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Advances in managing adults with severe respiratory failure
have improved prognosis' despite the absence of specific
treatments to halt or reverse the underlying mechanisms of
disease. Optimal strategies for providing respiratory support
in lung injury would reverse hypoxaemia and promote lung
healing while minimising damage induced by ventilators and
oxygen.2 In selected patients with potentially reversible
disease this approach can incorporate extrapulmonary gas
exchange to augment or replace natural lung function. Over
the past two decades a wide variety of such techniques has
emerged, but the benefits of using membrane oxygenation for
prolonged periods in severe respiratory failure remain dis-
puted.' Furthermore, the practice is often costly, labour
intensive, and complicated.

Proponents of the application of extrapulmonary gas ex-
change to adults would profit from reviewing the development
of neonatal extracorporeal membrane oxygenation (ECMO).
Commendably, nearly all applications of this technique in
neonates and children have been recorded in an international
registry; overall survival is about 80%.4 Unfortunately, in
trials of extracorporeal membrane oxygenation conducted in
the early 1980s no concurrent control groups were studied,
and initial successes and enthusiasm have compromised
subsequent objective evaluation. (An unwillingness to with-
hold unproved but potentially lifesaving treatment has
biased researchers against recruiting patients to the control
limbs of trials.) Secondly, a clear learning curve has been
shown, both globally and in individual centres, which may
represent better management or better patient selection.
Finally, optimal conventional support remains poorly defined,
and the ability of individual units to deliver equivalent
standards of extracorporeal membrane oxygenation and
conventional care has been questioned.5
The National Institutes of Health trial of extracorporeal

membrane oxygenation in adults (overall survival 9%) has
been criticised on several counts: no use of lung rest settings
(whereby low ventilator frequency combined with limited
peak inspiratory pressures aim to minimise damaging dis-
tending forces); pulmonary hypoperfusion secondary to
venoarterial bypass; increased complications related to high
bypass flow rates; and inadequate range ofpatients.

Subsequently, the technique of extracorporeal carbon
dioxide removal was developed, involving the removal of
carbon dioxide by a membrane lung and maintaining essen-
tially apnoeic oxygenation through the lungs.6 Venovenous
bypass blood flow could be restricted to 25% to 30% of the

total cardiac output. Several European centres have reported
survival approaching 50% by using this technique, but
without presenting outcome data for concurrently treated
control groups.
Recent advances in biomedical engineering have addressed

some of the complications of extracorporeal support,
particularly haemorrhage and the need for systemic anti-
coagulation. Improvements in membrane technology have
reduced the activation of inflammatory mediators and surface
thrombogenesis. Persistent haemorrhage (up to 2-5 litres a
day in the National Institutes of Health study) has decreased
with percutaneous cannulation and surface heparinisation of
microporous fibre lungs. Adjuvant therapy with aprotinin7
and tranexamic acid may also reduce established bleeding.
Considerable removal of carbon dioxide can now be achieved
with blood flows as low as 500 ml/min.8

Additionally, the advent of devices providing intravascular
oxygenation may obviate the complications of extracorporeal
gas exchange. The intravascular oxygenator (IVOX) is a
membrane oxgenator composed of multiple elongated hollow
fibres that has been implanted by surgical venotomy in the
venae cavae.9 Design modifications, including a siliconised,
heparin bonded, surface fibre coating, have reduced the
systemic anticoagulation requirement and increased the func-
tional longevity of a single device to four weeks. As presently
configured, the performance of intravascular oxygenators has
been disappointing, providing at best one third to one half of
basal gas exchange requirements, with unpredictable im-
provements in oxygenation.
Data must be interpreted with caution as few centres have

experience with large series of patients. Later models should
be more powerful, with fewer technical problems and clinical
complications. Intravascular oxygenation may find appli-
cations beyond severe lung injury-for example, in thoracic
trauma and surgery, reducing stress on friable tissue and
suture lines. Gas exchange may be further augmented by
mounting the microporous hollow fibres around a centrally
located pulsatile balloon,'0 thus encouraging convective
mixing.
How can we define the place of these new treatments in the

management of adult patients with severe lung injury? In
1988 a trial compared the survival of patients in respiratory
failure supported either by conventional mechanical ven-
tilation or by sequential, pressure controlled, inverse ratio
ventilation and extracorporeal carbon dioxide removal. Pre-
liminary results suggest comparable survival: 42% of controls
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and 33% of patients treated with the new regimen.'" The
authors concluded that outcome in control patients was
significantly improved compared with historical experience
and that the new treatment regimen including extracorporeal
carbon dioxide removal conferred no extra survival benefit.'2
The conditions that must be met before further trials of

extrapulmonary gas exchange can begin are daunting and
make the prospect of randomised, controlled evaluation
remote. Technology and clinical practice should be stable and
standardised; trial protocols should direct patient selection
and timing of intervention and dictate end points for failure
and stopping treatment." The emergence of alternative
treatments such as inhaled nitric oxide and exogenous sur-
factant preparations will limit recruitment ofpatients. Centres
would need experience of applying new treatments in such
critically ill patients, yet be prepared to forgo their use in
control patients even when conventional management is
obviously failing, thereby giving rise to the same ethical
dilemmas that affected assessment of these techniques in
neonates.'

Further studies are now required to define maximal
conventional treatment and its outcome in patients meeting
accepted criteria for treatment with extracorporeal membrane
oxygenation, particularly as more sophisticated mechanical
ventilatory support is evolving, thereby rendering historical
controls invalid. A European registry of all forms of extra-
pulmonary lung support in adults should be established.
Emphasis should be given to developing severity scoring

systems in acute lung injury, which would provide advanced
warning of deterioration and poor prognosis. Responsibility
lies with regional referral centres to identify and transfer

patients likely to benefit from adjuvant support treatments.
More widespread application of these invasive techniques in
the primary admitting units cannot be recommended until the
technology has stabilised and the place of less invasive
alternative treatments becomes clearer.
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Lessons from measles vaccination in developing countries

Vaccination should be introduced only after rigorous trials with mortality as an endpoint

Controlling measles with standard titres of measles vaccine
has been limited by the difficulties of reaching and sustaining
high enough coverage and the need to delay vaccination
until most infants have lost maternal antibody (about 9
months of age in developing countries and 15 months in
developed countries). A vaccine that is effective in younger
infants is desirable both to protect children before they
are exposed to natural measles infection and because atten-
dance at vaccination sessions tends to fall as children get
older.
Edmonston-Zagreb vaccine was shown to be immunogenic

in high concentration at the ages of 4-6 months in several
countries, and in 1989 the World Health Organisation
recommended its use in countries where measles before the
age of 9 months is a substantial cause of death.' Shortage of
high titre vaccines led to delays in the implementation of this
recommendation, and it was subsequently rescinded after
data from three countries with high background infant
mortality (Guinea-Bissau, Senegal, and Haiti) showed
increased overall mortality among children who received high
titre vaccines at 4-6 months compared with recipients of
standard titre vaccines at age 9-10 months.2 This unexpected
finding had several surprising features. Firstly, the excess
mortality did not occur until the second year of life or later-
a considerable time after vaccination. Secondly, the excess
was particularly pronounced in girls. Thirdly, the excess was
non-specific, representing the usual range of childhood
death in the countries concerned. An independent combined

analysis of the findings, commissioned by the WHO, esti-
mated that mortality was significantly increased (averaging
20%) and noted that the design of the trials did not allow
definitive identification of the concentration or the strain of
vaccine as the potential cause of the excess.3 If trials had not
been carried out with long term mortality as an end point the
effect would probably not have been detected as the reporting
of vital events is notoriously incomplete in developing
countries.

Responses to the findings have been of three kinds. Firstly,
the scientific community and funding agencies have re-
discovered measles. The National Institutes of Health in the
United States issued a call for proposals to investigate the
phenomenon. Secondly, new technological approaches are
being used to develop measles vaccines that may be effective
in the first few months of life. Thirdly, public health
authorities, relying on standard titre vaccines in their battle
against the measles virus, have adopted new strategies. Some
have advocated similar mass campaigns to those that have
proved so effective against poliomyelitis in the Americas.
Others have proposed schedules of two doses of vaccine with
the aim of protecting those who fail to seroconvert after the
first dose.4 Regimens of two doses, with both given after
maternal antibody has waned, have been used in many
developed countries for at least a decade, and their apparent
safety there is accepted as indicating their safety in the
developing world.

In developing countries, however, "early" schedules of two
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