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Abstract

Since ancient times, various methods have been used to re-
vive apparently stillborn infants; many were of dubious ef-
ficacy and had the potential to cause harm. Based largely on
studies of acutely asphyxiated term animal models, clinical
assessment and positive pressure ventilation have become
the cornerstones of neonatal resuscitation over the last 40
years. Over the last 25 years, care of extremely preterm in-
fants in the delivery room has evolved from a policy of indif-
ference to one of increasingly aggressive support. The sur-
vival of these infants has improved considerably in recent
years; this has not, however, necessarily been due to more
aggressive resuscitation. Urban myths have evolved that all
extremely preterm infants died before they were intubated,
and that all such infants need to immediately intubated or
they will quickly die. This has never been true. Clinical assess-
ment of infants at birth is subjective. Also, many techniques
used to support preterm infants at birth have not been well
studied and there is evidence that they may be harmful. It
may thus be argued that many of our well-intentioned resus-
citation interventions are of dubious efficacy and have the
potential to cause harm. ‘Resuscitation’ is an emotive term
which means ‘restoration of life’. Death, thankfully, is a rare
presentation in the delivery room. Therefore, concerning
neonatal ‘resuscitation’, it is time to ‘call it" something else.

This will allow us to dispassionately distinguish preterm in-
fants who are dead, or nearly dead, from those who are
merely at high risk of parenchymal lung disease. We may
then be able to refine our interventions and determine what
methods of support benefit these infants most.

Copyright © 2008 S. Karger AG, Basel

Resuscitation - restoration to life.

1. Restoration to life. Also fig.

b. spec. Restoration of life or consciousness in
one almost or apparently drowned or dead;

c. Restoration to health. rare.

2. Revival, renewal, restoration (of something).
Oxford English Dictionary

Evolution of Neonatal Resuscitation

Attempted revival of apparently lifeless newborn in-
fants has been described since ancient times. Various
methods - including slapping, pinching, electrocution,
immersion in hot and cold water, and insertion of corn
cobs and ravens’ beaks into the infant’s rectum - have
been used, with claims for efficacy made for each [1].
Though subject to the vagaries of fashion over 2,000
years, positive pressure ventilation has become the main-
stay of neonatal resuscitation over the last 40 years. This
has in large part been due to a series of experiments in
which term infants of different species of animals were
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subjected to an acute and total asphyxial insult (in the
seminal experiment a term Rhesus monkey had its um-
bilical cord ligated and head covered with a saline-filled
condom to prevent breathing) [2]. Initially these animals
made vigorous breathing efforts, which then ceased and
were followed by agonal gasping as they became increas-
ingly acidaemic, bradycardic and hypotensive. The ani-
mals progressed inexorably toward death unless they
were given intermittent positive pressure ventilation
(IPPV) with an oxygen-rich gas through an endotracheal
tube (ETT). Endotracheal ventilation prompted a rapid
increase in heart rate, which was followed by an increase
in systemic blood pressure and pH, visible improvement
in colour and a return of gasping respiration. IPPV was
accepted largely in the absence of human studies; the only
randomised study evaluating its use reporting that endo-
tracheal ventilation and placement in a hyperbaric oxy-
gen chamber ‘are equally effective methods of infant re-
suscitation’ [3]. Over the last 20 years specific courses in
neonatal resuscitation based on these techniques have
been designed, refined and taught to millions of health-
care providers around the world [4, 5]. Over the last 10
years the Neonatal Subcommittee of the International Li-
aison Committee on Resuscitation has issued guidelines
for neonatal resuscitation [6] and serially evaluated the
evidence available to support current recommendations
[7, 8]. The key elements of neonatal resuscitation are clin-
ical assessment to determine ‘need’ for intervention
(while taking measures to keep the infant warm) and pos-
itive pressure ventilation for those deemed to ‘need’ it. In
contrast to adult resuscitation less emphasis is placed on
circulatory support, as it is infrequently used and, even
when it is, circulation is rarely the primary problem.

Guidelines for Resuscitation of Preterm Infants

Guidelines for neonatal resuscitation state that every
infant’s ‘need’ for resuscitation should be determined
based on clinical assessments of their breathing, heart
rate and colour [4-7]. If one or more of these assessments
are unsatisfactory, positive pressure ventilation is given
by mask or ETT. Initially, few distinctions were made in
techniques that may be desirable for preterm infants, oth-
er than to note that the incidence of perinatal depression
amongst preterm infants was markedly increased and
that some practitioners advised early intubation of all ex-
tremely preterm infants [6, 7]. The advice offered was
based on experience with little evidence to support the
methods advocated [9]. More recent publications state
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Table 1. Mortality rates of premature infants of the Sarah Morris
Hospital between the years 1922-1940 based on weight and time
of death

Birth weight Total Number Deceased Sur-
admis-  gradu- vived
sions ated first ~ 24-48h after %

24h 48 h
<1,000 g 247 32 136 28 51 12.95
1,001-1,250 g 286 110 89 34 53 38.46

Adapted from Hess and Lundeen [13, p. 263, table XVIII].

that animal experiments indicate that preterm lungs are
more prone to injury and that the application of positive
end-expiratory pressure may be beneficial [8]. They fur-
ther state that while continuous positive airway pressure
(CPAP) helps stabilise and improve lung function in sick
newborns, there is insufficient evidence to support or re-
fute its routine use during or immediately after resuscita-
tion in the delivery room (DR).

Epidemiology of Respiratory Support of Extremely
Preterm Infants in the DR

The majority of extremely preterm/extremely low
birth weight (ELBW;<1,000 g) infants receive respiratory
support in the DR (97% of 27-28 weeks’ gestation infants
born in the UK in 1998-2000) [10]. These infants are
commonly intubated at birth. In 2000-2003 in Australia
and New Zealand, 85% of infants <750 g and 63% of in-
fants <750-999 g intubated in the DR [11]. In 2004, the
proportion of infants <1,500 g intubated in the DR
born at centres contributing to the Vermont-Oxford Neo-
natal Network was also high and inversely related to
birth weight (81% of infants <750 g; 74% of infants 751-
1,000 g; 49% of infants 1,001-1,499 g) [12].

‘Resuscitation’ and Death in the DR

Perhaps many extremely preterm/ELBW infants are
intubated in the DR for resuscitation, i.e. to avoid immi-
nent death. But how likely and imminent is death for in-
fants not intubated at birth? For infants born in the mod-
ern era, it is not clear. However, insights may be gleaned
from history.
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Table 2. Time of death and neonatal mortality overall and by gender for inborn infants with birth weights 751-1,000 g admitted to 10

premature nurseries in New York City in 1955-1957

Number of infants

15-29 min  30-59 min 1Isth 2-5h 6-11h  12-17h 18-23h 1stday 2-6days 7-28days Total
Males (n = 173) 0(0) 5(3) 15(9) 46 (27)  25(14) 13 (8) 11 (6) 12(7) 20 (12) 9(5) 156 (90)
Females (n = 167) 0(0) 1(1) 9(5) 22(13)  20(12) 13 (8) 7 (4) 15 (9) 22(13) 10 (6) 119 (72)
Total (n = 340) 0(0) 6(2) 24 (7) 68 (20)  45(13)  26(8) 18 (5) 27 (8) 42(12)  19(6) 275 (81)

Adapted from Silverman [14]. Figures in parentheses indicate percentages.

Hess and Lundeen reported the mortality rates for in-
fants admitted to the ‘premature station’ of the Sarah
Morris Hospital in Chicago 1922-1940 (table 1) [13]. They
reported all infants admitted and did not distinguish be-
tween infants born at the hospital (inborn) and outborn
infants. No infant was intubated for respiratory support.
Among infants with birth weight <1,000 g, 55% infants
died at <24 h, 11% died between 24 and 48 h, 21% died
before ‘graduation” and 13% ‘graduated’ from the nurs-
ery.

Silverman subsequently reported the neonatal (<28-
day) mortality rate and time of death for 7,530 infants
admitted to 10 ‘premature centers’ in New York City in
1955-1957 (table 2) [14]. Amongst these infants were 335
with birth weight 501-750 g, and 492 with birth weight
751-1,000 g. Three hundred and twenty-eight (98%) in-
fants 501-750 g died in the first 28 days of life, as com-
pared with 383 (78%) of infants 751-1,000 g (overall mor-
tality 711/827 = 86%). The mortality and time of death of
inborn infants weighing 751-1,000 g overall and accord-
ing to gender is shown in table 2. No infant died within
30 min of birth. Boys died more commonly and more
quickly than the girls.

McDonald et al. [15] reported the proportion of in-
fants born at a single hospital in 1970-1975 who ‘required
>1 min of positive pressure ventilation before sustained
respiration occurred’ (table 3). The proportion who re-
ceived PPV was inversely related to maturity and was
28.4% amongst infants of 27-28 weeks. Perhaps a more
interesting way to look at these data is that in the early
1970s, 71% of infants 27-28 weeks had sustained breath-
ing after birth without PPV, a stark contrast with the UK
a quarter of a century later [10].

The relevance of these historical data to extremely pre-
term infants born today is limited. In the earlier cohorts
more mature, growth-restricted infants are likely over-
represented; and infants who were born alive but regis-
tered as still-births (or simply not registered) are likely

Delivery Room Care of Extremely
Preterm Infants
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Table 3. Numbers and proportion of infants born at Magee Wom-
en’s Hospital, Philadelphia, in 1970-1975 who received >1 min of
positive pressure ventilation before sustained respiration oc-
curred

Gestation Infants Asphyxia Rate, %
Overall 32,837 348 1.1
27-28 weeks 67 19 284
<27 weeks 106 66 62.3

Adapted from MacDonald et al. [15].

not included [13, 14]. One could reasonably speculate,
therefore, that the survival of such infants in these his-
torical cohorts is an overestimate of their survival in that
era. Their survival, however, likely underestimates sur-
vival today, as neonatal mortality rates have fallen over-
all. Also the condition of infants at birth today is likely to
be better than in the 1970s due to improvements, amongst
other things, in perinatal care. For example, for the co-
hort born in 1970-1975, the rate of antenatal steroid use,
epidural anaesthesia, breech vaginal and caesarean sec-
tion delivery was 0, 0, 4 and 8.4% respectively [15]. Spec-
ulation aside, the historical and more recent data do re-
veal some interesting facts. Firstly, even 50-80 years ago,
not all extremely preterm/ELBW newborns died without
immediate respiratory support. Secondly, of those that
died, many did not die within minutes of birth. Thirdly,
many infants did not receive respiratory support before
sustained breathing ensued. It is, thus, an urban myth
that all extremely preterm and ELBW infants died before
they were intubated. It is also an urban myth that all such
infants will quickly die in the DR if they are not intu-
bated.
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Respiratory Support for Extremely Preterm/ELBW
Infants

Frequent early death from respiratory failure among
infants born prematurely was reported more than 4,000
years ago [1]. Mortality among premature infants who
developed hyaline membrane disease remained high
through the 1950s and 1960s. The first evidence from
randomised studies that IPPV could benefit infants came
in 1961 when Wright et al. [16] reported that more infants
with tetanus neonatorum survived if they were treated
with IPPV (14/25 vs. 4/25). In 1967, Reid et al. [17] report-
ed that more infants with respiratory distress syndrome
(RDS) survived if they were randomised to IPPV than to
‘amodified Usher regimen’ (O, and IV NaHCO; and glu-
cose) between 3 and 6 h of age (8/10 survivors compared
to 2/10). In 1970, Murdock et al. [18] reported the results
of a randomised comparison of ventilation with various
different machines (including a negative pressure ventila-
tor) and supplemental ambient O, for 221 outborn infants
with RDS. Survival increased significantly amongst ven-
tilated infants =33 weeks’ gestation (36/92 vs. 6/26); no
difference was seen amongst less mature infants. Also in
1970, Llewellyn et al. [19] reported that, while fewer in-
fants were subsequently intubated for PPV if they were
randomised to PPV via a tightly fitting face mask rather
than supplemental ambient O, (13/22 vs. 20/22), their
survival rates were not significantly different (8 vs. 12).
Of note, infants weighing <1,000 g at birth were excluded
from all of these studies [17-19].

In 1971, Gregory et al. [20] described the use of CPAP
in a case series of 20 infants with established severe idio-
pathic RDS (PaO, <50 mm Hg in 100% O,; or frequent
episodes of apnoea, cyanosis and bradycardia in 70-100%
O,). Pressures of 6-12 mm Hg (= 8-16 cm H,0) were
given to 18 infants via an ETT and to 2 infants via a pres-
sure chamber enclosing the head. Sixteen (80%) infants
survived - including 7 of 10 infants who weighed 930-
1,500 g and the authors reported that ‘we should have
expected less than 25% of our infants to survive’. Subse-
quently different devices and interfaces were developed
with which CPAP could be delivered [21, 22].

In 1982, Drew reported a comparison routine intuba-
tion to ‘selective’ intubation for infants <1,500 g per-
formed at a single centre in 1978-1979 [23]. More infants
in the routine intubation group survived (53/69, 77%)
than in the selectively intubated group (49/96, 51%). This
study however is difficult to interpret principally because
of the unequal care given to the groups [24]. Junior staff
were more often responsible for the selective intubation
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group, while infants in the routine intubation group were
invariably cared for by a neonatologist (indeed, infants in
the intubation group were excluded from the analysis if
the neonatologist and resuscitation team were not present
at delivery). The better outcome of the routinely intubat-
ed group may thus have been due to more skilled care or
to exclusion of some high-risk infants.

Endogenous surfactant deficiency was known to be a
contributory factor to RDS as early as 1959 [25]. Between
the 1970s and 1990s, exogenous surfactants were pre-
pared, given to animals, subsequently given to infants
and, ultimately, evaluated in well-designed randomised
clinical trials in thousands of infants. Confirming a tre-
mendous advance, these trials demonstrated that surfac-
tant improved survival in infants ventilated for RDS
compared to infants ventilated for RDS who did not re-
ceive surfactant [26]. Subsequent trials demonstrated that
natural surfactants were superior to synthetic prepara-
tions [27], that infants with severe RDS benefit from re-
peated doses of surfactant [28], and that the earlier the
surfactant is given, the better the effect [29].

A Dilemma: The Association between Mechanical
Ventilation and Chronic Lung Disease

In the pre-surfactant era, the rate of chronic lung dis-
ease (CLD) of prematurity was demonstrated to be sub-
stantially higher in institutions in the US which used me-
chanical ventilation as the primary mode of respiratory
support for preterm infants when compared to an institu-
tion which favoured the use of nasal CPAP [30]. This as-
sociation between endotracheal ventilation and CLD was
re-affirmed in the post-surfactant era [31]. Though the
rates of death and other adverse outcomes were not dif-
ferent between these similar hospitals, the rate of CLD
was 4-5 times higher in institutions where the mechani-
cal ventilation and surfactant use was favoured [31]. Sev-
eral institutions have seen a reduced prevalence of CLD
in very preterm infants following increased use of CPAP
in preference to mechanical ventilation [32-34].

Clinicians are therefore faced with a dilemma; they
would like infants to derive the benefits of surfactant, but
are concerned about the negative associations of endotra-
cheal ventilation. This has led to different approaches to
respiratory support of preterm infants. One such ap-
proach is the so-called INSURE’ technique, where in-
fants with RDS are briefly intubated to receive surfactant
before extubation to CPAP. Studies have evaluated the ef-
fect of brief intubation for surfactant delivery followed by

O’Donnell
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CPAP in infants with RDS, and shown a reduction in the
rate of subsequent ventilation [35]. Most of these trials
have been unblinded and recruited small numbers of in-
fants [36, 37]; and many infants were of a maturity and
size where mechanical ventilation for RDS in institutions
favouring CPAP is unusual, and where CLD is an uncom-
mon outcome in general [36, 38]. Though the rate of sub-
sequent ventilation was reduced, no difference was ob-
served in other outcomes. Also, with such a manoeuvre,
all infants in the intervention group are intubated and
ventilated, if only briefly; one is thus ‘intubating to pre-
vent intubation’. Intubation is neither an easy [39-42] nor
abenign procedure [42,43], which many clinicians would
prefer to avoid unless it has clear benefits.

A recent randomised trial (the COIN trial) demon-
strated that the outcomes for infants 25-28 weeks’ gesta-
tion with respiratory distress randomised to nasal CPAP
or endotracheal IPPV at 5 min of age were similar [44].
Mortality was not different between the groups and the
reduced rate of oxygen therapy amongst infants ran-
domised to CPAP seen at 28 days was not sustained at 36
weeks’ postmenstrual age. CPAP failed (determined as
FiO, =0.60, and/or PaCO, =60 mm Hg/8 kPa and pH
<7.25) in almost half (46%) of infants randomised to it.
Interestingly (and in contrast to other studies) only 70%
of infants randomised to intubation received surfactant.
The rate of surfactant use was halved in the group ran-
domised to CPAP. Of concern, however, was the higher
rate of air leak in those randomised to CPAP (9 vs. 3%).
As against that, infants randomised to CPAP spent less
time on respiratory support and in hospital [44]. Neuro-
developmental assessment of these infants is ongoing.
Would the rate of pneumothorax have been lower if a
lower threshold for CPAP failure had been used (e.g. FiO,
=>0.40)? Would it have been lower if all infants had re-
ceived surfactant? All pertinent questions to which there
is no answer at present, although there is at least one on-
going trial designed to clarify this dilemma [45]. Points
worth noting, though, are that subjective clinical assess-
ment was used to determine eligibility for the COIN trial
[44] and also, the infants were ‘better’ (i.e. had lower mor-
tality and less severe lung disease) than those enrolled in
the surfactant trials.

The optimal strategy for respiratory support in ex-
tremely preterm/ELBW infants has not been established
[45]. Many worry that infants who are not intubated do
not benefit from surfactant. However, it is not appropri-
ate to extrapolate the findings from trials of surfactant,
where infants in the control group were intubated, to in-
fants who are not intubated. Because infants who are ven-

Delivery Room Care of Extremely
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tilated for RDS do better when given surfactant, it does
not necessarily follow that all infants should be intubated
for surfactant administration. It is important to establish
which respiratory support strategy, if any, is preferable for
preterm infants. To do so, further detailed randomised
trials are required.

Why Are Infants Intubated in the DR?

For Resuscitation?

Perhaps, but death/near death is uncommon. Also, the
Dawes’ model of neonatal resuscitation was one of an
acute severe asphyxial insult in a term infant [2]. Its rel-
evance to many preterm infants today, for example, de-
livered by caesarean section under regional anaesthesia
for maternal pre-eclampsia after antenatal steroids have
been given, is highly debatable. A critical point is that
these infants are assessed clinically at birth. It is self-evi-
dent that these are subjective assessments; worryingly,
they appear highly so and may also be inaccurate [46-
48]. Perhaps subjectivity in part explains how the major-
ity of infants can be managed without an ETT in the DR
(76% of infants <1,250 g, 50% of infants <750 g born at
Columbia Presbyterian Hospital, New York, between
June 1999 and July 2002 [49]; 75% of infants 25-28 weeks’
gestation in Ulm, Germany [50]) in some institutions,
while the majority are intubated elsewhere. It appears
that a clinician’s ability to manage extremely preterm/
ELBW infants without intubation in the DR is at least
partly related to their belief that it can be done.

For Early Surfactant?

Perhaps, but in Vermont-Oxford Neonatal Network
centres in 1998-2000, although more than 70% were in-
tubated in the DR, only 27% received surfactant there
[51]. Interestingly, in a trial which demonstrated that a
series of interventions aimed at promoting earlier surfac-
tant delivery that increased surfactant use in the DR and
reduced the time taken to give surfactant, the rate of mor-
tality and pneumothorax was not reduced, although se-
vere intraventricular haemorrhage was significantly re-
duced [52]. Perhaps the benefit of this strategy is now less
marked than when the trials of this intervention were
originally conducted, as, with the benefit of more wide-
spread antenatal steroid use, the infants are now ‘better’
at birth.
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‘Neonatal Resuscitation’ - A Common Misnomer

I believe that all too frequently we confuse the infants
‘need’ for resuscitation with our ‘need’ to resuscitate
them. It has been reported that resuscitation is more suc-
cessful among the newborn than paediatric or adult pop-
ulation. This may well be because we are not comparing
like with like. Resuscitation is an intervention applied in
other age groups in the presence of respiratory and/or
circulatory arrest. In newborns, however, respiratory ar-
rest may be less common than perceived and circulatory
arrest appears rare. Therefore it is possible that ‘resuscita-
tion’ is more successful in newborns because it is applied
to many infants who do not ‘need’ it and are destined to
survive without it. It is important to realise that because
we apply an intervention (or series of interventions) and
the baby survives, the baby does not necessarily survive
because of the intervention; they may have survived de-
spite the intervention. It is likely this was the case for in-
fants ‘resuscitated’ with corn cobs and ravens’ beaks.

We should instead try to more clearly distinguish be-
tween extremely preterm/ELBW infants who are given
treatment soon after birth for parenchymal lung disease
which they may have, or be at high risk of developing, and

those who truly require resuscitation. A challenge today
is to spot the modern day corn-cobs and ravens’ beaks.
Randomised trials attempting to answer this important
question are ongoing and they deserve our support [53—
55]. Other areas needing further research include delay-
ing clamping of the umbilical cord which may reduce the
need for subsequent blood transfusion and intraventricu-
lar haemorrhage [56], and determining the correct con-
centration of oxygen for use in the DR [57] and the neo-
natal unit after stabilisation [58].

Conclusion

For neonatal ‘resuscitation’, it is time to ‘call it’ — that
is, it is time to call it what it really is, and therefore call it
something different. DR care, perhaps. ‘Resuscitation’
means ‘to bring back from the dead’. Most newly born
extremely preterm infants are not dead; they are at high
risk of having parenchymal lung disease, which we are
not sure how best to treat. This distinction may seem pe-
dantic and irrelevant; it is not. Until we accept that these
infants will not quickly die without intubation, it remains
difficult to move forward.
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