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ECMO or no ECMO: Do no harm
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Extracorporeal membrane oxygenation (ECMO) has
been used in the management of neonates with life-thre-
atening cardiorespiratory diseases since 1982!. Several
studies have demonstrated that ECMO promotes normal
survival in neonates with respiratory failure?4. After deca-
des of discussion, ECMO is now well accepted as a stan-
dard of treatment for neonatal respiratory failure refrac-
tory to conventional techniques of pulmonary support.
The randomized controlled study done by the UK colla-
borative ECMO trial group? has definitely proven the ef-
ficacy of ECMO at a time when nowhere in North Ameri-
ca this study could have been undertaken. Over the past
several years, other therapies such as surfactant replace-
ment, high-frequency oscillatory ventilation (HFOV), and
inhaled nitric oxide (iNO) have been introduced and
used increasingly in the management of these critically ill
infants®. Among premature infants with respiratory dis-
tress syndrome, surfactant-replacement therapy was
shown to reduce mortality®. Following an analysis of pa-
tients reported to the Extracorporeal Life Support Orga-
nization (ELSO) registry?, it was found that the use of
surfactant has been now extended to term or near-term
neonates with meconium aspiration syndrome, pneumo-
nia and congenital diaphragmatic hernia. In 1988, no pa-
tients had received surfactant prior to ECMO institution.
However, in 1997, surfactant administration was reported
in 36% of patients. This followed the report by Findlay et
al” showing that surfactant in term infants with meconium
aspiration syndrome decreased air leak, requirement for
ECMO, days on oxygen, days on the ventilator and days
in hospital. Lotze et al® also examined the effect of sur-
factant in babies with persistent pulmonary hypertension
of the newborn (PPHN), meconium aspiration syndrome
and sepsis, and found a significant reduction in the need
for ECMO.

In a prospective randomized trial, HFOV was successful
in 48% of neonatal ECMO candidates whereas continued
intermittent positive pressure ventilation (IPPV) only in
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26%°. Only about 50% of neonates meeting criteria for
ECMO required ECMO after a trial of HFOV in another
prospective cohort studies!®!!. These results have been
largely supported by clinical experience. Although it is
currently not possible to predict which infants will res-
pond to HFOV, it appears appropriate to most clinicians
to try HFOV in infants with PPHN who fail conventional
ventilation.

NO is produced in vascular endothelial cells and plays
an important role in the increase in pulmonary blood
flow after birth!?18, Exogenously administered, NO cau-
ses selective pulmonary vasodilation in newborn lambs
(12). In human neonates, iNO was shown to improve
oxygenation in 50% of cases!??" and furthermore, decrea-
ses the need for ECMO'2!, However, iNO is ineffective
in congenital diaphragmatic hernia??. Of interest, when
iNO is combined to HFOV, a better response is obtained
than when each of the therapy is used alone?.

Considering that these therapies decrease the need for
ECMO9111924-26  they will necessarily impact on the type
of patients treated with ECMO and may potentially chan-
ge the general outcome of patients treated with ECMO. In
a study done for ELSO, Roy et al> showed that the pro-
portion of neonates with congenital diaphragmatic hernia
increased from 18% to 26% between the late 80’s and the
late 90’s. This may signify for a particular ECMO center
that a greater proportion of the ECMO patients will be
more challenging. In this same study, the overall mortality
increased from 18% to 22%, but diagnoses-specific morta-
lity rate was unchanged. However, it remains of a par-
ticular concern that such therapies may potentially delay
the institution of ECMO, the lungs of these neonates may
undergo additional barotrauma and neonates may even
be excluded from subsequent ECMO if the ventilation pe-
riod is prolonged. In fact, in a prospective study of 34 ne-
onates of at least 34-week gestation that met ECMO crite-
ria i.e. oxygenation index (OD) greater than 40, 2 patients
were denied ECMO because they had undergone already
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14 days of ventilation?’. Furthermore, in a retrospective
study of all patients with meconium aspiration syndrome
reported to the ELSO registry for the decade 1989 through
1998, looking at time of institution of ECMO, it was found
that delay in institution of ECMO for meconium aspiration
syndrome resulted in prolonged ECMO and need for lon-
ger post-ECMO ventilation?. On the other hand, in a
study looking at the demographics and health care prac-
tices in neonatal ECMO patients reported to ELSO re-
gistry, it was found that the PaO,/FiO, ratio recorded just
before initiation of ECMO increased over the years in
non-congenital diaphragmatic hernia patients, while the
mean peak inspiratory pressure decreased, suggesting
that neonatal ECMO patients are healthier>. Furthermore,
the average age at which ECMO was started had not in-
creased significantly. This may suggest that despite being
offered several rescue therapies, if the age at which pa-
tients are identified as needing ECMO has not changed,
less stringent criteria are applied. However, the group in
Boston? had a different impression from their data, that is
that the patients appeared sicker in the last years. Furt-
hermore, they also speculated that the increased dura-
tion of ECMO might, in part, be attributable to the relati-
ve increase in patients who traditionally require a longer
period on ECMO, i.e. congenital diaphragmatic hernia.
They also noted a trend toward increased time on ECMO
in their meconium aspiration syndrome, PPHN and sep-
sis, supporting their hypothesis. Differences may be attri-
butable to local practices.

This conjecture demands that we reevaluate ECMO cri-
teria in the health care era where HFOV, surfactant, and
iNO are commonly used to avert the use of ECMO. His-
torically, criteria for initiation of ECMO had been esta-
blished before the introduction of HFV, surfactant and
iNOL An earlier report in 1992 by Baumgart et al3® had
examined this aspect with respect to high frequency jet
ventilation (HEJV) in order to develop criteria for the
early initiation of ECMO in neonates who fail to respond
to HFJV. They had already suggested that in newborns
with a high probability of survival, one should see a rapid
decline in the OI, with a level below 20 achieved by
6 hours of treatment. Failure to observe such improve-
ment, especially if there has been an OI greater that 40,
should alert the clinician that the child has a high proba-
bility of dying. Furthermore, conditions with non-uniform
lung disease like meconium aspiration syndrome and
congenital diaphragmatic hernia, may be less responsive
to HEJV compared with neonates with respiratory distress
syndrome or pneumonia. This was later confirmed in ne-
onates treated with high frequency oscillatory ventila-
tion3!. In that later study, a 6-hour arterial to alveolar oxy-
gen ratio (a/A ratio) of 0.08 or lower yielded the highest
sensitivity and specificity in correctly identifying non-con-
genital diaphragmatic hernia neonates who were treated
with ECMO. More recently, a study attempted to identify
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as early as possible a threshold OI that predicts temporary
or persistent improvement with HFOV and iNO in neo-
natal ECMO candidates?’. They found in their patients
that an OI = 25 after 72h of HFOV and iNO predicted un-
successful HFV/INO with a sensitivity of 91% and a posi-
tive predictive value of 100%. The predictability in this
study is obviously great, but most clinicians would want
criteria that could help them making a decision earlier
than 3 days down in the treatment course. Even though
these studies have not succeeded in providing a clear
way of determining earlier who are these unresponsive
patients, they have at least set some clear questions to be
tested in prospective randomized trials. One important
point that deserves attention is that one should remember
that an OI of 40 does not only reflect the disease seve-
rity, but also how hard one is trying to avoid ECMO. If the
goal is to avert the use of ECMO, it is important that the
outcome of patients avoiding ECMO be determined to en-
sure that it is done safely and it is not based only on cost
issues. Close follow-up through school age is extremely
important when one needs to determine which appro-
ach is the most appropriate. For example, ECMO for me-
conium aspiration syndrome with a survival rate of 100%,
or other therapies. In a recent study?? comparing survi-
vors of neonatal ECMO to patients referred for ECMO
who improved and did not require ECMO, a similar cog-
nitive and adaptive outcomes at 5 years of age was found.
Despite the relative normal 1Q values, a significant num-
ber in each group were at risk for school failure. Alt-
hough in general, findings are reassuring in this popula-
tion, they do indicate that the ECMO patient and those
who nearly receive ECMO patient need close follow-up
through school age.

The positive side of ECMO being so heavily criticized
was that clinicians involved in the care of ECMO patients,
became themselves very critical about their own
pre-ECMO medical management. The diagnosis of con-
genital diaphragmatic hernia carries a high mortality rate
despite the addition of HFOV, iNO and ECMO to the stan-
dard treatment arsenal. Survival rates currently range from
63% to 69% in multicenter studies?3-% and 53% to 78% in
large single-center cohorts3-3%, The delayed surgical re-
pair has been widespread and avoidance of harmful over-
ventilation has become a great concern®*¥, In two large
studies’®38, a lower rate of ECMO use is reported (13.3%
and 43%) compared to the 46% in multicenter studies3335.
This low rate may be attributed partially to overall respi-
ratory care strategy. However, the degree of severity of
respiratory failure in their patients was not well defined
and it is, then, very difficult to assess the success rate. As
a matter of fact, this point was raised by Boloker et al®,
where in their own study, infants treated with gentle ven-
tilation strategy, an OI greater than 20 indicated patients
with an increased risk of mortality as opposed to the tra-
ditional number of 40. It is therefore important in these
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studies, not only to describe the severity of the patients’
disease, but also to find a good descriptor.

Although some centers have lowered their gestational
criteria to 32 weeks, most centers still only accept for
ECMO, infants who are = 34 gestation, with a birth
weight greater than 2 kg. This cut off is related to the in-
cidence of intracranial hemorrhage in the less mature
ECMO population. Although initially infants with an in-
tracranial hemorrhage (ICH) of any type diagnosed befo-
re ECMO were not considered candidates for ECMO,
most centers will now consider infants with ICH less than
grade II. Most infants are considered for ECMO if there
have been fewer than 10 to 14 days of ventilation with
high ventilator settings. This decision should be a clinical
one, and should be made on a case by case basis. Basi-
cally, the disease treated with ECMO has to be reversed in
a short period of time. Conversely, older infants with ch-
ronic lung disease who have an acute insult, eg, respira-
tory syncitial virus, can be supported with ECMO for re-
solution of the acute process, but not to treat the chronic
lung disease. Now venovenous (VV) ECMO is used in
most centers reporting to ELSO’, in both congenital
diaphragmatic hernia and non-congenital diaphragmatic
hernia patients. However, the type of ECMO does not
appear to influence the length of ECMO treatment.

Because iNO therapy has become adopted as a stan-
dard of care for PPHN, its use has increased in many cen-
ters without the capability of providing other rescue the-
rapies, such as ECMO. Although iNO therapy is often
effective, 30% to 40% of sick newborns do not have sus-
tained improvement in oxygenation and hemodynamics
after initiation of therapy. Prudent integration of functio-
nal iNO transport systems within the referring area of an
ECMO center has been recommended as a priority®". Fi-
nally, the use of HFOV and iNO in non-ECMO centers
may pose undue risk for infants who subsequently need
to be transported. Even under the most skilled care, the-
rapies such as HFOV, surfactant and iNO, patients may
not improve rapidly, and if they happen to be at a distant,
non-ECMO site, a potentially life-saving therapy may
come too late. In fact, an earlier report had stated that up
to 10% of patients referred for ECMO might die on trans-
port#, Decision should be made in the best interest of the
infant. Another important point regarding the dramatic
decreasing number of patients per center being suppor-
ted with ECMO is that there has to be sufficient patients
per year to maintain the expertise. It is time to readdress
the need for a regional approach to ECMO centers and be
innovative in ways to maintain the expertise.

In conclusion, neonatal ECMO has resulted in a signifi-
cant improvement in survival in neonates with cardio-
pulmonary failure refractory to maximal medical therapy.
Existing criteria to be considered for ECMO were set at a
time where medical management of these newborns was
quite different and is most likely not appropriate anymo-

re. The current challenge of the clinician is to juggle with
all these therapies, including ECMO, and apply them in a
timely fashion. Continued evaluation of all therapies in
each center is warranted in order to ensure the safety of
the patients, not only in term of survival, but also in term
of outcome. ECMO is there to stay, at least in the more
difficult patients, and for the near-miss ECMO patients, fo-
llow-up studies will determine what is best, ECMO or no
ECMO.
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