ECMO outcomes for COVID patients be-

tween January 16, 2020, and May 1, 2020.86 This cohort study included a total of 1035
patients from 36 countries and 213 hospitals. Of note, 779 of these patients (75%)
were reported to have ARDS. Consistent with the Paris experience, the median time
from intubation to ECMO cannulation was 4 days with 94% of the patients receiving
VV-ECMO. The median duration of ECMO cannulation was 13.9 days and the 90-
day in-hospital mortality for patients with ARDS cannulated for VV-ECMO was found
to be 38%.
The initial experience with ECMO for ARDS owing to COVID-19 was associated with

high mortality and called into question the use of VV-ECMO as a rescue strategy. The
Paris and ELSO registry data suggest improved mortality outcomes; however, ques-
tions remain as to role of VV-ECMO during the COVID-19 pandemic.87 With a median
duration of cannulation ranging from 14 to 20 days, it is important to consider whether
the use of VV-ECMO significantly decreases illness duration and if it is an appropriate
use of critical resources for many institutions and health systems. Although patient se-
lection and the timing of ECMO cannulation are important factors, careful consider-
ation of the use of such a resource-intensive treatment during a global pandemic is
crucial.

https://doi.org/10.1016/S2213-2600(20)30328-3
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SUMMARY

The use of low tidal volume ventilation has been consistently shown to be the corner-
stone of the management of patients with ARDS. Additionally, evidence-based ARDS
management supports the use of rescue strategies including neuromuscular blockade
and early prone positioning. The use of VV-ECMO for severe ARDS has evolved and
increased in the wake of the H1N1 pandemic. As we consider the ongoing use of VV-
ECMO for ARDS, now with the growing experience in patients with ARDS owing to
COVID-19 infection, it is critical to focus on patient selection, resource allocation
and early referral to specialized ECMO centers.
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