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Abstract
Objective: To compare the resource implications and
short term outcomes of extracorporeal membrane
oxygenation and conventional management for term
babies with severe respiratory failure.
Design: Cost effectiveness evaluation alongside a
randomised controlled trial.
Setting: 55 approved recruiting hospitals in the
United Kingdom. These hospitals provided
conventional management, but infants randomised to
extracorporeal membrane oxygenation were
transferred to one of five specialist centres.
Subjects: 185 mature newborn infants (gestational
age at birth > 35 weeks, birth weight > 2 kg) with
severe respiratory failure (oxygenation index > 40)
recruited between 1993 and 1995. The commonest
diagnoses were persistent pulmonary hypertension
due to meconium aspiration, congenital
diaphragmatic hernia, isolated persistent fetal
circulation, sepsis, and idiopathic respiratory distress
syndrome.
Main outcome measure: Cost effectiveness based on
survival at 1 year of age without severe disability.
Results: 63 (68%) of the 93 infants randomised to
extracorporeal membrane oxygenation survived to 1
year compared with 38 (41%) of the 92 infants who
received conventional management. Of those that
survived, one infant in each arm was lost to follow up
and the proportion with disability at 1 year was
similar in the two arms of the trial. One child in each
arm had severe disability. The estimated additional
cost of extracorporeal membrane oxygenation per
additional surviving infant without severe disability
was £51 222 and the cost per surviving infant with no
disability was £75 327.
Conclusions: Extracorporeal membrane oxygenation
for term neonates with severe respiratory failure
would increase overall survival without disability.
Although the policy will increase costs of neonatal
health care, it is likely to be as cost effective as other
life extending technologies.

Introduction
Between 100 and 200 mature newborn infants die
each year in the United Kingdom because of severe
respiratory failure.1 Conventional treatment for infants
in respiratory failure is ventilation with high level
oxygen. Extracorporeal membrane oxygenation is a
technique which oxygenates blood outside the body,
obviating the need for gas exchange in the lungs, and,
if necessary, providing cardiovascular support. As an
expensive new technology in limited use, it was suitable
for evaluation under the United Kingdom’s health
technology assessment model in the NHS research ini-

tiative.2 The UK collaborative randomised extracorpor-
eal membrane oxygenation trial included an economic
evaluation as an integral part of the design. Intention
to treat analysis showed that extracorporeal membrane
oxygenation was highly clinically effective.3 4

A preliminary economic evaluation carried out
before the trial suggested that extracorporeal mem-
brane oxygenation was probably more effective and
more expensive than conventional management.5 But
it also showed that the existing evidence on cost
effectiveness was inadequate for setting priorities
because the uncertainty surrounding the data was too
great.6 We report here the economic evaluation of
the trial.

Subjects and methods
The economic evaluation was a cost effectiveness
analysis comparing extracorporeal membrane oxy-
genation with conventional management based pri-
marily on the principal clinical outcome of the trial
(survival without severe disability at age 1 year). The
trial protocol was developed in collaboration with
health economists, who were members of the trial
steering group, and an economics working party over-
saw the economic evaluation. The economic evaluation
was conducted from the viewpoint of the NHS and so
includes only direct costs to the health service. Data on
the costs to the parents and families of the infants will
be discussed elsewhere.

Extracorporeal membrane oxygenation was pro-
vided in five centres, and babies were recruited from 55
UK neonatal centres. Babies were eligible for the trial if
they were mature newborn infants with severe respira-
tory failure. They were randomised either to be
transferred for extracorporeal membrane oxygenation
or to receive conventional management.4 Babies in
both arms of the trial received some of their care in
neonatal units.

The trial data set included indicators of use of key
resources, which were costed by the economics
researchers using a combination of methods. Health
service use was divided into three components: mode
of transport used for transfers made after randomisa-
tion until discharge; services received in the initial hos-
pital inpatient stay after randomisation, subdivided by
level of intensity; and use of health services from
discharge up to 1 year of age.

The babies’ initial hospital treatment was described
in terms of five levels: days receiving extracorporeal
membrane oxygenation; days receiving maximal
intensive care (more than 90% oxygen); days on a ven-
tilator (receiving less than 90% oxygen); days on
supplementary oxygen; and days in normal care.
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Costs
Secondary data for the costs of days not receiving
extracorporeal membrane oxygenation were taken
from a parallel study conducted by some of the same
researchers (economic evaluation of surfactant
(ECSURF) study).7 8 These data were likely to be more
representative with less risk of bias than data collected
in a few centres.6 9

The suitability of these secondary data for our
analysis was assessed in a pilot study before the trial.6 It
concluded that data from the ECSURF study would be
appropriate, although during the acute phase of their
illness babies in this trial would require more drugs
and investigations than those in the ECSURF study.6

Based on analysis of these additional resources, and
taking into account the case mix of the units in the
ECSURF study and the corresponding size of the neo-
natal units in this trial, a weighting factor of 10% was
applied to the ECSURF data.6 10

Full details of the ECSURF study methods, results,
and final application to the results of this trial have
been reported.11 The adjusted costs, estimated in 1991
prices, were inflated to 1994-5 prices by using the com-
bined hospital and community health services index
and weighted further by 10% to reflect the changes in
junior hospital doctors’ hours and training since the
1993 Calman report.12 A final summary figure to
represent the average cost for the spectrum of neo-
natal care received by babies for the days on which they
were not receiving extracorporeal membrane oxygena-
tion was produced for each arm of the trial.

The information used to calculate the average cost
of an extracorporeal membrane oxygenation day was
collected directly from the four centres which
provided nearly all the extracorporeal membrane
oxygenation for the infants in the trial. When possible
the costs were collected by using a “top down”
approach following the methods used in the ECSURF
study and elsewhere.13 This approach calculates the
total cost of the neonatal unit and apportions this to
different categories of patient. Each extracorporeal
membrane oxygenation centre was sent a detailed
questionnaire based on the ECSURF study survey
form requesting cost data for the financial year April
1994-5. TER visited each centre to ensure consistency
in the apportionment and reporting of cost data. The
costs of lighting, heating, and buildings were excluded
for both arms of the trial. These omitted costs are not
likely to affect the estimated relative difference
between the two arms, but the absolute costs estimates
for both policies will be lower than can be expected in
practice.

The costs to the health service of an infant death,
which consisted mainly of the cost of a postmortem
examination and additional transport, were calcu-
lated for both arms of the trial and included in the
overall cost of hospital care. However, data regarding
the counselling received by parents after an infant
death were not collected, and these costs are not
included.

The costs of each ambulance journey were
estimated by using the method of the London Ambu-
lance Service (personal communication). The total
ambulance cost for each trip was made up of three
main components: a fixed fee for the vehicle, a rate for
mileage, and an hourly rate for the total time the

ambulance was in use. A minimum charge per journey
was applied if the total cost of any journey fell below
the threshold.10 All the air transport costs were
supplied by the relevant companies and services from
their own records.

The preliminary economic evaluation before the
trial established that the costs from discharge up to age
1 year would be a relatively minor proportion of the
total costs.5 Data were collected about use of health
services after discharge from hospital through to age 1,
and we used published unit costs from the University
of Kent.14 All primary cost data were estimated in
1994-5 prices. Secondary cost data were adjusted for
inflation by using the combined hospital and commu-
nity health services index.

We did a sensitivity analysis using a range of plau-
sible assumptions. Changes in five key variables were
considered and the resulting effect on the incremental
cost effectiveness ratio, if any, was estimated:

(1) The daily cost of extracorporeal membrane
oxygenation taken as that in the highest cost and low-
est cost centres.

(2) A change in numbers receiving extracorporeal
membrane oxygenation. Three scenarios were tested.
Firstly, the average neonatal capacity for 1994-5 was
doubled (that is, from 14% to 28%). This is plausible
because during the trial half the eligible infants were
randomised to conventional management. Secondly,
the average occupancy for extracorporeal membrane
oxygenation cots was set at 70%, the maximum
plausible capacity to maintain bed availability for
new admissions. Thirdly, the average use was set at
50%.

(3) A change in the mode of transport for some
journeys, replacing air with road transport.

(4) A change in the difference in survival between
the two arms of the trial for the principal outcome
using the upper and lower limits of the confidence
interval for attributable benefit (0.26; 95% confidence
interval 0.13 to 0.40). The difference in survival
determines the denominator of the cost effectiveness
ratio.

(5) Changes in staffing levels. Trial conditions or the
introduction of a new service may not be representa-
tive of how the service is developed when the costs are
no longer driven by the trial protocol. However, a tele-
phone survey after the trial showed that the staff
resources allocated to each neonatal case in the extra-
corporeal membrane oxygenation centres had not
fallen, and no further sensitivity analysis was carried
out using this variable.

Results
Ninety three babies were randomised to receive extra-
corporeal membrane oxygenation and 92 to conven-
tional management. At 1 year of age, extracorporeal
membrane oxygenation had increased survival (63 v
37), the number of survivors without severe disability
(61 v 36), and the number of survivors with no dis-
ability (49 v 32). However, it also increased the number
of survivors with impairment or disability (17 v 10)
(table 1).

The inpatient stay in the extracorporeal membrane
oxygenation arm exceeded that in the conventional
management arm by 1767 days (table 2) because
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more infants receiving conventional management
died and they died early. In all, 51% (19) of the
survivors who received conventional management
required readmission to hospital compared with
35% (22) who received extracorporeal membrane oxy-
genation.

The estimated average cost for days without extra-
corporeal membrane oxygenation in the conventional
management arm was £230. The cost in the
extracorporeal membrane oxygenation arm was £205.
The last estimate is lower because the infants spent the
more resource intensive phase of their care receiving
extracorporeal membrane oxygenation.

The estimated average total cost per day of
extracorporeal membrane oxygenation was £1813.
The average occupancy of the units during the trial was
14%. We estimated that average cost could fall to
£1534 with 70% occupancy of the cots (table 3). In all
three scenarios the average cost per day falls because
the opportunity cost of increasing equipment use, up
to full capacity, is zero. Although staff are involved, it is
unrealistic to assume that they will be idle when
throughput is low.

Table 4 shows the breakdown of the total health
service costs up to 1 year of age. The total days with
and without extracorporeal membrane oxygenation in
each arm of the trial were multiplied by their
corresponding average cost per day and summed to
calculate the total cost of the initial hospital stay for
each arm. The appendix shows the data used to calcu-
late the total transport costs and costs from discharge
until age 1 year. The total costs after discharge for the
survivors who received extracorporeal membrane
oxygenation is almost twice that of those who received
conventional management because there were almost
twice as many survivors. The total cost of extra-
corporeal membrane oxygenation was £1 936 824 and
the total cost of conventional management was
£644 180.

Extracorporeal membrane oxygenation increases
survival as defined in terms of the two main outcomes
of the trial but at additional cost. The additional cost of
extracorporeal membrane oxygenation over conven-
tional management for every additional survivor with-
out severe disability at 1 year of age was estimated to be
£51 222. The additional cost per additional survivor
with or without impairment but with no disability at
one year was £75 327 (table 5).

Discussion
Extracorporeal membrane oxygenation for babies with
severe respiratory failure is more costly than
conventional management, and if adopted it will
increase the costs of neonatal health care. Since our
results showed that it is also more clinically effective,
health service decision makers will have to consider the
cost effectiveness when deciding whether to introduce
extracorporeal membrane oxygenation.

The additional cost per additional survivor without
severe disability at age 1 year was about £51 222. This
figure should be compared with the incremental costs
of other life extending technologies. For neonates few
other technologies have been properly evaluated in
randomised controlled trials, and even when trials exist
comparisons have to be made with caution because the

figures are often derived by different methods. A
randomised controlled trial of surfactant replacement
treatment for severe neonatal respiratory distress
syndrome conducted in 1990 found it was highly effec-
tive. The estimated cost was £18 604 (at 1994-5 prices)
per additional survivor.15

Table 1 Outcomes for infants randomised in UK collaborative extracorporeal membrane
oxygenation trial

No receiving
extracorporeal

membrane oxygenation
(n=93)

No receiving
conventional
management

(n=92)

Death:

Before discharge 28 54

After discharge 2 0

Lost to follow up 1 1

Assessed at 1 year of age 62 37

Severe disability 1 1

Impairment and disability (which was not severe) 12 4

Impairment and no disability 4 5

No impairment or disability 45 27

Table 2 Number of days of health service use for initial hospital care in neonatal units
and from discharge up to 1 year of age

Extracorporeal membrane
oxygenation (n=93)

Conventional management
(n=92)

No of
days

Median
(interquartile

range)
No of
days

Median
(interquartile

range)

Extracorporeal membrane oxygenation 527 4 (3-7) 22* 0 (0-0)

No extracorporeal membrane oxygenation 3158 18 (9-31) 1896 9 (1-28)

>90% oxygen 137.5 0.5 (0.5-1) 327.5 2 (1-5)

Ventilator 581.5 2 (0.5-4) 363 0 (0-5)

Supplemental oxygen at any concentration 1479.5 3 (0-12.5) 816 0 (0-5)

Normal care 959 6 (1-11) 389.5 0.5 (0-6)

Readmission to hospital 278 0 (0-3) 161 1 (0-7)

Seen by:

Hospital or outpatient clinic 349 0 (0-6) 158 0 (0-3)

Health visitor 929 9 (0-15) 601 0 (0-12)

Family doctor 521 5 (0-8) 279 0 (0-6)

Other† 81 0 (0-0) 128 0 (0-0)

*One baby received extracorporeal membrane oxygenation.3 †Paediatric nurse, physiotherapist, teacher, etc.

Table 3 Breakdown of average cost (£s) per day for neonatal extracorporeal membrane
oxygenation (1994-5 prices) as measured in trial and assuming different levels of cot
occupancy

Occupancy Drugs Disposables Equipment* Staff Overheads Total (range)

Baseline 14% 255 245 391 787 134 1813 (1593 to 2275)

28% 255 245 253 787 123 1663

50% 255 245 155 787 115 1557

70% 255 245 133 787 114 1534

*Annuitised at Treasury recommended rate of 6%.

Table 4 Total health service costs up to 1 year of age (1994-5 prices)

Extracorporeal membrane oxygenation
(n=93) Conventional management (n=92)

Cost (£)
Median

(interquartile range) Cost (£)
Median

(interquartile range)

Initial hospital care 1 603 267 12 551 (8396-21 320) 476 409 2956 (1314-6839)

Additional cost of death 30 352 0 (0-1840) 58 536 1084 (0-1084)

Transport 150 146 728 (439-1235) 20 475 0 (0-297)

From initial discharge
up to 1 year

153 059 1075 (0-1995) 88 739 0 (0-1494)

Total 1 936 824 15 276 (11 242-24 786) 644 180 3702 (2314-9649)

Mean cost/case 20 826 7 002
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A study which set out to devise a mechanism to
provide carefully established recommendations on
new technologies suggested that technologies with a
cost utility of £3000 to £20 000 per (quality adjusted)
life year gained should be strongly recommended if the
evidence came from a properly designed randomised
controlled trial.16 Extracorporeal membrane oxygena-
tion resulted in more survivors with impairment or
disability at 1 year than conventional management but
the proportions in the two arms were similar (27% v
31%). The long term costs and benefits of caring for
this group cannot yet be estimated since it will depend
on the extent to which the impairment or disability
affects their development . The quality of life for all the
trial survivors is being assessed in four and seven year
follow up studies and the cost per quality adjusted life
year (QALY) will be estimated then. If survivors are
shown to have a near normal life expectancy and qual-
ity of life, the cost per QALY is likely to be at the low
end of the recommended range. Because of the short
term perspective of our analysis, we feel that the study
supports adoption of extracorporeal membrane
oxygenation, but this conclusion should be treated with
caution until evidence about longer term effects
emerges.

If it is accepted that extracorporeal membrane oxy-
genation is relatively cost effective, the NHS must con-
sider whether the results can be generalised and decide
how to organise the service. The capacity of the extra-
corporeal membrane oxygenation centres during the
trial was underused, and so costs might be lower if
services were further centralised. Higher occupancy
would also make more efficient use of highly trained
staff. Training costs for these staff were not obtained,
but these may be important if a full service was devel-
oped. Transport costs could be reduced by almost half
if centres were better placed.

Our trial provides a good example of an expensive
technology being introduced in the context of a
carefully planned evaluation. The integration of
economics into the trial design established a multi-
disciplinary framework for collaboration which fos-
tered a comprehensive approach to the research
question and allowed the appropriate investigations to
be done. The evidence that this collaboration has pro-
duced so far suggests that extracorporeal membrane
oxygenation can be as cost effective as other life
extending technologies regularly used in developed
countries. However, until the results of the long term

follow up studies become available, this conclusion
should be viewed with caution.
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Commentary: Concurrent economic evaluations are rare but
should be standard practice

Tom Jefferson

Randomised trials are currently the most robust
method of comparing effectiveness of new interven-
tions such as extracorporeal membrane oxygenation
with current practice. Assessment of effectiveness
alone, however, is unlikely to determine whether the
new technology makes best use of available resources.
This is an important aspect to be assessed in the intro-
duction of all new technologies but especially for this
one, given the notable start up and capital cash costs of
extracorporeal membrane oxygenation and the uncer-
tainty surrounding the performance of the new
technology. The question is answered by the economic
evaluation carried out by Roberts and colleagues,

which is published two years after the original trial. The
two year publication gap partially conceals the
occurrence of a rare event: both trial and economic
evaluation were designed and carried out together,
with economists and trialists working together from
the earliest stages of the venture.

Economic evaluations carried out and published
alongside clinical trials are still a rarity, probably occur-
ring in less than 1% according to one survey of studies
published between 1966 and 1988.1 In another study,
only one economic evaluation of the 45 (2.2%) submit-
ted to the BMJ and Lancet over nine months had been
carried out alongside a clinical trial.2

Appendix

Table A1 Transport details and unit costs for babies in trial

Transport No of babies

Type of journey

Unit cost (£s 1994-5)*Initial Other

No of air journeys

Extracorporeal membrane oxygenation 20 15 special 5 scheduled 3984 (average)

Conventional management 1 1 special 0 5000

No of road ambulance journeys

Extracorporeal membrane oxygenation 68 78 99 Fixed cost of ambulance = 25 minimum
Total cost of ambulance = 218Conventional management 13 13 27

Distance of road journeys (miles)†

Extracorporeal membrane oxygenation _ 3904 6442
0.24/mile

Conventional management _ 812 1436

Time of road journeys (hours)

Extracorporeal membrane oxygenation _ 165 283
55/h

Conventional management _ 31 68

Staff associated with road journeys

Extracorporeal membrane oxygenation _ Consultant and nurse 75/h

Conventional management _ Registrar and nurse 51/h

Equipment for journeys

Both types of management _ _ _ 60/case

*Costs for air journeys were obtained from Careflight, British Airways, Ministry of Defence, and treatment centres. Costs associated with ambulance journeys were
obtained from the London Ambulance Service. Staff costs were obtained from review body reports.17 18

†Since ambulances will always return to base distances were doubled to account for the round trip.

Table A2 Unit costs associated with death and care after
discharge

Unit cost (£s 1995)*

Postmortem examination 866

Transport home in ambulance 218

From initial discharge to 1 year:

Readmissions 197-220/day

Hospital clinic or outpatient clinic 93/visit

Health visitor 47/1 hour visit

Family doctor 31/visit

Other† 29/1 hour visit

*Postmortem costs were obtained from J Keeling (trial pathologist), transport
costs from London Ambulance Service, and other costs from Netten and
Dennett.14

†Paediatric nurse, physiotherapist, teacher, etc.
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The benefits are clear: the application of more than
one perspective to answering a difficult problem
(namely, whether we should introduce an expensive
new technology) has given an answer. There is a
further benefit, the demonstration that multidiscipli-
nary approaches to problems do work. For example,
study design and data collection are decided at
protocol stage and more likely to be adequate for both
assessments, resulting in better and more meaningful
data. The taxpayer can rest assured that the bodies
funding the extracorporeal membrane oxygenation
trialists have acted in the public interest by commis-
sioning a multidimensional study which answered the
question of whether the technique was worth introduc-
ing. This contrasts with the standard approach of call-
ing on economists’ advice at the last minute before
submitting a grant application in impossible “salvage”
attempts.

Why, then, have the trial, the long term follow up
results, and the economic evaluation, admirably part of
the same study, been published separately in two jour-
nals over two years? The answer may lie in a variety of

factors including publication space considerations,
prejudice against economists, unwillingness to address
economic issues at the protocol design stage, and
uncertainty about the rationale and techniques of eco-
nomic evaluation.3 Willingness to publish the results of
the assessment of the clinical effects of a new interven-
tion but not its impact on resources seems irrational,
similar to an editorial salami slicing process. Whatever
the reason, we should be grateful that both trial and
economic evaluation are now published in inter-
national journals to serve as an example of things to
come, I hope.

Dr Miranda Mugford checked the factual accuracy of this com-
mentary.
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Science commentary: Extracorporeal membrane oxygenation

Extracorporeal membrane oxygenation is a technique
for oxygenating blood outside the body which does
away with the need for gas exchange inside the lungs. It
is an offshoot of cardiopulmonary bypass technology
but does not require the body to be cooled down first
and requires minimal heparin. This type of bypass can
run for several days rather than hours. There are four
extracorporeal membrane oxygenation centres in the
United Kingdom, and about 120 babies are treated a
year.

The technique produces the best results in babies
greater than 37 weeks’ gestation. Preterm babies, under
2 kg for example, have vessels which are too fragile to
withstand the damage from cannulae and are at risk of
intraventricular haemorrhages from the heparinised
circuits. The circumstances where extracorporeal
membrane oxygenation is useful include severe meco-
nium aspiration syndrome, where the underlying lungs
are essentially healthy and the damage is potentially
reversible. Thus the treatment “buys time” (usually up
to 10 days) rather than offering a direct cure, allowing
the lungs to be sucked out.

Other groups of neonates can also benefit—for
example, premature babies who have reached term age
and develop respiratory syncitial viral bronchiolitis
on top of already abnormal lungs. These babies may
do well with more prolonged treatment. In the United
Kingdom ventilation is usually tried first, with extra-
corporeal membrane oxygenation following. But if
ventilation has been tried for more than one week, the
chances of extracorporeal membrane oxygenation
being more successful are greatly reduced because of
lung damage induced by heavy ventilation.

Two types of extracorporeal membrane oxygena-
tion exist. In venoarterial extracorporeal oxygenation
membrane blood is removed from the jugular vein by

passive syphoning, pumped to an oxygenator, and
passed through a warmer and back to the patient at
systemic pressure through the common carotid artery.
Meconium aspiration can cause myocardial damage, in
addition to clogging up the lungs, and the technique
allows both the lungs and the heart to be bypassed (or
rested). The second and more recent type is
venovenous extracorporeal membrane oxygenation, in
which blood is returned to the systemic venous circula-
tion. It is used where the lungs are damaged but cardiac
function is normal.

The oxygenator has blood passing through it
countercurrent to a flow of 100% oxygen, the blood
and oxygen being separated by a membrane. The rate
of gas exchange is 120 ml/kg/min so the whole pro-
cess in neonates (who have a blood volume of about 80
ml/kg) is very fast. Carbon dioxide is removed at the
same time as oxygen is supplied.

Abi Berger Science editor, BMJ

Endpiece
Diagnostic trends
It is true that the disorder [tonsillar disease] is not
very common but when an easy and certain
remedy is once discovered for any disease, however
uncommon we may esteem it, it is amazing how
frequently the examples are found.

Samuel Sharp, surgeon to Guy’s, 1733-57

Submitted by Ann Dally, Wellcome Institute
for the History of Medicine
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