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INTRODUCTION



The respiratory distress syndrome of the newborn (RDS) is
esgentially a disease of prematurity. Its synonyms include 'hyaline
membrang disease’ and ‘pulmonary syndrome of the newborn', It oceurs
in approximaiely 20% of infants clagsified as premature, that is in
those weighing 2,500 g (5 Ib 8 oz) or less at birth, When infants
above this weight are affected, they are almost invariably premature
by gestation, Between a quarier and half of the infants may die, and
mortality increases with decreasing gestation and birth weight, A
pre-natal cause has been postulated, for the signs are present from
birth, or develop within a verv short time of it, Characteristically,
the infant shows a raised respivatory rate, an expiratory grunt, indrawe~
ing of the ribs and sternum, and a reduced air entry on auscultation,
Chest radiography shows a fine granular mottling of the lung fields
with the air«filled tracheobronchial tree showing up clearly in relief.
In unfavourable cases, cyanosis soon appears, and ihough at first
this may be relieved by oxygen, the infant frequently develops periods
of apnoea, Increasing cyanosis, peripheral cedema and becomes
unresponsive to stimuli. Death usually occurs within 2472 hours of
delivery, just ag in the favourable cases recovery has often ensued
by this time. Autopsy shows a widespread atelectasis, with over=
distended terminal bronchioles and alevolar ducts containing an
gosinophilic hyaline membrane. When death occurs within a few
hours there may be little or no membrane formation, and it has never
been seen in the stillborn infant.

Thig condition has exerted an almost hypnotic fascination for
paediatricians, pathologists and physiologists over the past 60 years,
In the past decade particularly, with new techniques available for



investigating the heart and lungs both in animals and humans, a
picture of the functional changes which ccour bas emerged. The
pulmonary surface active factor which makes the alveoli stable and
prevents the lung f&om collapsing on expiratiqn, is absent or greatly
diminished, The resulting widespread atelectasis causes low lung
compliance, this in turn leading to ventilatory insufficiency and
riglltwtc:-ieft shunting. A respiratory aaidosis , caused by under-
ventilatioh, and a metabolic acidésis due to anaerobic glycolysis
resulting from oxygen deficiency, both develop. The hyaline membrane,
now fhought‘ccnsidetably less imporiant than formerly, is derived from
a blood transudate aiwl breakdown products of the lung itself,

Though the exact sequence of the cycle is uncertain, and many
avents m'it aré interralated, thelr coccuwrence seems securely
established, Striking aetiological factors, however, other than the
one constant of immaturity, bhave eluded ¢linicians and though brave
and skilful attempts have been made to treat the disease, it remains
a leading cause of perinatal mortality. Prevention cannot be attempted
without a more certain knowledge of aetiology. Clinical analyses of
related factors have been few, and insufficient attention has been
paid to c:omparirig carefully cases of like weight and gestation, for
it sgems likely that complicating factors may vary with gestational
age. The purpose of this work has been therefore to make such an
analysis of all mothers who gave birth to infants weighing 2500 g
(5 1b 8 oz) or less over a 6-year period, in an effort to establish
some pasitivé factors.



HISTORICAL REVIEW



The respiratory distress syndrome has acquired a large literature,
and though the analysis has been concerned with aetiology only, a
conmplete understanding of the functional and pathological changes
is necessary so that possgible influencing factors may be critically
evaluated, |

The first description of RDS is probably that of Hochheim (1903},
who reported a peculiar membrane in the lungs of two infants dying
afier birth. Further histological descriptions of larger numbers of
cases were given some 20-30 years later (Johnson, 1923; Johnson
and Meyer, 1925; Farber and Sweet, 1931; Farber and Wilson, 1932),
egtablishing the egsential features of widespread resorption atelect-
asis with eosinophilic membranes lying adjacent to those portions of
aerated lung - usually over-dilated terminal bronchioles and alveolar
ducts, The membranes, certainly an arresting sight under the micro-
scope, were considered all-important, and the cause of the atelectasis,
They were variously interpreted as a form of neonatal pneumonia
(Johnson, 1923), due to the effect of respiratory effort on aspirated
amniotic sac contents, particularly vernix. (Farber and Sweet, 1931;
Farber and Wilson, 1932) or derived from degeneraiing epithelial cells
{Rosenthal, 1935). They remained the centre of attraction for another
25 years, though Gruenwald (1953) alone disclaimed their importance,
calling them 'eosinophilic red herrings'. He argued that the atelectasis
which accompanied them was the prime cause of respiratory difficulty
and that they were a secondary development, perhaps assoclated with
the oedema fluid which he recognised was almost invariably present,
In support he pointed out that infants with typical respiratory distress



dying within & few hours of birth showed an identical widespread
ateloctasis with virtually no membrane formation, Others had shown
that radiographic changes in such cases were identical with those

in which membrane formation could later be demonstrated at autopsy
{Donald and Steiner, 1958). He also belleved respiration to be
necegsary for membrane formation for he had never seen it in stille
birthe {Gruenwald, 1955, 1958). His views have been amply confirmed
and he has continued to make important additions to this subject,

The fact that the membrane was derived from the circulation
became firmly established in the 1880's. s predominantly fibrinous
nature wag demonstrated using a fluorescent antibody technique by
(3tlin and Cradg (1986),; with other workers making contributory studies
mainly with histochemical methods (Reutter, 1954; Laufe and Steven-
son, 1954y Hadders and Dirken, 1955; Duran~Jorda, Holzel and
Pattorson, 19565 ILynch, Mellor and Badgery, 1956). Though its
previpitation may be helped by thromboplastin from inhaled amniotic
fluid (Laufe and Stevenson, 1954), interaation of inhaled acid muco~
polysaccharide from m&p&mmﬁr or gasiro-intestinal nmucus or amniotic
fluld with plasma proteins especially fibrinogen leaking from the
pubinonary capilliaries, seems more likely (Carone and Spector, 1960;
Kherne, 1964). Blectron microscope studies (Campiche, Jaccottet
and Juillaxrd, 1962) have confirmed the earlier views of Rogenthal and
later supporters (Tregillus, 19513 Barter and Maddison, 1960) that
epithelial neorosis is present and its products incorporated in the
membrane, Thus it seems that membrane formation in RDE mirrors
that geen in the lung in other pathological conditions which have in
common capillary damage or altered vapillary permeability such as
phosgens poisoning (Groll, 1841), aspiration of kerosene (Barter,
1962}, influenza (Martin, Kunin, Gottlieh, Bames, Liu .and Finland,
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1959) and rheumatic pneumonitis (Goldring, Behrer, Brown and
Elliott, 1958). Nevertheless the widespread atelectasis which is
such a notable feature of RDS is lacking., Deficiency of fibrinolytic
activators (Licberman, 1959; Liebherman and Kellogg, 1960) and low
levels of plasma profibrinolysin (Fhillips and Skrodelis, 1958) may
wall coniribute to the inability of the premature baby to deal with
the membranes once formed, It seems certain then that the membrane
is a blood transudate, probably drawn out by a high alveolar surface
tension (see below), though increased pulmonary capillary perme-
ability due to asphyxia may well play some part (Wamen, Petersen
and Drinker, 1942). It has been suggested that such permeability
‘i greater in the premature (Celander, 1964),

Perhaps one of the most important advances in the understanding
of this condition also cccwrred in the 1950's, Though both von Neer-
gard (1229) and Gruenwald (1947) had supposed that surface tension
plaved an important part in lung elasticity, the basic work on surface
tension and lung stability was done by Pattle (1955, 1958, 1960) with
complementary studies by Clements (Clements, 1957; Clements,
Brown and Johnson, 1958). It can be summarised by saying that in
order to be normally ventilated a lung must be lined with an alveolar
cell layer secreting a material, now known as pulmonary surface active
factor or pulmonary suriactant which has the remarkable property of
changing surface tension with surface area, and achieving very low
tension at reduced areas, This attribute makes the terminal air
spaces stable, and acts, in Clements' words, as an 'anti-atelectasis
factor', The substance is a lipoprotein (Pattle and Thomas, 1961),
mainly dipalmitoyl alpha~lecithin (Brown, 1964), derived from the
mitochendria of the alveolar cells (Klaus, Reiss, Tooley, Piel and
Clements, 1962). It has been demonstrated as a thin fluorescent line
 at the air-tissue interface on ultraviolet microscopy in guinea=pigs
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(Bolande and Klaus, 1964) and in newborn infanis (de Sa’, 1965).
Though Pattle (1958) first suggested it might be absent in RDS, it was
Avery and Mead (1959) who established that this was so. Their work
has been confirmed, using different techniques (Pattle, Claireaux,
Davieg and Cameron, 1962; Gruenwald, 1964; Reynolds, Orzalesi,
Motoyama, Craig and Cook, 1965). Gruenwald, while demonstrating
that poor pulmonary stability and immaturity are intimately connected,
also showed that lungs of certain fresh stillbirths were involved, so
emphasizing that the basic lesion originates before birth. Pulmonary
surface active factor is present in foetal lung shortly after the transi=-
tion from cuboidal to glandular epithelium occurs (Pattle, 1961;
Campiche, Gautier, Hernandez and Reymond, 1963), that is from
approximately 24 weeks gestation in the human. In very small pre-
mature infants the quantity of active phospholipid components is low
(Adams, Fujiwara, Emmanouilides and Scudder, 1965). Foetal lung
fluid, studied in lambs, chemically different from amniotic fluid and
thought to be an ultrafilirate of foetal plasma (Adams, Moss and Fagan,
1962; Adams, Fujiwara and Rowshan, 1963) contains pulmonary surface
active factor but amniotic fluid does not (Fujiwara, Adams and Scudder,
1964). Since amniotic fluid is probably contributed to by lung fluid,
this may indicate dilution or inactivation of the surfactant. A pre-
liminary report that it is inactivated by fibrinogen has also appeared
(Abrams and Taylor, 1964).

The fact that a deficiency of pulmonary surface active factor is
geen in the massive lung collapse which occasionally fellows opera-
tiong involving a cardio-pulmonary by-pass and hence non-periusion
of the lung alveoli for a period, and also after experimental pulmonary
artery occlusion, suggested that alierations in blood supply to the
foetal lung might be of prime importance in the pathogenesis of RDS
(Tooley, Gardner, Thung and Finlay, 1961). Experimental work in
the newborn lamb has shown that the pulmonary vascular bed is very
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labilé and sensgitive to many pre-natal and post-natal influences,
important among them asphyxia {Cook, Drinker, Levison and Strang,
1963; Cassin, Dawes, Mott, Ross and Strang, 1964; Cassin,

Dawes and Ross, 1964), Preliminary evidence to show that pulmonary
vasoconstriction and diminution in pulmonary blood flow are present
in RDS has been presented (Chu, Clements, Cotton, Klaus, Sweet,
Thomas and Tooley, 1965), supporting the hypothesis that hypo=-
perfusion of the alveoli may be of great importance in pathogenesis.

A tantalising pointer to the importance of the pulmonary circulation
has been provided in a case report by Bozic (1963), An infant dying
from RDS wasg found at autopsy to have three anomalous arteries from
the descending aorta supplying the inferior section of the left lower
lobe, Atleectasis and hyaline membrane formation were widespread,
except in that part of the lung supplied by the aberrant aortic vessels,
which was normally aerated,

The extensive atelectasis in this disease gives rise (o retraction,
often siriking, of the ribs and sternum, and it is obvious that the work
of breaihing is considerable, Low levels of tissue carbohydrate,
most marked in heart, liver and respiratory muscles, found in infaunis
dying with RDS reflect this increased work and the energy demands
of these infants (Shelley, 1964), Vital capacity and tidal volume are
reduced as the illness progresses unfavourably, the physiological
dead space becomes relatively greater in relation to tidal area, and
that available for gas exchange lesg (Karlberg, Cook, O'Brien, Chemrry
and Smith, 1954), lung compliance is greatly reduced (Cook, Suther~
land, Segal, Cherry, Mead, Mcliroy and Smith, 1957), Thus it
appears there is a ventilatory failure involving large volumes of lung
tissue. Vascular shunts which could theorétically take place through
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the foramen ovale, ductus arteriosus and unventilated areas of the
lungs have baen shown to ocowr, Right-to-left shunting hasg been
revealed by gas analysis (Strang and Macleish, 1961; Warley and
Gairduer, 1962; Nelson, Prod'Hom, Chemry, Lipsitz and Smith, 1963).
Dye dilution curves show a right-to~left shunt through the foramen

Drorbaugh, Auld, Rudolph, Nadas, Smith and Hubbel

ovale (Stablian, 1964), but the catheterisation studies of Rudolph/
{1961) suggest that there is more Ukely to be a left~towright shunt

thistugh the ductus than vice versa, The right-to=left lung shunts proposed

by Nelson and collpagues may therefore assume graater imporiance.
The deoresased alveolar: ventilation results in carbon dioxide retention
and hence a rosplratory acidosia Blystad, 1856); decreased oxygen
satwation results in anaerchic glycolysis and a metabolic acldosis
as woll (Usher, 1961). All infante in fact bave some degree of acid-
osis at birth, but normal respiration blows off carbon dioxide to
comrect the respiratory acidosis, and after sovoral hows the metabolic
acidosis has usually boen corrected as well by conservation of
hicashonate (ﬁsliw]?@err?/l i Q?Bri% ,Bai::&?s?timm shown to have low arterial and
intervillous space oxygen tension have produced infants with a more
marked respiratory and metabolic acidosis, who want on to develop
RDB (Bruns, Cooper and Droge, 1961), lending further support to the
role played by asphysia in pathogenosgis,

Hyaline mombrane formation has baen produced in experimental
animals, the studies having f@{nmtmn of pulmonary cedema in common;
for Instance 88 in hyaline membrane seen in oxygen poisoning (Brung
and Shields, 1964) and following bilateral vagotomy (Milley and
Cagarsty, 1065). Atelectasis, howsver, is not an invariable accompani-
ment, and parhaps more relevant are those experiments which have
tried to produce the elinical picture of regpiratory distress in the
animals . This has now baen done in a number of ways, which have
in common either the pre~-natal asphyxiation of the mother, or the
asphyxiation of the premature newbhorn animal, leading to a histological
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picture very like the human disease, and with the same lack of
pulmonary surface active factor. The asphyxial insults, however,
have usually been rather severe (Stahlman, Lequire, Young, Merrill,
Birmingham, Payne and Gray, 1964; Adamson, Bebrman, Dawes,
Tames and Koford, 19643 Davis and Stafford, 1964; Reynolds,
Jacobson, Motoyama, Kikkawa, Cralg, Orzalesi and Cook, 1965),

By comparison reports 6n the c:iinical asgsoclationg have been
relatively few .in number, While events at delivery and after may
certainly aggravate the disease, tha concept that aetiological factors
must operate before birth to produce it was slow o gain acceptance,
because for some time it was supposed that the infants were normal
at delivery and only developed symptoms after several hours, Care~
ful clinical observations heweirer showed that this was not so, and
that respiratory difficulty started at once in the great majority (Miller,
Behrle and Smull, 1958), Furiher support came from the demonstration
of the absence of pulmonary surface active factor or poor gtability of
expanaion in cerialo stillbirihs @Avery and Mead, 19595 Gruenwald,
1960, 1964).

There is an undisputed assocciation with premaiurity (Miller and
Jennison, 1950; Silverman and Silverman, 1858; Cohen, Weiniraub
and Lillenfeld, 1960; Usher, 1961). Iits cccowrence in the most
immature has often been doubted (Blystad, Landing and Smith, 1951)
but this view doas not tally with the surface tension findings, and
has doubtless arisen from the earlier preoccupation with the membrane.
The majority of very immature infants, usually weighing less than
1000 g at birth, die within a few hours of delivery, and the amount
of membrane formation can largely be correlated with age at death
(Potter, 1952), The type of atelectasis seen in hyaline membrane
disease is present, even if the membrane itself is lacking (Briggs
and Hogg, 1958). Maternal diabetes has become accepted as an



potiological factor (Winter and Gellis, 1954 Gellis and FHela, 1959)
aod the symhrome i3 oongidered the ghdef gauga of doath among guch
infants (Driscoll, Benivschhe and Curtls, 1960}, Maternal diabetics
are most freyguently deliveared pramaturaly and ofton by Csesarean
geation, The incidence of antepartum . haamorthage is considered 1o
be slgnificsntly toressed o infants dying from B0 (Rogers and Gruen-
wald, 1986; Cohen, Weintraub and Lilienfold, 1860). The latter
puthors, who presented & careful statistical analysis of maternal
fnciors assosiated with RDS deaths amonyg 2001 infarts ‘hoelow 2500 ¢
puggosted that the discage rosulted from a provess of ntrautering
saphyiia monifegted in many instances by maternal blesding, The
rvde of delivory by Caesarcan section in the pathogenesnis of KOS bas
hoon moys conttoversial. It hags been ¢onsidared a predisposing fagtor
by wany (Blysted, Lending and Smith, 195); Bloxsom, 1963 Cardell,
%i@%tﬁgn gfﬁéagmr and Gelllg, 18654 HNesbitt and Anderaon, 19863 Sayder,
19597 Kletn, 1960 Potter, 16523 Ushor, 1864). Others, notably
Dlayton (1068}, Strang, Andarson and Platt (1857), Boss £1968), and
Prodensil {1554) diffar. Thoe dissgresment batwaon the fweo groups hag
Yargely contred on whether or not the mocedure isolf is harmful as
appossd 1o the threateping complications such as antepartun haomors-
hoyga, folninating toxaendy, or foetal distress which nay lead to s
parforcanse, Twe othor studies must be mentioned In this contont.

It has bean shown that infants dolivered this way have o greater
guangity of amniotis fndd in thelr stomachs at hirth than Infants
detivored vaginally (Gellls, White and Pleffor, 1949). | has siso
boon demongtrated, using dye dilution techniques, that both ledt and
right venteicular outbuts sre significantly lagg, and pulmonary blood
flos Iower in infants delivared abdominglly than in those deliverad
yeginally {Geasner, Krovets, Bonson, Prystowsky, Stengor and
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Eitzinan, 1965),

Once the physical process of delivery is over, the c¢irculatory
readjustment ocowrring with clamping of the umbilical cord and start
of respiration establish the newborn infant as an individual capable
of independent life, Both these vital steps have been implicated in
the development of RDS. If the umbilical cord is left unclamped
after delivery, and the infant's position is lower than that of the
moiher, blocod is transferred to him from the placenta, average amounts
varving between 100 and 166 ml (Gunther, 1957; Usher, Shephard
and Lind, 1963). In a mature infant this would constitute about
one~third of the estimated blood volume, and variations in obstetric
practice could lead to differences in this volume. Recently Redmond,
Isana and Ingall (1965) have suggested that a placental transfusion
is an ‘inevitable physiological consequence' of inifial pulmonary
expansion, They measured the amount of blood (residual placental
volume) collected when the placenta was suspended from a height
for 20 minutes afier the cord bad been cut. S8ignificantly higher
residual volumes collected when the cord had been c¢lamped ten
seconds or more before as opposed to the same time after the onset
of respiration., They maintained that the occurrence of é placental
transfusion after initial lung expansion was evident irrespeciive of
the interval between delivery of the infant's chin and clamping of
the cord, If these observations are confirmed it would mean that
some of the interpretations made in previous studies would have to
he re«~gvaluated. Nevertheless, as Redmond and colleagues acknow=
ledge, in general the longer the interval between delivery of the chin
and cord clamping, the less the volume of blood remaining in the
placenta. 8o the resulis of various studies noting lower haematocrits
and lower systemic and pulmonary arterial pressures with early



clamping {Buckels and Usher, 1865; Avcilla, Oh, Liad and Gessner,
1066); increased transverse diameter of the heart (Bumard and
James, 1963}, and inoreased central veaous pregssure with delayed
eclamping {Jogier, Blankenship and Lind, 1963) may still be valid,
Speculations about thege physiologic differences being agsoviated
with RDE have Jed 1o trials of delaved cord clanping in newborm
infents, two of which ¢laim beneficial effects (Bound, Hervey and
Bagshawe, 1962; Moss, Duffie and Fagan, 1968} and one offered
no contirmation avior, Bright and Birchard, 1863), I is clear that
move dake will have to be collested to seitle this lssue, patticulorly
in view of the probable relationship with onset of regpiration cited
above.,

Finally, birth asphysxia or abrormel delay in the onsat of
spontaneous respivations altey birth has beon r&m&z‘m{:‘. fraguently
{Latham, Neshitt and Anderson, 1865; Miller, Belwle and Smull,
1958; James, 19588) amonyg infants dying from RDE, A pignificant
excess of males over 1500 g developing sevare RDS was reported by
Miller (19563}, '

APPRAISAL

Fieatly the wealth of investigative work may be summarigsed very
briefly by saying that deficiency of the pulmonary surfoce active
factor can acgcount for all the main features of RDE; the atelectayis
and hence decreasad Jung compliance, ventllatory ingufficiency,
vagewlar shunts and the respiratory and meteboelic acidosis, The
congensus of opinion favours pre-natal asphysxia with its secondary
affocts on the pulmonary circulstion as the mest likely cause, though
vary recently o fow of the workers reproducing RS in animala have
goncitded that prematurity may be of equal if not greater haportance.



Secondly the clinical surveys have shown that RDS is highly
correlated with prematurity, An association with antepartum haemorr-
hage, maternal diasbetes, birth asphyxia and the male sex also
appears undisputed, while delivery by Caesarian section seems more
coniroversial,

Since the summation of investigative work at present points to
intra-uterine asphyxia as a likely cause of alterations in pulmmonary
blood flow, there has been little substantial evidence of this forth-
coming, with the exception of antepartum haemorrhage. While ariticism
of the investigations which have established the functional and
pathological features of the disease would be presumptuous without
knowledge of the highly specialised technigues involved, an appraisal
of the clinical analyses may be attempted, Many of them are retro-
spective, with the hazards invelved of incomplete data. In the great
majority the 'incidence' of RDS is taken as synonymous with deaths
showing the classic atelectasis and hyaline membrane formation., This
must inevitably lead to a false weighting of cases, for at least half
of infants with RDS will survive and any investigation into aetio~
logical factors should properly include them, This inclusion by
pathological criteria has also led to the exclusion in the majority of
the surveys of thoge. very immature infants, most of whom have
atelectasis but no membrane formation., Reasons have been given to
show that they belong 1o the same diseage entity. In those papers
where statistical analysis has been made of the relevance of maternal
factors, the controls have usually been those infants_claséified as
premature by welight who did not develop the disease. While these
are the only possible controls, if taken en bloc, babiles of unlike
g@statmn and birth weight may be compared with each other,



MATERIAL AND METHODS



The infants, who with their mothers form the hasis of thig
rapori, were all classified as premature by birth weight, and thus
were 2500 g (5 1b 8 oz) or under at delivery, All were bhorn alive in
the Nuffield Maternity Home, Oxford, between lst january, 1959 and
31lst December, 1964 inclusive, and comprise all such infanta. The
vast majority, unless delivered during the writer's ahsonce on vaca=
tion, were examined personally. The records of all the mothers were
looked at personally, and relevant details of the preanancy, labour
and delivery abstracted, along with those of the infant, This was
done, except during vacations, within 24 hours of delivery, so that
any uncertainties about the matemal data could be checked with the
obgtetrio staif,

The following were recorded and analygsedi-

Maternal age, parity and gestation;

Pregnancy complications;

Toxaemia (blood pressure 140/90 or above, with cedema and/or
albuminuria) and essential or malignant hypertension (plood
pressure of 140/90 or above);

Antepartum haoemorrhage - degree of bleeding considered signifi-
cantly abnormal by obstetric staff)

Urinary infections;

Anaemia (Hb below 70%);

Diabetes mellitug;

Threatened miscarriage;

Hydramnios,

Abnormalities of umbilical cord (recorded if cord prolapsed, was
known to be compressed by presenting part, was wound



firmly round neck or body, or contained true knots);

The presence of an episiotomy;

Interval between membrane rupture and delivery;

Length of labour (from beginning of lst stage until delivery) and
length of 2nd stage of labour;

Analgesics and sedatives g'ivem within 4 hours of delivery;

Annesthetics given during labour and delivery;

'The presence of foetal distress {recorded if meconium appeared
in the amniotic fluld in vertex presentations, if the foetal
heart rose above 160 ’beéts/minutza or fell to below 120
beats/minute on more than one ocecasion during labour,
and if the foetal heart could not be heard during any part
of .labmur):

Mode of delivery;

Birth weight -~ infants were further subdivided according to the
International Classification into 5 subgroups a‘s follows:= .

Less than 1000 g (less than 2 1b 3 0z) | e
1000-1500 ¢ (2 1b 3 0z = 3 1b 4 oz) \ L e
1501~2000 g (3 1b 5 oz - 4 1b 6 oz) e

2001-2250g (4 1b 7 oz ~ 4 1b 15 oz) E
2251-2500 g (51 - 5 1b 8 oz) \

Sex;

Birth asphyxia (recorded as present if spontaneous respirations
were not establishéd within 2 minutes of delivery). This
wasg further subdivided in an arbitrary manner into three
grades of severity:- |

(rade I - respiration established between 2 and § min
Crade 11~ " " " 5 and 10 min
Cirade TiI - " " at varying times from 10 min



Respiratory distress syndrome - infants were regarded as having
this if the following signs were present, and persisted for
more than 3 hours afier delivery:-

Sternal or intercostal retraction,

Expiratory grunting,

A respiratory rate greater than 65/minute,

A rige in respiratory rate of more than 15 per-minuie
over the highest recorded during the first hour
after hirth.,

A small number of infants, all of whom were extremely
immature and who died, were classified as having RDS although they
did not satisfy the above criteria in that their respirations did not
reach the rate specified. Nevertheless all showed the typical histo-
logical findings of widespread resorption atelectasis, usually with
some hyaline membrane formation at autopsy. Chest X~rays showing
the characteristic diffuse reticulo~granular mottling were further
conflmatory evidence in a number of babies, but were done to exclude
other causes of respiratory difficulty such as pneumothorax or pneumo-
mediastinum, diaphragmatic hernia and congenital heart digease, if
the slightest doubt existed, and not routinely, When the data were
complete, the infants were divided into two groups, depending on
whether or not they showed signs of the respiratory distress syndrome,
These iwo groups were then contrasted and compared for each of the
remaining factors recorded above, Each group was further subdivided
according to the single criterion of birth weight, and infants weighing
1500 g and Jess were contrasted with those of similar weight in the
socond group, and with infants welghing 1501-2500 g in their own
group, Although it would have been more gatisfaciory to compare
infants above and below a certain gestation, too many of the mothers



were wncertain of thelr dates, so that birth weight, accurately
measwred in each case, was preferred. Chi=gquared tests of
significance were then applied.

The value of an analysis conducted in this way was thought
to have certain limitations in view of the large number of variables
considered, énd their uwncertain relationship one with another, and
with the all-important featuwre of prematurity by gestation. In order
to overcome this difficulty a regression analysis was performed (see .
‘Acknowledgemants') . 80 that gignificant results cbiained by the
simple analysis could be more critically assegsed., Three samples
wera given 1o the computer, The first consisted of a random sample
of 540 Infants, all singletons delivered vaginally, 93 of whom had
respiratory distress. The second consisted of 132 infants dellvered
by Caesarian section, of whom 36 had RDS. The third random sample
consisted of 85 singletons weighing 1500 g and less, of whom 45 had
RDS. A correlation matrix was then performed to show which of the
variables had a significant cormrelation one with another,



RESULTS
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A, SIMPLE ANALYSIS

Between lst January, 1959 and 31st December, 1964, 1128
mothers delivered 1244 infants weighing 2500 g (5 1b 8 oz) or
under at birth, Of these, 219 mothers produced 255 infants who
developed RDS and the remaining 907 mothers delivered 989 infants
who did not. Of the 255 infants with RDS, 118 were 1500 g or
less, and 140 were 1501-2500 g at iaixthe Eighiy-itwe of the
infantg without RDS were 1500 g or less at birth, and 807 over this
waight.

Maternal Age. (Toable I, Appendix, p. 58 ). Thare were no
significant differences in the ages of mothers who delivered infants
with RDS compared with those who did not,

Parity. (Teble 1I, Appendiz, p. 59 ). The incidence of
primiparity between the groups was not siomificantly different,

Gestation. (Table III, Appendix, p. 60 , Fdg. 1, p. 19 }.
CGiestation was uncertain in 13,7% of the total sample. In the
remainder, significantly more infants with gestaiions both less than
28 weaeks, and 28~32 weeks developed RDS (P=< (0,001). Between
32 and 36 weeks, the number of infants having and not having RDS
did not differ, However, when this group was broken down by birth



AL

weight, fewer infants 1500 ¢ and less developed RDS (P = < (,05)
whereas the Incidence of RDS was significantly higher at this
gestation among infants weighing 1501-2500 g (P =< 0,001},

Pragnancy Complications.  (Table IV, Appendix, p. 61 ).
Thogse mothers giving birth to infants with RDS had significantly
more complications than those who did not (P = < 0,001}, The
aroup whose infants had RDS had a higher incldence of antepartum
haemorchage (P = < 0,001), a lower incidence of anaemia (P =
< 0,001), and a higher incidence during the pregnancy of threatened
miscamriage (P=<0,001). ‘When comparison was made within
the two bivth weight groups, in infants 1500 g and lesg, the only
one of these differences that still held, though at a lower level
of si.gmfiémm (P=<0.,01), was that of anaemia, and a new differ-
ence, a lower incidence among RDS bables of toxaemia and
essential hypertension appeared (P = < 0,01), Between 1501-2500 g
the resulits were as for the total group.

Interval Between Membrane Rupture and Delivery., (Table V,
Appendix, p. 62 ). Significantly more infants with RDS had mem-
branes ruptured for more than 48 howrs before delivery (P = < 0,05),
and significantly fewer of them had membranes ruptured for between
12 and 24 houwrs (P = < 0,05) and 24-48 hours (P =< 0,01). Comparison
of the weight subgroupings one with another, however, revealed no
significant differences,



Duration of labowr. (Table VI, Appendix, p. 63 ) There
were no significant differences,

Length of 2nd Stage of Labour. (Table VII, Appendix, p. 64 )
More infants with RDS had a very short 2nd stage, less than 25
minutes (P = < 0,05), whereas more infants without RDS had second
si:aé;e'ﬁ iasting between 15 and 30 minutes (P = < 0,05) and 30 and 60
minutes (P =< 0.01). However the number of infants in whom the
second stage was riot accurately known, or who were delivered by
Caesarian section or forceps before the second stage was reached
was gignificantly greater in RDS cases (P= < 0,01) so that the fore~
going results may not be valid. There were no significant differences
when the two weight subgroups were compared.

Analgesics and Sedatives Given Within 4 Hours of Delivery.
| (Table VIII, Appendix, p, 65 } There were no significant differ-
eNCes .

Anaesthetics Given During Labour or Delivery. (Iable IX,
Appendix, p, 66 ) In the total group of 1244 infants analysed,
12, 4% had no anaesthetic of any kind administered, but in the group
with RDS this percentage was significantly higher (P = < 0,001). When
i:i;fanis weighing 1500 g and less were compred, this relationship held
good, but at a reduced level of significance (P = < 0.05). However,
there was no significant difference in this respect in infants welighing
1501-2500 g. A higher proportion of infants with RDS were given a
general anaesthetic (P = < (.,05) and while this was still so for infanis
1501~2500 g (P = < 0,01) the difference was not present in infants
1500 g and less.

Foatal Distress. (Table X, Appendix, p. 67 ) More infants
with RDS had foetal distress (P =< 0,01). When the two weight
groups were considered, the difference in incidence between infants



¢ "9ld

SWVYO

0062 06¢¢ 000¢
- 1622 - 100Z = 106Gl

0osl 0001
= 0001 NVHL SS31

L]

espensusasasas AsssessdscanReuEne

INOYANAS SSIULSIA

e YR T E E R Y Y F L Y Y P R R T Y N

XYOIVYIdSTY 40 IDNIAIDNI

lllllllllll SessEssesRssNsERaENDa

ANV LHOIIM HLdlg

— Ol

— 0¢

- 0E

- Oy

— 0§

-~ 09

— 0L

—~ 08

— 06

— 00l

SH14I93A1T 40 %



more than 1500 g was highly slgnificant (P = <« (1,001) but in those
1500 g and helow this was no longer present,

Presence of Episiotomy. (Table X1, Appendix, p. 68 }. There
waere no signdficant differences.

Mode of Delivery. (Toble ¥IL, Appendis, p. 69 ) Of
infants with RDS significantly more were delivered by the breech
(¢ =« ,01) and by emergency Cassarian section (P = < §,08) and
significantly fewer by forceps (P = < 0,00)). However, when infants
1500 ¢ and below were compared, none of thege differences helds
and above 1500 g, only the lncreased incldence of emergency Cassarian
sections remained (P = < 0,08),

In ordor to cxamine further the guestion of whether the sigaificance
of Caosarcan section could be affected by such assoclations as ante-
paztum haemorrhaige and foetal distross Ghemselves significantly
correlated with RDB), a further analysis of all infants delivered

abdominally {whather ag an emorgency or electively) wag made aceord
ing to whether or not these two complications were present,

They were compared with the relevant fnfants delivered vaginally
{Table X111 and it can be geen that in the sbsenca of alther complica=
tlon, Caessrean soction was siill more sigaificantly asscolated with
RS {(P=<0.05).

Sines the time of cloamping of the umbilionl cond was known
agcurately in only a very small number of cases, no observations
about this procedure have been included.

Birth 'Weight., (Figure 2). The incidence of RDS was
inversely proportional to birth weight, Using the standards of birth
wolght and gestation for singlatons devived from the Notional Birthday
Truat's Pevinotal Mostality Swvey of 1988, the infants were further
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subdivided according to whether or not they were above or below the
expected mean for their geatation (Table X1V, Appendi:é, p. 71 ).
Figure 3 ( opp. ) demonstrates this graphically for singletons in
the study, Significantly more infants with RDS were found the mean
and less than one standard deviation above or below it (P = < 0.001)
and significantly fewer of them were more than one standard deviation
below the mean (P= < 0,001). These relationships held when infants
above and below 1500 g were examined separately, though at 1500 g
and'balaw the levels of significance were lower (P =< 0,01 and

< (.05 respectively).

Sex. (Table XV, Appendix, p. 72 )} More males developed
RDS than females (P = < 0,001), This relationship remains when
infants 1501-2500 g are examined, bui is no longer present in infants
1500 g and below,

Birth Asphyxia. (Table XVI, Appencix, p. 73 ) Infants who
later developed RDS failed to establish rvegular respirations within 2
minutes of delivery more often than the remainder (P = < 0,001), and
among these asphyxilated infantg there were a larger number in whom
the degree of asphyxia is severe (P= < 0,001). This is true in both
the total sample, and the two weight subgroups,

Summary of Results from Simple Analysis

The respiratory distress syndrome appears to be significantly
correlated with antepartum haemorrhage, a low Incidence of pregnancy
anaemia, threatened miscarriage, foetal distress, prolonged rupture
of membranes, a greater use of general anaesthesia but a lower use
of other anaesthetics, with more frequent delivery by Caesarian sec-
tion and the breech, and less frequent delivery by forceps, with
immaturity, low birth weight, severe birth asphyxia, and the male



sex. A more rapid second stage of labour appeared also to be
significantly correlated with RDS, but among these infants there
were a larger number in whom duration of the Znd stage was unknown
or not reached, so that this association may be invalid,

When & second comparison was made betweén infants who did
and did not develop RDS above and below a welght of 1500 g it became
strikingly apparent that, in infants 1500 g and less at birth the major=-
ity of these differences disappeared and the only factors remaining
significantly correlated were the lowered incidence of anaemia,
lessened use of anaesthesla and severe birth asphyxia, In addition
the new variable of a lowered incidence of maternal essential hyper-
tengion and toxaemia appeared, |

B. REGRESSION ANALYSIS
{(With the help of Dr. A. Barr and Miss B, Whitwell.)

1) A random sample of 540 infants, ail singletons delivered
vaginally, were analysed, of whom 94 had RDS. The following
variables differentiated the two groups at the 10,0% significance
level (P=<0.1),

a. Gestation (mean for RDS cases 31,83 weeks, and for remainder

36,68 weeks) . |
Iy, Birth weight (mean for RDS cases 3,8 1b and for remainder
4,8 1b),

¢. Infants with birth weighis more than one standard deviation

below mean for gestation (lesg common in RDS),

d. Antepartum haemorrhage (more common in RDS cases).

e. An absent foetal heart at some stage in labour (more common

in RDS cases). |

£, Hydranmios (less common in RDS infants).
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g. Male sex (more common in RDS infants).
h. A foetal heart heard above 160/minute on more than one
occasion during labowr (more common in RDS infants) .
i, Crade IiI (severe) birth asphyxia (more common in RDS
| infants) .

At the 5% significance level (P = < 0,05) these variables remained
with the exception of {f) and (1), At the 1.0% significance level
(P=<0,01) (h) was eliminated, and at 0.1% significance level
{P = < 0,001} {g) was eliminated. Thus when p = < 0,001, the dis~
tinguishing variables bet_ween infants with and without RDS were
gestation, birth weight, infants more than one standard deviation
helow expected mean birth weight for gestation, antepartum haemorr-
hage, and foetal heart not ‘heani during labour.

When the variables gestation, birth welght, vertex, breech and
forceps dellvery from these 540 infants were fed to the computer to
test the hypothesis that mode of delivery had some bearing on the
development of RDS as suggested by the simple analysis, birth weight
and gestation were found to be the most powerful discriminants.

2) A regression analysis of 132 infants delivered by Caesarian
section was made, of whom 36 had RDS,
At the 10% significance level (P = < 0.1) the followlng variables
distinguished the two groups,
a. Gestation (mean for RDS cases 32.88 weeks, and for remainder
36.23 weeks).
b. Birth asphyxia (Grade 1) (more common in RDS cases).
1., Cord round neck (less frequent in RDS infants) .
d. Use of gas and oxygen hefore delivery (more common in RDS
infants) .
e, Male sex (more common in RDS infants),



f. Maternal age 20~25 (lggs common in RDS infanis).
g, Maternal age 30<35 (more common in RDS infants).
- h, Use of general anaesthesia for delivery Gnore common in
RDS infants) . |
i. Use Qf an analgesic within 4 hours of delivery (more common
in RDS infants).
At the 5% significance level (P = < 0.05) the last four variables, (f),
(), () and (i), were s:limina,i:ed. At the 1% significance level
(P =< 0.01) only (a), () and (d) remained, and at the 0.1% signifi-
cance level (P = < D.GQ!J only (a) and (b) remained, Thus when
P=<0,001, the distinguishing variables between infanis with and
without RDS delivered by Caesarlan section were gestation, and a
mild degree of birth asphyxia.

| 3) A regression analysis of 85 infants weighing 1500 g and less
was then made of whom 45 had RDS,
No significant variables were found to distinguish the two groups.

é}f Finally a cormrelation matrix was performed; on the 540 single~
ton vaginal deliveries and the following paired variables have been
saelected ag showing significant positive or negative correlation, one
with the otheri

Antepartum haemorthage and birth asphyxié' (Grade 1I) -~ positive
correlationy '

Antepartum haeimmorrhage and gestation ~ negative correlation,
indicating an increasing incldence of antepartum haemorr=-
hage with decreasing gestation,;

Rapid foetal heart and birth asphyxia (Grade IIT) - positive
correlation;

- Cestation and birth asphyxia (Grade II) - a negative correlation,



indicating a higher incidence of birth asphyxia with
decreasing gestation;

Threatened miscarriage and infanis move than 1 standard devia~
tion above the mean for gestation ~ positive correlation:

Threatened migcarriage and infants less than 1000 g - positive
comwelation;

Threatened miscarriage and infants 1000~1500 g ~ positive
correlation,

Summary of Regression Analysis Findings

Infants delivered vaginally and developing RDS later can be
distinguished from infants not developing RDS by the variables of
low gestation, low birth weight, by having a birth weight more than
one standard deviation below the mean less frequently, by antepartum
haemorrhage, and by feotal distress chayacterised by an inaudible
foetal heart during labour., Those delivered by Caesarian section and
later developing RDS are distinguished from those similarly delivered
but not developing RDS by,-é lower gestation, and by the more frequent
presence of mild birth asphyxia. All these distinctions between the
two groups are highly significant (P = < 0,001}, At a level of lower
significance (P = < 0,05), foetal distress shown by a rapid foetal
heart during labour, and a preponderance of the male sex also character=-
ised RDS infants delivered vaginally, and the use of gas and oxygen
more often before delivery and a preponderance of the male sex
characterised infants delivered by Caesarian section who later
developad RS, Those who did not had the wmbilical cord round the
nack more frequently.



When a sample of infants welghing 1500 g and less at birth
were examined, no significant variables to distinguigh infants who
did and did not develops RDS were found,

- A correlation matrdx showed that birth asphyxia was significantly
assoclated with antepartum haemorrhage, low gestation and a rapid
foetal heart during deliveryt and that threatened migcarriage was a
feature in the pregnancies of women who delivered infants weighing
1500 g and under, and who had infantg rather larger than expected
for gestation,
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was present there was still a significant association with such a
delivery and the syndrome,. The regression analysis on a random
sample of 132 infants delivered ithis way gave further confirmation by
showing that at the highesi level of significance ounly a lower mean
gestation and an increased incidence of mild birth asphyxia differen-
tiated RDS infants from the others. These data do not support the
contention then that Caesarean seciion is only of importance in RDS
bacause of the threatening assoclated conditions, This is in agree~
ment with the studies of Klein (1960) and Usher (1964), both of whom
have reported larger series than others and have differeniiated
carefully between such conditions, and their association with
prematwrity before coming to the conclusion that the operation of
itself was important., The simple analysis had suggested that breech
delivery was significantly associated with RDS and delivery by forceps
significantly less common. However when the regression sample of
540 singleions delivered vaginally was re~examined with only the
variables of weight, géstatmn and mode of delivery, it was found
that only gestation and birth weight were the discriminating factors.
This may be interpreted as showing that the excess of breech deliver-
igs among RDS infants occurred by virkue of immaturity, Forceps, on
the other hand, were never used to deliver infants under 1000 g, and
the likelihood of their use seemed 10 increase with maturity, thus
accounting for the findings on simple analysig alone.

Since ntrauterine asphyxia has been postulated as an aetio-
logical factor in RD8, it is of interest that a significant association
with foetal distress has bheen demonsirated by the survey for the
first time, The indications taken for foetal distress ; the recording

of a high or low foetal heart rate, or its disappearance, with or



without the passage of meconium in the liquor, are crude ones, They
were regarded as one group in the simple analysis, but the regression
found am inaudible foetal heart during labour, and a rapid one, to be
the constant discriminating factors. Some other significant variables,
not previously reported, appear though their relevance in some cases
may be questioned. For instance a significantly lower incidence of
anaemia among RDS mothers may only reflect that the infants are
delivered earlier in gestation, perhaps before this has time to develop,
Similarly the decreased incldence of toxaemia could be explained on
the same basis, An Increased incidence of hydramnios among non-RDS
infants may reflect a larger number éf congenital abnormalities in this
group, In the simple analysis threatened miscarriage during pregnancy
was found significantly more often in the mothers of RDS infants,
This did not appear as a powerful discriminatory factor in the regres-
sion, but the correlation matrix showed a positive association between
this and birth weights of 1500 g or less, and with birth welghts larger
than expected for gestational ages, both more likely with RDS, A
higher incidence of long ruptured membranes, and of general anaes~
thesia were also present in mothers of RDS infants, the latter probably
reflecting the greater incidence of Caesarean sections, and there
were significantly fewer infants small for the period of gestation
among affected babiles.

While the regression analysis confirmed these differences
‘when the factors were considered separately, in the final sorting the
most powerful discriminating factors between infants with RDS and
those without, were the low birth weight and gestation of RDS infants,
birth weight more than one standard deviation below the mean for

gestation, significantly less common in the RDS group, antepartum



haemorrhage and foetal disiress as shown by an inaudible foetal

heart at some stage of labour, both more common in RDS, The
correlation matrix puts some of these factors into perspective. Thus
both anteparium haemorthage and severe birth asphyxia were negatively
comrelated with gestational age, indicating that as this became lower,
the incidence of haemorrhage and asphyxia increased. FPoetal

distress as shown by a rapid foetal heart was posgitively correlated
with severe birth asphyxia. 50 it would seem that there is an intricaie
pattern of interdependency of many of the significant associated
factors, and assignment of their true importance is difficult, Perhaps
however the most important finding of the whole survey is that when
infants welghing 1500 g or less were considered separately neither

the simple analysis nor the regression could show any convincing
points of difference between those with and without RDS, Since

nearly half of all these cases of RDS fell within this weight range,

it seems logical to conclude that these infants have inherent in them
the conditions necessary for development of the syndrome, whereas
above this weight some ingult may be necessary 1o induce it.

The lungs of all infants are partially distended by fluid at
delivery, and this must be replaced quickly by alr to allow oxygen
uptake by the pulmonary circulation., This intrinsic foetal lung fluid
has an elecirolyie content resembling plasma, but a lower protein
content {Adams, Fujiwara and Rowshan, 1963). Amniotic fluid has a
higher protein content., During prenatal asphyxia in the rat, lung
capillary permeability has been shown to be altered, with protein
leakage into the pulmonary alveoli (Seller and Spector, 1964). Proteins
do not pass easily into the pulmonary circulation, and serum, which
is only slowly absorbed by the lymphatics, may persist in the lungs
for varying periods (Coustice and Phipps, 1946). It has been shown



in animals that the foetus is likely to make inspiratory gasping
movements in uteru if it becomes hypoxic (Windle, Becker, Barth

and Schultz, 1939), and it is a well established fact that amniotic
debris, squames and occasionally meconium may be seen in the air
passages and alveoli at autopsy in infants who have shown signs of
digtress during labour. Intrauterine hypoxia, then, by causing either
aspiration of amniotic fluid or increased capillary permeability or
hoth, may result in an excess of a high protein fluid o be cleared
from the alyways at birth, Aherne and Dawking (1964) have recently
indicated the sequence of events. Demongtrating a fall in the wet
weight of the newborn rabbit lung in the flrst two hours afier delivery,
they observed that as fluid disappeared from alrways and alveoli, it
transiently increased in the loose perlarterial tissues with coincident
dilatation of the lymphatic vessels running in them, Hypoxic insults
to the doe before birth increased the wet weight of the lung, lengthened
the time period of periarterial tissue distension and was accompanied
by alveolar resorption collapse, This work has been extended and
complemenied by two other studies. Boston, Humphreys, Reynolds
and Sirang (1965) found a slower rate of fluid removal in immature
lambs, associated with a relative lack of pulmonary surface active
factor, the resulting higher surface tension causing greater retractive
pressure to suck fluid back into the alveoll during expiration. De Sa'
(1966) has found a significant association between increased fluid
content in the human infani lung at awtopsy and loss of pulmonary
surface active factor; and a steady decline in pulmonary fluid with
increasing birth weight. Adopting the experimental method of
producing respiratory distress used by Davis and Stafford (1964), he
has also shown that asphyxiation alone did not increase the amount
of lung fluid in the newborn rabbit, but that it occured a short time
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after, during a period of transudation which was accompanied by
losga of alveolar lining laver and hence pulmonary stability. There-
fore this viial substance may literally be washed away by ocedema
fiuid or perhaps be diluted to impoience. Since pulmonary bhlood
ilow has been reduced by perivascular cedema in the igolated dog
lung (West, Dollery and Heard, 1964), the periarterial distension
noted by Aherne and Dawking (1964) could be responsible both for
the pulmonary hypoperiusion in RDS cited by Chu, Clements, Cotton,
Klaus, Sweet, Thomas and Tooley (1965), and for tissue hypoxia
resulting in alveolar epithelial damage. Such damage may in fact
be a perpetuation of that occurring prenatally, and again due to
alveolar hypoperfusion, for the sensgitivity of the pulmonary circula-
fion to hypoxic insults in utera has been demonsirated.

The resulis of the analysis show that there are definite grounds
for supposing that intrauterine agphyxia occurs in a ceriain number
of RDS infants. Disturbances of the utero~placental circulation such
as are seen in antepartum haemorrhage and threatened miscarriage,
could cause such hypoxia. An absent foetal heart, and a ioo rapid
one, are also evidence of it. Brady and James (1962) have suggested
as a result of clinical and biochemical correlations that tachycardia
is an earlier sign of foetal distress than brachycardia. At delivery
by Caesarean section there is often considerable handling of the
uterus before the foetus is extracied, and these stimuli may con-
celvably cause gasping., In addition abdominal delivery robs the
infant of the thoracic compression afforded by the muscles of the
birth canal which serves 1o squeeze some of the lung fluid out through
mouth and nose,

S0 the gtage is set for an increase in fluid content of the



lungs of these infants as indicated above, either by the addition of
ingpired amniotic fluid to intrinsic lung fluid or to hypoxic trang-
udation from pulmonary capillaries, or both, though the latter seems
more imporiant (de Sa', 1966). The amownt of pulmonary fluid at

- birth and its rate of clearance are quite clearly of outstanding

importance 1o the infant's wellbeing. These two factors may hold a
clue o the anomalous situation revealed by the analysis of infants
1500 g and less, for whom no significant aetiological factors could

be found. For de Sa's (1966) work shows that their lung fluid content
is higher than that of larger infanis. If to this were added the delayed
rate of fluid clearance shown by Boston, Humphreys, Reynolds and
Strang (1965) to be present in immature lambs, it is easy 1o see that
the predisposing faciors for RDS are already present in them, whereas
in the large infants these conditions do not exist without the appear-
ance of an asphyxial insultadding to the pulmonary fluid content.
While this does not explain why some infants under 1500 g, albeit a
minority, escape RDS, it may be that much more sophisticated methods
of measuring foetal hypoxia are needed than the crude yardsticks used
here,

Infants more than one standard deviation below the mean were
significantly less likely to develop RDS, To a large extent this is a
reflection of their greater maturity, and Dunn (1965) has pointed out
that low birth weight is related to RDS only in so far as it in tun is
related to lmmaturity. A glance at the gestation grid (Figure 3 )
shows how steeply the number of "small for dates” infants increases
afier 36 weeks gestation, a time when RDS becomes less and less
likely 10 occur. Nevertheless the percentage of infants between 32
and 36 weeks more than one standard deviation below the mean and
withoui RDS is increased, and beiore leaving the quegtion of lung fluid



content, that of water content of the foetus as a whole should be
discussed, The percentage of tissus weight which is water in the
foetal rhesus monkey decreasesg’ in a linear manner as total foetal
welght and gestation increase; this is also true of the percentage of
water in plasma and whole blood (Behrman, Seeds, Battaglia, Helle~
gers and Bruns, 1964), These same workers have shown a significant
reduction in total foetal water content following injection of sucrose
into the amniotic fluid, or the intravenous infusion of either a
disaccharide solution or a gsodium chloride solution (Bruns, Hellegers,
Seeds, Behrman and Battaglia, 1964). Some infants who are small
for thelr gestation often appedr wizened and dehydrated at bivth, and
capillary haematocrit readings between 60 and 80%or more have been
obtained in certain infanis consistently during the first 72 hours of
life (Ainsworth, Davies and Mitchell, 1966), suggestiﬁg a greatly
reduced water content in their blood which may mirror that in other
tissues, since cedema is very rarely seen, and welght gain with
liberal fesding after birth is rapid. Significantly lower haematocrit
values have been reported for infants with RDS (Inall, Blubm, Kerr,
Douglas, Hope and Hutchison, 1965) when compared with other
infants, 2500 g and less, who did not have it. While this may
reflect the greater degree of immaturity likely in RDS cases, the
conirast with certain small-for-dates babies is nevertheless striking,
On the other hand, infants of diabetic mothers, notoriously large for
their gestation and very prone to RDS, have significantly lesg total
body and extracellular water than is normal (Osler, 1960) and it is
presumed that thelr excessive welght is mainly due to increased iat
deposition, Farquhar (1962) has pointed out too that it is those of
them 3000 g and below who are more likely to develop RDS than
those much above 3000 g. While it seems certain from the analysis



that infants of average welight for gestation or above are more prone
to develop RDS, it is difficult to know how they can be linked with
infants of diabetic mothers. The latter have recently been shown to
have a greater adrenocortical activity than controls on urinary assay
(Cathro and Forsyth, 1965), so that changes in body water could
perhaps be present. It has been suggested that certain mothers may
deliver successive infants who develop RDS (Graven and Misenheimer,
1965). Two groups of mothers have been compared; one delivering
several infants below 2500 g who developed RDS, and anocother group
who delivered similar-sizad infants who did not become distressed,
Whereas the mean birth weight in the two groups was almost identical,
and was considered to be at the 50th percentile for the RDS group, the
gasi:atiénal age was somew}‘zat higher in the non=distressed group,
suggesting they were smaller than expected, Since patterns of birth
weight for gostation may be constant in certain mothers (Qunsted,
1965, 1966) it would be particularly interesting to know in these two
contrasting groups whether ciiffemnces in utero~placental blood flow,
and osmotic gradients acrosgs the placenta existed, for their relevance
to Infants with RDS might be considerable.

The role of the central nervous gsystem in the development of
RDS has not received a great deal of attention, though with pulmonary
oedema an invariable concomitant, this is perhaps swrprising. Buckingham
and Sommers (1960) have suggested that an abnormal autonomic
stimulation could result in the hypersecretory lung changes. We have
seen that vagotomy in experimental animals leads to pulmonary
6@6.&1::1& and membrane formation, and loss of surface activity has
algo been demonstrated after bilateral vagotomy in guinea pigs (Klaus,
Reiss, Tooley, Plel and Clements, 1962). It has been suggested that
anoxic damage to the brain stem or upper ¢ervical cord might interrupt



vagal-phrenic reflexes (Belter and Friedrich, 1959). Absence or
marked decrease of cerebellar Purkinj e cells has also been noted
(Schneck and Neubuerger, 1962), and a degenerative change in the
dorsal vagal nuclei in infants dying of RDS (Buckingham and Sommers,
1060). The role of the autonomic system, however, in the regulation
of the pulmonary circulation does not seem well understood (Fishman,
1961). Nevertheless if intrauterine agsphyxia be a significant factor
in RDS as it seems to be. cerebral hypoxla and its effecis on the
respiratory centres of the brainmay . +be closely lixiked .

Bevere birth asphyxia was the one important significant
association that distinguished infants 1500 g or less with RDS from
others of this weight group, as it did in fact the group as a whole,
and infants 1501 g and above, i:imugh in the simple analysis only.
Birth asphysia itgelf .,‘ however, is highly correlated with immaturity,
with foetal distress and with antepartumn haemorrhage, so that its
importance as a factor on its own recedes, Nevertheless, such delay
in establishing respiration after birth will almost certainly mean a
delay in the establishment of effective pulmonary blood flow. Since
this will not increase until alveolar ventilation is ocowring, its
Importance In aggravating RDE should probably not be underestimated.
Aherne {1964) has emphasized the tremendous mechanical disadvantage
facing the very immature infant, with his greatly reduced lung comp-
liance, relatively soft thoracic cage and weak respiratory muscles,
When gestation has reached the stage at which pulmonary surface
active factor is being produced, even if in smaller amounts than later
on, these mechanical factors are likely to be almost as important as
the dilution or inactivation of surfactant in preventing lung expansion,
another point which could explain the absence of other aetiological
factors in this group of lowest birih weight.



Although there are no observations presented here, it is
possible that the relatively early clamping of the umbilical cord
which often takes place at Caesarean section, may not only deprive
the infant of placental blood, but as he ig more often above the level
of the placenta, actually lead to some siphonage of blood from his
girculation. This, like birth asphyxia, may be an aggravating factor.,
Lastiy the special predigposition of the male to RDS is not clearly
understood. Though he may have & birth weight on-average some 4
oz above the female at comparable gestation, his greater morbidity
and mortality are by no means confined to RDS where the neonatal
period is congerned,

The optimisiic, perhaps naive thoughts which prompted this
survey, those of finding some preventable factor in RDS, have
certainly not been realized, Only the all-too~obvious one of pre-
maturlty presents itself as a reowrring theme, and prevention of
prematurity is a question with very wide social and economic implica-
tions , already receiving considerable attention in the quest for
improved avtenatal care. Tt has been shown that foetal distress (and
hence by implication intra-uterine asphyxia) as defined by the
practising obstetrician is significantly more common in RDS, cone~
firming the postulations of physiologists and experimental workers
who believe the pulmonary circulation to play a vital role. Nevertheless
the indisputable fact remains that 67 ,5% of infants who later developed
RDS did not have any foetal distress recorded, and 30.6% of mothers
of RDS infents had no recognised complication of pregnancy, much
less one which is known for certain to cause Intrauterine asphyxia.
These anomalies are further underlined by the finding that infants of
1500 g and less with RDS had rveally no helpivl distinguishing
features at all when compared with the remainder of like birth weight,



It seems clear that much more sophisticated measurements of intra-
uterine conditions are needed, particularly in terms of oxygenation
and blood flow, and perhaps maternal acid-base balance in labour,
More attention might profitably be paid to factors governing {ransier
of fluid to and from the foetus, in view of the suggestion that infanis
more than one standard deviation helow mean birth weight for gesta-

tion are less likely to develop RDS,



CONCLUSIONS



An examdinntion bag been mads of possible astiological
factors in the production of the respivatory distress ayndvome of
the newhorn, Al infants classified as premature Oivih weight 2600
gor b b 8 oz and less) bom in the Nuifield Matemity Home, Qufornd
hotween let January, 1959 and 31st December, 1964 have baen
studied, and sinple, moression and correlation annlyses made of
maternal factors relating to the preonanoy and labour, aud certaln
Infant detsils, During this poriod 1126 mothers gave bivth to 1244
such infants,

285 (20.5%) deveiloped RDES uaing strict oritoria for diagnosis,

The proviously ackuowledged gignificance of antecartum
hoemorhage , bivih asphyscdda aad the male sew an astiologioal factors
hag hoen eonfinmed, |

Fogtal digtress was signdficantly more conmon among infants
with RDE, Begression analysis showed that an lnaudible fostal
hoart at some stage durlng lobour, and & vapid fostal heast in labour,
wera the most powerful factors discriminating between RDS infants
and othorg in this respest,

Delivary by Coosarpon seution of itself predisposed o RO,
ragasdiess of the indications for s performanes .

nfants wwre than one standard deviation below the mean bisth
wedght for gostation were significanily less likely to develap RDG,

The reaults of 2 gorrslation matrix showed that many of the
signifionnt fagtorg were corralated ono with another, indicating that
a multiplicdty of Inteirelating factors may bo fmportant in production
of RE,



When infants with a birth weight of 1500 g and less were
considered separately, with all variables, those who developed RDS
did not have any important aetiological features to distinguish them
from the others. This finding stresses that immaturity is the single
outstanding factor in pathogenesis of the disease,
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APPENDIX



M1 tables in the simple anolysie (with the exception of Table 13)
are sot out aimilarly, with figures for the ontire group (2600 g, or
ioaa) o the lefi-hand column, figurcs for infants 1500 ¢ or less in
the middle golumm, and figures for infants 1501-2500 g in the right-
hond coluwmn,

Thesoe columng are hurther divided inte infants with respiratory
diritvesn {(Qosignated RDS) and infants without (designoted CTHER),
Wumnbors and percentages are given, and the results of chi-squared
togte inaeried where velovant,

Aftey a preliminary analysis of twing had beon made, sl it was
found the yosulls did not differ materlally from singletons, it was
declided to prosent the analyais of all infonts tegether. Thug where
data rolate 1o wmothers only the totals will be fewer {1126} than when
relating to infants (1244),



Table 17  MATERNAL AGE (1126 MOTHERS)

S e R

Birth weight 2500 gorless Birthweight 1560 gorless Birth weight 1561-2560C g
Maternal
age, RDS Cther RDS Other RDS Other
years ;

No. % | No. % o, % |No. % No. % | No. %
15-19 36 13.7) 89| 9.8 13} 13.3| 8 |11.4 17 [ 14.9| 81 8.7
20-24 66| 306.1262 | 28.%5 32 | 32.7| 15 |21.4 34 |28.11247 | 29.5
25~29 56| 25.6/232 | 25.6 28 | 28.6 ] 18 |25.7 - 28 [ 23.1/214 | 25.6
30-34 36| 17.3|174 | 18.2 16 | 16.3| 12 |17.1 22 1 18.11162 | 19.4
35=39 261 11.91116 | 12.8 7 7.1 12 | 17,1 19 | 15.71104 | 12.4
40~-44 3 1.4] 32| 3.4 2! 2.0 5 | 7.1 1 8.8 26| 3.1
4549 g 6.6 2! 6.2 1 8.6 g 8.8 3 8.0 2 0.2
50+ g .0 I, 6.1 ¢| 0.8 € | 0.0 g1 6.0 1| 6.1
TOTAL 215 166.0| 807 (100.0 88 (166.0| 70 | 89.8 ] 121 |95.8|837 {106.€

. — ,
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TABILE 3:

(GESTATION (1244 INFANTS)

R, i
Birthweight 25008 gorless Birthweight 1560 gorless Birthweight 1501-2500¢g
Gestation, RDS Other DS Other RDS Other
weeks ‘
No. % |No. % No. % |No. % Ko. % | No. %
< 28 44% 17.2| 15 1.5 441 38.3 | 151 18,3 g 6.6 0| 0.0
28-32 82% 32.2| 81| 6.2 45 | 39.1 2% | 35.4 37%126.41 32| 3.5
3236 74 | 28.6(254 | 25.7 g% 7.8 | 17 | 28.7 65%46.4 (237 | 26,1
36-40 23+ 9.0|396 | 40.6 2 1.7 4| 4.8 21%|15.0 382 | 43.2
> 45 3+ 1.2)121 | 12.2 1| 6.9 27 2.4 2% 1.41119 | 13.2
Uncertain 2% | 11.4 142 | 14.4 14 1 12,2 | 15| 18.3 15 [16.7 127 | 14,0
TOTAL 255 wmm.% $82/180.0 115 (160.0 | 82 |180.¢C 140 | $9.8 |867 |106.0
*P=<0.05
P=<0,.01
F2P=<.001



TABLE 4: PREGNANCY COMPLICATIONS (1126 MCTHERS)

Birth weight 2500 ¢ or less Birth weight 1500 g or less | Birth weight 1501~-2500 ¢
Pregnancy i :
complications - RDS Other RDS Onwmm RDS Cther
No, % | No. % No. % No. % No. . % [ HNo., | %
- " ’ e N -

Pre-eclamptic

toxaemia and/or

essential hyper~ .

tension 31 |14.1 ) 133 | 14.7 11t | 11,2 | 20 | Z8.8 2¢ | 16.5 | 113 | 13.5
Antepartum _

haemorrhage 69+131.5 | 116 | 12.8 32 (32,6 12 |27.1 37+ | 30.6 | 97 [11.5
Urinary infecticn 7| 3.2 38| 4.0 2 2.0 1] 1.4 5 4,11 35 | 4.2
Abnormalities of A ‘

umbilical cord i3] 5.9| 54| 5.8 3 3.1 5 4,1 ig 8.3 | 48 | 5.8
Anaemia 13¥| 5.6 150 | 16.5 it 1.0 7 |10.8 igs | 8,3 143 |17.8
Diabetes 1| 8.4 4| 0.4 3 8.9 ¢ 0.0 1 8.8 £ 1 0.5
Threatened mis=~ 3 )

carriage . 30%113.7 | 25| 2.7 23 1 23.5| 15 | 14,3 7% 5.8| 15 | 1.8
HEydramnios _ i 5.8 45| 5.1 5 6.1 4| 5,7 7 5.8 42 | 5.0
None ) B7%|30.68 | 375 | £1.8 28 |128.6 28| 37.1 39% | 32.2 | 353 |42.3
TOTAL MOTHERS |z1¢ 67 | | o8 70 | 12 837 |

b |
{*P =< 0,05}
tP=<9g.01

$P =< 0.001

A -



TABLE 5  DUTERVAL BETWEEN MEMERANE RUFTURE AKD DELI
{1244 INFANTS)

o ’ o
Birth welight 286 gontess Birthweaight 1308 goriess Birthweigis ,ummwtwmmm@‘
RD8 iher R Cihey Cther
Ho.| % |No.| % Ko.| @ |\Mo.| % | ¥o.| % |He.| %
383 | 83.9|626 | G4.3 66 | 57.4 | 58 |B4.8 87 | £8.3|573 | 63.2
16%| 5.3|115 | 1L.§ 8| 2.8| 5 | 6.1 ig| 8.8|110 | 12.1
S¥| 1.8| 75| 7.8 G| 9.86] & | &9 $| 8.8 75| 8.8
41% 16.1|104 | 10.5 23 | 28,0 | 18 |14.8 18| 12.8| %2 | 19.1
3¢ | 11.8| 68| 7.0 23 | 20,9 | 12 | 14.8 7| &.8| 57| 8.3
285 [180.% | 989 (186.9 115 |100.0 | 82 |$8.8 146 |100.8 |807 (180.8




TABIE6: DURATION OF 1ABOUR,

Birthweight 2500 gorless

Birthweight 1508goriess

Birthweight 1561-2580¢g ,

Duration
e - o, 2, T 2 TN 2
o " ROB cher RLS Giiter RS Cther
SERES
o, | % |Heo| B Ho.| % (Ho.| % Ha.| % |Ho., %
< i2 148 | 88,4632 | 43.82 85 | 50.5 | 43 | 52.4 4| 6.0 588 | &4.B
12-24 42 | 10.5 348 | 14,9 14| 12.2 | 18| 18.: 2g | 20.0 18| 18.2
2458 41 1.8) 45| 4.8 2 l.7| 3| 8.7 2 l.&7 42| 4.8
> 43 Z| 8.8 18| 1.8 2] L7 4| 4.% G| C.¢! 18! 1.7
Tnopriain 21| G.2| BB | .2 18 5.7 10| 12.2 G| 2.1 38| &.5
Kot inlabour 578 4.8 TR 7.7 32 12,2 12| 4.0 231 i8.4| B4 7.1
WO A A A K T A2r s ERER R IRD TN RN [N GRS R T e sCe Rl dae bk aor e g5k tor Glne R SENOEDF DRl R R Ny £ e en aswnivinarhk.u.:w eonBaye Ao A0 GNP L [Umy e R WL RO SONK CXY 6D o AR & ST
TOIAL 485 |106.6 | 308 |1C0.0 118 |186.6 | 82 |1nL.e 145 | 58.9| 8067 \180.0C i
R
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TABLE 7: DURATICN OF SBCOND STAGE OF LABCUR (1242 IIFANIS)

Btz weicht 2588 gariess _ Birth weight 158C goriess _ Bithweight I581=2500 g

) .RDS Cihne 4 BOE Cth RDs Crher
mnutes : - i
dios, % | Mo, % Ho.| % |Ho. % o, %% | No., %

< Y5 5% 30.58| 230 | 23.2 a5 | e4.8) 27| 2z.8 W | 27,1263 28.4

15«30 43% I8,.8| 240 | 24.3 142 | 12,2 | 15| 1.3 23 | 28,7 28 24,8

BTG 26% 11.4)| 157 | 20.8 2 743 7 8.5 2% | 35.01180 ) Ze.9

> G 3 5.1 &% 5.8 g 4.3 3| 3.7 2| 8.7 & 5.8
Uncortain of Q2% Z8.11237 | 25.% 45 | 4X.7 1 38 | 38.5 44 | 33,4827 | 25,8
U A T TR R A tnﬁ_dra'w“ugsltgGI.ia‘Sjs.B%ﬂﬁi ‘lﬁ.ﬁ!ﬁ‘iﬁk‘ésgﬂl,ﬁ;’,ﬁlliggasLtggsE.Lf&t,‘tfﬁusaﬁ,;;.s.ﬁn‘hﬁu
TOZTAL 255 (160,73 8682 (188.0 _ 118 (180.8 | 82 (1g8.0 | 140 | 95,9887 (16C.8

, = e _

#p=<{.08

x3 Ex N 2]
P =< 0.01
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TABLE 8: DRUGS GIVEN WITHIN 4 HOURS OF DELIVERY (1244 INFANTS)

Birthweight 2500 gorless | | Birthweight 1560 gorless Birth weight 15013-2500g ﬁ
Drug RDS Cther RDS Other RDS Other

No. % | No. % No. % |No., % No..| ‘% |XNo. %
Avalgssic 86 | 33.7|362 | 26.6 35 | 30.4| 26| 31.7. 51 | 36.4|336 | 37.0
Sedative 15| 5.9 7 7.4 6| 5.21 4| 4.8 ¢ | 6.4 68| 7.5
Both 33| 12.9] 88| 8.7 18| 15.7| 8| 9.7 15 | 10.7| 78| 8.6
None 121 | 47.5!468 | 47.4 56 | 48.7 | 44| 53.7 85 | 46.4|424 | 48.7
TOTAL | 255 13100.0 982 |106.0 115 |100.6| 82 |1c0. 140 | 99.9|907 | .39.¢9

» s aalunn— . ——

b3 " <+
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TABLE 9: ANAESTHETICS GIVEN DURING LABOUR OR ZELIVERY {1244 THERNTE)

‘u.w;mwsﬂ g & n Ty FELNFELY o s s T B ﬁ T .‘_.r.ldﬂ\a.w‘ahk bty " Mtﬂ i Tritamisin e 2reinds §4N e AL o
Ehtweipil 2Bt gorioss | Sinbuwaighiistbgoricse | Bithuwelgis 18013500 g
ey b Sy T 20 3 foge e Xaged s P it e T Fgat 2y
rian 3 i s
e 38 2 -
£ iy e & F 43| AT s ke o o A 30 e It A o 2t - 3
o5 ¢ o oY R OB%| 37,3488 | 48.8 3% | 88.8 | &7 | 43.3 35 | 40| 218 | <.
ey . 3 ;
R - PR S T oo 5 o Lan B B it T S o Mhﬁs = 2
Ty T s ae ity oy £ S i B S ] £ L 7 GG ~ = i ¥
wtﬂ;ib(ﬂﬂ:&.a@ SRR g XS] N @ o b" ”_. w @ H_. % . H_. Wuv M.»u P £ M,%, i PN A s wanoh &
8 e o B P P S 1 e &2 e fogm e £ 0 o | ¢ 25 BT.E5T ELo N
Ivesl,epinemlorenudni ) G0 | 28,5308 | Bu.2 4 S5 | 13| 21.8 88 | 9.5 | 871 | 28.%
e N s 2o o e Ao s 5 % i L oL ™ ek P F e mey O
Neas So% 38.5) 286 | 18,7 S5%) 31,3 1% |138.%8 32| 2.8] 83| I8.8
e A Rl b Al Tk GTE By AT L ST W e e i »kn.u.\ﬂfﬁv s e Sl e debiv Sl TR D SN AR KIF 20 S0 4 o oo D o e e T e I Ok SR e R e e oy 2o B e S e ot Ci m S o sie S0 dem |8 T D ok T
mesena o et RO 0| ans [San o TI3 11860.0| &2 11800 240 |tan vl onr 1as on
Elraiiis ity LS | SR |LUL SN 235 80,8 &2 1888 125 |208.5| 987 (188.8
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TABLE 10: FORETAL DISTRESS {IN 313 OF 1244 INFANTS)

Foetal
distress

Birth weight 2506 gorless

Birthweight 1566 gorless

Birthweight 1501-2500¢g 1

RDS Ciher

RDS Other

RDS Cther

Mo, % | No. %

——

¥No. % No, | %

No. % | No. %

83% 32.5| 230 | 23.2

29 |25.2| 24 |28.3

54t |38.61266 (22.7

*P =< 0.01
1P = < 0.001



TABLE 11: EPISIOTOMY FOR VAGINAL DELIVERY (IN 554 OF 1685 DELIVERIES)

wﬁw weight 2500 gorlese | Birthweight 1500 .m_.en less | Birthweight 1501-2500¢ J_
RDS Otheyr RS Other RDS Ciher
HO . % | No. % No. % | Ho. % | No. % | Mo, %
Episioctom 101 | 43.3 453 | 51.6 37 | 36.6| 32 | 48.% | 64 | 54.7 | 421 |51.8
Smaa—— —




TABLE 12 MODE OF DELIVERY (1244 INFANTS})

Birth weight 2580 g orless Birthweight 1500 gcrless Birthweight 1581~2566¢
Delivery RDS Gther RSGS Other RS Ciher
No. % |No. % No. % [No.!| % No. % |No. %
Vertesx 135 | 52,9 |535 | 54.1 53 | 54.8 | 41 | 56.¢ 72 | 51,4 |484 | 54.5
Breech . 531| 26.8 |128 | 13.1 36 (26,1 14 | 17.1 23 ] 316.4 (115 | 12.7
Forcens 20%; 11.8 (1213 .mw.w 8 6.9 11 | 13.4 2Z | 15.7 |22 | 22.3
Caccarean _ _
{emergency) 34% 13.3 ) 84, B8B.8 14 | 12,2 13 | 15.8 20% 14,3 | 71 7.8
Caesarean : . _
(elective) 3| 1.2 28| 2.8 6| 2.0 3| 3.6 3| 2.2) 25| 2.7
TOTAL 255 [100.0 |989 |108.¢ 115 |180.0 | 82 -|1068.8 140 |106.0 (967 (100.0
[ - . ! B . i
*p=<0,08
IP=<{,01
PP=<0,001

“« * &



TABLE 13: COMPARISON OF CAESAREAN AND VAGINAL DELIVERIES, WITH INCIDENCE OF RDS
— T T . T
Caesarean delivery Vaginal delivery
Foeial distress | Anteparium hasmorrhage RDS Cther RDS Other

No % | No. % Ho. % | Ne. %
+ | + 7 | i8.8] 6| 5.3 32 | 14.7 | 26 | 3.0
* - 1% 2.7 3% | 27,7 43 19.7 | 167 | 19,0
- 7 i8.8 16 | 14.3 23 10.6| 88 7.8
- - 22% | 539.5¢ 3% | B2.7 12¢G 55.0| 6168 | 70.2

...... AR ISR RUUUA RSN ARV IVIN SR SR PO S
TCIAL 37 | 180.0. 112 |100.0 218 { 106,01 877 | 160.8
- *P=<0,05.
o > v




TABIE 14 : BIRTH WEIGHT AND GESTATION STANDARDS (1244 INFANTS)

- | 8
Birth weight 2500 ¢ or less Birth weight 1500 g or less | Birth weight 1501-2500 g
Birth weight/Ges~- RDS Other RDS Cther RDS Cther
tation :
Yo. % | No. % No. % | No. % No. % | No, %
BMean and <1 8D 173% mw.,n 347 mm.u 83%| 7z,2 | 43| 52.5 80%| €4.3 | 304 33.5
>4 188 7t 2.7 S| .0.5 2 1.7 ¢ 0.0 5 3.6 S| 6.8
>~ 18D - 46%| 18,11 4891 | 4£8.6 ig*| 13.89 | 24 29.2 30%| 21,4 | 457 | 51.5
Uncertain 28 | 11,4 146 | 14.8 i4 | 12,2 | 15| i8.3 13 10.7 | 131 | 14.4 |
TOTAL 255 [ 106.0 | 989 (108.0 1i5 11060.8 | 82 |100.0 140 100.0 | 907 |100.¢C
— - |
*P=<0.05
.ﬁu < .01
$P=<0(.0502
The standards used are those of wbm Naticenzl Birthday Trust's Perinatal Moriality Survey of 1858, It should be
noted that these standards relaie o the Qagﬁ a whole, and may have limited applicaiion to any one

Maternity Unit, but thev have been used in the mw nce of standards for Cxford infenis, and as they are the
most up~ic-date standards available for British babies.



TABLE 15: SEX DISTRIBUTION ({1244 INFANTS)

T Birthweight 250G gorliess Birth weight 1500 goriess mgﬁmﬁwm wmmwtmm”mmlmu
RDS Other ROS _ Other RDS Cther
Ne, | % |No.| % No.| % |Ne.| % No.| % |Ne.| %
Male 152% 59.6 468 | 47.3 60| 52.2| 45 | 54.8 | e2%| 65.7 423 | 46.6
Female 163 | 40,4521 | 52.7 55| 47.8| 27 | 45.1 48 | 34.3 484 | 53.4
TOTAL | 255 |100.0|989 [106.0 135 |100.0 | 82 [100.6 | 240 1100.0 |907 |100.8
&

y)

Il

o

=< §,061




TABIE 1& BIRTH ASPEYHIA (1244 INFANTS)

_I Binthwoight 2580 gorless Rirthwaicht 1808 goriass Birth waight 1501-2500 mi,_

Asohyia EmE | Cther Jresic] Cther fren ey

Bo, | @ |He.| % Ho. % | Ko, % o, % | Ho, %

. . . . - - R
Crade 31 | 12.2 (387 | 12.8 g% ¥.8| 17| 28.7 22 | 18,7118 | 12,1
Grade I 80%| 21,4154 | 15.5 44 | 38.3 | 29 | 35.4 36%| 25,7 |125 | 13.8
Grade M 45% 17.6| 15| 1,5 35% 33.9| 2| 3.7 5% 4,3| 12| 1,3
None 9% 38.5 (683 | 78,1 23%| 25,8 32 | 40.2 75%| 54,3 |668 | 72.8
e ST Rl KR SO S m Ay W £ A S0 S M G S oy ST A S O ST SRR S35 W G gl w0 S B R (O RN e sz R i SR (R 20 e ke ot wer JNS M M e DI A R N W GO G e 6 bk s W R S
TOTAL 255 [166.0 989 |180.0 115 186.5 | 82 |100.0 140 [106.0 |207 |188.0

Grade I - Besphoticns osiablished botween 2 and § minumes,
wade H -~ ® * between § and 10 minutes.

e

Grade I - & _ % at varying Smes after 10 minuies,

*p=<G.88
P=<g.01
P =< 0,081



REGRESSION ANALYSIS AND CORRELATION MATRIX

(Dr. A, Barr and Miss B, Whitwell)



REGRESSION OF 540 SINGLETONS DELIVERED VAGINALLY

Regression Standard "C-_I
coeificient error value

5.0% significance level
RDS ,
Ante-parium haemornhage -.9927/~01 .3934/-01 2,52
Hydramnios .1866/ 00 .9307/-01 2.00
Gestation .1752/-01 | .4169/-02 4,20
Rapid foetal heart «,6210/~01 A416/-01 1.41
Inaudible foetal heart =-,2046/ 00 ,8418/-01 2,43
Sex -, 6186/-01 .2887/~01 2,14
Weilght < 1000 ¢ -.3624/ 00 .9755/-01 3.72
Weight 1000-~1500 g -,2224/ 00 .6293/-01 3.53
Weight 1501-2000 g -, 1481/ 00 .4054/-01 3.65
Weilght 2001-2250 ~,7384/-01 .3741/-01 1.97
Weighi > - 1 8D .9317/+01 .3171/-01 2.94

1.0% significance level
RDS |
Gestation .1793/~01 LA4181/-02 4,29
Weight < 1000 g -, 3419/ 00 . 9670/-01 3.54
Weight 1000~1500 ¢ -.2022/ 00 .6145/=-01 3.28
Weight 1501-2000 ¢ =.1214/ 00 .3849/~01 3,15
Weight > - 1 8D , 1041/ 00 .3168/=01 3,29
Ante-partum haemorrhage | -.1043/ 00 | .3949/-01 2,64
5ex - B745/=01 .2898/-01 2.33
Tnaudible foetal heart -, 1957/ 00 . 8424/-01 2,32

L}

0.1% signifiicance level
R3S
Gestation . 1895/«01 ,4175/+02 4,54
Weighi < 1000 ¢ =,3261/ 00 | .9686/-01 3.37
Inaudible foetal heart «, 2078/ 00 .8443/-01 2,46
Welght > - 1 8D .1072/ 00 .3178/-01 3.37
Ante-partum hasmorrhage -,1075/ 00 .39638/-01 2.71
Weight 1000-1500 g -,2049/ 00 .6169/-01 3.32
Weight 1501-2000 g =,1179/ 00 .3863/-01 3.05

L. N——

(10.0% significance level resulis have been omitted.)




CAESAREAN REGRESSION - 132 INFANTS

Regression Standard T
coatficient - error value

5.0% significance level
RDS |
Cord round neck - 5337/ 00 .2211/ 00 2.41
Gas and oxygen 4

during labour - .6954/ 00 :2183/ 00 3.19
Sex <1278/ 00 ,6499/-01 1.96
Asphyxia (grade. 1) .3305/ 00 .6985/-01 4,73
Gestation - ,5555/-01 ,9441/+02 5,88
r l
1,0% significance level
mwmmmmmﬁmnmmmmqnmwm wwwwwww e W W aww fem BOM Sl GOR BaE Aow R BN N ARE WO e fee
RDS
Gas and oxygen
during labow 6808/ 00 L2241/ 00 3.04
Asphyxia {grade 1) .2987/ 00 ,7021/-01 4,35
Gestation - ,5468/~01 .9694/~02 5.64
' | _— -

0.1% significance level
RDS
Asphyxia {(grade 1) L2773/ 00 .7207/-01 3.85
Glestation - 5158/-01 . 9945 /=02 5.19




REGRESSION OF 85 INFANTS 1500 g AND LESS

w
Regression Standard T
‘ coelfficient error value
—

RDS - :
Consgultant A 1782/ 00 .3258/ 00 0.55
Consultant B .55317/ 00 3201/ 00 1.72
Conguliant C L1714/ 00 | .3674/ 00 0.47
Cord round neck L1609/ 01 L1680/ 01 0.96
Prolapsed cord «,1947/ 01 | ,43316/ 01 0.45
Ante-partum haemorrhage -, 1191/ 00 .2808/ 00 0,42
Pre-eclamptic toxaemia -, 3128/ 00 .8231/ 00 0.38
Anaemia 2078/ 01 .ZOGQ/ 01 1.04
Urinary infection 1269/ 01 L1242/ 01 1.02
Threatened migcarriage -,2169/ 00 2856/ 00 0.76
Essential hyperiension -,4192/ 00 .1156/ 01 0,36
Hydramnios =, 7947/ 00 L7929/ 00 1.00
Parity -,3035/-01 . 1502/ 00 0.20
Previous miscarriages .3359/-01 L1588/ 00 0,34
Age 15«19 .2322/ 00 . 4208/ 00 0.55
Age 20«24 -, 5990/-01 . 4816/ 00 0.15
Age 25-29 -.5811/ 00 5936/ 00 0.98
Age 30-34 «,5904/ 00 .8316/ 00 0.71
Age 35~39 .3027/-01 .5681/=-01 0.54
Cesiation L1664/ 01 .9238/ 00 1.80
Rapid foetal heart .6965/ 00 .8398/ 00 0.83
Slow foetal heart 7640/ 00 . 9444/ 00 0.81
Meconium=-siained liquor .1865/ 00 .3726/ 00 0,37
Inaudible foetal heart .7871/-01 .3293/ 00 0,24
Membranes ruptured < 12 hours 8331/ 00 | .6883/ 00 1,21
Membranes ruptured 2448 hrs -,1646/ 01 .7088/ 03 0,00
Labhour < 12 hours -,2089/ 01 L7088/ 03 0.00
Labour 12«24 hours -.1704/ 01 .7088/ 03 0.00
Vertex delivery =, 2739/=-01 .3023/-01 0.91
Breech delivery -,1047/ 01 | ,7088/ 03 0.00
Forceps delivery -,9914/ 00 .7088/ 03 0.00
Emergency Caesarean section

delivery .2474/ 01 | ..7088/ 03 0.00
Gas and oxygen during labour .3236/ 00 . 3004/ 00 1.08

{continued)




{coatinuation)

Rearession Standard T
aooaificient TR N value
Gonerad anaesthesin «, 27437 00,8490/ 00 0,32
Looal anaesthesia -,2917/ 01 3103/ 01 0.94
Spinal anaosthesia «,821 / 00 8367/ 00 1.29
Caudal annesthasia w, 26804 01 30427 01 0.86
Analgesic within 4 hows of
delivery -,2957/ 01 L3703/ 01 0.80
Sedative within 4 houra of
dalivory -, 36827 00 .3813/ 00 0.93
Both within 4 hvs of delivery - 85167 00 L7404/ 00 1,15
Sant =, 1258/ 01 L1083/ 01 1.16
Waoight <« 1000 ¢ -, 5034/ 00 L5006/ 00 1.21
Welght 1000-31500 ¢ «, 2045/ 00 L4504 00 £ .37
Weaight > 1 8D below mesn
for gestation LS807 /01 . 2018/ 00 0,47
Weloht <& 1 8D -, 1488/ 00 340387 00 .44
Waight » 1 80 above mean
for gostation 20147 06,4287/ 00 0,48
Birth asphyada {grade 1) 81367 00,1041/ 01 0.78
Biveh asphvxzia {grade I L1056/ 00 L8511/ 00 0.36
fntubation -, 3008/ 00 .5883/ 00 0.51
Time of delivery LLB96/-01 3885/ 00 0,07
Date of delivery . 1010/-01 L2101/-012 .48
Ageouchewr - house officer w2224/ -03 L 1182/-01 1.68
@ - yaglotrar -, 8808/ 60 4341/ 00 2,18
" =~ gonsultant L1786/ Q0 L7650/ 00 0,23
" ~ pupil midwife -, 60207 00,2331/ 00 2.58
o - gtaft midwife -, 1284/ 03 L9340/ 00 k.82
u - medical student -, 2815/ 00 L2688/ 00 1,05
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CORRELATION MATRIX N= 540
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ABSTRACT



7Y

Previous investigations into the respiratory distress syndrome
have established that the infants lack pulmonary suriace active
factor, and thus alveolar stability. Inactivation or greatly reduced
production of this substance is more likely than congenital ahsence,
The extensive atelectasis which ensues leads to decreased lung
conpliance, ventilatory insufficiency, vascular shunts and respiratory
and metabolic acidosis. It has been shown to be largely a condition
of premature gestation, and significant associations found with anite-
partum haemorrhage, maternal diabetes, birth asphyxia and the male
sex. lLargely as the result of animal studies on the pulmonary
circulation, and the experimental production of respiratory distress,
prenatal asphyxia has been postulated as a likely cause,

An analysis has been made of maternal and infant factors
relating to premature births over a six-year perlod. Infants developing
the respiratory distress syndrome as defined by sirict criteria, and
their mothers, have been compared with those who avoided this com~
plication, Since immaturity is known to be the one constant factor
in aetiology, it was realized that an en bloc comparison of these two
groups might lead to mothers and their infants of dissimilar gestation
being compared, so that in addition, infants in the itwo groups above
and below a birth weight of 1500 g have been contrasted with each
other as well, and chi~squared tests of significance used. Since
there were many factors being analysed, there was much to be gained
by regression and correlation analyses as well, to discriminate the
most important variables between the groups and their association

one with another,



The results confirm the already published associations.

They are also considered to show that Caesarean section predisposes
of iiself to the development of RDS, a guestion previously contro-
versial., They establish that pre-natal asphyxia as judged by
relatively crude manifestations of foetal distress is indeed likely to
be significantly associated in certain infants; and that infants who
are small for their gestation period are less likely to develop the
syndrome, When infants 1500 g or below were analysed separately
there were found to be no helpful factors discriminating RDS infants
from others.

It is suggested, since many of these significantly associated
conditions are shown to be interrelaied, that the syndrome may
develop in response to any one of a number of factors or t© a combina~
tion of them. Inspiratory gasping in utero and increased pulmonary
capillary permeability, due to pre~natal asphyxia, may be the cause
of the increased fluid content which has been shown present in these
infants' lungs. Such an increase, in the larger infanis, may then
parallel the amount of fluid normally found in the Jungs of very small
nfants, an amount which decreases with birth weight, This fluid and
delay in its removal may compromise the pulmonary circulation further,
leading to alveolar cell damage and hence decreased production of
pulmonary surface active factor, already diluted or inactivated by
the exira fluid. In the most immature, the sheer mechanical dis-

advantage of breathing may be equally importani,
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