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   Extracorporeal membrane oxygenation (ECMO) has 
been used for treating severe respiratory failure in adults 
for nearly 40 years (1). Recently, interest in ECMO has 
increased. This has come about for several reasons. First 
was publication of the CESAR (conventional versus extra-
corporeal membrane oxygenation for severe adult respi-
ratory failure) trial in 2009, which reported a substantial 
positive treatment effect for ECMO compared to conven-
tional therapy in adults with life-threatening acute respi-
ratory distress syndrome (ARDS) (2). Second was the 
publication of observational data demonstrating excellent 
outcomes from patients with pandemic H1N1 influenza 
treated with ECMO in Australia and New Zealand (3). 
Third was recent technological developments, particularly 
the introduction of polymethylpentene oxygenators, which 
have greatly improved the safety and efficacy of ECMO. 

 In this paper, the evidence for using ECMO for treat-
ing severe respiratory failure in adults is reviewed, with 

particular emphasis on the CESAR trial. The difficulties 
inherent in evaluating complex treatments, such as ECMO, 
are also explored. The rationale, indications and contrain-
dications, and technical aspects of using ECMO for treat-
ing severe respiratory failure in adults have recently been 
reviewed (4,5). 

  EARLY TRIALS 

 Following the first – and successful – use of ECMO in 
1972 treating a young man with ARDS following a motor 
vehicle accident, in 1974 the United States National 
Institutes of Health initiated a randomized controlled 
trial (RCT) of ECMO versus conventional treatment for 
treating acute, severe respiratory failure. The trial involved 
90 patients, 42 of whom received partial-flow veno-arterial 
(VA) ECMO. Both the treatment and the control groups 
received mechanical ventilation with high inflation pres-
sures and low positive end-expiratory pressure (PEEP). 
Blood product administration in the ECMO group aver-
aged 2.5 L/day. The results of this trial, published in 1979 
by Zapol and colleagues, demonstrated a mortality of 
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approximately 90% in both the treatment and control 
groups (6). This outcome greatly reduced enthusiasm for 
adult ECMO. 

 A second RCT of ECMO was published in 1994 involv-
ing 40 patients (7). This trial compared mechanical venti-
lation using an inverse ratio of inspiratory and expiratory 
times (a technique popular at the time) with low-flow 
(20–30% of normal cardiac output) veno-venous (VV) 
ECMO. Blood product administration in the ECMO group 
averaged 2.7 L/day (versus .2 L/day in the control group) 
of red blood cells and 2.1 L/day (versus .1 L/day in the con-
trol group) of fresh frozen plasma. The investigators had 
only provided ECMO to seven sheep and one human prior 
to commencing the study. Survival was 44% in the control 
group and 33% in the ECMO group. 

 Both of these trials have limited applicability to the 
modern practice of ECMO. In both trials, positive pres-
sure ventilation with airway pressures that exceed current 
recommendations (8) for lung protective ventilation was 
used in patients receiving ECMO. Thus, one of the main 
potential benefits of ECMO – lung rest – was not achieved. 
Second, blood product administration was extremely high 
in patients receiving ECMO, which would be very atypi-
cal for modern ECMO for respiratory failure. Third, lower 
blood flows were used compared to current practices, par-
ticularly in the trial by Morris and colleagues    (7). Indeed, 
in the Morris trial, extracorporeal blood flow was sufficient 
only to remove carbon dioxide. Oxygenation was achieved 
through a combination of low frequency mechanical ven-
tilation (but not lung protective ventilation) and tracheal 
insufflation of oxygen. It is now known that hypercarbia is 
well tolerated in patients with ARDS, and, indeed, this is the 
basis of the permissive hypercarbia that is central to mod-
ern lung protective ventilation (9). Fourth, VA ECMO was 
used in the Zapol trial, whereas today VV ECMO is con-
sidered the appropriate form of extracorporeal support for 
acute respiratory failure. Fifth, mortality in both the treat-
ment and the control arms was very high in the Zapol study 
(6). Finally, the inexperience of Morris and colleagues with 
extracorporeal support prior to commencing their study is 
startling, given the complex nature of the technique. 

 Despite the poor results from these two RCTs, good 
outcomes have been reported from nonrandomized case 
series from experienced ECMO centers, with survival rates 
for acute respiratory failure of 55–76% being achieved in 
patients with predicted mortalities of 70–80% (10–13). 

   THE CESAR TRIAL 

 In 2009, the much-anticipated results of the multicenter, 
randomized CESAR trial were published in the Lancet 
(2). In this trial, consideration for VV ECMO was com-
pared with continued conventional treatment at one of 68 

“conventional treatment” centers throughout the United 
Kingdom, for adults with severe ARDS. Patients random-
ized for consideration of ECMO were transported to the 
Glenfield Hospital, Leicester, England. Once at Glenfield 
patients were subjected to a standardized ARDs manage-
ment protocol. Patients not responding to this protocol 
within 12 hours were commenced on VV ECMO. Patients 
randomized to conventional treatment were treated at 
(or transported to) one of 92 eligible “conventional treat-
ment” hospitals throughout the United Kingdom, where 
they received “the best critical care practice available” as 
determined by the treating hospital. 

 Of 766 eligible patients from 148 centers, 180 were 
enrolled from 68 centers over a 5-year period (2001–
2006). Ninety patients were randomized to consideration 
of ECMO and 90 to continued conventional treatment. 
Eligible patients were aged 18–65 years with severe but 
potentially reversible respiratory failure, and an acute lung 
injury score (from all four variables – PaO2/FiO2 ratio, 
PEEP, lung compliance, and chest radiograph appearance – 
and FiO2 = 1) of 3.0 or higher, or uncompensated hyper-
capnia with a pH < 7.20 despite optimum conventional 
treatment (14   ). Patients were excluded if they had been on 
high pressure (peak inspiratory pressure > 30 cm H2O) or 
high FiO2 (>.8) ventilation for more than 7 days or had 
contraindications to ECMO, particularly a contraindica-
tion to limited heparin anticoagulation   . 

 The primary end-point, survival to 6 months without dis-
ability, was significantly reduced in the ECMO group com-
pared to the conventional treatment group (63% versus 
47%; relative risk [RR], .69 (95% confidence interval [CI] 
.05–.097);  p  = .03). Average health care costs per patient 
were more than twice as high for patients allocated to con-
sideration for ECMO, with a difference in cost of    £40,544 
(95% CI 24,799–56,288). However, consideration for 
ECMO was associated with a gain of .03 quality-adjusted 
life-years at 6-month follow-up and a lifetime predicted 
cost-utility of about £19,000 per quality-adjusted life-years, 
which is well within the range regarded as cost-effective by 
health technology assessment organizations. 

 There are several issues with the CESAR trial that war-
rant further discussion (15–17). First, and most important, 
is non-use of ECMO in the treatment arm. Twenty-two 
patients randomized to consideration of ECMO did not 
receive it. Three patients died prior to transport and two 
died during transport. Seventeen patients did not require 
ECMO following application of the standardized ARDS 
treatment protocol at the Glenfield Hospital. Mortality in 
this sub-set of 17 patients was 18%. Thus, it is important to 
recognize that CESAR is a trial in which standard treat-
ment is compared to referral to an ECMO-capable hos-
pital for consideration for ECMO. In the sense that this 
strategy mirrors real-world practice, this component of the 
trial design is reasonable. 
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 The primary outcome variable in the CESAR trial is 
a composite (freedom from death or major disability at 
6 months). Composite outcomes must be interpreted cau-
tiously, and some authors recommend reporting each 
component of the composite separately (18). While more 
patients in the treatment group survived, this difference 
was not statistically different (RR .73, 95% [CI .52–1.03]; 
 p  = .07). Data in the CESAR trial were analyzed on an 
intention to treat basis, which is appropriate. However, 
when mortality data are analyzed on the basis of the treat-
ment assigned, the difference between the groups was even 
less (RR .92 [95% CI .65–1.29]) (16). 

 The cost-effectiveness benefit has also been questioned 
(16), based on the authors’ own admission that “the cost-
utility analysis is associated with substantial uncertainty.” 
Two further criticisms with the trial include the long recruit-
ment period, during which time mortality from ARDS 
could have been expected to fall, and the fact the study 
was powered to an expected mortality in the conventional 
treatment group of 70%, which was substantially higher 
than the actual mortality of 50% (16). 

   DIFFICULTIES IN TRIAL DESIGN AND 
PATIENT SELECTION 

 The CESAR trial highlights several problems with con-
ducting RCTs on complex treatments such as ECMO. Such 
trials are logistically very difficult to perform. Recruitment 
took 5 years and was at half the rate that was predicted 
(19). It is possible (perhaps likely) that the beneficial treat-
ment effect demonstrated in the CESAR trial related to 
superior all round care at the Glenfield Hospital compared 
to that available at the conventional treatment hospitals, 
irrespective of whether ECMO was used (15). 

 Outcome from ECMO depends on much more than sim-
ply the provision of an extracorporeal circuit. Experienced 
ECMO centers are usually expert at conventional treat-
ment also. For treating respiratory failure, ECMO should 
be part of an integrated approach to managing patients 
with severe ARDS (10). An integrated ARDS service 
should include expertise in conventional therapy (e.g., 
lung protective ventilation, fluid therapy, hemodynamic 
management), access and familiarity with other advanced 
respiratory therapies (e.g., high-frequency oscillation ven-
tilation, prone positioning, inhaled nitric oxide), suitably 
trained and experienced health professionals (medical, 
nursing, perfusion), and access to ancillary services (e.g., 
surgeons familiar with operating on patients receiving 
extracorporeal support). 

 When clinicians attempt to define the impact of a single 
treatment by conducting a large multicenter RCT powered 
to mortality, the outcome is often a negative study. This has 
been the case with recent multicenter RCTs in critical care, 

despite excellent trial design (20–24). Nevertheless, it is 
possible that some of these treatments studied (dopamine 
(20), high-dose renal replacement therapy (21), intensive 
glucose control (22), albumin fluid therapy (23), or corticos-
teroids (24)) do impact (positively or negatively) mortal-
ity in appropriately selected patients. Even pulse oximetry, 
a universally accepted monitoring tool, has not been shown 
to improve survival when subjected to a large RCT (25,26). 
Thus, demonstrating a survival benefit for ECMO over 
best-practice conventional treatment is likely to be very 
difficult. 

   THE AUSTRALASIAN EXPERIENCE WITH 
PANDEMIC H1N1 INFLUENZA VIRUS INFECTION 

 The impact of pandemic H1N1 influenza infection on 
the requirements for hospital and intensive care unit (ICU) 
admissions in Australia and New Zealand during the winter 
of 2009 was substantial (3). During a 3-month period (June 
1–August 31) 722 patients with confirmed pandemic H1N1 
influenza virus infection were admitted to ICUs in Australia 
and New Zealand, representing 5.2% of ICU bed occu-
pancy. A high percentage, 64.6%, were mechanically venti-
lated and overall mortality was 14.3%. Sixty   -eight patients 
were treated with ECMO, of whom 48 (71%) survived to 
hospital discharge (27). Patients receiving ECMO had a 
median (interquartile range) PaO2/FiO2 ratio of 56 (48–63) 
mmHg, median PEEP of 18 (15–20) cm H2O, and an acute 
lung injury score of 3.8 (3.5–4.0). The median acute lung 
injury score in this cohort is slightly higher than patients in 
the CESAR trial. This intense utilization of ECMO coupled 
with the high rate of survival amongst a very sick group of 
patients greatly increased the experience and profile of 
ECMO amongst Australasian intensivists. Despite these 
data being observational, it is likely several patients treated 
with ECMO survived who would otherwise have died. 

   CONCLUSION 

 The question as to whether ECMO improves outcome 
in patients with severe life threatening respiratory failure 
remains unanswered. In this author’s opinion, this question 
is unlikely to be unequivocally resolved with further RCTs. 
However, it seems probable that ECMO, as part of an inte-
grated approach to managing severe ARDS, is beneficial in 
appropriately selected patients. 
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