
experience more severe exacerbations and are more likely to die than
individuals with smoking history and without airflow obstruction.
This emphasizes that COPD severity within a population is a
continuous variable and that, over time, this illness is not trivial
among those not considered clinically severe enough to be included
in a treatment trial. The challenge for the future will be to conduct
appropriate treatment trials in this less severe population that is also
commonly encountered in our clinical practice (13).�
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Turning the Page on Extracorporeal Membrane Oxygenation for
Acute Respiratory Distress Syndrome due to Severe COVID-19

The role of venovenous extracorporeal membrane oxygenation
(ECMO) in the management of severe acute respiratory distress
syndrome (ARDS) has been assessed by randomized controlled trials,
meta-analyses, and a post hoc Bayesian analysis (1–6). This body of
literature supports the beneficial effect of this intervention for severe
ARDS refractory to protective mechanical ventilation. Patients with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection can develop ARDS being ECMO a therapeutic option for
severely affected patients. Given that the mentioned evidence

precedes the ongoing pandemic, the effectiveness of ECMO in
COVID-19–related ARDS represents an important priority to be
addressed.

Early reports during the pandemic suggested an alarmingly
high mortality with ECMO in patients with COVID-19 (7). These
studies were limited by the inclusion of unselected populations
and the lack of adequate controls. Shaefi and colleagues
conducted an emulated target trial using observational data to
assess the efficacy of ECMO versus conventional mechanical
ventilation in the context of COVID-19 (Table 1) (8). They
included patients with severe hypoxemia and observed a
reduction in mortality with ECMO (hazard ratio, 0.55; 95%
confidence interval, 0.41–0.74). More recently, Urner and
colleagues performed an emulated target trial including patients
with severe hypoxemia, also observing a reduction of 60-day
mortality associated with ECMO (relative risk, 0.78;
95% confidence interval, 0.75–0.82) (Table 1) (9).
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In contrast to other evidence-based treatments for severe ARDS,
ECMO is a resource-intense intervention, and its deployment
requires an experienced team (10). The efficacy and safety of this
intervention relies on diverse technical factors, and it is reasonable
that optimal delivery is provided in high-volume centers.
Acknowledging that ECMO is a complex intervention, the assessment
of its efficacy outside the rigorously controlled setting of a
randomized experiment provides key complementary information on
how ECMO performs in a real-world scenario. Perhaps this poses an
ideal example of how data from randomized controlled trials and
observational studies can serve as complementary tools for causal
inference (11).

In this issue of the Journal, Hajage and colleagues (pp. 281–294)
report the results of an emulated target trial to estimate the effect of
ECMO on 60-day mortality compared with conventional mechanical
ventilation in critically ill adults with COVID-19 (12). Inclusion
criteria were similar to those for a hypothetical randomized trial
(Table 1). The authors used a sequential trials approach, emulating a
target trial in each day of invasive mechanical ventilation. The authors
adjusted for confounding at the initiation of each “trial” and used
time-dependent inverse probability of censoring weighting to account
for patient censoring in the control group when deviating from the
treatment strategy (i.e., received ECMO). Among 2,858 patients who
met eligibility criteria for the target trial, 269 patients received ECMO.
The estimated survival probability on ECMO at Day 7 was 87%,
compared with 83% under the alternative strategy, but worsened at
Day 90 (63% on ECMO vs. 65% in the conventional arm).
Importantly, this near reversal of the efficacy of ECMO at 90 days
was no longer apparent when only high-volume ECMO centers
were included (survival was 78% on ECMO vs. 64% in the
conventional arm).

The study by Hajage and colleagues addresses a very important
question in our field, and the use of an emulated target trial
methodology is opportune. Emulating randomized controlled trials
using large observational datasets is an increasingly used technique
for the assessment of comparative effectiveness between treatments
when conducting a randomized experiment is not feasible ethically,
timely, or both (13). Many of the key steps (definition of eligibility
criteria, treatment strategies, follow-up period, and outcomes) of a
randomized experiment can be emulated using observational data.
Furthermore, the use of this methodology aids in the use of an
explicit causal language avoiding ambiguous terms (e.g., association)
when the underlying scientific question implies causal inference (14).

The critical remaining limitation when emulating a target trial
using observational data is that the treatment allocation is not
random. To ensure conditional exchangeability (i.e., comparability
between patients in both treatment arms), it is indispensable that
the dataset used contains information on baseline confounders. If
conditional exchangeability cannot be ensured between treatment
arms, the validity of the target trial becomes threatened (13). Hajage
and colleagues used sophisticated methods to adjust for confounding
and to account for artificial informative censoring. Despite these
efforts, the question remains of which unmeasured confounders
could have not fully been accounted for. Why were those patients in
the control group not cannulated despite meeting criteria for ECMO?
This is a crucial question, considering that many of the centers
included in this study have experience with ECMO. It is possible that
unmeasured confounding could bias the results of this target trial in
both possible directions, thus favoring ECMO or the conventionalT
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treatment arm. Predicting the direction andmagnitude of this
potential bias is not an easy task.

The results of the study by Hajage and colleagues should be
interpreted in the context of two other emulated target trials assessing
the effectiveness of ECMO for ARDS due to severe COVID-19 (8, 9).
Taken together, these studies suggest a potential beneficial role of
ECMO for severe COVID-19. In contrast to the other target trials, the
study by Hajage and colleagues points toward a reduction of the
observed benefit when assessing a longer time span of mortality.
This unique observation was further explored by the authors, and
ECMO remained consistently beneficial when performed in
high-volume centers or where ECMO services had been organized.
Importantly, this highlights the notion that ECMO is a complex
intervention and the importance of an experienced team for its optimal
deployment, as suggested by previous literature (15–17). Additional
lessons obtained by the study of Hajage and colleagues and shared with
other target trials are that ECMO seemed to be most effective in
patients with profound hypoxemia and when used early throughout
the course of invasive mechanical ventilation. These are key lessons to
guide clinical decision making and patient selection (18).

In summary, evidence provided by randomized controlled trials
and emulated target trials points toward a beneficial effect of ECMO
for patients with severe ARDS due to COVID-19 and other risk
factors. A higher benefit is seen when selecting patients earlier in the
course of invasive ventilation, with severe hypoxemia, or receiving a
higher intensity of mechanical ventilation (9). The study by Hajage
and colleagues also reinforces the notion that ECMO is a team effort
and likely best delivered in specialized centers. Moving forward, it is
now time to turn the page on the question of ECMO versus non-
ECMO for ARDS due to severe COVID-19. Future studies will
hopefully help us determine optimal ventilation and liberation
strategies, safe anticoagulation practices, and the role for early
mobilization. Ongoing studies will also provide key insights on long-
term outcomes beyond mortality, such as functional recovery and
cognitive function.�
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