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Role of ECMUO in the treatment of respiratory
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Abstract

Aim—To report the collaborative experi-
ence of extracorporeal membrane oxy-
genation (ECMO) in the treatment of
respiratory syncytial virus (RSV) bronchi-
olitis between April 1989 and January 1995.
Methods—The medical records of patients
with confirmed RSV bronchiolitis referred
to three centres (Leicester, Glasgow, and
Great Ormond Street) were reviewed.
Results—Twenty four infants were
identified. Seventeen had been born pre-
maturely (gestational range 23-40 weeks,
median 30 weeks). Thirteen infants had
been mechanically ventilated after birth
and seven of these had evidence of
bronchopulmonary dysplasia (BPD).
The age of onset of RSV infection varied
from three to 64 weeks (mean 17-4 weeks,
median 12 weeks). Ventilation before
ECMO ranged from one to 16 days and
oxygenation indices at the time of refer-
ral ranged from 21-73 (mean 39).
Ribavirin was used in eight of the 24
patients. Sixteen patients received veno-
arterial and eight veno-venous ECMO.
ECMO hours ranged from 32-647
(median 196 hours). One infant died
(survival rate 96%y). Cranial ultrasound
abnormalities were detected in three
patients. However, at follow up only one
of the 23 survivors had evidence of
developmental delay.

Conclusion—A group of paediatric
patients in whom ECMO can be of benefit
has been identified. The use of ECMO
should be considered when other means of
support prove unsuccessful.

(Arch Dis Child 1995; 73: F91-F94)
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Respiratory syncytial virus (RSV) causes only
mild coryzal symptoms in adults and older
children. However, it is a major respiratory
pathogen in children under the age of 2 years!
in whom it typically presents as bronchiolitis.
RSV is estimated to be responsible for 40-90%
of cases of bronchiolitis, overall2 > and 80% of
cases diagnosed in the first year of life,* with a
peak incidence occurring between 2 and 4
months of age.?

In most infants the illness is mild; but in
about 40% of infected infants and children the
lower respiratory tract will be affected. One in
100 of such patients will require treatment in
hospital.? ¢ In less than 3% of those cases the

condition will be life-threatening® and require
intensive care and ventilation.

For previously healthy infants with bronchi-
olitis the prognosis is uniformly good; and
although about 1% of inpatients require a
period of mechanical ventilation for respiratory
failure, the overall mortality reported in normal
children varies from <1% to 2%.2 7 8 In contrast
to previously healthy infants, morbidity and
mortality from RSV bronchiolitis are signifi-
cantly higher in special risk groups with under-
lying cardiopulmonary disorders such as
bronchopulmonary dysplasia (BPD), other
types of chronic lung disease (for example,
cystic fibrosis?), and congenital heart disease.
Infants with immune deficiency disease, a
history of prematurity, or young infants under 6
weeks old are also more likely to develop com-
plicated RSV infection with acute respiratory
deterioration. Groothius ez al reported that
about 50% of children with BPD were admitted
to hospital within the first two years, mainly
because of viral respiratory infections, of which
the respiratory syncytial virus was the common-
est pathogen isolated during the winter.!0
Infants receiving home oxygen during this
period or shortly before were at greatest risk.
Likewise, patients with congenital heart disease
have an increased risk of severe disease with a
reported mortality of 37%!! (compared with
1:5% in those without a cardiac defect); this
rises to 73% in patients with pulmonary hyper-
tension. The mortality from RSV bronchiolitis
is also higher in children with primary immune
deficiency (40%) and in those receiving
chemotherapy (15%)).8

Extracorporeal membrane oxygenation
(ECMO) was introduced to the United
Kingdom in 1989, having been available as a
mode of life support in the United States for 15
years. Selection criteria in neonates have
become more or less uniform in ECMO
centres worldwide, but the application of treat-
ment to the non-neonatal population is still
very variable. There are no agreed parameters
relating to appropriate use of ECMO in this
group. As a result many intensive care units in
the United Kingdom may not even consider
this mode of treatment despite the failure of
conventional management. ECMO is an inva-
sive form of treatment and therefore is not
undertaken unless other available modes of
treatment have been explored. These include
mechanical ventilation and the use of the
antiviral agent ribavirin. Ribavirin hastened
clinical resolution of bronchiolitis in both
previously well infants and in those with
cardiorespiratory disease in several series,!2-16
but these findings have been disputed.!7-20
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Controversy regarding its use on a routine
basis, particularly in low risk infants2! has left
us with no clear picture of its role in the routine
management of RSV bronchiolitis.

In the United Kingdom infants are referred
for ECMO as rescue treatment when they
prove refractory to maximal conventional
management with presumed fatal respiratory
failure. We retrospectively report our collabo-
rative experience of ECMO in the treatment of
RSV bronchiolitis over a five year period.

Methods

The medical records of all paediatric patients
referred for ECMO at the participating centres
between April 1989 and January 1995 were
reviewed. A database sheet developed for the
study was completed at each ECMO centre for
all patents referred with a diagnosis of RSV
bronchiolitis. Referral criteria were not based on
historically derived predictors of mortality — for
example, oxygenation index and alveolar-arterial
oxygen gradient — as is normal practice in new-
born infants referred for ECMO. Failure to
respond to maximal conventional treatment was
individually defined by each centre. However, to
provide a uniform mieasure of disease severity an
oxygenation index (OI)22 was calculated retro-
spectively for each patient as follows:

OI=MAP XF10,(%)/Postductal PaO, (mm Hg)

MAP=PEEP-+|(PIP-PEEP) X (%;ET)]

where = MAP=mean  airway  pressure,
PIP=peak inspiratory pressure, I'T=inspira-
tory time, PEEP=peak end expiratory pres-
sure, ET =expiratory time.

Accepted inclusion criteria for the use of
ECMO for respiratory failure in neonates
were applied — namely, potentially reversible
respiratory  failure, limited ventilation
(<10 days) at high airway pressure, no
evidence of pre-existing neurological deficit,
and no underlying bleeding disorder.

Table 1 Data of RSV infected patients before referral for ECMO, showing gestation, the
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the number of days of conventional ventilation before referral for ECMO, the presence or
absence of pneumothorax and the oxygenation index (OI)

Case Gestation Referral Ventilation
No (weels) BPD age (weeks) (days) Preumothorax (0)4
1 31 + 16 7 - 61
2 29 - 40 7 - 37
3 40 - 36 10 - 26
4 31 - 16 5 - 73
5 26 - 64 8 - 26
6 24 + 40 5 - 35
7 24 + 26 4 - 21
8 40 - 6 5 - 49
9 33 - 6 6 - 30
10 40 - 10 9 - 55
11 26 + 20 2 - 32
12 29 - 24 6 - 36
13 40 - 3 2 + 46
14 28 - 12 14 + 44
15 40 - 4 6 - 48
16 31 + 12 1 - 48
17 28 - 12 4 + 28
18 30 - 9 4 + 30
19 29 + 12 3 - 50
20 40 - 7 12 - 27
21 30 - 18 2 - 42
22 23 + 14 5 - 42
23 32 - 5 16 - 29
24 35 - 6 7 + 25

Table 2 Data of RSV infected patients after ECMO
including the mode, duration, time to extubation after
decannulation, and outcome

Case Mode of Duration of Time (hours)
ot

No ECMO ECMO (hours) 1o e:
1 VA 200 6
2 VA 140 96
3 \'A' 32 6 Survived
4 \'AY% 192 48
5 VA 202 24
6 v 123 0 Died
7 \'A% 330 336
8 \'A% 152 24
9 VA 138 24
10 A'A% 647 216
11 A'A% 160 168
12 VA 140 16
13 VA 252 24
14 zﬁ 225 120
15 228 108 .
16 VA 232 72 Survived
17 VA 186 168
18 VA 217 192
19 VA 172 264
20 VA 209 360
21 \'AY% 237 46
22 VA 168 37
23 VA 214 150
24 VA 178 142

A standard ECMO circuit was adopted in
each centre. This has been described before.23
Cannulation was achieved by surgical cut-
down. A continuous heparin infusion main-
tained an activated clotting time of 180-200
seconds (initially a stat dose of 50 units
heparin/kg followed by 25-100 units/kg/hour
of heparin). Blood and platelet transfusions
were given to maintain the haematocrit
between 40 and 45% and platelet count above
106X10%1. When bypass was established,
ventilation was reduced to ‘rest settings’ — peak
pressure 20 cm H,0O, end-expiratory pressure
8-10 cm H,0, rate 10/minute and inspired
oxygen 21-30%, in order to minimise atelecta-
sis. At the time of referral many of these
patients were receiving inotropic support and
after the start of ECMO this was quickly
weaned to only a low dose of dopamine
infusion, to promote diuresis. ECMO allowed
intense physiotherapy to be undertaken with-
out compromising the infant’s clinical condi-
tion. Echocardiography was performed on all
patients and cranial ultrasound scanning on
those infants with patent anterior fontanelles.
Decannulation was performed only after a
successful trial off ECMO during which good
arterial blood gases were maintained on
moderate ventilator settings.

RSV antigen was sought in nasopharyngeal
secretions from exfoliated epithelial cells in all
patients. The direct immunofluorescence-anti-
body test was used as this provided the most
rapid diagnostic test and has a sensitivity and
specificity of greater than 90%.5

Results

Twenty four patients with confirmed RSV
bronchiolitis were identified in three centres
during the six year study period. Patient details
are shown in tables 1 and 2. Their gestational
ages range from 23 to 40 weeks (mean 31-6
weeks, median 30-5 weeks). Thirteen (13/24)
patients had been mechanically ventilated after
birth with evidence of bronchopulmonary
dysplasia in seven ventilated infants.
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Table 3 Neurological outcome in those patients with
abnormal cranial ultrasound findings

Case

No  Ultrasound abnormality Neurological status

13 Bilateral subependymal
haemorrhages (grade 1)
17  Dilated ventricles

Developmentally normal at
6 months

Abnormal development —
motor, vision,
?hydrocephalus. (?related
to prematurity/neonatal
intensive care)

24  Small choroidal cyst — seen No clinical concerns

after ECMO during/after ECMO
(short follow up of only 1
month after ECMO)

The age at onset of RSV infection varied
from three to 64 weeks (median 12 weeks).
The mean weight on admission was 4-0 kg
(range 2-0-8-4 kg; median weight 3-62 kg).
The indications for ECMO were: (1) poor
oxygenation (n=22; four of whom had pneu-
mothoraces); (2) carbon dioxide retention
(n=1); (3) combination of inadequate oxy-
genation and carbon dioxide retention (n=1).

All patients treated with ECMO were trans-
ferred from intensive care units — most from
paediatric intensive care units and adult inten-
sive care units (ITU) at teaching hospitals. The
remainder were from adult ITUs in district
general hospitals. They had been mechanically
ventilated for variable lengths of time (mean
6-0 days; median 5-5 days). The mean PIP was
36 cm H,O (SD (5-5)), mean PEEP was 5-8
(2-2) cm H,0O and mean airway pressure was
20 (4-7) cm H,0. All except one infant were in
100% oxygen. Arterial blood gas before the
start of ECMO averaged pH 7-43 (0-13),
pCO, 5-8 (2-1) kPa, pO, 6-8 (1:53) kPa.

No validation of OI has taken place in non-
neonates.?4 In our sample the mean OI was 39
(range 21 to 73); this was used to quantify
problems of oxygenation. We have not
attempted to describe increasing evidence of
barotrauma at the time of referral, but pneu-
mothoraces were seen in five patients before
ECMO and in one patient after ECMO, and
these required between one and five chest
drains. Ribavirin had been used in eight of 24
patients.

Sixteen patients received veno-arterial and
eight veno-venous ECMO. The duration of
ECMO varied from 32 hours to 647 hours
(median 196 hours). Nineteen infants have
been followed up for more than one year and
satisfactory neurological outcome confirmed in
all except case 17 (table 3). Five infants remain
less than one year from completion of their
ECMO course. However, none of these is
giving cause for concern. Cranial ultrasound
abnormalities were identified in only three
patients (table 3). The median time to extuba-
tion was 82 hours (range 6 to 360 hours). One
(1/24) patient died (survival rate 96%).

Discussion

ECMO has been an established mode of
treatment for neonates with severe cardio-
respiratory failure in the United States for the
past 15 years. However, its use in providing
respiratory support in non-neonates, although
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increased in recent years, still remains
uncommon. The final decision to refer for
ECMO for our patients was based on clinical
judgment. In general, the combination of
deteriorating respiratory failure in spite of
vigorous ventilatory support in a child with an
obstructive airway disease and haemodynamic
instability formed the basis of that decision. OI
has proved a useful indicator for the use of
ECMO in neonates as respiratory failure in
newborns is usually secondary to alveolar
disease and/or pulmonary hypertension. In
children the pathogenesis is more hetero-
genous, often comprising both airway and
alveolar problems, as in the patients presented
here.

Infection with RSV is a major cause of
admission to hospital during the winter
months in temperate climates, and the mortal-
ity in those requiring intensive care is low.27
However, some infants with specific risk
factors tend to have more severe respiratory
problems when they present with RSV infec-
tion.

Eighteen of the 24 patients presented here
had been premature of whom 13 had been
ventilated in the neonatal period; seven had
documented evidence of bronchopulmonary
dysplasia (BPD). One patient had congenital
heart disease (mitral regurgitation). Therefore,
about 80% of patients referred for ECMO fell
into special risk groups associated with more
severe forms of RSV infection. Mortality
among these groups when infected with RSV
has been reported to be as high as 40%.8 11

Meert et al?5 compared previously healthy
prematurely born infants with full term infants
admitted to hospital with RSV infection, and
evaluated the role of prematurity on the
clinical course of the illness. She found that
premature birth by itself increased the risk of
more severe and prolonged RSV disease.
Infants who had been born prematurely
developed a greater degree of respiratory insuf-
ficiency and subsequently, there was greater
need for supplemental oxygen and/or
mechanical ventilation. Meert further sug-
gested that because of their smaller size and
consequently smaller airway, there was a
potential for increased airway resistance, hence
the development of respiratory insufficiency.

Lebel et al,6 however, reported that the
increased severity of RSV infection in such
infants was associated with their postcon-
ceptual age rather than smaller size, because
younger infants have less physiological respira-
tory reserve compared with matched low
weight older infants. Groothuis ez al,!° in a
prospective study of the natural history of RSV
infection in children with BPD, found that
more than two thirds of these children required
admission, which was generally more pro-
longed (exceeding seven days, whereas the
hospital stay for an otherwise normal infant
with RSV infection was four to seven days),
and associated with significant morbidity
(although there were no deaths among the
study population).

Our data seem to confirm that prematurity
and bronchopulmonary dysplasia do predispose
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infants to severe problems when infected with
RSV. The duration of ECMO was not influ-
enced by gestation at birth nor previous history
of BPD. Moreover, pre-existing chronic lung
disease did not necessarily predict a poor out-
come in that six of the seven patients survived.
We also found that neither a high OI nor long
ventilation before ECMO were reliable predic-
tors of the duration of ECMO and did not cor-
relate with survival.

Most (66%) of patients in our study received
veno-arterial (VA) support. Traditionally this
has been the preferred mode of support in
these haemodynamically unstable children in
that it provides cardiovascular as well as
respiratory support, requires a shorter operat-
ing time, and hence, stabilisation is quickly
achieved. However, its disadvantages include
carotid artery ligation and the risk of perfusing
air bubbles or particles directly into the arterial
system. Veno-venous ECMO has the advan-
tage of sparing the carotid artery, but this tech-
nique can only be used on selected patients
because of the longer operative time required
to place the cannulae. Where veno-venous
ECMO has been established wusing two
separate cannulae, subsequent problems with
poor healing of the groin wound and persistent
leg swelling have caused concern. These
complications have been resolved by the intro-
duction of a double-lumen veno-venous
catheter which provides access for drainage
and perfusion. This is much less invasive but is
more technically demanding to place satisfac-
torily.

The duration of ECMO was considerably
longer in this population (mean 207 hours)
compared with the neonatal population in
whom ECMO hours averaged 120. Case 10
had an extremely prolonged course of veno-
venous extracorporeal life support (27 days) —
this was a cardiac patient who had developed
RSV bronchiolitis six days after mitral valve
replacement, and the outcome was favourable.

It is encouraging that these infants generally
had good neurological outcomes, with devel-
opmental delay documented in only one infant
— an ex-premature (28 weeks’ gestation) infant
who had required intensive care support
during the neonatal period, and was known to
have dilated ventricles before referral.

ECMO entry criteria have been inadequately
defined for the non-neonatal population and
therefore tend to be specific to the institution.
Ventilatory support before ECMO was con-
sidered optimal by referring teams, and
although blood gases showed normal mean pH
and pCO,, it must be emphasised that high
mean airway pressures (20 (4-7) cm H,0) and
100% inspired O, were used to achieve PaO,
6-8 (1-5) kPa. Haemodynamic instability was
also a significant contributing factor in referral
of these patients for ECMO, many of whom
were receiving inotropic support. Therefore,
all patients referred to our centres for ECMO
were deemed unsalvageable with maximal con-
ventional management and 96% ultimately
survived with the use of ECMO. We believe
that we have identified a group of paediatric
patients in whom this form of intervention can

be of benefit with excellent neurological out-
come and long term survival.

The United Kingdom is currently undertak-
ing a randomised trial of ECMO compared
with conventional ventilation in newborn
infants. Because only small numbers of
children reach ECMO criteria following RSV
infection, a similar study in this population is
not practical. The results presented here
indicate that the use of ECMO should at least
be considered when other means of support are
proving unsuccessful.
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