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The major achievement of neonatal medicine has been in 
the care of the prematurely born infant. More and more 
infants born at earlier and earlier gestation are surviving. 
There is and always will be a limit as to what current skills 
and technology can achieve and thus a dilemma on how 
to care for those infants born on the edge of viability. The 
limit in 1988 is most conveniently defined as infants born 
before 28 weeks gestation. This definition is useful, but it 
is artificial: intra-uterine development does not march to 
a strict timing, and will vary from one infant to another 
and between different body systems within any individual 
infant. 

Some infants born before 28 weeks gestation survive 

intact, others are left permanently damaged and many 
die. If they had remained within a favourable uterine 
environment most would have survived intact. I propose 
to explore the question as to how far we are able, or might 
be able to provide such an environment outside the 

womb. That must precede the wider and perhaps more 

important debate as to whether it would be proper for us 
to attempt to do so. 

The question of artificially sustaining the life of a 

newborn infant is not new. The minutes of the meeting of 
the Royal Society on 27 January, 1663 [1] read: 

Dr Merret acquainted the Society that he had received 

information from Naples, concerning a person, who had an 
art of keeping newborn infants alive without respiration, for 
a good while. It was thought very desirable to have further 

enquiry made into this matter, both as to the truth of fact, 
and the way of performing it, viz. whether it was done by 
hindering the closure of the foramen ovale, which is sup- 

posed to shut soon after the birth of the animal. 
Mr Croune suggested an experiment of keeping a new cast 

puppy in warm milk to see how long it would live so without 
air. He was desired to be curator of this experiment, . . . 

Dr Croone, as he was later addressed, was the first 

Registrar of the Royal Society and as such was usually 
required to perform the experiments; the minute con- 
tinues: 

and to remember the experiment, with which he had 
been formally charged, of making a carp live for a good while 
in air. 

At that time the Fellows of the Society, which included 
Boyle, Hooke and Wren, were very interested in how 
various animals were able to live in different environ- 
ments. Dr Croone recorded having observed small eels 

wriggling in the belly of a larger one, he made the 'first 
reasoned attempt based on observation and illustration, 
to establish the corporeal existence of the preformed 
foetus in the unincubated egg' [2] and made numerous 
observations on the characteristics of the egg shell to 

determine how the developing chick survived. 
Ten years earlier in 1651 Harvey [3] was asking a 

similar question in relation to man: 

How does it happen that the foetus continues in its mother's 
womb after the seventh month?, seeing that when expelled 
after this epoch, not only does it breathe, but without 
respiration cannot survive one little hour, whilst ... if it 
remains in utero it lives in health and vigour more than two 
months longer without the aid of respiration at all. 

Their primary problem was how could life be maintained 
without breathing, and therein lies the central problem of 
the previable child. 

Viability 

There has been much discussion in recent years amongst 
those on high committees concerned with preparing the 
law of the land as to the meaning of viability. The Shorter 
Oxford English Dictionary defines viable as 'capable of 
living, able to maintain a separate existence' but quotes 
by way of example: 'Such deformity of the female pelvis 
as will absolutely preclude the birth of a viable child, 
1881', and in so doing it illustrates the problem, for in 
that example it is the skill of the obstetrician which deter- 
mines whether the child is viable or not. The viability of 
the child has always been a major consideration for 

obstetricians and it often influences their action. They, 
and others, sometimes speak of the viable fetus but that 
can be confusing, for more often than not the fetus is 
viable as a 'fetus'; the question is ability to maintain a 
separate existence. 
On the basis of general experience, already known 300 

years ago to Harvey, it was thought that infants born 
before seven months were unable to breathe and that they 
invariably died. Thirty years ago, as a house obstetrician, 
along with many others, I completed proformas for the 
National Perinatal Study. It was the practice then to 

admit all women in labour before 28 weeks gestation to 
the gynaecological ward. Infants born at such a stage 
were not expected to live and they did not. The study 
showed that prematurity was a major cause of perinatal 
deaths, that survival of infants born before 28 weeks was 
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very rare, and the survival of infants born between 28 to 

31 weeks and 32 to 35 weeks was around 40 and 75 per 
cent respectively. 

At this time the viability of the children born early 
depended on their inherent capacity to establish adequate 
gaseous exchange; the limit of viability was thought to be 
determined by the structural and functional development 
of the lung. Over the next fifteen years, fetal and neonatal 
research blossomed. Much of the work was on animals, 
but there were attempts to study the human fetus and 
newborn, including the maintenance of fetal and neonatal 
life using external oxygenators [4-6]. Inevitably, there 
was concern; the Secretary of State for the Social Services 
asked the College of Obstetricians and Gynaecologists to 
advise. Their report in 1972 on 'The Use of Fetuses and 
Fetal Material for Research' [7] recommended that in 

future a fetus over 20 weeks gestation should be con- 
sidered viable. That provoked McCance [8] in the closing 
chapter of a book edited by Austin on The mammalian fetus 
in vitro to observe: 

Very very few fetuses of less than 28 weeks are viable, or can 
be made so at the present time and this decision will create a 

shadowy period of eight weeks during which many abortions 
will necessarily be performed on fetuses that are certainly not 
viable, yet in which their use for research of any kind may 
become illegal. Yet this is the very material on which most 

valuable work can and should be done. Only the paedi- 
atrician on the spot can decide whether a fetus is likely to be 
viable or not, and only the investigator whether an experi- 
ment would be justifiable or not. No ethical committee can 
decide 

These are strong and wise words, but times were chang- 
ing fast, as Professor McCance wrote, neonatal medicine 
was already beginning to have its impact. Opportunities 
were lost and we have now to act without understanding. 
The techniques of modern neonatal care are essentially 

modifications of approaches used to sustain life at any 

age, namely respiratory support, fluid and nutrient main- 

tenance, the correction of metabolic fluctuations, and 
infection control. The success of some of these approaches 
has been questioned [9], and there is no doubt that some 
innovations did more harm than good [10]; nevertheless 
there can be no doubt that some infants now survive when 

previously they would not. The benefits were first seen in 
the 33 to 36 week and then the 28 to 32 week gestation 
band. 

With modern neonatal care the determinants of viabil- 

ity have changed yet again, for it is now not only the skills 
of the obstetricians and the inherent characteristics of the 

infants but also the abilities and resources of those who 

attended them after birth which determine whether the 

infants survive or not. 

Current position 

The most satisfactory data that I am aware of on the 

survival of infants born at different gestations in this 

country at this time is that collected by Dr Wariyar under 
the direction of Dr Hey and colleagues in the Northern 

Regional Health Authority [11] (Fig 1). Our own experi- 
ence in Nottingham over the last five years, with respect 
to survival of live born infants below 28 weeks gestation, 
suggests that the survival rates have remained unchanged 
and that they are of the same order as those in similar 
units across the world. 

Thus, whilst there will be technical advances which will 
increase the effectiveness of the methods used and, one 

hopes, will also reduce their intrusiveness, it seems 

unlikely that such developments will achieve much suc- 
cess in those infants whom they currently fail, particularly 
the very immature and those with congenital defects 

incompatible with independent life such as heart defects 
in which only heart transplantation offers any hope of life. 
Disorders of immaturity are now responsible for over 50 

per cent of neonatal deaths. The causes of death in 

Nottingham in 1985, classified by main neonatal pathol- 
ogy (Table 1), give a rough indication of the numbers 
involved for a service to around 10,000 births per year, 
with tertiary responsibility for around a further 5,000 
births per year. Although the number of infants born 
alive under 28 weeks gestation is relatively low, it is 

greater than those who might benefit, for example, from 
infant heart transplantation. 

Neonatal intensive care has not been an unqualified 
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Fig. 1. The effect of gestation on survival amongst all babies 
born at 22 to 31 weeks gestation in the Northern Region in 
1983 (including late miscarriages). Unpublished survey data 
collected by Dr U. Wariyar in connection with the follow-up 
survey of all survivors. 

Fig. 1. The effect of gestation on survival amongst all babies 
born at 22 to 31 weeks gestation in the Northern Region in 
1983 (including late miscarriages). Unpublished survey data 
collected by Dr U. Wariyar in connection with the follow-up 
survey of all survivors. 
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Table 1. Primary causes of neonatal deaths, Nottingham Neonatal Service, 1985 

Lung Bowel Congenital 
Gestation Immaturity failure failure abnormalities Others 

24-25 9 

26-27 2 

28-29 

30-31 

?32+ 

1 
__ 

Total 

11 25 1 21 10 68 

5 1 

10 1 

20 10 

success. Initially, the percentage of survivors under 32 

weeks gestation with severe residual brain damage was 

high, in some studies as much as 30 per cent. There is 

some evidence that the percentage of those who have 

severe disability is falling [12], but whether that is due to 

better obstetric care prior to birth or neonatal care after is 

difficult to resolve; no doubt both play a part. Our 

current experience suggests that around 10 per cent of 

infants born in the 28-32 week period have a major 

disability, and between 15 and 20 per 
cent of those born 

before 28 weeks gestation are similarly disabled. The 

handicap rates are higher the shorter the gestation and 

they are highest in those requiring most intensive 
care. 

On the other hand, severe disability is not inevitable even 

in those who survive having been born at 24 weeks 

gestation [13]. Some of the 'graduates' of 
neonatal units 

have irreparable brain damage; they and others often 

have chronic lung disorders [14]. Re-admission rates of 

these children to paediatric wards in the first year of life 

are high [15]. Many require hernia operations and most 

have skin scars to mark the sites of life support interven- 

tion used to support their existence. In the majority, the 
scars are trivial, but in 10 per cent they are not [16]. 
Their parents, far from having the joys of parenthood, 

experience weeks of worry and face an uncertain future. 
If they had to pay for treatment, most would be in debt 

[17]. As it is, their need to visit and to remain committed 
and confident is a severe drain on their financial, 
emotional and family resources. In these circumstances, 
we have to consider the challenging question of whether 

we should have a selection procedure to respect a family 
request or consider the 

wider issues. We are equally 
bound to investigate alternative forms of care; in particu- 
lar, is it possible to create an artificial environment like 
that of the inside of the uterus, to gain vascular access, to 

perform the function of the placenta and to maintain life 
without causing damage. 

Creating a uterine environment 

The fetus is bathed in water which contains a trace of salt, 
is sterile, is held at a temperature close to 37?, and is dark 
but not silent. 

Temperature 

There is limited information on the thermoregulatory 
responses of infants under 28 weeks gestation. What there 
is suggests that such infants have no thermoregulatory 

capacity either to increase heat production on cold ex- 
posure or to increase heat loss by sweating in hot 

environments. They need to be incubated like a chicken 
in an egg [18]. Furthermore, the physical characteristic of 
the under 28 week infant is such that the surrounding 
temperature must be close to the desired body tempera- 
ture (36.5-37?C). This is not so for the term infant. The 
fetus at term runs a deep body temperature 0.5-1 ?C 
above maternal temperature and the placenta acts to 

exchange heat back to the mother. The reason is that the 
fetus has a higher metabolic rate per kg than the mother, 
and at term a non-porous skin and a generous layer of 
subcutaneous fat provide thermal insulation. 

It was whilst studying the poor thermal control of the 

very immature infant that we became aware of one of 

their unique characteristics [19]. Their skin is not water- 

tight, it is but two to three cells thick and without keratin. 
Thus, when these infants emerge into air cooler than 

37?C or lower than 100 per cent humidity, they lose 
water and with the evaporation of water from their 

exposed surfaces they lose heat. Clearly, the amount they 
lose will depend on the environmental conditions; nursing 
them, as was the practice in the past, at 25 to 30?C at 
under 50 per cent humidity and withholding fluid for 48 
hours ensured that none would survive. The environment 

into which immature infants are placed is critical and 

warmth itself is not enough. 
Birth appears to induce accelerated skin maturation, 

keratin is produced and the skin becomes water-tight 
earlier than it would have done if the baby had remained 
in utero. The mechanisms of this response are not known; 
in particular it is not known whether the maturation is a 

response to the birth itself or the conditions in which the 

infant is nursed. In effect, nurses document the skin's 

maturation by recording the infant's body temperature 
and the incubator settings (temperature and humidity) 
required to maintain that temperature. Any attempt to 

provide an 'artificial uterus' would have to document this 

development. However, in units which rely on incubators 

rather than radiant heaters, the environmental conditions 

that are initially necessary to keep the infant's body 
temperature around 37?C, namely, fully humidified air 
at 37?C, already approach the characteristics of the water 

envelope from which the infant emerged. 

Watery envelope 

Might it help to keep the infants submerged?at least 

partially? The underlying question is, do infants in mid- 
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gestation exchange body fluids with amniotic fluid and, if 
they do, does it serve a purpose? We know the fetus 
passes urine into the amniotic fluid. Might it release 

waste products through the skin? Whilst it may, and that 
in turn may provide a larger sink to modulate changes, 
any net loss from the uterine contents passes across the 

placental membranes into the maternal circulation. Thus, 
if the permeability of the infant's skin is to be explored as 
a temporary organ of excretion, its use for that purpose 
would be contrived rather than physiological. 
To date, there have been few studies on the outward 

passage of electrolytes and chemicals through the imma- 
ture infant's permeable skin; there is more information 
on the transfer of drugs into the baby, for example to 
deliver amniophylline to encourage the infant to keep 
breathing [20]. 

Sterility 

Bacterial colonisation is not an essential requirement for 
life, it is not needed for intestinal digestion. Animals have 
been reared in sterile conditions for many years. Infants 

have been reared in sterile environments in one or two 

exceptional circumstances. This arrangement was 

thought desirable at one time in the management of 
infants with combined immune deficiency. One such 
infant was born at University College Hospital and 

maintained in a special sterile plastic tent in Great 

Ormond Street Hospital for a few days until it was 

determined that the child did not have the condition [21]. 
A child that did have the deficiency was reared in a sterile 
environment for 7 months in Ulm and, we were told, 
came to no harm [22]. 

It is exceptional for immature infants nursed under 

current methods not to become infected and not to 

require broad spectrum antibiotics for long periods. 
There would seem to be good grounds, if we are con- 

cerned with quality of survival, at least for those delivered 
by Caesarean sections, to consider maintaining a sterile 
environment for the early critical weeks. 

Physical stimuli 

Sound and light seem less important. Provided the noise 
level is kept within a reasonable range of decibels and 

frequency consistent with borborygmi and arterial flow 
noises, little harm or benefit should follow [23], Light is 
more problematic for, no doubt, birth induces changes on 
the coverings of the eye as it does on the skin, and we are 

only too well aware of the vulnerability of the retina. 

Many animals are born with sealed eyelids. Experiments 
with newborn rabbits showed that ambient temperature 
contributed to the time when the eyelids parted. The 

temperature of the cornea affects its rate of growth. So we 
have much to learn, and there may be virtue in initially 
'working in the dark'. Damaging jaundice currently 
forces us to use massive 24-hour light exposure. This 

cannot be accepted as an ideal solution. When the infant 
achieves full independence, breathing and feeding with 
minimal support, the evidence suggests that it is import- 
ant to introduce the cycle of day and night [24], 

Providing an 'artificial uterus' and introducing the 
infant to the wider world as he or she matures, in effect a 

controlled birth, does seem to be a practical proposition. 
It is certainly easier than the other aspect of creating a 
fetal world, namely replacing the placenta. 

Performing the functions of the placenta 

To the fetus, the placenta is an organ for gaseous 

exchanges for the absorption of nutrients, for the metabo- 
lism of some chemicals, and for the excretion of waste 

products. Whilst the maternal uterine-placental arrange- 
ment determines what is available to the fetus, the fetus 
does elect within that restraint to take what it wants. The 

placenta presents oxygen to the fetus and secretes carbon 

dioxide, it presents glucose, fatty acids, longer chain 
desaturated fatty acids possibly linked to phospholipids, 
and a selection of amino acids and all the essential 

nutrients. It is possible that the fetus can reject excess 

energy as fatty acids. Theoretically, an approximate 
estimation of the net fluxes can be made from analyses of 
umbilical venous arterial differences and the fetus' meta- 

bolic rate and accretion rates. It is the delivery systems 
which are the problem. Animal studies give us no encour- 

agement to try and use the infant's own placenta by 
placing it in a suitable medium to mimic the maternal 

blood supply. 

Gaseous exchange through the immature lung 

The dramatic event at birth is the occlusion of the 

umbilical cord and the cessation of the umbilical circula- 

tion. This has two immediate and irreversible effects: the 

newborn infant, like any other animal, has a very limited 

oxygen store and needs an alternative supply to survive, 
and the heart and circulation must adjust, and that 

adjustment means opening the pulmonary circulation. 
The Select Committee on the Infant Life (Preservation) 

Bill (HL) 1988 concluded from all the advice they were 

given that: 

A child which leaves the womb prematurely has no chance of 
survival if the lungs are insufficiently developed to enable its 
blood to be oxygenated. Until the completion of about 24 
weeks pregnancy, the lungs are incapable of expanding, so 
that the unborn child is unable to survive if removed from 

the womb. 

The same argument was applied to infants of 28 weeks. 
What has changed? Firstly, infants below 28 weeks are 
now expected to survive. Expectation alone seems to be 
an important factor, but it also means that they are 
delivered with care and tended from the moment of birth, 
and kept in an environment which stresses them least and 
maintains their hydration. Asphyxia, hypothermia and 

dehydration are not allowed to compromise whatever 

lung function the infant achieves. Secondly, the infant's 

respiratory performance is sensitively supported with a 
controlled supply of oxygen, the maintenance of a func- 
tional residual capacity and augmentation of tidal vol- 
ume. The more delicate and sensitive the support, and 

the least invasive, the better the results. 
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A great deal is now known about the structural 
devel- 

opment of the lung in relation to gestation and the factors 
that induce functional maturation prior to birth [25-28]. 
Early interpretations of the pathogenesis of lung disorders 
in immature infants have not always been helpful. Too 

much was ascribed to immaturity alone rather than the 

effects of asphyxia, trauma, haemorrhage, aspiration and 

infection on the immature lung, incomplete in structure 

and with very limited reserve capacity. Most neonatolo- 

gists have now observed with delight an infant of 26 weeks 

gestation breathe adequately and survive without ventila- 
tor support. Idiopathic respiratory distress syndrome, 
surfactant deficiency, hyaline membrane disease are not 
the inevitable consequences of being born too soon. 

Profound changes occur in the structural development 
of the lung between 22 and 28 weeks gestation: they 

change from the canalicular to the saccular stage. The 

practical question is: can useful gaseous exchange be 

achieved through an elaborate respiratory tree without air 

sacs? 

The lungs of the newborn marsupial when it first enters 

the pouch are thin walled sacs lined by an epithelial layer 
with capillaries beneath; they are devoid of bronchioles, 
alveolar ducts and alveoli which develop later [29], Yet 

the pouch young achieve adequate gaseous exchange. 
Thus, during the development of marsupials, alveolar 

sacs are not a prerequisite for gaseous exchange. 
The techniques that facilitate lung ventilation and are 

successful in the care of an infant of 32 to 36 weeks 

gestation may well be inappropriate in infants under 28 

weeks gestation, both to achieve gaseous exchange, and 

because of the damage they cause. At present, we appear 
to have the uncomfortable option of death due to hypoxia 
or life with prolonged oxygen dependency and permanent 
lung damage. There are very few studies of the gaseous 

exchange (oxygen consumption) and lung function of 
infants under 28 weeks and it is questionable if we should 

continue as we are without further studies. A recent 

multicentre study in the US [14] reported that lung 

damage, as indicated by oxygen dependency, was lowest 

in the unit that did not vigorously ventilate from birth, 
had the lowest rates of tracheal intubation and mechan- 

ical assistance, and never used muscle relaxants. Lantos et 

al. [30] concluded that cardiac pulmonary resuscitation in 
babies of very low birthweight was a futile therapy and 
recommended that it should not be used in very low 

birthweight infants until it had been validated. In a 

retrospective analysis of Nottingham figures, it was found 

that, once a very immature infant required artificial 

ventilation and developed a pneumothorax, death or 

survival with severe permanent brain damage were the 

only outcomes. These are but three observations which 
illustrate the limitations of our current approaches and 

apply in particular in the care of infants born before 28 
weeks. The survival of an infant of 440 g born at 25 to 26 

weeks gestation was ascribed to an approach described as 
'minimal intervention' [31]. The bronchial tree and its 

branches provide a surface where significant gaseous 

exchange might occur, without forced lung inflation and 

high pressure ventilation. 
It may be possible to oxygenate the infant via the lungs 

using a liquid medium containing perfluorchemical-based 
blood substitutes. Clarke and Gollan [32] showed that 
mice survived suspended in liquid containing perfluor- 
chemicals saturated in oxygen. There is no obvious 

reason, from present knowledge, why the bronchial tree 
should not be cleared of fluid and gas introduced. How- 

ever, it may be that the premature introduction of a gas- 
liquid interface in the bronchial tree itself interferes with 
its normal development and predisposes to bronchopul- 
monary dysplasia. This is another area in need of explo- 
ration. 

Gaseous exchange through the skin 

The finding that the immature infant's skin is so perme- 
able raises the possibility that the infant's surface may be 
used for gaseous exchange. Evans and Rutter [33] dem- 
onstrated that oxygen enters and carbon dioxide is lost 

through the skin, and recently Cartlidge and Rutter [34] 
showed that central arterial oxygen pressure increases 

when the gas surrounding the infant is changed from air 
to 90 per cent oxygen. The extent to which hyperbaric 
oxygen might augment this effect remains to be explored. 
Once we understand more of determining and limiting 

factors, cutaneous and respiratory tree exchanges may be 
sufficient to support the infant's needs over the critical 

early 2 or 3 weeks, without resorting to external oxygen- 
ation membranes or high pressure ventilation. The impli- 
cations are considerable. 

Gaseous exchange through external membranes 

With the development of bypass cardiac surgery, extra 
corporeal membrane oxygenation (EC MO) became 

available as a support system for newborn infants with 

respiratory failure. Between 1965 and 1975 it was tested 

on fetal animals. The major problems then centre round 

achieving adequate flow and avoiding haemorrhages and 
disturbed fluid balance due to the anticoagulants and 

perfusates used. Nonetheless, ECMO was tentatively 
tried in the UK and elsewhere within a clinical setting 
including premature infants with severe respiratory fail- 
ure, but with little if any success [6]. It is again being 
promoted in some units in the US for the management of 
infants with persistent pulmonary hypertension from 

whatever cause [35-37]. Criteria for its use have been 

based on a retrospective analysis [38], and the results of a 
randomised controlled trial have been published [39]. It 

has only been used when all else, ie aggressive ventilation 
with high pressures and oxygen concentrations, induced 

alkalosis, respiratory paralysis, tolazaline, dopamine, so- 
dium bicarbonate bolus therapy etc has failed. In these 
studies, infants of low birthweight have in the main been 
excluded because of the increased risk of intracranial 

bleeding. As the authors warn, the therapy is not without 
risks such as haemorrhagic complications [40] and the 
adverse effects of ligation of the common carotid artery 
and internal jugular vein when these have been used to 
gain vascular access. ECMO is only used as a last resort. 
Should it be re-evaluated in this country? Given the 
current indications, a unit serving a 5,000 delivery rate 
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would possibly consider its use once a year. A system so 

infrequently employed would be dangerous. If it were 

indicated, then at the most, three or four units in major 
population areas would be needed, with agreed criteria 
for referral and excellent transfer arrangements. 
A special case has been made for the use of ECMO in 

infants with diaphragmatic hernia [41]. It has been our 

experience in Nottingham that active management to 

stabilise the infant before surgery has improved survival, 
but whether the use of ECMO would improve it still 
further would need to be demonstrated [42]. 

External membranes as presently used support oxygen- 
ation, they do not replace lung alveolar exchanges 
altogether. It would seem that there are still insurmount- 
able problems to establishing the placental function of 
gaseous exchange with an extracorporeal system alone for 
the support of infants under 28 weeks gestation. Never- 
theless, the possibility of using the technology to buy time 
for infants under 28 weeks will continue to be explored. 
On the question of vascular access, there would seem to 

be grounds to reconsider the use of the umbilical vein. 
The umbilical cord of the 28-week infant is surprisingly 
and comparatively large. With appropriate maintenance 
and protection, this purpose-designed vascular access 

might be used to far greater effect and with less risk and 
pain than peripheral stabs and long lines. 

Reducing oxygen requirements 

The tolerance of newborn mammals, including the hu- 
man infant, to hypoxia, hypothermia and trauma has 
been known for many years. Whether the infant born 

under 28 weeks gestation has the same tolerance is not 
known nor can it be assumed. In the past, clinicians have 

sought to buy time immediately after birth by reducing 
the infant's oxygen requirement by such techniques as 

cooling and so induce a kind of torpor. That method 
foundered in term-asphyxiated infants because it failed in 
its primary objective of cooling the infant rapidly. It 

would be much easier to cool a 24-28 week infant; in fact, 
it is very difficult to avoid it to some extent, and at this 

gestation the argument to avoid the thermogenic chal- 
lenge does not apply. It might, therefore, be tempting to 
re-examine the position, so as to buy time to set up more 
elaborate support systems, but that would only be justi- 
fied after extensive animal investigation. The alternative 
would be the immediate availability over 24 hours of a 
highly skilled technically equipped team to initiate all 

systems at birth. Such an arrangement might be possible 
for babies born by section but it would not be so easy for 

precipitate vaginal delivery after haemorrhage. 

Fluids and nutrition 

Swyer [43] began a recent review article on neonatal 

nutrition with words that express the general feeling of 
confidence of neonatologists in the care of healthy infants 
born after 28 weeks gestation: 

Over the last 20 years, there have been major advances in life 

support techniques for the newborn, especially in facilitating 

lung gas exchange. As a result, the gut and the achievement 
of adequate nutrition have replaced the respiratory and 
central nervous system as the more important in infant 

survival of all except perhaps the lowest birthweight infants 
(<750 g). 

Whilst a high blood flow is required to deliver oxygen, 
the same is not true for nutrients. The net flux to the 

infant might be estimated from umbilical cord a-v differ- 
ences and the effects of daily increments of nutrients on 
the fetal tissues. The aim would be to deliver the net flux 

in the daily water requirement via an i.v. line. At present, 
neither our knowledge nor food technology has advanced 
to the point where we can do this entirely satisfactorily for 
older infants. However, there is no doubt we can main- 
tain life and achieve acceptable increments on parenteral 
feeding alone. 
Much of our knowledge on placental flux is based on 

animal studies and on the performance of the human 

placenta near term. The situation in mid-gestation may 
be different in many respects. It is certainly different with 

regard to fatty acid transfer when the rate of fatty acid 
deposition is negligible compared to the levels it reaches 

towards term. 

It is still the usual practice to encourage early feeding to 
give known and unknown factors not included in the 
intravenous programme. Many infants under 28 weeks 

gestation who survive in the first week or two of life have 
major problems in the third and fourth week with bowel 
disorders and undernutrition. The range of oral feeds 

available is widening. There is great need to evaluate 
what may and may not be appropriately introduced into 
the immature bowel to assist its maturation without 

causing harm, and to support the infant's nutrition. 
Nutrition during the weeks 20-28 may be a great deal 

more critical than it is during the 28-40 week period 
simply because that is the time when the brain grows 

rapidly and neurones are forming. Asphyxia and under- 
nutrition at this time may have subtle long-lasting effects 
which will not be revealed by a two-year or even a five- 

year evaluation for severe handicap, blindness, deafness, 
cerebral palsy, mental retardation. At the present we 

simply do not know. 

Conclusions 

If we are to maintain the life of very immature infants 

artificially with sophisticated support systems then we 
need to know a great deal more about the infants 

themselves and we need to evaluate carefully every step 
we take in our efforts to help. Trying harder with the 
current approach which has been effective in more ma- 
ture infants is probably not going to be good enough; we 
are likely to go on as we are, saving some after a 

frightening struggle and losing others. With this predict- 
able outcome, parents must be given the option of making 
another infant. Many 'viable' fetuses are aborted at 18 

weeks, yet for an infant born six weeks later a struggle 
begins which is painful and stressing to the infant and the 
parents. The immediate outcome is uncertain, and re- 
mains so for those who survive. In my view, the time has 
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come when some national group should take on the 

responsibility for collecting all the data and monitoring 
clinical practices and innovations, with a view to taking a 

stand on what is necessary and acceptable and what is not 

so in the care of infants on the edge of viability. 
More importantly, there is a need for research, both on 

animals and on the infants themselves. We need to make 

sensitive, detailed observations, accepting all the ethical 

restraints, on how they live, to try and discover why they 
are damaged or die. 
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