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Do we need randomized clinical trials
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Introduction

Extracorporeal lung support (here collectively referred to
as ECMO, though inappropriately) is available in largely
different configurations, as known for decades (Fig. 1)
[1], and is applied for two primary purposes: as rescue
therapy or as supportive therapy. In general, the effec-
tiveness of a given therapy is proved by randomized con-
trolled trials (RCTs), which, to be meaningful, must meet
three conditions [2]:

1. The theory must be biologically plausible.

2. The hypothesis must be clear and the experiment
appropriately designed.

3. The RCT must be feasible (number of patients, tim-
ing, and cost).

Are meaningful ECMO trials possible?

ECMO as rescue therapy for hypoxemia

It is not easy to define in theory what degree of hypox-
emia requires a rescue therapy. The clinical condition
demanding rescue is the one in which the physician
assesses hypoxemia as so severe that a given patient is
going to die [3]. It is nearly impossible to characterize
this situation with numbers. A PaO, of 30 mmHg may be
perfectly well tolerated in a young man with robust car-
diovascular response, while it may be lethal in an elderly
patient with comorbidities. The knowledge of the trajec-
tory of the underlying disease, associated with a series of
non-quantifiable signs, makes the attending physician the
best available judge to define if a given patient requires
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rescue. In rescue conditions, the intervention cannot be
ethically randomized (lack of equipoise). This compares
well to the organ transplantation: over the years, the indi-
cations for the recipients and the requirements for organ
quality have deeply changed, but, for lack of equipoise,
nobody ever proposed to use randomization to receive an
organ or not.

ECMO as “ordinary” therapy

The first requisite for a meaningful trial is the biologi-
cal plausibility. Indeed, there must be a solid rationale
to hypothesize that one of the possible ECMO configu-
rations provides benefit compared to mechanical ven-
tilation, i.e.,, the ECMO-induced injury (in the tested
configuration) is lower than the ventilator-induced lung
injury (VILI).

ECMO as adjunct to mechanical ventilation

It is difficult to find a biological rationale for which add-
ing oxygen to the venous blood should decrease the
damage of mechanical ventilation. Anytime we artifi-
cially increase the mixed venous oxygen saturation add-
ing oxygen via the artificial lung, we increase the oxygen
flow through the shunted area but we decrease propor-
tionally the oxygen transfer through the natural lung. The
oxygenation increases by a few points (as a result of the
better PO, of the shunted blood), while the oxygen trans-
port increases marginally. It is difficult to figure out why
the outcome should improve under these conditions, i.e.,
when ECMO is applied as an adjunct. Surprisingly, how-
ever, ECMO is usually applied in this configuration: most
of the oxygen is added to the venous blood by the artifi-
cial lung, while the mechanical ventilation remains sub-
stantially unmodified [4]. A trial that would randomize
this configuration against the standard therapy lacks, in
our opinion, biological plausibility; or if there is one, it is
beyond our reasoning.
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TasLE I11. Comparative technical difficulty of haemodialysis, extracorporeal removal
of carbon dioxide and extracorporeal oxygenation

Extracorporeal
Renal 1 of E poreal
dialysi carbon dioxid oxY i
Extracorporeal blood 200-300 500-1000 2000-4000
flow (ml min-?)
Blood pumping optional optional required
Haemodynamic changes small small major
Vascular access A-V shunt A~V shunt V-A
or or or
A-V fistula A-V fistula vV-v
or
V-V pumping
Surgical complexity simple simple complex
Complexity of equip d simple advanced
Requirement for heparin small small large

Fig. 1 This figure, designed in 1978, underlines that the extracorpor-
eal flows are the main factors for CO, removal and/or oxygen supply.
That some CO, was removed by kidney dialysis, inducing hypoxemia,
was already known. Many other hypotheses present in the figure
were realized years later, such as the low-flow arteriovenous support
(Reproduced with permission from L. Gattinoni et al. [1])

ECMO as complement to mechanical ventilation

This configuration takes advantage of extracorporeal CO,
removal (ECCO,R) to deeply modify mechanical ven-
tilation, focusing on reducing or abolishing VILI. This
approach, which may vary from complete lung rest [5] to
moderately low tidal volume through the low respiratory
rate [6], is rational only if the population tested has a high
probability of VILI This is far greater in patients with a
smaller and inhomogeneous “baby lung” (conditions
more frequently observed in severe ARDS). Therefore, a
randomized trial would be meaningful (i.e., sufficient bio-
logical plausibility) only in severe ARDS patients, where
the extracorporeal respiratory support is applied as a
complement to mechanical ventilation. In patients with
lower probability of VILI, the rationale of applying extra-
corporeal support is more questionable, as the ECMO-
related complications [7] may outweigh those related to
ventilation.

ECMO as alternative to mechanical ventilation

This is in theory an appealing hypothesis to be tested:
no mechanical ventilation, no VILL This implies that to
avoid VILI nothing is better than spontaneous breathing.
However, Mascheroni and Kolobow, years in advance of
the current thinking, showed the deleterious effects of
high-volume spontaneous breathing in sheep [8]. Fur-
ther, it is a consistent finding that, in full-blown ARDS,
independently of gas exchange, even during ECMO, the
respiratory drive might be so high that it induces tre-
mendous stress and strain. Therefore, an RCT comparing
spontaneous breathing with ECMO and mechanical ven-
tilation lacks biological plausibility.

Feasibility of RCTs comparing ECMO

and mechanical ventilation

Once the biological plausibility has been ensured, it is
necessary to assess the feasibility of the trial, by first
defining the sample size. This requires an estimate of
the fraction of mortality attributable to VILL It is dif-
ficult to hypothesize values greater than those found
between high and low tidal volume in the ARMA trial
(i.e., not exceeding 10%) [9]. To prove this extraordinary
and optimistic difference of mortality between ECMO
and conventional therapy in a population with 50% base-
line mortality, the sample size required is 782 patients
(i.e., 391 patients per group). The average enrolment
rate of the largest RCTs in ARDS is 0.58 patients/ICU/
month. Considering only the severe ARDS, it would be
0.14 patients/ICU/month. It will take 15.5 years for 30
ICUs to complete the recruitment for such a trial.

Ongoing RCTs

The EOLIA trial [10] was designed to find a 20% absolute
mortality difference between ECMO and control group.
For the trial to be “positive” it is necessary that the frac-
tion of mortality due to VILI is 20%, that VILI completely
disappears in the ECMO group, and that the mortality
attributable to ECMO is 0%. Such findings are extremely
unlikely if not unrealistic. Therefore we believe that there
is no chance of ending up with a “positive” trial. None-
theless the trial will provide important information and
certainly teach us something.

The SUPERNOVA trial [11] aims to provide an ultra-
protective lung strategy (tidal volume lower than 4 ml/
kg PBW) in patients with moderate ARDS. A pilot study
is actually underway. We may wonder, however, what
change in mortality we may expect on decreasing the
tidal volume from 6 to 4 ml/kg PBW in a moderate ARDS
population, where the chances of developing VILI are
undoubtedly lower than in the severe ARDS population.
Further, if PEEP is not increased in this population, life-
threatening hypoxemia may be anticipated, as a result
of the reduction of mean airway pressure [12, 13]. The
rationale for such an RCT is weak and anyway it is hard
to expect, in moderate ARDS patients (having a ca. 30%
baseline mortality), a mortality attributable to VILI of
greater than 5%. Therefore, to be successful, a trial com-
paring a SUPERNOVA-like patient with moderate ARDS
would require a sample size of about 2600 patients; it
would require decades.

Final remarks
These RCTs will be conducted anyway, with una-
voidable negative results and potentially devastating
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consequences, such as the first trial on ECMO [14],
which led to ECMO being banned for three decades.
There is enormous scope for research, however, such as
on the conditions leading to better lung healing, a so far
completely unexplored field. Indeed, ECMO allows the
largest possible spectrum of lung treatment, from com-
plete rest to whatever form of lung movement imagina-
ble. Which one is the best? This will be a field for new
theories, hypotheses, and, in the end, meaningful trials.
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