
THE PATHOLOGY OF FCETAL AND NEONATAL 

ASPHYXIA | 

(By) AGNES R. MACGREG0R,7m~.D., F.R.C.P. Ed. 
Lecturerin Pathology of Diseases of Children, University of Edinburgh 

^IR Joseph BARCROFT, to whose work on foetal respiration we owe 
so much that is known of this subject, defined foetal asphyxia as 

" 
that 

combination of oxygen lack and carbon dioxide excess wrought by 
occlusion of the umbilical cord 

" 

(Barcroft and Barron, 1937-38). 
It is primarily a state of oxygen lack. Other phenomena that may 
accompany this state, such as disturbance of carbon dioxide content, 
the production of organic acids and the development of acidosis, are 

secondary to oxygen lack and dependent upon it. Many people, there- 
fore, prefer the term 

" anoxia " to 
" 

asphyxia," though the purists 
object that the condition referred to is rarely, if ever, literally anoxia, 
and prefer the less familiar term 

" 

hypoxia." I am not greatly con- 
cerned about what term is. used, so long as it is understood that the 

subject I am attempting to discuss is the causes and consequences of 

dangerous degrees of oxygen lack in the foetus and newly born child, 
in so far as these can be studied by the methods of the morphological 
pathologist. 

It is recognised that the tolerance of the foetus and newborn to 
?anoxia is high compared with that of older subjects. The ability to 
survive anoxia depends finally on the ability of the brain to survive, 
as this- is, of all organs, the most vulnerable to anoxia. It is believed 

that the effect of anoxia on the brain, including the medullary centres, 
is purely depressant, and although impulses reaching the brain from the 

chemoreceptors are increased by anoxia, these are of no avail when the 
medulla is so depressed that it is unable to respond. Anoxic deaths 

are due to anoxic depression and death of nerve cells in the brain. 

The immature brain of the newly born has a lower oxygen requirement, 
and consequently a higher tolerance of anoxia than the fully developed 
brain of the older subject. Other factors in the higher anoxic tolerance 
?of the foetus are an ability to utilise more completely such oxygen as is 

available, and a capacity for anaerobic respiration, by means of 

glycolysis, which makes survival possible for short periods under 

?conditions of anoxia that would inevitably be fatal to an older subject. 
The causes of foetal anoxia are well known : briefly they are these. 

Interference with the circulation of blood through the placenta and cord, 
by prolapse, knots or twists of the cord, or by premature separation of 
the placenta ; placental insufficiency due to infarction, disease or post- 
maturity ; prolonged pressure on the foetal head during labour, causing 
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anoxia of the brain by impeding venous return ; and some anoxic 

conditions of the mother, such as anaemia, cardiac disease and anaes- 
thesia. The risk to the foetus of asphyxiant anaesthetics is now 

recognised, and it seems that respiratory depression resulting from 
narcotic drugs is less dangerous than that due to anoxia. 

The contribution that can be made to knowledge of this subject by 
the morphological pathologist is limited. The solution of most of the 

fundamental problems must be sought in those alterations of function 
and reactivity that lie for the most part beyond the reach of the histolo- 

gist's methods. But the contribution that pathology has already made 
is not negligible ; nor has the limit of what it may contribute yet been 
reached. This contribution is to reveal the magnitude of the problem 
in terms of loss of infant life, and to attempt to present morphological 
facts with which morbid changes of function can be correlated. 

Asphyxia as a Cause of Fcetal and Neonatal Deaths.?It is not 

unfair to claim that the present widespread interest in and concern 
about the results of foetal and neonatal asphyxia took origin in the 
revelations made by pathologists as a result of study of large numbers 
of autopsies in cases of stillbirth and early neonatal death. Such 

studies have invariably indicated a high prevalence of asphyxia in these 
fatal cases. In fact, nearly all intra-uterine, intra-natal and early 
neonatal deaths are anoxic deaths, so the problem of anoxia enters into 

nearly every problem of what is now being called 
" 

perinatal mortality." 
If one excludes cases in which anoxia is secondary to some other major 
cause of death (such as traumatic intracranial haemorrhage) the number 
of deaths primarily attributable to asphyxia is still formidable. Among 
stillbirths it amounts to at least two-thirds of all cases. Among the 
liveborn, published work gives percentages varying from about 12 to 

40 per cent, of deaths during the first month of life, nearly all occurring 
within the first three or four days. If cases are included in which death 

is caused by certain lethal lesions (such as some forms of haemorrhage) 
that are in all probability dependent, or partly dependent on anoxia, 
the percentage of neonatal deaths that can be attributed to anoxia 
is certainly not below the higher figure quoted, and probably exceeds 
one-half of all such deaths. And with the better control of infection 

and of trauma, which in recent years has eliminated so many neonatal 

deaths, the percentage due to asphyxia is now higher than even a few 

years ago. 
The classical pathological appearance of death from asphyxia are 

seen to greatest advantage in dead-born foetuses at, near, or after term, 
in which the degree of anoxia has been very severe. In these cases the 

typical picture is one that is common to acute asphyxia at any age, with 
all the features very well developed, and with, in addition, certain other 
features that are peculiar to foetal asphyxia. The common features are 

universal venous engorgement, dark, fluid blood, delayed clotting, 
petechial haemorrhages under the thoracic serous membranes, in the 

thymus gland and elsewhere, and a dilated heart. The features peculiar 
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to foetal asphyxia are those produced by inhalation of contents of the 
amniotic sac. 

Among physiologists who have studied foetal respiratory function 
is generally agreed that the foetus, from an early stage of development, 

is capable of making movements resembling those of breathing. This 
was proved by Barcroft in sheep foetuses (Barcroft and Barron, 1937) 
and has been confirmed by others in various animals ; and there is good 
evidence that it is true also of the human foetus. Barcroft (1934, 1947) 
described three types of respiratory movements, each representing 
a level of control by nervous centres. These he demonstrated by the 

study of foetuses at different stages of development, during which the 
effects of the three centres are added from below upward ; and also 

by the study of the effects of cyanide poisoning in adult animals, by 
which the control of the three centres is progressively removed from 
above downward. As cyanide acts by preventing oxygenation of tissues, 
the results of these experiments are applicable to naturally occurring 
conditions of anoxia. When only the first developed, or lowest, 
centre is in control, the type of respiratory movement made is the 
' 

primitive gasp," an isolated movement of considerable depth. When 

the second level of control operates, the movements are of the type 
described by Barcroft as the " 

single prolonged inspiration 
" 

or 
" 

apneusis 
" 

; and only when the third and highest centre takes control 
is regular, rhythmic respiration of normal type?" pneumotaxis 
established. All these types of respiratory movements can be per- 

formed by the foetus, and they can be elicited by various mechanical 
stimuli and as a response to anoxia. Thus far there is fairly general 
agreement. Opinions differ as to whether any of these movements occur 
in zitero under normal conditions, and as to whether, if they do occur 
at all, the movements of pneumotaxis (which alone can be considered 
normal after early foetal life) are of sufficient amplitude to draw into the 

lungs the amniotic fluid that forms the intra-uterine environment of the 
foetus. Some answer both these questions in the affirmative, others in 
the negative, believing that the foetus is normally apnoeic, and that only 
the deeper movements released by anoxia are capable of causing 
aspiration of amniotic fluid. 

The pathologist, attempting to interpret his observations, is placed 
in a quandary by this disagreement among the physiologists, and is 

thrown back on his own observations, which, in my experience, are 
these. Amniotic fluid is not difficult to recognise in the lungs of a 
foetus. The fluid itself has a low protein content and cannot be dis- 

tinguished in histological sections from the fluid of transudates. But 

it contains in suspension solid debris that is readily identified : cornified 

squames and fine hairs from the skin of the foetus, fragments of 
epithelium from the amnion, and sometimes fibrin, blood and pus 
cells. The cornified squames especially, when present numerously 
in the lungs of a foetus or newborn infant, prove that amniotic fluid 
has been inhaled in quantity. It has been my experience that those 
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foetuses in which evidence is found of aspiration of large amounts of 
amniotic fluid are those in which the general evidence of asphyxia 
is most clear ; and that those in which some other adequate cause of 
death is present and the general signs of asphyxia are slight or absent,, 
are those in which evidence of aspiration is least likely to be found. 

Further, it seems certain that solid amniotic debris in the fine bronchi 

and alveoli cannot fail to obstruct air entry to some extent and thus to 
be injurious to the infant after birth. It has been argued (Snyder and 
Rosenfeld, 1937) that this solid material is present only when the 
amniotic fluid is abnormal, in that it contains an abnormal amount of 
debris, as when a severely asphyxiated foetus has passed meconium 
and this is aspirated along with the amniotic fluid. This accident does 

certainly increase very greatly the amount of debris that may enter the 

lungs (Fig. 1), but I have found that amniotic fluid almost always 
contains enough solid debris to make it certain that much must be 

inhaled along with any fluid that enters the lungs. If continuous 

inhalation of amniotic fluid is really a normal occurrence, it would seem 
that all foetal lungs must contain great quantities of this solid debris. 
This is not so. I find myself, therefore, in full agreement with Windle's 

opinion (1950) that inhalation of liquor amnii is not a physiological 
occurrence but happens only under conditions of anoxia in which the 
foetus makes abnormal respiratory movements of great amplitude. I 

therefore include the finding of amniotic debris in quantity in the lungs 
among the most important and reliable pathological signs of foetal 

asphyxia. 
Thus far we have been considering the asphyxiated foetus that is 

born dead, in which intra-uterine anoxia has reached so severe a degree 
that the vital centres are paralysed and the functions of respiration and 
circulation cease before birth. We come now to consider asphyxia 
as a cause of the deaths of live-born infants in the early days of inde- 

pendent life. These may be considered in two groups : (1) Infants who 
are asphyxiated at birth and fail to establish and maintain a satisfactory 
respiratory function after birth ; and (2) infants who have not obviously 
suffered from anoxia before or during birth and who may appear to be 
in reasonably good condition at birth, but who become anoxic subse- 

quently, having failed to maintain oxygenation of their blood, and die 

usually within three days after birth. 
Cases in the first group (infants born asphyxiated) represent merely 

another aspect of the problem of the anoxic stillbirth. The causes are 

the same ; the pathological effects are of the same kind, but the vital 
functions are still possible, even though impaired. In these cases the 

fact of birth and the demand that the infant must now supply himself 
with the oxygen that he has hitherto received from his mother, introduce 
a new factor. If the medulla is so far depressed that it can no longer 
respond to the stimuli that normally produce the first breath and 

cause breathing to continue, resuscitation will fail and the child will 

speedily die. If, however, breathing is attempted, any amniotic fluid 



'G- I.?Lung of asphyxiated foetus. Bronchus 

ar>d alveoli filled with debris from amniotic 

fluid contaminated with meconium. H. & E. 
X 100. 

^'1G- I.?Lung of asphyxiated foetus. Bronchus 

and alveoli filled with debris from amniotic 
fluid contaminated with meconium. H. & E. 
X loo. 

Fig. 2.?Lung of foetus of 850 gms. Air- 

spaces lined by cubical cells and separated 
by thick septa of primitive mesenchyme. 
H. & E. X425. 

Fig. 2.?Lung of foetus of S50 gms. Air- 

spaces lined by cubical cells and separated 
by thick septa of primitive mesenchyme. 
H. & E. X425. 

lG- 3.?-Lung of premature infant of 940 gms. 
Who survived one day. Overdistension of 

bronchioles with complete atelectasis of 

alveoli. II. & E. X25. 

lG- 3.?Lung of premature infant of 940 gms. 
who survived one day. Overdistension of 

bronchioles with complete atelectasis of 

alveoli. II. & E. X 25. 

c'l*-. 

tM 

Fig. 4.?Lung of premature infant of 1800 gms. 
who survived two clays. Hyaline membrane 
lining alveolar ducts. Early inflammatory 
reaction. H. & E. x 160. 

Fig. 4.?Lung of premature infant of iSoogms. 
who survived two days. Hyaline membrane 
lining alveolar ducts. Early inflammatory 
reaction. H. & E. X 160. 



THE PATHOLOGY OF FCETAL AND NEONATAL ASPHYXIA 233 

or debris that may be in the lungs, which hitherto has been harmless, 
now becomes a handicap to respiration and a menace to life, impeding 
aeration of the lungs and causing a progressively worsening anoxia. 
In severe cases of this type survival is usually short, but in less severe 
cases recovery is possible, or the child may die after some hours or days 
?f precarious survival. Among such infants who ultimately succumb, 
as among the second group of infants who become anoxic after birth 
and die, there is a large preponderance of prematures. It would seem 

"that the full-time infant, even though seriously anoxic at birth, if he is 

capable of beginning to breathe, usually contrives to get enough 
?xygen to allow him to break out of the anoxic vicious circle and 

survive. But the premature has far more difficulty both in establishing 
air breathing and in maintaining oxygenation, and is all too apt to be 

caught up in that vicious circle in which the more he is in need of 

oxygen the less he is able to get it into his blood. Neonatal anoxia 

is thus to a very large extent a problem of prematurity, and so it may be 

appropriate to consider some of the handicaps under which the premature 
t>aby is placed in his efforts to attain and maintain adequate oxygenation. 

The first essential for adequate oxygenation is the possession of 

respiratory centres capable of performing their necessary function. 

It is often assumed that much of the respiratory difficulties of the 

Premature derives from inefficiency of immature respiratory centres. 
There is some evidence from physiological studies that the respiratory 
centres of premature infants (including the chemoreceptors) are capable 
?f prompt and vigorous response to their appropriate stimulii, but that 
their adaptability is less and that there may be difficulty in maintaining 
an adequate response to oxygen lack over any considerable period. 
There are, also, abnormalities of respiration that are common in the 

Premature, such as periodic breathing with periods of apnoea. Whether 

any of these peculiarities should be attributed to immaturity of the 
centres or to some other factors is not known. 

The second essential for adequate oxygenation is the possession of a 

respiratory apparatus properly adapted to procure ventilation of the 

lungs and oxygenation of the blood in them. In this respect the 

Premature is demonstrably ill equipped. The chest wall is soft and 

flexible ; the respiratory muscles are poorly developed and weak. 

Respiration is almost entirely abdominal and may produce very little 
movement of the thoracic wall. This is an obvious handicap to the 
child in the business of expanding the lungs. Further, the lungs 
themselves are poorly adapted to the function that has been untimely 
thrust upon them. At term, the development of the lungs is, for 

practical purposes, complete and their structure resembles in all 

essentials that of adult lungs. The distal air spaces, or alveoli, are 

perfectly developed ; their walls are thin, fully vascularised, and 

equipped with their proper content of elastic fibres. Such lining cells 
as the alveoli still possess are flattened, and they form a discontinuous 

layer, through the gaps in which the capillaries in the alveolar walls 
vol. lix. no. 5 p 2 
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protrude, to come into direct contact with the air in two contiguous 
alveoli, thus facilitating to the greatest possible extent the exchange of 

gases between the inspired air and the blood. It is, however, only near 
normal term that the foetal lungs attain to this degree of structural 

perfection. In the early stage of its development the lung is formed by 
the budding and branching of the primitive bronchi into a mass of 

primitive mesenchyme. These, by progressive branching, form 

primitive ducts and canals, and only fairly late in development are true 
alveoli formed. At this incomplete stage of development, which still 
obtains when the foetus reaches what is regarded as viable age, and for 
some time thereafter, the most distal existing air spaces still retain 

a continuous lining of cubical epithelium, and an appreciable amount 
of the primitive mesenchyme persists in the septa between them (Fig. 2). 
The capillaries in these septa are thus separated from the lumen of the 
air space by a certain thickness of this tissue and by a layer of thick 
cubical epithelial cells, which still remains continuous after expansion 
with air. And there is, at this stage, little or no elastic tissue in these 

septa. 
It may be said, therefore, that, compared with the full-term infant, 

the premature has lungs that are more resistant to expansion, owing 
to the excessive thickness of the septa, less resilient, owing to lack of 
elastic tissue, and less well adapted for the exchange of gases, owing 
to the thickness of tissue between the capillaries and the air. It is 

reasonable to correlate these anatomical observations with the facts 

that a premature infant takes much longer than a full-term infant to 

expand its lungs completely, even when breathing is normal, and has 
more difficulty with the transfer of oxygen from the lungs to the blood. 

Atelectasis in the premature may be a very important factor causing 
or aggravating neonatal anoxia. Pathologists are familiar with the 

picture of a premature baby who has lived for twenty-four hours or more, 
and whose lungs show at autopsy no visible aeration, sink heavily in 

water, and, on microscopical examination, show that no air has pene- 
trated beyond the alveolar ducts, and even only to a few of those, so 
that one can only marvel that life was sustained for so long. These 

extreme cases are most usual when the child has suffered from anoxic 

depression at birth, or where some obstruction to air entry (e.g. by liquor 
amnii, or vernix, or hyaline membrane) exists in the respiratory passages 
or lungs. But even when the efforts to breathe are vigorous there may 
result a condition in which acute overdistension of the bronchioles 

is accompanied by complete atelectasis of the air spaces distal to them 

(Fig. 3). Such a misfortune of mal-expansion is most likely when 
some cause of obstruction exists ; or may easily be produced by ill- 

advised attempts at artificial inflation ; but can result apparently from 
the infant's own efforts with lungs poorly adapted, by reason of 

immaturity, to their respiratory function. 
Another common pathological condition in the lungs of the newly 

born that has a close bearing on neonatal anoxia is the pulmonary 
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hyaline membrane (Fig. 4). It is found in about one-half of all 

premature infants who die in the first two weeks after birth, and in a 
smaller percentage (from 12 to 25 per cent, according to different 

observers) of full-term neonatal deaths. Most cases occur in infants 

that die between one hour and four days after birth. It does not 

occur in the stillborn. For long it was known as 
" vernix membrane," 

the name given to it by the Boston school led by Farber (Farber and 
Sweet, 1931) who believed that it was composed of vernix caseosa 
inhaled by the foetus with liquor amnii. This theory was generally, 
and perhaps too uncritically, accepted, and it is surprising that it held 
the field for so long ; for if vernix, collected from the skin of a fcetus 
?r from the liquor amnii, is processed in the same way as an ordinary 
Paraffin section, it appears, when its fatty matrix has been removed, 
to be composed entirely of cornified cells having exactly the same 

appearance as those that form deposits in the lungs of asphyxiated 
foetuses, and bearing absolutely no resemblance to the hyaline 
membrane. During the past two years the vernix theory has fallen 
into disfavour and has been superseded by theories in surprising 
variety. It has been suggested that the membrane is caused by injury 
of unspecified nature by an unspecified noxious agent, to the epithelial 
lining of the respiratory tract (Miller and Hamilton, 1949) 5 that 

it is a product of lysis of the epithelial lining of the immature lung on 

expansion at birth ; that it is a result of aspiration of acid gastric juice 

(Ahvenainen, 1950) ; that it is caused by administration of oxygen 
(Bruns and Shields, 1951) ; that it results from disturbed nervous 

impulses through the vagus (Miller, Behrle and Gibson, 195 0- Quite 

recently, the Boston school (Blystad, Landing and Smith, 1951) has 

produced a revised version of the amniotic aspiration theory of Farber, 

Suggesting that the membrane is formed from the protein content of 

amniotic fluid, concentrated after a period of air breathing and deposited 
in membrane form. This theory, if proved, would restore this condition 
to its place among the effects of foetal anoxia. None of the new theories 

can be accepted until further study and experimental investigation 
have been carried out ; and until the nature and origin of the membrane 
are certainly known it must remain in doubt whether or not anoxia 

is responsible for its production. Nor is it surely known that it is a 

cause of neonatal anoxia, but histological study strongly suggests that 
it is. The presence of hyaline membrane is almost invariably associated 
with severe atelectasis. The membrane usually forms in alveolar 

ducts, and it appears to block the entrances to 
the more distal air 

spaces, preventing their expansion or causing them to collapse. Some- 

times the affected ducts become greatly over-distended, and inter- 

stitial emphsema may result, the whole picture being indicative of 
obstruction to the passage of air. Moreover, in those air spaces to 

which air penetrates, the presence of a thick layer of membrane inter- 

posed between the air and the blood in the capillaries must surely 
interfere seriously with the exchange of gases. It is therefore reasonable 
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to assume that the membrane is an additional handicap to respiration 
and a factor in producing or aggravating neonatal anoxia. It is not 

known how often infants thus affected survive, but it may be that the 
much higher incidence of hyaline membrane in the premature at autopsy 
is in reality due to a much higher survival rate among the mature. 

The discussion of the pulmonary aspects of foetal and neonatal 

asphyxia cannot be completed without reference to pneumonia. The 

relation between foetal asphyxia and those cases of pneumonia that 
occur before or soon after birth is very close. In many cases the 

pneumonia is caused by aspiration of infected liquor amnii by an 
anoxic foetus ; and in other cases the water-logged and ill-ventilated 

lungs of the newly born with anoxic depression and atelectasis provide 
a favourable site for the development of a post-natal infection. I have 

found that most of these anoxic infants who die on or after the third day 
have developed pneumonia. These cases of pneumonia are appro- 
priately termed 

" 

post-asphyxial." The pneumonia must be regarded 
as secondary to the asphyxia, but it often causes the death of an infant 
who might otherwise survive. 

Time will permit only brief reference to the relation of asphyxia 
to haemorrhage, that other most important cause of foetal and neonatal 
death. Petechial haemorrhages, as has been said, are among the recog- 
nised pathological signs of asphyxia, but there is some doubt about the 
role of asphyxia as a cause of major haemorrhage. That the two are 

often associated is known to every pathologist, and it seems certain that 
some of the effects of asphyxia must favour haemorrhage : the venous 

engorgement, the raised blood pressure, the delayed clotting of blood, 
the decreased capillary resistance. There are many forms of foetal and 

neonatal haemorrhage in which it is by no means clear that direct 
trauma plays any part and it is more than likely that anoxia is, at the 

least, one of several factors that may be responsible. As an example may 
be cited intraventricular cerebral haemorrhage. Although it is occa- 

sionally found in a stillborn foetus and in a full-term liveborn child, 
the usual victim is a small premature who has lived one to three days or 
sometimes longer. Often he has been anoxic at birth, though this is 
not invariably so according to the history. The source of the intra- 

ventricular bleeding is usually a haemorrhage from a vein under the 

ependyma, rupture of which releases free haemorrhage into the cavity 
of the ventricle. The haemorrhage may thus occur in two stages, the 
first of which may well be related to anoxia in the same way as other 

petechial haemorrhages, to which it is comparable. In similar fashion, 
small venous haemorrhages under the capsule of the liver may progress to 
form a large haematoma, and ultimately, through rupture of the capsule, 
may produce massive and rapidly fatal intraperitoneal haemorrhage. 

It is evident, therefore, that many deaths may be attributed to 

infection, and many to haemorrhage that ought properly to be laid to 
the account of asphyxia, which will then be revealed in its true role 

as the principal single cause of foetal and neonatal death. 
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