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How I Select Which Patients With ARDS
Should Be Treated With Venovenous
Extracorporeal Membrane Oxygenation
E. Caroline Bullen, MBBS; Ricardo Teijeiro-Paradis, MD; and Eddy Fan, MD, PhD

ARDS is a lethal form of acute respiratory failure, and because no speciﬁc treatments exist,
supportive care remains the primary management strategy in these patients. Extracorporeal
membrane oxygenation (ECMO) has emerged as an intervention in patients with severe ARDS
to facilitate gas exchange and the delivery of more lung protective ventilation. Over the past 20
years, improvements in ECMO technology have increased its safety and transportability,
making it far more available to this patient population globally. Deciding which patients with
ARDS should be initiated on ECMO remains a challenging question. Numerous clinical and
laboratory markers have been investigated, and multiple risk scores developed, to aid physicians in this decision-making process. However, they are still imperfect, and the choice is often
based on institutional guidelines and the clinical impression of the treating physician. Given the
potential risks and resource implications for this intervention, patient selection is critical and it is
important to provide ECMO only to patients who have a reasonable chance for recovery or
bridge to transplantation. In patients undergoing ECMO where there is no potential for recovery
or transplant, the only option may be withdrawal of ECMO and palliation. These patients may be
awake and interactive, which is often a very challenging scenario for patients, families, and the
clinical team. In this article, we present a more controversial case and a review of the literature
regarding the selection of patients with ARDS who should receive ECMO.
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Venovenous Extracorporeal Membrane
Oxygenation in the Management
of ARDS
ARDS accounts for about 10% of admissions to the
ICU.1 Despite signiﬁcant advancements, ARDS is
associated with a very high mortality—up to 45% in
patients with severe disease1,2—and is associated with
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poor functional outcomes, persistent disability,3 and a
substantial economic burden.4,5
Advances in technology over the last 50 years have
revealed venovenous extracorporeal membrane
oxygenation (VV-ECMO) to be a potentially effective
method to support lung function in patients with severe
ARDS, allowing ultraprotective ventilation strategies
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while awaiting response to treatment.2,6-11 Current
evidence supports the use of VV-ECMO in the
management of patients with severe ARDS.2,6,7,9,12,13
Further randomized controlled trials of VV-ECMO in
patients with severe ARDS are unlikely because of the
challenges of trial design and recruitment, costs, and
generalizability of ﬁndings into lower-volume ECMO
centers.2,14
Because of the potential devastating complications, the
impact on long-term functional outcomes, and the costs
and strain on the health-care system related to ECMO
deployment, appropriate patient selection is the key to
its success.15,16 Taken together, it makes drawing the line
of when ECMO should or should not be offered far from
straightforward.

Case Example
The patient is a 39-year-old man with no medical
history, who was admitted to hospital with a 1-month
history of shortness of breath, night sweats, and
unexpected weight loss. CT scan demonstrated diffuse
ground-glass opacities throughout both lungs, which
was initially interpreted as nonresolving pneumonia.
During the workup, he was diagnosed with HIV/AIDS,
with a very low cluster of differentiation 4 count and
HIV viral load of > 61,000 copies/mL. He was found to
have both Pneumocystis jiroveci and Mycobacterium
avium pneumonia, and cytomegalovirus viremia. He
was treated with trimethoprim/sulfamethoxazole and
steroids for P jiroveci, azithromycin, ethambutol and
rifabutin for M avium, and ganciclovir for
cytomegalovirus.
One week after admission, he was transferred to the ICU
because of acute respiratory failure requiring intubation.
He continued to worsen despite deep sedation, paralysis,
and optimization of mechanical ventilation. At the time
of referral, his gas exchange had started to deteriorate
rapidly with a pH 7.04, PaCO2 > 115 mm Hg, and PaO2
98 mm Hg on FIO2 of 0.85. He was starting to require
potentially injurious levels of ventilation in an attempt to
improve the hypercapnic acidosis. He was subsequently
initiated on VV-ECMO, and antiretroviral therapy for
HIV was started.
The decision to support this patient with ECMO was in
response to his young age, lack of previous medical
history, single organ dysfunction at the time of
presentation, and the thought that the underlying
condition and immunosuppressive state was potentially
reversible with treatment.
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How We Do It
We encourage referring centers to optimize
conventional management prior to consideration for
ECMO (Fig 1). Lung protective ventilation with low tidal
volumes and airway pressure, and higher levels of
positive end expiratory pressure (PEEP), should be
provided to all patients with moderate to severe ARDS.
Failure to achieve improvements in oxygenation or
ventilation should be followed by a trial of deep sedation
and neuromuscular blockade and prone positioning.
VV-ECMO should be considered if modest
physiological targets (ie, PaO2 55-80 and pH > 7.25) are
not met with these measures. ECMO should also be
considered early when the intensity of mechanical
ventilation is thought to be injurious (eg, sustained preECMO plateau pressure > 35 cm H2O), results in
hemodynamic derangements, or when low-volume
ventilation results in severe acidosis (pH < 7.15).
Overall, the selection process at our institution relies
heavily on clinical characteristics, the expected potential
for recovery, or the eligibility to bridge to transplant
(Fig 1). The starting point for eligibility is the inclusion
criteria from the Extracorporeal Membrane
Oxygenation for Severe Acute Respiratory Distress
Syndrome (EOLIA) trial.6,17 We do not routinely use
predictions scores to help with patient selection (as
subsequently discussed). The presence of relative
contraindications, such as older age, presence of
multiorgan failure, immunosuppression, and underlying
comorbidities, is the key element that may modify the
decision to pursue ECMO. Prolonged time on
mechanical ventilation (eg, > 7 days) alone is not
necessarily a criterion to turndown referrals, but we take
into account the clinical trajectory over that time. For
instance, we would be inclined to consider ECMO in a
patient who improved for the ﬁrst 5 days and then
deteriorated over the next 2 to 3 days (perhaps because
of new ventilator-associated pneumonia) than in a
patient who continued to deteriorate steadily over the
ﬁrst 7 days despite optimal mechanical ventilation. The
decision is shared by the attending intensivist and
thoracic surgeon. If the candidate is in a remote center,
the next step in the process is to decide whether to
transport the patient on ECMO or mechanical
ventilation. Criteria to retrieve patients on ECMO
include clinical stability for transport. Cannulation is
done percutaneously, with ultrasound guidance, with
chest radiography and echocardiography used to
conﬁrm the appropriate position of the drainage
cannula.
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Eligibility Criteria:
• Does the patient fulfil oxygenation and/or
ventilation criteria?
• On FiO2 ≥ 80%, PEEP ≥ 10 cmH2O,
VT ≤ 6ml/kg (PBW)
• PaO2/FiO2 < 50 mmHg for > 3 hours
• PaO2/FiO2 < 80 mmHg for > 6 hours
• pH < 7.25, PaCO2 ≥ 60 mmHg with
RR 35/min for > 6 H
• Is the underlying disease reversible?
• Has conventional mechanical ventilation
been optimized?
• Lung protective ventilation
• PEEP optimization
• Neuromuscular blockade
• Prone position ventilation

YES

Contraindications:

NO

• Has the patient received prolonged injurious
mechanical ventilation?
• Is there an unacceptably high risk of
hemorrhagic complications?
• Unable to obtain adequate vascular
access/cannulation?
• Profound distributive shock with
preserved/hyperdynamic LV function?

NO

VV-ECMO

Short-Term Outcomes:

YES

• Does the patient have markers of poor short
term prognosis in relation to the underlying
disease?
• Is the stratification according to severity and
outcome prediction scores unfavorable?

NO

NO
VA-ECMO

Echocardiography:
• Is there severe LV dysfunction?

Premorbid Conditions:

YES

• Does the patient have premorbid conditions
that will further impair the short-term recovery
process?
• Will premorbid conditions decrease the
likelihood of achieving meaningful long-term
outcomes?
• Is the life expectancy due to comorbid
conditions less than 5 years?

Planned configuration:
NO

• Assess hemodynamic status

YES

Preferences and Values:

YES

Allocated Resources:

• Has the patient or family been informed about
expected outcomes and the impact of
interventions on quality of life and cognition?
• Is the patient or family agreeable to proceed
with cannulation?

Cannulation not recommended

NO

YES

• Is a referral center available for
patient retrieval/transfer?
• Cannulate at referring site if
transportation on mechanical
ventilation unsafe

YES

NO

Multidisciplinary
Team Discussion

Need for Immediate Transfer:
• Is it possible to provide safe mechanical
ventilation/prone positioning in the
referring hospital?
• Is the patient improving after initial ECMO
team recommendations?

NO

Consider Ongoing Treatment at
Referring Unit:
YES

• Clinical reassessment as needed
• Cannulate if persistent
deterioration or need for injurious
mechanical ventilation.

Figure 1 – Suggested algorithm for consideration of the use of VV-ECMO in ARDS. ECMO ¼ extracorporeal membrane oxygenation; LV ¼ left
ventricular; PBW ¼ predicted body weight; PEEP ¼ positive end expiratory pressure; RR ¼ respiratory rate; VA-ECMO ¼ venoarterial extracorporeal
membrane oxygenation; VT ¼ tidal volume; VV-ECMO ¼ venovenous extracorporeal membrane oxygenation.

Review of the Literature and Current
Guidelines
Mechanical ventilation to maintain gas exchange is
lifesaving in patients with ARDS, but can paradoxically
lead to further lung injury because of a number of
mechanisms known collectively as ventilator-induced
lung injury (VILI).5,18,19 The aim of VV-ECMO is to
provide adequate gas exchange while allowing lung rest
and to mitigate VILI. However, there are no evidencebased thresholds to guide at what point ECMO should
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be initiated. When VV-ECMO is considered as a bridge
to recovery, reversibility of the underlying disease is key,
but often difﬁcult to deﬁne explicitly. ARDS is a systemic
process which can take weeks or months to improve,
and even then, meaningful long-term and functional
outcomes may not be achieved.3 The development of
scoring systems and mortality prediction for patients
receiving VV-ECMO has been difﬁcult because of
changes in ECMO technology over time, the relatively
small and highly speciﬁc study populations, and large
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TABLE 1

] ECMO Indications and Contraindications From Clinical Trials and Guidelines

Study

Indications for ECMO

Contraindications

ELSO23

Mortality > 80%; PaO2/FIO2 < 80 mm Hg with FIO2
> 90%, Murray score 3-4; CO2 retention on
mechanical ventilation despite high Pplat (>30 cm
H20); Severe air leak syndromes; Need for
intubation in patient on lung transplant list;
Cardiac or respiratory collapse

Relative contraindications include mechanical
ventilation at high settings for 7 d or more; major
pharmacologic immunosuppression; recent or
expanding CNS haemorrhage; nonrecoverable
comorbidity; increasing age

Pham et al10

PaO2/FIO2 < 50 mm Hg despite PEEP 10-20 cm H2O
and FIO2 > 80%; Pplat > 35 cm H2O despite
attempt to reduce TV to < 4 mL/kg PBW

Presence of severe comorbidities and multiorgan
failure (SOFA score > 15)

Davies
et al24

PaO2/FIO2 < 60 mm Hg; PaCO2 > 100 mm Hg with
PaO2/FIO2 < 100 mm Hg

Irreversible CNS condition; cirrhosis with ascites,
encephalopathy, or history of variceal bleeding;
active and rapidly fatal malignant disease; HIV
infection; weight > 120 kg; pulmonary
hypertension, cardiac arrest

Patroniti et
al27

Oxygenation index > 30; PaO2/FIO2 < 70 mm Hg
with PEEP > 15 cm H2O for patients already
admitted to an ECMO center; pH < 7.25 for > 2 h;
hemodynamic instability

Intracranial bleeding or other major
contraindication to anticoagulation; previous
severe disability; poor prognosis because of
underlying disease; mechanical ventilation > 7 d

Peek et al9

Potentially reversible respiratory failure; Murray
score > 3; pH < 7.2 despite optimum
conventional treatment

PIP > 30 cm H2O or FIO2 > 80% for > 7 d;
mechanical ventilation > 7 d; intracranial
bleeding; contraindication to limited
heparinization; contraindication to continuation of
active treatment

Combes
et al6

PaO2/FIO2 < 50 mm Hg with FIO2 > 80% for > 3 h,
despite optimum mechanical ventilation and
adjunctive treatment; PaO2/FIO2 < 80 mm Hg with
FIO2 > 80% for > 6 h, despite optimum
mechanical ventilation and adjunctive treatment,
pH < 7.25 for > 6 h

Mechanical ventilation > 7 d; age < 18 y;
pregnancy; weight > 1 kg/cm; BMI > 45 kg/m2;
chronic respiratory insufﬁciency treated with
oxygen therapy of long duration and/or long-term
respiratory assistance; history of heparin-induced
thrombocytopenia; malignant disease with 5-y
fatal prognosis, patient moribund; SAPS II > 90;
non-drug-induced coma post-cardiac arrest;
irreversible CNS pathology; decision to limit
therapeutic interventions; unable to cannulate

Grifﬁths
et al25

Selected adults suffering severe ARDS (lung injury
score $ 3 or pH < 7.2 because of hypercapnia)

Fan et al13

Additional evidence necessary to make deﬁnitive
recommendation for or against the use of ECMO in
patients with severe ARDS; consider on case by
case basis

Papazian
et al26

PaO2/FIO2 < 80 mm Hg and/or when mechanical
ventilation becomes dangerous; the decision to
use ECMO should be evaluated early by means of
contact with an expert center

ECMO ¼ extracorporeal membrane oxygenation; PBW ¼ predicted body weight; PEEP ¼ positive end-expiratory pressure; PIP ¼ peak inspiratory pressure;
Pplat ¼ end-inspiratory plateau pressure; SAPS II ¼ Simpliﬁed Acute Physiology Score; SOFA ¼ Sequential Organ Failure Assessment.

patient heterogeneity. Therefore, VV-ECMO has often
been used for rescue,5,18 when perhaps we should be
using it early when high-risk features are present,7,15,20
and the timely correction of both life-threatening gas
exchange and hemodynamics (eg, right ventricular
failure) may halt the progression of organ failure. These
decisions are often made on a case by case basis, but
usually take into account the underlying
pathophysiology (and therefore reversibility) of the lung
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injury,5,18,21 any preexisting comorbidities and their
physiological reserve,22 risk vs beneﬁt of implementing
ECMO, and absence of signiﬁcant contraindications.
Current Guidelines

Deciding which patients should be offered extracorporeal
life support (ECLS) is still a controversial area; however,
some guidelines exist (Table 1).6,9,10,13,23-27 The
Extracorporeal Life Support Organization23 guidelines
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state that VV-ECMO should be considered when the
expected mortality rate surpasses 50%, and is indicated
when it exceeds 80%. These recommendations likely
come from historical data of using less technologically
advanced interventions and late implementation as rescue
therapy. Current evidence6 has shown that earlier
deployment may prevent further lung injury and organ
dysfunction. The Extracorporeal Life Support
Organization guidelines23 also state that there are no
absolute contraindications to ECMO. However, expert
opinion5,28,29 would consider ECMO to be
contraindicated in patients with severe irreversible
respiratory disease if lung transplant is not an option, or
in patients with irreversible conditions unlikely to beneﬁt
from ECMO (eg, catastrophic neurologic injuries,
untreatable metastatic cancer).
Patient Characteristics

The effect of age on mortality related to VV-ECMO has
been investigated in multiple trials, but no absolute
cutoff has been determined.30-32 The efﬁcacy and
economic assessment of conventional ventilatory
support vs extracorporeal membrane oxygenation for
severe adult respiratory failure (CESAR) trial9 included
patients < 65 years of age, but subsequent trials have
been more inclusive with the EOLIA trial having no
upper age limit.6 These studies have consistently noted
better outcomes in those < 45 years of age, and the
worst outcomes in those > 60 to 65 years of age.30,33
Moreover, in younger patients (< 45 years of age),
ECMO should not be solely contraindicated based on
organ failure because their outcomes have been shown
to be better regardless of the degree of organ
dysfunction.34
Although a raised BMI has been postulated as a relative
contraindication to ECMO, several studies have
suggested this is not the case, and in fact a higher BMI
may be associated with improved survival.35,36 The
difﬁculties with ECMO in patients with obesity include
vascular access, inability to achieve desired ﬂow rates,
and challenges in prone positioning either prior to, or
during, ECMO.35 Literature investigating the association
between obesity and mortality on ECMO has the
potential for bias because patients with very high BMI
are less likely to be initiated on ECMO, and the
threshold to initiate ECMO may be different because of
the particular challenges of mechanical ventilation in
this group of patients.35 We do not think that morbid
obesity (BMI > 40 kg/m2) alone is a contraindication to
ECMO; however, cannulation may be challenging.
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Gas Exchange

The selection criteria for VV-ECMO for ARDS differs
slightly between existing trials, but they have historically
been based mainly on the degree of impairment of gas
exchange (Table 1).6,9,10,13,23-27 However, it should be
highlighted that outcomes after VV-ECMO in ARDS are
not dictated by the PaO2/FIO2 ratio, but by multiple other
factors related to the mechanical ventilation proﬁle and
extrapulmonary organ dysfunction.33,37,38 Blood
markers which have been associated with mortality
include platelet count, hemoglobin or hematocrit,
ﬁbrinogen, bilirubin, and pH.31,39
When VILI and hypercapnia rather than hypoxemia are
the driving criteria for ECLS, the physiological rationale
for implementation still relies on ofﬂoading the
respiratory system by decreasing the intensity of
mechanical ventilation. However, in comparison with
patients who are profoundly hypoxemic, patients with
VILI and hypercapnia may be managed with
extracorporeal CO2 removal (ECCO2R) systems that use
lower extracorporeal blood ﬂow (ie, < 1.5 L/min).40
Currently, there is no deﬁnitive evidence supporting the
routine use of ECCO2R in patients with ARDS; however,
a recent feasibility and safety study showed that
ECCO2R can safely facilitate ultraprotective ventilation
in ARDS.41 A number of clinical trials exploring
ECCO2R are ongoing or planned.41-43
Hemodynamics

During patient selection, the hemodynamic proﬁle and
other speciﬁc clinical variables should also be taken into
consideration. Hemodynamic markers which have been
independently associated with mortality in patients
undergoing VV-ECMO include mean arterial pressure
and lactate level, and norepinephrine use.39,44
Three common hemodynamic proﬁles are seen in
patients with ARDS and refractory hypoxemia,45,46
hypoxemic and vasodilated, hypoxemic with right
ventricular failure, and hypoxemic with isolated left or
biventricular failure. VV-ECMO can improve
hemodynamics in patients with ARDS by reversing
hypoxemia and acidosis, while decreasing the intensity
of mechanical ventilation, therefore reducing
intrathoracic pressures, reducing the need for deep
sedation, and improving right ventricular function. In
patients who are hemodynamically unstable and
requiring high levels of vasoactive support, we routinely
perform echocardiography during the initial assessment
to guide the ECMO team in choosing the most
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appropriate circuit conﬁguration (VV-ECMO
vs venoarterial ECMO) (Fig 1).
Risk Prediction Scores

As a result of the difﬁcult nature of patient selection for
VV-ECMO in ARDS, a number of risk prediction scores
have been trialed and developed to aid ECMO teams to
select the candidates in whom VV-ECMO is likely to be
of beneﬁt (Table 2).31,32,34,36,44 The most common
factors throughout these scores which worsen prognosis
appear to be older age, longer duration of hospital stay
or mechanical ventilation before ECMO initiation, and
an immunocompromised state. The Murray score—
which concentrates only on the respiratory system and
mechanical ventilation proﬁle—is also used by some
institutions for ECMO consideration (Table 1).47

TABLE 2

In these studies, looking at risk scores for VV-ECMO in
ARDS, ventilatory parameters that were associated with
higher mortality included higher pre-ECMO plateau
pressure, lower pre-ECMO PEEP, higher peak
inspiratory pressure and PaCO2, and number of days of
pre-ECMO mechanical ventilation.32,36 There appears to
be a time point speciﬁcally at 7 days of mechanical
ventilation where there is a reduction in survival,32 and
also a potential beneﬁcial impact of early use of ECMO
(< 48 h). This suggests we should perhaps adopt a
different approach to initiation of ECMO at earlier
stages of ARDS rather than as a rescue therapy.6,20,32
Other factors associated with improved outcomes
include viral and primary pulmonary infections
(particularly H1N1), aspiration pneumonia, and
adoption of standard of care treatments such as prone

] Prognostic Scoring Systems for Patients Supported With ECMO for Acute Respiratory Failure

Study
Pappalardo et al

Factors That Worsen Prognosis
44

(N ¼ 60)

Factors That Improve Prognosis

Increased length of hospital stay pre-ECMO
Increased creatinine
Increased bilirubin
Lower MAP
Lower haematocrit

Schmidt et al36 (N ¼ 140)

Age
Immunocompromise
Length of mechanical ventilation before ECMO > 6 d
Pplat > 30 cm H2O
PEEP < 10 cm H2O
Higher SOFA score

Prone positioning pre-ECMO
Higher BMI

Roch et al34 (N ¼ 85)

Higher age
Higher SOFA score

Inﬂuenza pneumonia

Enger et al39 (N ¼ 304)

Increased age
Immunocompromise
Minute ventilation
Low pre-ECMO hemoglobin
High day 1 FIO2
High day 1 norepinephrine dose
Low day 1 ﬁbrinogen

High day 1 CRP

Schmidt et al32 (N ¼ 2,355)

Increasing age
Immunocompromise
Increased length of mechanical ventilation prior to ECMO
Extrapulmonary infection
Higher peak inspiratory pressure
Neurologic dysfunction
Bicarbonate (HCO3) infusion pre-ECMO
Higher PaCO2
Nitric oxide use pre ECMO
Cardiac arrest

Neuromuscular blockade
Asthma
Aspiration pneumonitis

Hilder et al31 (N ¼ 108)

Longer length of hospital stay before ECMO
Lower MAP
Higher lactate
Lower pH
Lower platelet concentration

CRP ¼ C-reactive protein; MAP ¼ mean arterial pressure. See Table 1 legend for expansion of other abbreviations.
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positioning and neuromuscular blockade.27,31,32,36
Considering the present case, it is worth expanding on
immunocompromised status because it is considered in
all aforementioned scoring systems to be associated with
worse outcomes. Extremely poor outcomes have been
seen in patients who receive ECMO for acute respiratory
failure post-stem cell or bone marrow transplant, with
survival rates of < 20%.48 There is a paucity of data
regarding ECMO in patients with HIV, but it should
perhaps be placed in a different category because of its
potential reversibility with appropriate antiretroviral
therapy, resulting in more favorable outcomes.49
Although prediction scores may help standardize patient
selection and provide insights into expected outcomes of
the intervention, these prediction scores have caveats,
mostly related to external validation and lack of insight
into long-term outcomes which have limited their use.50
Also, because the patient population used to develop
these scores all received ECMO, they are unlikely to help
us identify all patients who may beneﬁt from this
therapy. Risk scoring systems perhaps can be most
useful in identifying those who have very high predicted
mortality even if they receive VV-ECMO.51 For these
reasons, we do not use these scoring systems routinely
when considering patients for VV-ECMO. However,
they can be useful to reassure physicians and family
members regarding the reason for declining high-risk
patients for ECMO.
A Bridge to Nowhere: Futility on VV-ECMO

When VV-ECMO is considered as a bridge to recovery,
reversibility of the underlying disease is key, but often
difﬁcult to deﬁne explicitly. ARDS is a systemic process
which can take weeks or months to improve, and even
then, meaningful long-term and functional outcomes
may not be achieved.3 Setting that limit of when
instituting VV-ECMO would be futile is challenging and
is very difﬁcult to predict. The determination of futility
is often made by expert opinion and individual center
preferences. It is usually based on the presence of
speciﬁc clinical factors that indicate the patient has
passed the point of recovery based on their
hemodynamics, mechanical ventilation proﬁle, or
perceived physiological reserve.5,15,18,22
In this tenor, it might be helpful to take into consideration
clinical scenarios where ECMO is unlikely to be successful,
such as in patients with ARDS and refractory septic shock
with normal (or hyperdynamic) biventricular function.52
In patients with severe vasodilatory shock that is
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unresponsive to multiple vasopressors, VV-ECMO will be
ineffective in providing enough ﬂow through the
oxygenator to reverse the hypoxemia. In this situation,
venoarterial ECMO may also be insufﬁcient in providing
the hemodynamic support because the ventricular
function is often hyperdynamic, and vasodilation is not
modiﬁed by ECLS.52,53
Additional circumstances where we do not offer ECMO
include the following: chronic respiratory disease with
no hope of recovery or transplant, recent allogenic stem
cell transplantation, and ARDS with advanced
multiorgan failure.
Patient Goals, Preferences, and Outcomes

It has been shown that the impact of critical illness on
functional outcomes, particularly after ARDS, is
signiﬁcant.3,33 Patients with ARDS (and their families)
should be fully informed about the impact ECLS may
have on their health-related quality of life and cognition.
This may help align outcome expectations with each
individual patient’s preferences. It has been shown that
patients who survived VV-ECMO for ARDS have
greater decrements in health-related quality of life than
patients who survived ARDS only supported with
mechanical ventilation.54 Interestingly, patients treated
with ECMO were found to have less psychological
morbidity, including depression and anxiety.54
Pulmonary and functional capacity was found to be
similar between the two groups,33,54 as were cognitive
outcomes even after adjusting for worse oxygenation
and education level.55 Overall, around 50% of these
survivors returned to work, with only 50% of those
returning to their previous role.54,55
ECMO Center/System Considerations

Evidence has shown improved outcomes when patients
are transferred to high-volume respiratory failure
centers, where multidisciplinary teams are able to
provide specialist care to these complex patients22,56
with enough resources for prolonged ECMO runs and
long-term support after ECMO.16 This requires an
established communication network, health-care
policies, and infrastructure, and the capacity to deploy
retrieval teams to guarantee safe patient transport on or
off VV-ECMO. Low-volume centers are more likely to
start VV-ECMO for ARDS at a later stage, as salvage
therapy, because there are proportionally higher risks of
iatrogenic complications related to the cannulation
process and the ECMO circuit.37 Physicians may opt not
to proceed with cannulation under these circumstances
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with a higher risk proﬁle and potentially higher
mortality.
To further portray just how challenging the existing
decision process is for selecting which patients should be
managed with VV-ECMO, evidence has shown that 6month survival of patients with ARDS declined for a
VV-ECMO referral is around 16% in the United
Kingdom.22 The 6-month survival of patients managed
locally at the referring hospital with active ECLS
specialist consultation support is 71%.22 This means that
almost one-third of the patients accepted for a VVECMO referral who were thought to be safe to manage
at their local hospital in conjunction with the ECMO
specialists’ recommendations still died, whereas 16% of
those deemed too sick to beneﬁt from VV-ECMO
survived. This potentially implies two things: (1) there is
an underestimation of survival based on the clinical
picture and severity indexes for patients declined for
ECMO referral, and (2) we are perhaps overestimating
survival or misunderstanding the disease process in
those accepted for referral. Deciding who should receive
ECMO is a ﬁne balance of risk vs beneﬁt, and our ability
to decide what tips that balance is still imperfect.

Summary of the Approach to the Question
Overall, the decision to support patients with ARDS
with VV-ECMO remains extremely challenging.
Intensivists receiving ECMO referrals should not put on
themselves the full responsibility of individually making
decisions regarding patient appropriateness. This
decision should be a shared process among the whole
ECMO team including surgeons, intensivists, physicians,
and perfusionists, in conjunction with the patient or
their substitute decision-maker. Although still imperfect,
the decision-making process should be based on the
presence of strong clinical criteria, the possibility of
organ and functional recovery, the lack of improvement
after optimization of mechanical ventilation, and the
existence of a social network to allow for rehabilitation
and aftercare. Cannulation should not be considered
when risks exceed beneﬁts, when signiﬁcant
extrapulmonary organ failure has ensued, when
stratiﬁcation indexes identify patients with very poor
short-term outcomes or very high mortality, and when
there is no possibility of providing prolonged highquality care because of the lack of resources and
expertise. Figure 1 demonstrates our suggested
algorithm to guide which patients should be considered
for ECMO.

chestjournal.org

In our institution, we receive ECMO referrals for many
indications from a large geographic area. We have
discussed a case here which may be considered
controversial to some, but we hope to demonstrate the
need to keep an open mind when considering patients
for ECMO and to put together a complete clinical
picture. Although the present patient was
immunocompromised, he is young and prior to this
presentation a healthy patient with no other
comorbidities. He presented with a potentially reversible
cause of lung injury in the context of single organ
dysfunction. In these settings, like with other
interventions in the ICU, it may be most appropriate
to give a time-limited trial of ECMO, accepting the
risk of potentially having to withdraw this therapy, after
a fulsome discussion with the patient and/or their
surrogates. This is perhaps the only way we will
start to understand the full potential for ECMO in
ARDS.
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