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ECMO for Severe Acute Respiratory Distress Syndrome

TO THE EDITOR: In the trial conducted by Combes
et al. (May 24 issue),! a large number of patients
who had been randomly assigned to the control
group later crossed over to receive extracorporeal
membrane oxygenation (ECMO). The rate of the
key secondary outcome (a composite of death or
treatment failure) was significantly lower in the
ECMO group than in the control group.

The conclusions of this analysis are problem-
atic. First, despite the severity of the acute respi-
ratory distress syndrome (ARDS) and the illness
trajectory, the patients in the control group who
crossed over were younger than those who did not
cross over, they had a lower incidence of renal-
replacement therapy at randomization, and they
had survived the first several days of illness. Sec-
ond, a lack of improvement in gas exchange may
not predict outcome in patients with ARDS, espe-
cially in those undergoing prone positioning.?
Third, rank-preserving structural-failure time mod-
els that are used to analyze crossover lose ac-
curacy with the relative length of time that pa-
tients who cross over receive the investigational
treatment.® The patients who crossed over had a
similar length of time undergoing ECMO as those
who had been initially assigned to receive ECMO.
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We believe that the more rigorous, per-protocol or
as-treated analysis provides necessary balance to
the secondary analysis: mortality at 60 days was
40% among patients who received ECMO and 42%
among those who did not receive ECMO.
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TO THE EDITOR: Since 2011, England and Scot-
land have commissioned and organized the uni-
fied evidence-based provision'? of ECMO for adult
patients with severe respiratory failure. Any pa-
tient who meets the criteria® is referred to one of
the designated severe respiratory failure centers,
at which advice regarding improvements to con-
ventional therapy is offered by telephone. For pa-
tients whose condition is deteriorating and who
do not have a response to such measures, a mobile,
intensive care-led ECMO team is dispatched to
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assess, stabilize, and transport the patient to the
severe respiratory failure center, if appropriate.
The majority of locally assessed patients who are
transferred to the center undergo cannulation at
the referring hospital by the commissioned team
and receive mobile ECMO during transportation.

Over the past 3 years, the rate of survival to
discharge from the intensive care unit among the
last 700 consecutive patients who received ECMO
support is 81%, which is substantially higher than
the survival rate in the ECMO to Rescue Lung
Injury in Severe ARDS (EOLIA) trial, despite equiv-
alent disease severity and ventilation interventions
in the patients.* We propose that this finding re-
flects the effect of a nationally structured, gov-
ernance-based, collegial approach to the treat-
ment of patients at specialized severe respiratory
failure centers, whereby conventional therapies can
be maximized and patients can be transitioned
rapidly to ECMO support when appropriate, thus
avoiding its application in extremis.

Brijesh V. Patel, M.D., Ph.D.

Royal Brompton and Harefield NHS Foundation Trust
London, United Kingdom
brijesh.patel@imperial.ac.uk

Nicholas A. Barrett, M.D.

Guy’s and St. Thomas’ NHS Foundation Trust
London, United Kingdom

Alain Vuylsteke, M.D.

Royal Papworth NHS Foundation Trust
Cambridge, United Kingdom

for the NHS England—commissioned ECMO
service for adults with respiratory failure

No potential conflict of interest relevant to this letter was re-
ported.

1. Peek GJ, Mugford M, Tiruvoipati R, et al. Efficacy and eco-
nomic assessment of conventional ventilatory support versus
extracorporeal membrane oxygenation for severe adult respira-
tory failure (CESAR): a multicentre randomised controlled trial.
Lancet 2009;374:1351-63.

2. Barbaro RP, Odetola FO, Kidwell KM, et al. Association of
hospital-level volume of extracorporeal membrane oxygenation
cases and mortality: analysis of the extracorporeal life support
organization registry. Am J Respir Crit Care Med 2015;191:894-
901.

3. 2013/14 NHS standard contract for extra corporeal mem-
brane oxygenation service for adults with respiratory failure.
London: NHS England, 2013 (https://www.england.nhs.uk/wp
-content/uploads/2013/06/d16-ex-corp-memb-oxy-ad.pdf).

4. Gillon SA, Rowland K, Shankar-Hari M, et al. Acceptance
and transfer to a regional severe respiratory failure and veno-
venous extracorporeal membrane oxygenation (ECMO) service:
predictors and outcomes. Anaesthesia 2018;73:177-86.

DOI: 10.1056/NEJMc1808731

TO THE EDITOR: We believe that the most impor-
tant finding of the EOLIA trial is that when
ECMO is used as a rescue therapy, it provides a
remarkably high probability of survival among
patients with ARDS in whom imminent death
seems almost inevitable, as noted in the editorial
accompanying the article.! The investigators
found that mortality was 43% among patients
with hemodynamic instability who had an arte-
rial oxygen saturation of 80% or less for more
than 6 hours despite maximum therapeutic mea-
sures, even with the inclusion in the analysis of
six patients who had undergone cardiopulmo-
nary resuscitation. We believe that this is a solid
argument in favor of the use of ECMO when the
indications for this treatment are considered in
similarly critical situations.
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THE AUTHORS REPLY: Shanholtz et al. raise im-
portant points regarding the patients in the con-
trol group who crossed over to ECMO. First, we
agree that the composite end point could favor
the ECMO group, and we interpreted this point
with caution in the Discussion section of our ar-
ticle. Second, Shanholtz et al. suggest that the
patients in the control group who crossed over
were less ill at randomization than those who did
not cross over. We note that the two groups did
not differ significantly with respect to age and
that they had similar scores indicating the sever-
ity of illness. In addition, the patients who
crossed over had more severe ARDS than those
who did not cross over, including lower respira-
tory-system compliance (21.3 ml vs. 27.1 ml per
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centimeter of water) and higher plateau pressures
(31.7 cm vs. 28.5 cm of water) and driving pres-
sures (20.2 cm vs. 16.6 cm of water).

In assessing the efficacy of ECMO, the critical
question is how sick the patients were at cross-
over rather than at randomization. In the 24 hours
before crossover, the median pH among the pa-
tients had dropped to 7.18, the inotrope score had
increased by a factor of 9, and the lactic acid level
had increased to 3.2 mmol per liter; 26% of the
patients had had a cardiac arrest, 20% had had
right heart failure, and 17% had received veno-
arterial ECMO during cardiopulmonary resusci-
tation. Given these data, we believe that a per-
treatment analysis would not be very meaningful.
The rank-preserving structural-failure time analy-
sis both preserves the randomization and assesses
overall survival (not the composite end point,
as suggested by Shanholtz et al.). Finally, Ouwens
et al. found that a rank-preserving structural-
failure time model can have several solutions
under certain extreme conditions.! This was not
a problem with our data set, which provided a
unique solution.

Patel et al. describe the organization of ECMO
services in England and Scotland, which enroll
highly selected patients with respiratory failure
(including patients with asthma). Thus, it is dif-
ficult to compare that population of patients, in
terms of severity of illness or outcomes, with pa-
tients with severe ARDS, who were included in
the EOLIA trial. In addition, for acceptance into
the program in England and Scotland, it is nec-
essary that patients have both a reversible patho-
logic condition and sufficient physiological re-
serve to survive critical illness,? which represents
a clear potential bias.

In response to Mufioz and colleagues: we agree
that ECMO as rescue therapy may be a viable op-
tion for patients in whom ECMO was not initi-
ated early. We note that the survival rate, not the
mortality, was 43% among patients who crossed
over to ECMO when the arterial oxygen saturation
of 80% or less for more than 6 hours despite
maximum therapeutic measures.
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THE EDITORIALISTS REPLY: Patel et al. and Mufioz
et al. raise two interesting points regarding the
EOLIA trial. First, Patel et al. mention the possi-
bility that standardized referral to and treatment
at a subspecialty center may provide better out-
comes with ECMO than those observed in the
EOLIA trial. Although the reported rate of sur-
vival with ECMO in this system is high, such out-
comes are likely to be related to multiple factors
and reflect the careful selection of patients as
well as the direct effect of ECMO. As such, these
data add to the many positive case reports of
high survival rates among patients who undergo
ECMO, but they are not directly comparable to
data from a randomized, controlled trial. We do,
however, agree that the early recognition of se-
vere ARDS and evidence-based treatment will
maximize the chances of survival and that this
may be best accomplished at specialized centers.

The second point, raised by Muifioz et al., is
the relatively high survival rate among patients
in the EOLIA trial who were not randomly as-
signed to the ECMO group but who had subse-
quent deterioration in their condition and under-
went cannulation. It is remarkable and gratifying
that so many of these very sick patients survived.
Together, these letters highlight the important
and ongoing questions of who should receive
ECMO and when.

The primary end point in the EOLIA trial did
not reach statistical significance. However, many
have emphasized the trend toward a survival ben-
efit in the ECMO group, the significant benefit
with respect to the secondary end points, and the
possibility that the primary end point might have
reached significance if the trial had reached full
enrollment. For these reasons, it is tempting to
advocate for more aggressive early deployment of
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ECMO. However, regardless of the statistical is-
sues surrounding early termination of the trial,
we believe that caution is appropriate before the
enthusiastic adoption of an intervention on the
basis of an equivocal result, be it positive or nega-
tive. Even positive critical care trials have fa-
mously failed to be replicated,? and the current
list of evidence-based interventions for patients
with ARDS may yet need revision as new data be-
come available. We therefore continue to advocate
for a consensus-based approach to severe ARDS
that consists of careful lung-protective ventila-
tion including low tidal volumes, prone position-
ing, and paralysis with the use of ECMO as a

rescue therapy if these interventions do not sta-
bilize the patient’s condition.
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Lung Cancer with a High Tumor Mutational Burden

To THE EDITOR: Hellmann and colleagues (May
31 issue)! found that tumor mutation burden as-
sessed with the commercial assay Foundation-
One CDx helped to predict the response to im-
mune checkpoint inhibitor therapy in patients
with non-small-cell lung cancer (NSCLC), irre-
spective of programmed death ligand 1 (PD-L1)
expression. Guidelines regarding turnaround times
for tests to detect predictive genomic alterations
(e.g., EGFR, ALK, ROS1, and BRAF VG600E) and im-
mune biomarkers such as PD-L1 immunohisto-
chemical findings recommend targets of 3 work-
days from a request for testing to receipt by a
reference laboratory and testing results within 10
workdays.>* This workflow is currently accept-
able to most medical oncologists.}?

We wonder whether assays that determine
tumor mutation burden can be introduced into
routine clinical practice within these turnaround-
time specifications. The FoundationOne CDx assay
profiles gene mutation, copy number, and rear-
rangement data as well as tumor mutation bur-
den and microsatellite instability.” Among recent
NSCLC samples from our institution submitted
for testing with this assay, 90% were received by
the laboratory in 3 workdays or less and results
of 50% were provided in 10 workdays or less.
These findings indicate that results are achievable
within guideline-specified turnaround times in

some cases, although further improvements in
turnaround time are needed.
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