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PREFACE.

\The criterion of efficient reproduction is that
- after a pregnancy characterised by good health, the
mother delivers unaided a healthy, fully fdrmed and
vigorous child.

Reproduction is a natural function but experience has
shown that in very many instances pregnant women suffer
some abnormality of pregnancy or labour, calling for
special medical care, or fail to deliver a live or healthy
child.

Failures in the physiology of a given pregnancy may
- be genetic or hereditary in origin or hgveitheir primary
- source.in some feature of the environment 6f the mother

orifqg§p§,1<The presence of heredita:y or genetic factobs
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is difficult to establish, but some are known to be responsible
for foetal deforaity (Needham, 1942). Their role and further
importance remain to be assessed.

It is easier to study general environmental influences
in mother or foectus, and such an investigation has been
undertaken for the last five years in the Midwifery Departuent
of the University of Aberdecn. It was hoped that study, by
epidemiological uethods, of normal and morbid pregnancy in a
community might define the circumstances under which abnormalitics
occur and the population groups most likely to develop morbid
statess Maternal environmental factors such as housing, diet,

and social background affect the foetus indirectly through the

mother, but their influence is difficult to assess. The

mother's age, height and general health are immediate environ-

tmental factors for the foetus, and may be more ecasily measurcd.
A team consisting of a nutritionist, dictitians, social

scientist, a psychologist and a statistician have, over the last

)

five years, in co-operation with clinical obstetricians, studied

the influence of such general environmental factors on the

pregnant woman and on the clinical course of her pregnancy.

The researches of this team (of which the writer is a senior

member) cover a very wide field and approach problems from many

angles. “henever cepidemiological studies define a clinical or
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population group as more liable to some morbid state, a
clinical or physiological investigation is planned to
elucidate, if possible, the reason for such a connection.
Tt was in this way that epidemiological studies of the
environment of the foetus suggested the work of this thesise.
One of the mah probleus studied by the team was the'cause
and nature of obstetric deathnr (stillbirths plus first week
neonatal deaths). A series of such deaths occurring over a
period of 14 years was studied and the causes of death were
classified in a new way, taking into account the clinical
circumstances of the case and the autopsy findings (Baird and
Wielker, 1954; Baird, Walker and Thomson, 1954). Amongst other
factors, the effects of maternal age and parity, and of length
of gestation,were studied in obstetric deaths as a wholeand in
various types of death. It was found that death of mature
babies with, at autopsy, the non-specific lesions of anoxia
alone,became much more common with rising maternai age in all
'papities and with prolongation of pregnancy after term. The
assgciation of anoxia with proionged pregnancy taken together
Withbtﬁe,observations of Barcroft and Young (1945), that the
oxygenuéﬁpply to the postmature foetal rabbit fell progressively ,

to very low levels, suggested that a similar defect in oxygen
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supply to the human foetus might occur after term..

The work of this thesis shows that, in the human foetus,
the supply of oxygen deteriorates gradually in the last few
weeké of pregnancy and rapidly after term. In response to a
falling oxygen supply the foetus produces an increased supply
5f red cells so that, at birth, the haemoglobin may be much
above normal adult levels and the red cell count over 5.0 million
per c.mm., much higher than the levels in the well oxygenated
foetus. |

Normal labour and, in many instances, prolonged or
difficult labour has been found to have little effect on the
oxygen supply. The supply is depressed where there is maternal
pre-eclampsia and in some other abnormal conditions of pregnancy.
Where the foetus passes meconium (foetal distress) the oxygen
supply has been found to be very low indeed.

Statistical studies of wfoetal distressw have demonstrated
that the incidence rises sharply with advancing maternal age
and with prolongation of pregnancy, and that this rise is due
mainly to an increase in the number of foetuses who pass
meconium.

Much of the epidemiological material presented with
relation to obstetric death is necessarily the findings of the

research team, but the writer has been a senior member of this
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team from the start. He is solely responsible, however, for
the method of presentation of the results and for the inter-
spretations discussed in the thesis. Planning and execution
of the investigation of oxygen levels and the study of wfoetal
distressn were the sole responsibility of the writer, and all
laboratory estimations were performed personally except where

otherwise stated.
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In this introduction are reviewed previous studies

of factors which influence the oxygen supply to the foetus.

Few studies have been made on the human foetus but much

information has been obtained from studies of other mammalse

The

oxygen supply reaching the foetal tissues depends

on many independent factors and previous work has therefore

been reviewed under the following main heads.

(1)

(2)

(3)
(&)

(5)
(6)

The Oxygen Content and Percent Saturation as
found in the Blood of the Umbilical Vessels
of the foetus,.

'Factors influencing the supply of oxygen
- available at the maternal side of the placenta.

The placenta as an organ of transfer.

Factors influencing the uptake of oxygen by the
foetus and the supply available to individual
tissues.

- Foetal response to anoxiae

Clinical manifestation of anoxia.
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(I) THE OXYGEN CONTENT AND PERCENT, SATURATION FOUND IN
- THE BLOOD OF THE UMBILICAL VESSELS OF THE FOETUS.

(1) oObservations on Animals.

In 1884, Cohnstein and Zuntz published the results of
what was probably the first study of the oxygen content of the
blood of the umbilical vessels of a mammalian foetus. They
found, in five sheep foetuses, that the mean oxygen content of
the blood in the umbilical ven and artery were 4.4 and 2 volse
per cent. respectivelye.

In 1927, Huggett, working with the goat foetus, found in
8ix cases mean values of 7.96 and 2.94 vols. per cent. in
blood of the umbilical vein and artery with ranges of 5 to 12
and 0.25 to 6 volumes per cent. respectively. The mean peréent-
sage saturation of the blood in the vein was 45 per cent. and
in the artery 16.6 per cent.

In 1934, Barcroft et al, also working with the goat foetus, |
investigated the oxygen saturation of the blood of the foetuses g
at varioué times in the latter half of pregnancy. They showed |

i
1

that the saturation of the blood of the umbilical vein rose fromg
60 per cent. at the 10th week to 80 per cent. at the 16th to |
19th week, and fell abruptly to 45 per cent. just before i
term (21 to 22 weeks). (Fige 1). They quoted only the highest [

figures found by them at each period of gestation as they




e

considered theif technique unreliable because the results
varied so greatly, especially in the last two weeks. They made'é
the very valuable observation that the percentage saturation
with oxygen varied greatly with different periods of gestation,
The percentage saturation, however, is not an independent
variable as it depends upon the relation between the oxygen
capacity and content of the bloode.

Between 1935 and 1939, Barcroft studied the variatidns
in oxygen content, capacity and percentage saturation of the
blood of the gheep foetus during the latter half of pregnancy.
This comprehensive study made a most important contribution to
the knowledge of the physiology of oxygen supply to the foetus
in utero. The results found (Barcroft et al, 1939b) are seen
in FPigs. 2 and 3« The authors conclude that:-

(a) The oxygen content in the umbilical vein rises
slowly till the 85th day, is level till about the 120th day,
and then gradually fallse

(b) The content in the umbilical artery is low up till
the 90th day but from then till the 100th day there is a rise.
From the 100th day the content falls, the fall becoming steeper
as time goes on.

(c¢) The percentage saturation of the blood in the
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umbilical vein rises to a maximum of about 90 per cent. from
the 80th to the 100th day. From then on, the saturation falls
to reach 65 per cent. at term (142 * 2 days).

(d) The saturation in the artery gradually rises up till -
the 90th day, is high from the 90th to the 130th day and then

falls steeply to be about 20 to 30 per cent. at term.

Roos and Romijin (1938) studied the oxygen content in the
umbilical vessels of the foetal ox. The five foetuses invest-
tigated were born by elective Caesarean Section at from 7 to
8% mdnths of gestation. The oxygen content of the blood inrthe
umbilical vein ranged from 6.3 to 9.8 vols.per cent. and that
in the artery from 2.41 to 5.07 volse. per cent. The percenﬁage
saturation in vein and artery varied from 54 to 90 per cent. and
19 to 46 per cent. respectivelys o

Steel and Windle (1938) studied the foetal cat born by o
Caesarean Section in a saline bath. The oxygen content of the
blood in the umbilical vein before the onset of respiration in
22 cases varied from 0.7 to 4.6 vols. per cent. Towardsrthe
end'df gestation the maximum saturation of the blood of the
umbiiical Qein was about 50 per cente g

Snjder (1949) studied the oxygen content in the umbilical
vessels of 103 foetal rabbdts, and his results are shown in

Fige 4. 1In the umbilical vein the oxygen content remains constant
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at 12 to 13 vols. per cent. from the 25th to the 29th day, !
falls gradually in the next few days till term at the 32nd to t
33rd day, and more rapidly in the postmature period when o
readings as low as 8 vols. per cent. may be found. The peﬁééht-
sage saturation with oxygen in those three periods was 90 per
cent., 78 per cent. and 5&~per cent. respectively.

Barcroft and Young (1945) studied the effect of
postmaturity in the rabbit somewhat more indirectly by
estimating the oxygen content of the blood in the cerebral
venous sinuses of foetuses at various stages of pregnancy from
the 26th to the 36th day; where the pregnancies had been
artificially prolonged. The percentage oxygen saturation is
seen in Fig. 5. By the 36th day (3 to 4 days after term) it
was insufficient to support life.

Conclusions that maz be drawn from observations on animale.
(a) Unless the stage of gestation is quoted the

. determinations mean very little.

(b) The oiygen of the blood during pregnancy undergoes
a series of well ordered changes which can only be understood
by a considération df thé relations bétween oxygen capacity,
oxygen content and percent.enturatidh at each stagee.

(8) Results of readings at or near term are inherently

variable and estimations of oxygen content show a wide scatters
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Sunmary of Findingse

(1) 1In the sheep, goat and rabbit foetus i% has been

demonstrated that the percentage saturation of the blood in the

umbilical vein rises until a little after mid pregnancy. From
then, the saturation remains at a high level till relatively
near term, when it begins to fall, to reach levels at term which
are about two-thirds those seen at earlier periods. In the
rabhit, it has been demonstrated that the fall in percentage
saturation continues if pregnancy is prolonged after term and
the peecentage saturation with oxygen of the blood reaching
the foetal brain may be so low that the foetus may die in uteroe
(2) The oxysgén content of the umbilical vein blood in
the sheep and rabbit foetus has been show to follow a similar
pattern to the percentage saturation, but the fall preceding
term is less than the fall in percentage saturation. The fall
in content in the rabbit continues where pregnancy is prolonged
beyond term, '

(3) The oxygen content and per cent. saturation in the

;,ambilical artery has been studied only in the sheep. Both
content and percentage saturation are low up’till mid pregnancy,
and relatively high when the percentage saturation in the vein

is high;‘and again low near term.
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(2) Observations on the Human Foetus.

No carefully planned or comprehensive studies have
been made of the oxygen levels in the blood in the umbilical
vessels of the human foetus. The information available is
derived from a series of isolated measurements concerned
mostly with the situation at the time of delivery., In a few
cases readings have been taken at elective Caesarean Section
but nothing is known of the variations occurring during the
course of pregnancy.

Blair-Bell et al (1928), while investigating the metabolic
function of the placenta, studied the oxygen content in the
umbilical vessels in seven foetuses at birth before the onset
of respiration. The mean values found were 9.0 vols. and 5.8
vols. per cent. in the vein and artery respectively, but
individual readings are not given.

Goldbloom and Gottleib (1930) studied the oxygen content
and saturation in the umbilical vessels of nine foetuses after
spontaneous delivery where inhalation anaesthesia had not been
used. They found a mean oxygen content in the vein of 17.2
vols. pér'cent. and a mean saturation of 79.6 per cent.

‘Haselhorst and Stromberger (1930) in a series of five cases
delivered by Caesarean Section under spinal anaesthesia before

the onset of labour, found that the oxygen content of the
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umbilical vein blood averaged 3.97 vols. per cent. (range

2.46 to 5.72) while that in the artery was O.84 vols. per cente
In a further four cases delivered by the same means and
reported in 1931, the same authors found the oxygen content of
the umbilical vein blood to be 13, 12, 1l and 7 vols. per cent.
respectively, (average 1l0.8 vols. per’cent.) much higher read?
tings than their first and better known series. They also
estimated the oxygen contents in the umbilical vessel of 22
infants at birth after normal spontaheous delivery conducted
without anaesthesia. (Haselhorst and Stromberger, 1930). They
found the average content in the vein to be 10.1 vols. per cent,
(range 4.9 to 14.9 vols. per cvent.) and in the artery 3.4 vbis.
per cent. (range O.4 to 8 vols. per cent.) The saturation ofr
the blood in the vein averaged L5 per cent.

In one case, an elective Caesarean Section at term
performed under local anaésthesia, . Bastman,(1930) found the
oxygen content in the vein to be 13.3 vols. and the saturation
6& per cent. In the artery the conﬁent was 6.3 vols. per cent.
'In a study of ten infants born spontaneously without anaesthesia
he fbund that the oxygen content of the umbilical vein blood
averaged 10.5 vols.per cent. with a saturation of 50 per cente
The arterial blood contained.3.3 vols. per cent. of oxygen.

Haselhorst and Stromberger (1930), who found a mean content
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of 3.97 vols. per cent. in the blood of the vein before the
onset of labour and a mean content of 10.l1 vols. per cent.
after labour, concluded that normal labour enhancedvthe
oxygen supply to the foetus. sasbtman (1930) who found
readings before and after labour to be 13.3 and 10.5 vols.
per cent. respectively, concluded that normal labour depressed
the oxygen supply to some extent, It will be noted that if
Haselhorst and Stromberger had used their later series of
readings (1931) to calculate the level before the onset of
labour, they would have reached"much the same conclusion as
Eastman. . ‘ |

Noguchi (1936), in a study of wnormal infants at birth,w
showed that the mean oxygen content was 10.2 vols. and 3.4 Volse
in the vein and artery respectivelye.

Dieckman and Kramer (194L4) studied the oxygen content of
the umbilical vein in three foetuses delivered by elective
Caesarean Section‘under local or caudal anaesthesia before
the onset of labour. In the vein the contents were 6.13,

6.8, and 12,79 vols. per cent. and in the artery of two of

the eases 2.1h and 2.6 vols. per cent.

G i
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Summary and Conclusions from Human Experimente

(1) Where the human foetus is delivered near term

by elective Caesarean‘Section, oxygen contents varying from
2¢Lb to 13.3 vols. per cent. have been found in the umbilical
vein (Table I). Recent authors (Smith, 1945) accept the upper
readings as more likely to be normal, and all investigators .
have found individual readings-at or near 13 vols. per cente.
The information available is scanty and it is not possible to
draw any accurate conclusions of the state at term except to
note the variability in readings similar to the variability
seen in animal experiments.

(2)l There is more agreement amongst different authors
where the oxygen content of the umbilical vein blood is studied
‘after spontaneous delivery without anaesthesia (Table II). The
mean levels of the oxygen content of the blood in the vein are
very close to 10 volse per cente. in all series with a per cent.
saturation of 50 per cente The range, however,; in any given
series is wide. |

(3) ©No information is available of the oxygen contents at
various stages of pregnancy and no investigation has been made

of the effect of abnormal pregnancye.
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(II) FACTORS INFLUENCING THE SUPPLY OF OXYGEN AVAILABLE
. AT THE MATERNAL SIDE OF THE PLACENTA.

(1) Percent. saturation with oxygen of the maternal blood. 

A deficiency of oxygen in the maternal blood may
lessen the supply available to the foetus. The shift to thé
right of the maternal dissociation curve in late pregnancy
(Fig. 10) tends to lessen the bad effect of a fall in maternal
oxygen saturation but only to a very slight extent. R

Much will depend on the type of anoxia. 1In the anaemid
patient, even though the content of oxygen is low, the
saturation and therefore the tension remains high. Bad effects,
if any, arise from a deficiency in absolute amount of oxygen
available, In the gstagnant anoxia of the cardiac patient, the
arterial oxygen is often high and bad effects, if any,on the v
foetus are due more to defects of circulation. It is in th§ |
anoxic anoxia group that the danger is real, as thé oxygen |
saturation of the blood is low. In the normal pregnanﬂyomaﬁ;
only with excessive sedation or anaesthesia is éef&cient
arterial oxygen saturation likely to be seen (Lund, 1940).

In the abnormal case, however, such a type of anoxia may ariéé.4
The patient with severe asthma and bronchitis, with cardiac
shunts, or -during an eclamptic fit, will have periods, long or
short, during which the arterial blood has a lower saturatién

with oxygen.
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Cyanosis appears clinically when the blood is from 75
to 85 per cent. saturated (the actual level depending on the : .« -
acuity of the observer) (Comroe and Bothelo, 1947). Astudy
of the dissociation curve (Fig. 10) shows that when cyanosis
is clinically evident, the oxygen tension in the blood of the
pregnant woman at term is only from 50 to 60 per cent. of the
normal. In other words, with maternal cyanosis, the effective
oxygen tension to the foetus is halved and it is probable that,
under these circumstances, little transfer to the foetus can
occurs | |

(2) The Oxygen Capacity of the Maternal Bloode
The oxygen capacity of the maternal blood in the

pregnant mammal has been studied by many authors. Apart from
the value of the observations in a study of maternal physiology
of pregnancy, it was considered that the oxygen-carrying capacity
of the maternal blood might have some influence on the oxygen
supply to the foetus.

Roos and Romijin (1938) in a study of pregnant oxen, noted
that in late pregnancy the oxygen capécity was below that of the
non-pregnant animal. During delivery and after labour the '
oxygen capacity rose to at least non-pregnant levels,

Barcroft (1946) studied the oxygen capacity of the blood
in a series of ewes before insemination and at the time of
delivery of the lambs. His results, seen in Fig. 6, show that

in early pregnancy, the blood of the ewe on an adequate diet
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has a higher oxygen capacity than that of the non-pregnant
animal. In late pregnancy the capacity falls and is at or beldw;
pre-pregnancy levels. As a result of an extensive study of the
relationship between the oxygen capacity of the blood of the
foetus and that of its mother (Fig. 7), Barcroft states:-

nI have failed to discover any relationship between the mother
and the foetus in terms of oxygen capacity of the bloodew

(3) The Dissociation Curve of the Maternal Blood.

‘The ability of the maternal blood to transfer oxygen
to her own tissues and to the foetus at various tensions
depends on the dissociation curve.

Barcroft et al (1935) in a study of the dissociation curves
of the blood of mother and foetal goats throughout pregnancy
noted that from the 70th day onwards (i.e. just after mid
pregnancy), the maternal curve was shifted to the right of that
of the non-pregnant animal but the degree of inflection was
about the same (Fig. 20). Barcroft (1946) quotes readings in
two sheepe The first was 1lll days pregnant and the second 152
days (normal gestation period in the sheep is 140 ¥ 2 days).

The maternal curve of the second animal was well to the right
of that of the first, but both were to the right of the norméi;'f
/(Fig. B)Q He attributes the shift to the right to an increase

in the hydrogen ion concentration in the maternal blood in




Lo

pregnancye. ;

Roos and Romijin (1938) in a study of the maternal .
dissociation curve in one ox in the 8th month of pregnancy
found the maternal curve within the normal limits for the non=-
pregnant animal. (Fige 9).

Darling et al (1941) found that the dissociation curve of
the blood of the pregnant woman at term lay to the right of that
of the non-pregnant. This finding confirms earlier work by
Eastman et al (1933) (Fig. 10) and Liebson et al (1936).

Conclusions:

It has been demonstrated that in the sheep, goat and human
the dissociation curve of the maternal blood shifts to the right
during pregnancy. 4 similar shift could not be demonstrated
in the ox. The movement of the maternal curve facilitates the
release of oxygen at all pressures. The curve is sigmoid in
shape and the ability to release oxygen is therefore accentuated
at low pressures.

(h) Maternal Circulation and Vascular Adjustments to
Pregnancyes

As the uterus grows during pregnancy with the formation |

of a maternal placental circulation, a greatly increased vascular |

bed is produced. 1In the rabbit at the 28th day of gestation,
the maternal vessels of the uterus contain about one-sixth of
the total blood volume, (Barcroft and Rothschild, 1932). {

Similar information is not available for other species. In view
|
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of the increased vascular bed, an increase in maternal blood
volume is essential tomaintain an adequate circulation to the
developing foetus. This will involve in addition an increase
in cardiac output.

(a) Blood Volume. Caton et al (1951), using

radio-active red cell techniques and performing serial invest-
sigations in a group of pregnant women, have found:~

(1) There is an increase in total blood volume of 45
per cent. which is at its maximum some 60 days before delivery
and then falls very slightly.

(1i) There is an increase in the total red cell mass of
some 4O per cent. which is steady and continuous with its
nmaximum at delivery.

(ii) There is an increase in the plasma volume of 55 per
cent. which is at its maximum at 60 days before delivery and
then falls slightly.

(iv) There are fairly marked individual variations both
in degree of increase and time of maximum volume.

This work has extended that of Miller et al (1915),
Dieckman and Wegner (1934), Thomson et al (1938), Roscoe and
Donaldson (1946), and McLennan and Thouin (1948), all of whom

had deﬁonstrated somewhat similar patterns with dye technigues.
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(b) Cardiac Qutpute The cardiac output increases GH
steadily as pregnancy advances and the increase in output has :
been demonstrated by Hamilton (1949) using the Fick principle
with auxiliary cardiasc catheterisation. She shows & rise from
the 10th week to reach a 25 per cent. increase by the 26th to
29th weeks., The output remains level for about 10 weeks to drop:
sharply‘after the 37th week to reach pre~pregnancy levels at
terme (Fig. 11). The cardiac output is much raised in pre-
eclampsia but not in hypertension alone. It is the increase in
cardiac output which maintaine the uterine circulation (Abramson
et al, 1943), as there is in pregnancy no loss in circulation to
other parts of the bodye.

(e¢) Maternal Arterial Blood Pressure and Effective

Placental Pressure: Because of the altered haemodynamics

in the presence of a placental vascular bed, there is a fall in
maternal blood pressure in late pregnancy (Burwell, 1938).

Woodbury et al (1938) estimated the effective placental
pressure by subtracting the intra uterine pressure from the ’

kmaternal blood pressure (arm artery), both of which they measuredﬂ
They found that in fhe first stage of labour the effective

placental pressure was alwawys positive, but in the second stage

the effective pressure might be very low at the height of a
bearing down effort. The increased intra uterine pressure of

the second stage was compensated by a great increase in brachial

artery pressure coincident with wbearing downs effort, otherwise
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the effective placental pressure would have been negative. They
state that occasionally at the height of bearing down, blood

is forced backwards from the uterine arteries into the aorta,

so that no blood reaches the placenta. (See Fig. 1h)e

(d) Uterine Vascular Adjustments. Barcroft and

Rothschild (1932) found that the volume of blood in the uterus
of the pregnant rabbit rises steadily till, at the 28th day
about one-sixth of the total blood volume is in the uterine
vessels., The actual amount depended on the amount of plgcdntal
tissues From the 28th to 30th days the volume of blood in the
uterus is reduced by half, chiefly due to increasing distension
of the uterine wall. A4ccording to Barcroft et al (1933), there
is not a compensating increase in the rate of blood flow at
this time. PFrom the 27th day to term at the 32nd day, there
must therefore be a decreasingly efficient circulation,
Reynolds (1949) considered that the increased pumping action
of uterine contractions at this time and a lessening distance
between maternal énd foetal bloods helps to compensate for the
failiné circulatione.

Reynolds (1949) attributes changes in uterine blood flow
both in rate and volume throﬁghout pregnancy to alteration in
shape and growth pattern of the uterus.

The findings and beliefs of Reynolds (19L9, 1950),
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Gilleépie et al (1949), Gillespie (1950) and Ramsay (1949)
from studies in the rabbit, monkey and human may be summarised
as follows:~-

(1) Growth of myometrium and of blood vessels is greatest
in the first half of gestation, during which time the uterus
is spherical in shape.

(2) In the second half of pregnancy, increase in size of
the uterus occurs mainly by strefching. Blood vessels which
were tortuous and grossly in excess of requirements pay out and
become straight (Fig. 12).

(3) Near term, however, the blood supply is interfered with
as the uterine wall becomes thinned by stretching, vessels reach
the limit of elongation and tension in the uterus rises. It is
to this latter picture that Reynolds attributes fall in uterine
blood volume, rate of flow and efficiency of circulation at or
near terme To this also is attributed the slowing or cessation
of foetal growth about this timee

(e) Oxygen in Uterine Vessels. In 1935, Barcroft et

al measured the amount of oxygen emerging in the blood of the
uterine vein of the rabbit at various stages of pregnancy. They
compared the results in the pregnant and the non-pregnant horn |
in the same animal. From the non-pregnant horn the saturation
was 60 per cent. throughout. 1In blood from the pregnant horn

the saturation rose to 80 per cent. in the first few days due
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to hyperaemia, but fell s teadily to 20 per cent. or less near
term, returning to 80 per cent. after delivery (Fig. 13).

They considered that the extraction of most of the oxygen
from the maternal blood as it passed through the uterus was
evidence that the demand of the foetus for oxygen exceeded
the ability of the mother to supply it. Where the pregnancy
continued beyond term, the foetus obtained insufficient oxygen
to enable it to survive (Barcroft and Young, 1945). Barcroft
and his colleagues suggested that ultimate foetal death in the
postmature was due to the demand of the foetus for oxygen

outstripping the supply.

(5) The Effect of Maternal Anaesthesia.

Anaesthesia resulting in'visible cyanosis will
greatly reduce the oxygen available to the foetus because of
oxygen deficiency alone, apart from any specific effect of the
anaesthetic agent. There is also little doubt that oxygen
déficiehéy’short of visible cyanosis can occur (Comroe and
Botheib,Ai9h7)a Very little information 1s available about
the effect of anaesthetic agents'themselves on the oxygen
saturation, circulation time, etc., of maternal blood in
pregnancy.

(a) Effect on the Recipient Patients In 1937, Shaw et
al studied the effect of ether anaesthesia on the oxygen
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levels in the arterial blood of dogs. They used a
special modification (Shaw and Downing, 1935) of the technigue
of Van Slyke and Neill (1924) to prevent inaccuracies due to
the presence of ether in the blood saﬁples.

They found that (a) the oxygen capacity rose, (b) the
oxygen content showed a slight rise, (c) the oxygen
saturation showed a steady fall, (d) the content and saturation
of the venous blood rose, and (e) the arterio-venous difference
both in content and saturation fell.

lcClure et al (1918) considered that some degree of anoxia
- may be an inevitable complication of anaesthesia, especially if
interference with tissue respiration or histotoxic anoxia is

part of thg pharmacology of narcosis. They showed that during

' with pentothal in the human adequate oxygenation is

MeQuiston et al (1943), investigating nitrous oxide

,%ﬁanalgesia in the human, found that with 20 per cent. oxygen, no
"serious anoxaemia resulted, the arterial blood being 85 to 95
per cent, saturated. Below that level of oxygen, (e.g. at 15
per cent. oxygen) serious anoxia occurred confirming the work of

_ Sollman (1936), who showed that anoxia occurred with nitrous/
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oxygen mixture whenever the oxygen was under 14 per cent.

(v) Erffect on the Foetus of General anaestheticse In

1939, Smith studied the effect of ether, nitrous oxide and cyclo-
spropane administered to the mother. He sampled waternal arterial
and venous blood and blood from the umbilical cord of the foetus.
The estimation of oxygen in blood samples containing anaesthetic
gases is accurate only if special technicues are used. He
utilised the modified techniques of Shaw and Downing (1935),

and Orcutt and Waters (1937). He found (Table III) that gther
did not depress the oxygen supply to the foetus unless given

for a prolonged period, but that with both nitrous oxide and

-cyclopropane the levels of oxygen in the foetal blood were much
reduced. He attributed the efféct of cyclopropane on the foetus
to the poor amerio-venous difference in the maternal blood.

The maternal venous blood, being highly saturated with oxygen,
has given up very little to the foetus.

Rovensteine et al (1940), using cyclopropane 25 per cent. at
Ceeéarean Section, found the oxygen saturation of the blood in
the umbilical vein of the foetus to range from 8 to 35 per cent.
The maternal blood was fully saturated at the time.

: Taylor et al (1951) investigated foetal blood oxygen levels
afiﬁifth and in the first hour of life in 94 infants, where
vérioﬁs‘énaesthetic agents had been used for short periods before

delivery (Sec Tables IIT and IV). Their findings at the moment
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of birth are comparable with those of Saith. “Unféftﬁnately they
sampled the‘heel blood of the foetus and estimated the oxygen

by the technigue of Roughton and Sgholander‘(l9uj), which,
according to the authors, is invalid in the presente of |
anaesthetic gases.

In 1951, Watts et al studied the oxygen content of the
umbilical vessels after maternal anaesthesia, (Tébles ITT and
IV). Blood was taken from an isolated segment of the umbilical
cofd immediately on delivery. They analysed the sampies by the
method of Van Slyke ahd Neill (192L), but did not state whether
they took any of the technical precautions agaihst the presence
of anaesthetic gases whiéh are essential to the accuracy of the
result. These results, seen in Table IIT, are much higher than
found by other investigators except for the readings of Goldbloom
and Gottleib (1930) previously discussed (see page 7). Despite
this, the reclationships of their findings to each other are

identical with those of other investigations.

(c) iffect on the Foetus of Spinal,Caudal or Local Analgesia,.

The oxygen levels in the foetal vessels where the foetus is
delivered spontaneously or by low forceps under spinal,-caudal or
local anaesthesia are seen in Table IV. It will be noted that the
results are geherally_the same as where no anaesthesia is given,
(Table III). The figures of Watts et al (1951) are again higher

than others. Watts et al, however, noted that in eight of their

S g -
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cases a drop in maternal blood pressure below 90 systolic
occurred and in this group the percentage saturation of blood
in the foetal umbilical vein was 20 per cent. lower than in
cases where no such drop was noteds This effect is probably
due to a fall in effective maternal placental pressure (see
page 16).

The Effect of Added Oxygen. Where oxygen in high
concentration is added to the anaesthetic agent or given during
the course of delivery without anaesthesia or with local, spinal
or caudal anaesthesia, the oxygen levels in the foetal blood are
raised by 10 to 30 per cent. (Dieckman and Kramer, 1l944; Batten,
1943). |

The increase in the oxygen supply to fhe foetus by the
exhibition of oxygen to the mother was first suggested on
clinical grounds by Landais (1892) in her thesis and is an
established clinical practice. The effect may be obtained in
two ways. Firstly, before the exhibition of oxygen the saturation
of the maternal blood might be below normal. No controlled
experiments on the oxygen saturation of maternal blood during
lébour with or without anaesthesia, before and after administratiwm
of oxygen have been performed. It is, however, possible to
increase above normal the oxygen saturation of adult arterial
blood by the exhibition of 100 per cent. oxygen. It has been
shown by Boothby (1938) thét this result is achieved, firstly

by full saturation of the haemoglobin and then by a greatly
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increased carriage in solution in the plasma. The full effect
is only obtained after 3 to 4 days, but then the blood is some
110;112 per cent. saturated. It is difficult to explain the
rapid improvement in the foetus seen under clinical or exper-
simental conditions on this basis alone, but even a minor
improvement in maternal oxygenation would be passed almost
wholly to the foetus.

Sunmary.

The experimental results suguest that all anaesthetics
stmdiéd'may have a detrimental €€fect on the oxygen supply to
the foetus. The only exceptions are ether, if used for only a
very short time, and spinal or local, provided they are not
accompanied by a drop in maternal blood pressures

This reffect of anaesthesian is a specific effect of the
agent itself and assumes that the anaesthetic is properly
administered.

Where the technique necessitates a lowering of the oxygen
in the inspired mixtures, or is faulty and éyanosis appears,
the effect on the foetus may be veryvgreat indeed and in the
presence of deep cyanosis it is likely that no oxygen whatsoever
is passed to the foetus.

(6) The Effect of Labour.

The findings following spontaneous delivery without
anaesthesia have been noted already (page 8 ), and compared

with the findings before the onset of labour, Kastman (1930)
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suggests that a fall of saturation of about 10 per cent. occurs
during spontaneous normal delivery but that the foetus is still
well oxygenated. Haselhorst and Stromberger (1930) reach the
opposite conclusion, but did not discuss the implications of
their 1931 findings,.

Where the foetus is born asphyxiated, the oxygen levels
have been found to be very low. Eastman and McLane (1930) in
six cases, found a mean content of oxygen in the blood of the
umnbilical vein of 1.3 vols. per cent., and Wilson, Torry and
Johnson (1937) in nine cases a mean of 2.0 vols. per cent.

The effect of ﬁrolonged and difficult labour on oxygen
content has not been studied in 1tself but only where asphyxia
has supervened.

Williams (1952) suggeste that relaxation of the uterus
between contractions is essential to foetal oxygen supply as
the intra uterine pressure may rise to 90 mm. of mercury in the
first stage and to 180 mm. in the second, at the height of
contractions. If the intra uterine pressure is above 80 mm. of
mercury for more than 1 minute in every 5 minutes, the foetus
will show clinical evidence of anoxia (Fig. 14).

Caldeyro~Barcia and Alwareg (1952) consider that the main
danger to the foetus occurs when there is a high resting pressure
in the uterus between contractiéns, interfering with adequate
blood supply to the placenta. They have shown that foetal anoxia
occurs if the resting pressure is above about 35 mm, of

mercury as seen in some forms of abnormal uterine action,
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(111) THEZ  PLACENTA AS AN  ORGAN OF TRANSFER.

ALl nutrients}reaching the foetus must be trahéferred
across the placenta to recach the foetal circulation. Thé
foetal portion of the placenta may itself be inefficient and act
as a barrier to transfer.

(1) Growth and Anatomy.

The growth of the human placenta and its structural
charascteristics have long bgen studied. The embryological
development (Hertig and Rock, 1941, 1945, 1949; Hamnilton, Boyd
and Mossman, 1945) has been thoroughly examined and explained.
Advances in knowledge of the later stages of human placentation
have not kept pace with contributions to the knowledge of early

developmente

Calkins (1937) has shown that the weight and area of the
*’placenta‘ﬁhcreases as pregnancy progresses, but that the rate of

growth is relatlvely auch less in the last third of pregnancy

Vand t‘ét'thls slowing uy is progressives. Hamilton and Boyd (19;1)

 f1nd 1ncreased growth of the placenta which is rapid up to
the 7th month. uhrlstoffersen (1934) estimates the area of
cdntact beﬁweén %illi and maternal blood at 10 to 13 s8¢. metres.
Hamilton and Boyd (1951) have recently investigated the detailed
histological structure of ﬁhe placenta in situ and heve suggested
that the anatomical arranaement of the villi is labyrinthine.
Thiscnnflrls the opinions of Stieve (19L0O, 1942, 19LE) and

refutes the concept of Spanner (1935). The relationshiy of the
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maternal arteries and veins to the intervillous space has not
been finally decided. Spanner (1935) considered that the
arteries opened through the basal plates but that the venous blood
drained up to the chorionic plate and then laterally to be |
collected in a marginal sinus, Hamilton and Boyd (1951) could
find no evidence of a marginal sinus but found that the veins
drained through the basal plate into an extensive decidual venous

plexus and that the arteries likewise pass from a decidual plexus

through the basal plate, near the septa, into the intervillous
space. This confirms to some extent the concept of Bumm (1893).

(2) The Placental Membrane.

Hamilton and Boyd (1951) state - »In the human placenta
this term is used to designate the full thickness of the foetal
tissue which separates the maternal blood in the intervillous
spaces from the foetal blood in the capillaries of the villi.

It is a membrane of unusual complexity. During the course of
gestation the membrane varies greatly in its thickness eececescces
eesoFrom the fifth month until term the placental membrane
consists of the endothelial lining of the foetal capillary, an

attenuated layer of mesenchyme, and the syncitio-trophoblast.

The membrane varies in thickness in different regions of a given
placenta, but it may be as thin at the fifth month as at the
ninth monthe.v
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The histology of the membrane has been studied (mainly
in late pregnancy) by Wislocki and Dempsey (1946), Wislocki et
al (1948) and they have found that after the 33rd week the

syncytium begins to degenerate and in some areas will appear

only as a homogenous plate. Superficially a fibrin deposit
appears on the membrane. At term, according to Tenney and
Parker (1940), some 10 to 50 per cent. of terminal villi show
degenerative changes. 4xcessive calcification is said to occur
in the ageing placenta, but Masters and Clayton (1940) could
find no increased evidence of calcification in postmature
placentae though calcification was not normally seen much before

term.

(3) Histochemical Age Changese

The histochemical age changes in the placenta have
been studied by Wislocki and Dempsey (1946), and they have
demonstrated distributions typical to various stages of pregnancy.
Wislocki et al (19&8) have demonstrated the main sources of
hormones and suggested that the steroids are syncytial in origin
and the gonadotrophins arise from the cytotrophoblast. Various
authors, quoted by Reynolds (1949), found that in the postmature
placenta the arginine content remains high as against the usual

low level at term.

(4) Histological Changes in Diseases

In pre-eclampsia Tenney (1936) has demonstrated

degeneration of the syncytial nuclei which is directly proportion-; -

sal to the severity of the disease and in eclampsia states that
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he found no normal syncytium. This work was confirmed by
Tenney and Parker (1940) and they related the changes to the
degree of albuminuria rather than to the height of the blood
pressure. Wislocki et al (1948) found that the normal histo-
schemical changes of age were seen at a much earlier stage of
pregnancy in pre-eclampsia. Zeek and Assali (1950) have
stated that in pre-eclampsia there are degenerative changes iﬁ
the blood vessels of the decidua. Gross changes of the placenta
in the nature of uwred infarctionse have been said to be more
commonly seen in association with maternal pre-eclampsia gYoung,
1914; Bartholomew and Kracke, 1932; Falkiner and Aphthorpe,
1944 ).
(5) Rate of Metabolism,

This is essentially a measure of the activity of
its epithelial layers. This has been studied by Page (1948)
and Hellman et al (1950). Both found a gradual fall in rate
of metabolism in the last ten weeks of gestation. Page found
a grossly decreased rate of metabolism in pre-eclampsia but
Hellman et al could not confirm this. Both groups of
investigators think that the fall in rate of metabolism can
be fully explained by the epithelial degeneration which occurs
with ageing as judged by the histological changes.
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\
(6) Functional Studies of Placental Transfer.

These studieé do not measure the efficacy of the
placental membrane as ah isolated factor but the total summation
of the effect of all factors concerned; the concentration in
- the maternal blood, the placentdl blood flow, the characteristics
of the membrane, and the demand by the foetus, are all factors
in the finalvresults. In late pregnancy, transfer of various
easlly diffusible substances has been studied.

Oxygen - the work of Barcroft et al (1934) in the goat,
andBarcroft et al (1939) in the sheep, Barcroft and Young (1945)
and Synder (1949) in the rabbit, has been discussed earlier.

Flexner and Gellhorn (1942) have studied the rate of
fransfer of sodium and water in most mamnalian foetuses, and
Flexner et al (1948) Hellman et al (1948),and Kaiser and Cushner
(1951, more particularly in the human. It has been shown that
the rate of transfer per unit weight of placenta increases
throughout the first nihe-tenths of pregnancy, but falls
precipitously after that time. The rate is transfer is not
influenced by normal labour, anaesthesia, or easy forceps
delivery. The amount of sodium and water transferred at the
36th week is much greater than the foetal needs at that time,

and even at term, though the rate is falling rapidly, transfer
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is above the needs of the normal foetus. In pre-eclampsia
the rate of transfer of sodium has been shown to be mach
reduced. Cox and Chalmers (1953) have found at term in
the human similar rates of transfer of sodium to those

of Flexner, and have confirmed that normal labour has no
effect on sodium transfer. They found a decrease in the
rate of transfer in pre-~eclampsia and in one case showing

foetal distress.
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(IV) FACTORS INFLUENCING THE UPTAKE OF OXYGEN BY THE
FOELTUS AND THE SUPPLY AVAILABLE TO INDIVIDUAL TISSUES.

(1) Haemoglobin and Red Cells in the Foedus.
The ability of the foetal blood to take up and

transport oxygen depends in the first instance an the amount
of haemoglobin contained in each unit volume of blood. Little
or nc observations are available of the variations in the
haemoglobin level of the blood of the human foetus throughout
pregnancy and information from animal experiments, though
extensive, is confusing, and not necessarily applicable to

the humane

Wintrobe and Shumécker (1936) in small series of human
foetuses showed evidence that the haemoglobin reathed normal
adult levels by the 23rd week (Fige 15), and that the red cell
levels rose steadily from the 76th to the 198th day.

More studies have been made of the cord blood of the
infants immediately after birth and the results of a represent-
tative sample are seen in Table V.

In all investigations there is a wide scatter in both
haemoglobin and red cell counts; The mean haemoglobin values
vary from 15.36 to 17.90 g. per 100 ml. with extremes of 11.86
and 22 g. per 100 ml. The mean red cell count in the three

series in which it is recorded does not vary much but in each
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series there is a wide range of values with extremes of

3,300,000 to 6,000,000, No explanatidn has been offered of
those wide variations,

The results of very many other investigations have been
published which purport to study the haemoglobin levels and
red cell counts of the infant at birth. Samples were, however,
taken at varying times in the first two days of life, and blood
was obtained from venous sinuses, or capillary vessels,
Wegelius (1948) has shown that the haemoglobin and red cell
levels begin to rise within the first half-hour of life and
there is a'steady change for at least the first two days.
Oettinger and Mills (1949), amongst others, have shown that
samples from capillary and venous blood give widely different
readings. Any reading of haemoglobin and red cells which
purporté to define the levels at the moment of birth must
therefore be made on cord blood and immediately on birthe

Variations in the haemoglobin and red cell levels throughout
pregnancy have been studied in the cat by Windle (1940) and in
the pig by Jones et al (1936). In both there is a rise in red
cell count during pregnancy which continues after birth.

Wintrobe and Shumacker (1935, 1936) studied the haemoglobin
and red cell levels of the blood during foetal life in the pig,
rat, rabbit and doge They concluded that on the whole there was

a steady rise as pregnancy advanced. A scrutiny of their
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results shows that the haemoglobin level has frequently
reached normal adult levels by term but that the red cell count
has not done so and is still rising. The levels reached at
term vary somewhat with the stage of development reached at
birth,

Barcroft (1946), however, in a study of blood of the
foetal sheep, found that the haemoglobin levels rose fairly
rapidly to the end of the first third of pregnancy (50th day)
and then steadily but more gently till the 125th day, when they
are about normal adult levels. In the lést 15 days there is
again a steep rise. (Fige. 7). The most striking feature, however,
was the way in which, in the last 10 to 15 days of the gestation
period, the points fan out so that at term the highest figure is
about double the lowest, the rise above normal adult levels being
seen in most but not all foetuses.

Barcroft et al (1939) and Barcroft (1946) attribute the
rise in haemoglobin in the sheep above normal adult levels,
(which might occur after the 125th day), to the active production
of haemoglobin in response to the falling oxygen supply which
might begin about that time. The wide variation in readings in
the last 15 days can be explained by a varying degree of anoxia

in the individual cases.
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(2) Dissociation Curves of the Blood of the Foetus.

The affinity of blood for oxygen at a given partial
pressure of the gas is represented by the dissociation curve.
The shabeiand position of the curve is influenced by two
factors, (&) the chemical nature of the haemoglobin, and (b)
the physical and chemical environment in which the haemoglobin
finds itself, e.g. within or without the corpuscle and the
.temperature, hydrogen ion concentration, and salts,

Increased acidity causes aggregation of molecules of
haemoglobin and alters the shape and position of the curve, and
reduces the mturation with oxygen at any given pressure, i.e.
na shift to the right.»

(a) The Nature of the Haemoglobin., Studies of the

dissociation of the haemoglobin in the developmental phase of

the bull frog (Mc Cutcheon, 1936), chick (Hall, 1935), rabbit
(Hall, 1934) have been performed.

The dissociation curve under standard conditions is not the
same throughout the developmental period. The change is always
in the direction of a decreased affinity for oxygen as time
progresses, and a tendency for a change from a hyperbolic to a
sigmoid curve (See Figs. 16 and 17), but the haemoglobin of the
foetus always has a greater affinity than that of its mother.

in man dissociation curves for foetal and maternal

haemoglobin were determined by Hill (1935) (Fig. 18),
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Haurowitz (1935), and McCarthy (1943). The most important
finding is that, unlike all other species, foetal haemoglobin
had a lower affinity for oxygen than that of the mother. This
is the exact opposite to the behaviour of foetal and maternal
corpuscles.

(b) Bloods Haselhorst and Stromberger (1930, 1931)
showed that the bloods of the foetus and mother possessed
different affinities for oxygen, and McCarthy (1943) (Fig. 19)
has shown that while the difference is due to the haemoglobin
itdelf, the direction of difference is due primarily to the
properties of the maternal corpuscles, which cause a marked
decrease in the oxygen affinity of haemoglobin. The foetal
corpuscles have little effect on the affinity of their contained
haemoglobin.

Extensive studies in the foetal and maternal blood of the
cow (Roos and Romijin, 1938) (Fig. 9), the sheep (Barcroft, 1946)
(Fig. 8), and the goat (Barcroft et al, 1934) (Fig. 20), have
been made and the following gencral observations are made by
Barcroft (1946).

The mechanism in the early phase of foetal life is partic-
:ularly adapted for picking up oxygen from the mother at low
pressures but not for saturating the foetal blood to the maximal
extent. At the later part of foetal life the accent is the

opposites The foetal blood is less adapted than it was for

picking up oxygen at low pressures but more adapted for
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saturating itself at somewhat higher ones. The maternal curve
is moved to the right of the normal non-pregnant adult and
this tends to release oxygen at all pressures, but its sigmoid
shape accentuates this tendency at low saturations and thus |
making up for the lesser efficiency of the foetal curve in

this regione

In man, the dissociation curves of foetal and maternal
blood have been studied by Haselhorst and Stromberger (1930,
1931), Noguchi (1937, EZastman et al (1933),(Fig. 21), who
studied the relationship of foetuses born at term, and by
Darling et al (1941), Leibson et al (1936), and Sachs and
Likbnizkaya (1938), who studied the foetal maternal relationships
in the later half of pregnancye.

The foetal curves are always to the left of the maternal
under standard conditions of pH 7.4 at 37°C. but there is a
smaller gap than in the ruminants. According to Darling et al
(1941) the foetal and maternal curves have the same inflection,
i.e. they are practically parallel. The maternal curve is well
to the right of that for normal non-pregnant women. (Fige. 20).

Leibson et al (1936) and Sachs and Likhnizkayas(1938)

findings were almost the same as those of Darling et al (1941)

for foetuses at or near term, but they showed that the curve [

t
for the foetal blood 'is variable up to the 35th week of pregnancys




38,

The dissociation curve in mid pregnancy was uniformly more
inflected than that of adults or teru foetuses (Fig. 22).
(3) The Haemoglobin in the Blood of the Foetus.

The different affinities for oxygen of foetal and
adult haemoglobin, both within and without the cells, have been
discussed (see page 36 ).

There are important differences in behaviour between human
and animal haemoglobins and between foetal and adult haemoglobins:
Human foetal haemoglobin has g lower affinity for oxygen than
a@ul% haemoglobin, and is more resistant to denaturation in strong%
alkaline solution. Those properties are the exact opposite of
the the characters of other fdetal haemoglobins. (Xorber, 1866;
Haurowitz, 1930 and 1935; Brinkman et al, 1933%; Hill, 1935;
McCarthy, 1943; Jonxis, 1949)e

Other differences in human foetal and adult haemoglobin
have been discovered and are detailed by Jope and O'Brien (1949).

(a) Proportions of Adult and Foetal Haemoglobin in the

Blood of the Foetuse The content of adult haemoglobin in the

blood of the human foetus, at term, has been studied by

Brinkman et al (1933), Haurowitz (1935), Ponder and Levine (1949),
and Zeisil (1951), by estimating the resistance to alkali
denaturation, and by Beaven et al (1951) by studies of
electrophoretic mobility, and the disappearance of foetal type

haemoglobin after birth by the same investigators and by
Jonxis (1949).
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At birth the percentage of adult haemoglobin varies from
0 to 30 per cent. but is lower in premature infants. Beaven
et al (1951) found 6 per cent. in one case at the 20th weeks
Foetal haemoglobin disappears from the blood of the infant by
the 5th month, but takes longer in the infant prematurely born.
The relationship between foetal/adult haemoglobin is a function
of age from conception and not of time of birth.

The work of McCarthy (1943) and of Jonxis (1949) has shown
that adult and foetal haemoglobin are contained in different
corpuscles, but no information is available of site of
manufacture in the body or of the type of cells containing
adult haemoglobine

(4) Demand of the Foetus for Oxygene

The amount of oxygen required by the foetus will
depend on its weight and the metabolic rate of the foetus as a

wholes

(a) Oxygen used by the Foetus. Barcroft et al

(193P and 1939a) found that the sheep foetus used 4 c.c. of
oxygen per kilo body weight per minute over the last quarter
of gestation. Barcroft and Elsden (1946) put the figure,
however, somewhat higher, at about 5.5 c.c. per kilo per
minute.

Carlyle (1948) studied the oxygen uptake of individual
foetal tissues. He estimated that there is uptake of oxygen

at 4 c.c. per kilo per minute in the last quarter of gestation,
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This is about half the amount taken up in the mid-pregnancy
period. The fall is due to the fact that the tissues which make

up the main weight of the foetus in later weeks have a low

oxygen consumption (bone muscle, skin and blood), but others
(brain, stomach, intestine and lung) increase oxygen requirements§
as they develop. The brain, for example, at or about birth has

a very high oxygen requirement.

(b) Growth of the Foetus. The increase in crown rump

length of the sheep foetus is a straight line from the 45th day
onwards (Barcroft and Kennedy, 1939) but weight behaves differ-
tently. Barcroft (1945) has shown (Fige 23) that in late
pregnancy the weights fan out and at term a foetus may weigh
anything from 2 to 7.7 kilos,.

Scammon and Calkins (1929), Dunham (1948) and Thomson (1951)
have provided similar information for the human foetus. Thomson
(1951) provided some evidence that there is a slowing of the
incremental growth in the human foetus near term, and Karn énd
Penrose (1951) (Fig. 24) showed that increase in weight ceased
after the 295th day.

Thomson (1951), however, showed that in the human foetus
there could also be a wide scatter of weights, from 4 to 10 1lb.

at term when the average weight was 7.23 lbe

Calkins (1937) showed that the foetal portion of the human

placenta increases steadily in weight throughout pregnancy.

An investigation of foetal growth has been undertaken
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undertaken in the Midwifery Department of the University of
Aberdeen, and an abstract of results available to date is seen
in Pige 72 Increase in weight of foetus and placenta continues
up to the 43rd week, but the amount of increase after the Llst
week is very small. The incremental growth ratc starts slowing
about the 33rd weeks

Summary and Conclusions. The total oxygen required

by the foetus depends on its weight and on the metabolic activity
of its individual tissues. It would appear that in the human \
the total demand for oxygen would increase steadily throughout
pregnancy, although the ihcreasing demand in each week after
term would be slight.s The total amount of oxygen demanded per
minute by a small foetus should be much less than that needed by
a larger foetus at the same stage of gestation,

The human placenta increases steadily in weight througout
pregnancye.

(5) The Foetal Circulatione

The path taken by the umbilical blood after it reaches
the foetus and the relative proportions of this blood which
ultimately reach the foetal brain will dictate the oxygen
environment under which the foetus must live in utero. Changes

in oxygen saturation of the umbilical vein blood would interfere |

with the supply to the brain, but so too would an alteration in

the proportion of umbilical vein blood in the carotid vesselss
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(a) The Foetal Circulation in the last few Weeks of

Pregnancye The detail of the circulation in the mature
foetal sheep has been extensively studied by Barclay, Franklin
and Prichard (1946), whose findings are summarised here.
Oxygenated blood from the placenta (60 per cent. saturated
at term) passes in the cord in two veins which unite to form a
single umbilicedal vein flowing to the liver. Abeut one-ninth of
the blood passes direct to the inferior vena cava in the ductus |
venosus; the rest forms an afferent supply (with a high nutrientT
and oxygen content) to the central and left thirds of the liver.
The other third, the right mass, is supplied by the portal vein
with blood low in nutrients and with probably high waste content,
Passage is rapid through the liver. The inferior vena cava
thus receives blood from four sources.
(1) The ductus venosus (60 per cent. saturated with oxygen).(A
(2) From fhe lower abdomen and legs (10 per cent. saturatedn

i
|
|

(3) The liver outflow of umbilical vein blood (less than
60 per cent. saturated).

(4) The liver outflow of portal vein blood (about 10 per
cent. saturated)e.

The blood reaching the heart is thus much less than 60 per
cent, saturated. On reaching the heart, the great mass of the
blood passes direct to the left atrium through the foramen ovale
and meets and mixes with the pulmonary return flow which must

reduce the saturation still further. The combined bloods pass
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then into the left ventricle to mach the aorta. Most passes
to head, neck and forelimbs, but a little goes into the coronary
vessels and a little over the arch of the aorta.

Tt will thus be seen that the liver, heart muscle and brain
get blood with the highest oxygen Saturation. By the time the
blood reaches the brain, the oxygen saturation is, however,
depleted by much admixture of other bloode.

As pregnancy nears term, the growth of the hind-quarters
of the foetus is relatively great and the amount of blood of low
saturation (10 per cent) returning in the inferior vena cava
increases. This has the effect of diluting even further the
oxygen saturation of the blood reaching the heart and the
carotid vessels. BRarcroft et al (1938) and Barcroft and Kennedy
(1939) have studied the relation between the umbilical vein blood,
the carotid blood, and the blood of the cerebral venous sinuses
in the sheep (Fig. 25). At term, when the blood in the umbilical
vein is 65‘per cent saturated, that in the carotid@ 50 per cent.,
and that idﬁhe sinuses 20 to 30 per cent. The oxygen tension in
the bloods is 30, 25 énd 15 mm. of mercury respectively.

Lind (13953) has studied the circulation in the human foetus.
The blood in the umbilical vein is distributed very similarly to
that in the sheep but a smaller amount passes through the liver
(Fig. 26). The distfibution within the heart, however, is
similar (Figs; 26 and 27);
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(b) Changes at or after birth. In late pregnancy
the umbilical vein, ductus venosus and ductus arteriosus |
are easily stimulated to contract and the calibre is variablee.
(Bsrclay et al, 1946; Lind, 1953). Tmmediately on birth,
adjustments‘take place. It is not known in what order all occur
but it would appear that the mechanical stimulus of stretching
or rupture of the cord causes the ductus venosus to close by
sphincter action. The foramen ovale closes very quickly
(Barcroft et al, 1937) due to the increase in pulmonary venous
return following opening up of pulmonary circulation (Barclay
et al, 1946). The ductus arteriosus closes at first by muscle
action (after closure of the ductus venosus and of the foramen
ovale). Closure of the ductus arteriosus follows establishment
of an adequate pulmonary circulation and increased oxygen
saturation of the blood passing through the ductus (Kennedy and
Clark, 1942).

Lind (1953), in the human’foetus, found a similar sphincteric
closure of the ductus venosus and that normally within two hours
of birth the foramen ovale and ductus arteriosus were functionally
closed.

(c) Anomalies of closure of foetal wssels. Barclay

et al (1946) in the sheep and Lind (1953) in the human have

shown that if adequate pulmonary respiration and pulmonary flow
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are not established, or the oxygen saturation of the blood
does not rise, functional closure of the foramen ovale and
ductus arteriosus may not occure. (FPig. 28). Where closure
has been adequate those pathways may reopen, and the circulation

revert to a foetal type, should conditions of respiration and

pulmonary flow deteriorates
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(v) FOETAL RESPONSE TO ANOXTIA.

(1) Haemoglobin and Red Blood Cells.

Barcroft (1946) has shown that there is a very close
inverse correlation at term in the sheep foetus between the
haemoglobin level and the per cent. saturation with oxygen of
the blood in the umbilical artery. (Fig. 29). He considers
that in response to a falling oxygen supply the sheep foetus
produces more red cells in an attempt to maintain the oxygen
content. The foetus can therefore combat a gradually falling
oxygen supply to some extent by an increase in the oxygen
carrying capacity of its blood. This response takes some little
time to develop, and is not seen with acute anoxia. (Snyder,
1944, 1949).

(2) Resistance to Anoxiae

Glass et al (1944) studied the survival term in
nitrogen of rabbits, dogs and guinea pigs. They demonstrated
that in rabbits, (Fig. 30), resistance to oxygen lack is high
at the onset of viability (thirty times adult time) but falls
thereafter. At term, it is twenty times adult time, and in the
postmature is fifteen times adult time. Within 20 days the
newborn rabbit's resistance becomes the same as the adult.

Resistance to anoxia is a function of age and not of time
of birth as the rabbit foetus, three days postmature at birth,

has the same resistance as a 3-day old rabbit born at terms.
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Resistance is allied to stage of development at birth
and it therefore is different in different species. Dogs and

rabbits are about the same stage of development at birth despite

the widely different gestation periods, and dog and rabbit
foetuses born at term survive oxygen lack for the same time J
(31 minutes). The guinea-pig with the same gestation period as |
the rabbit is much more fully developed at birth, and the guinea-
pig foetus survives oxygen lack for only 6 minutes (twice adult
time)e

Brinkman (1953) considers that the human foetus can survive
a total lack of oxygen for about 30 minutes, provided its
circulation is intact, and lesser degrees of anoxia for longer
periods. It is doubtful if it will always survive completely
unharmed as the higher cerebral centres are less resistant than
the lower centres directly concerned with survival,

Darke (1944) has concluded that significant mental
retardation is highly probable in infants who are severely
asphyxiated at birth, thus confirming the work of Lund (1941).

Helstrom and Jonsson (1953) studied 85 infants who had been
asphyxiated at or shortly after birth. IEighteen died in the
newborn period of cerebral haemorrhage, and four later. Of the
remaining 63 cases, 61 were examined and 18 showed signs of

permanent cerebral injury at follow up (spasticity, convulsions,
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oligophrenia)s Sixteen of the remainder showed abnormal
electro~encephalograms but no clinical evidence of cerebral
damage (A'Avignon and Keilson, 1953).

Himwich et al (1941) consider that the resistance of the
newborn to anoxia is due to (a) a low cerebral metabidic rate,
(b) poikilothermia, (c) a capacity for anaerobic metabolisme
If the anaerobic use of blood sugar is denied to the foetal
animal, the survival time under anoxia is no better than the
adult. Brinkman (1953) confirmed those findings and suggested
that survival time could be increased by maintaining a high
level of blood sugar or by cooling the foetus,

Snyder and Geiling (1943) showed that when the rabbit
foetus was born by Caesarean Section after the mother had
received a moderately heavy dose of morphia, the narcotised
foetuses had a greater resistance to anoxia than those
normally born (Fige 31). Respiration was, however, depressed.

(3) The gaspe

Much has been written and much argument has arisen
about respiratory movement of ﬁhe foetus in utero. Barcroft
(1946) and Snyder (1949) summarise the discussion. It would
appear that inhalation of amniotic sac contents deep into the
lungs (as against a tidal flow in the larger air passages)

dépends on a reflex wgaspn by the foetuse.
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The wgaspn, which is not a normal respiratory
movement, is a very premature reflex, occurs only when the
upper cerebral centres are depressed and inhibited by severe
anoxia, and is a response of the lower medulla (Barcroft,
1946). If the foetus in the last trimester is subjected to
severe anoxia in utero, it will e»gaspwv and will inhale
deeplye. Where the amniotic fluid is relatively clear of
vernix or of meconium, the fluid so inhaled may be absorbed
but if a great deal of particulate matter is present, as
in late pregnancy, or if meconium has been passed, the
smaller air passages may be blocked to the detriment of
future respiratory function. (Cases 1 to 8). A gasping
type of respiration during or immediately after birth is
significant of anoxia of severe degree, and not part of

the normal pattern of the onset of respiration.
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(V1) CLINICAL SYNDROMES ASSOCIATED WITH ANOXTIA.

(1) sStillbirth and Neonatal Deathe

Analyses of’autopsy findings in stillbirth and
neonatal death have stressed the importance of anoxia as a
primary or contributory cause., In a study of 530 stillborn
foetuses, Morrison (1952) found anoxia to be the cause of death
in 232 (43.8 per cent.), (26 per cent. of all antepartum and
55 per cent. of intrapartum deaths). From autopsy of 800 infants
dying in the neonatal period, Cruickshank (1930) considered
that anoxia was responsible for 67.5 per cent. and was an
important contributory factor in deaths from other causes. In
studies of mixed groups of stillbirths and neonatal deaths,
Potter and Adair (1943) and dcGregor (1946) found anoxia as a
sole cause in 4O per cente.

(a) Clinical Cause of Anoxic Death of the Foetus. Anoxia

is a non-specific lesion arising from diverse clinical syndromes.
Morrison (1952) classified the causes of anoxic death in his
cases as seen in Table VI. Antepartum haemorrhége is the common-
test cause. Eight per cent. of all stillborn foetuses die of
anoxia dque to difficult labour, and nearly 13 per cent. from
anoxia without an obvious clinical cause, most of such unexplainedA
deaths occurring durihg labour. Interference with cord circul-
:étion accounts for most of the remaining anoxic deaths.

No clinical explanation was found for 30 per cent of all

anoxic deaths.
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(b) Anoxia in relation to Prolonged Pregnancys Death

during labour of the postmature foetus is commonly attributed to
mechanical difficulty because of increased size of the foetus,
excessive ossification of the head and ineffectual uterine
contractions. De Lee and Greenhill (1947), although stressing
the importance of these factors, state that nthe child may die
from no other apparent cause than being over-mature.n

Clayton (1941) found that when pregnancy lasted 42 weeks
or more there was, in infants over 7% 1lb., an excess of stillbirthg
over infants born at term. He considered that the excess mort-
:ality was due entirely to difficult or prolonged labour.
Pathburn (1943), Latto (1951) and Clayton (1953) confirmed these
findings. McKiddie (1949), however, found that the increase in
the stillbirth rate was due mainly to an increase in deaths,
clinically unexplained, and suggested that a falling oxygen
supply to the foetus might be the most important primary cause.

Gibberd (1952) confirumed findings of previous authors but
studied the autopsy findings in addition to the clinical
features. He found that the excess stillbirth rate after term
was due to an increase in anoxic deaths without demonstrable
clinical reasons for the anoxia. He found also an increase after

term in neonatal deaths from anoxia.
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(2) Foetal Distress.

The significance of foetal heart irregularity or
slowing a8 a sign of anoxia has been discussed by very many
authors from Naegele (1838) to Mayer (1953). An excellent
review and descrption of the problem is that by Lund (1940;
1941) who investigated the aetiology of foetal distress in 2000
consecutive deliveries. From a classification of the state of

the infant at birth he estimated the incidence of nasphyxian

to be 18.9 per cent. in primigravidae and 1ll.7 per cent. in
multigravidae. The incidence ofFaSPhyxia at birth was much
higher if the pregnancy was complicated by pre-eclampsia,
contracted pelvis or maternal diabetes. He also considered that
asphyxia at birth was more likely after labours lasting under

L hours or over 30 hours.

He considered that anoxia in utero was manifest by a
slowing of the foetal heart sounds and that acceleration did not
occur. In his series, 4O per cent. of infants showing foetal
heart slowing in labour were asphyxiated at birth, and 30 per
cent. where the passage of meconium had been the only sign of
distress.

MckKiddie (1949) was the first to demonstrate an increase in
incidence of wfoetal distresse during labour after the Llst week
of pregnancy and that the incidence rose with the degree of

postmaturity. The postmature foetus was, however, not more
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likely to show asphyxia at birth.

(a) Clinical Significance of Passage of Meconium by the
Foetuse Knappe (1897) presents a historical review of the
subject. Before the recognition of the foetal heart the passage
of meconium had been considered a sign of foetal death. In the
time of de la Motte (1655-1737) some authorities considered the
passage of meconium as a sign of death, others only that there
was a danger of deathe De la Motte discussed the imprtance in
various presentations and consideréd that in prolonged labour,
or with prolapse of the cord, it was of serious significance.
Schwafz (1858) considered that the appearance of meconium was a
sign of the suppression of respiratory interchange, and that
meconium as a sign of asphyxia preceded foetal heart slowing
and distinguished two types of aSphyxia. In the first, meconium
was passed; in the second, the foetal heart slowed.

Schulze (1925) found that the incidence of meconium in the
liquor was usually understated, especially in short labours. He
also noted that very large infants were more likely to pass
meconium in labour, and concluded that the passage of meconium
was not a sign of foetal asphyxia unless accompanied by slowing
or irregularity of the foetal heart. Similar conclusions were

reached by Freed (1927).
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It is stated in most text-books that the passage of
meconium is due to relaxation of the anal sphincter consequent
on severe anoxia. Clinical and autopsy evidence, however, shows
that when a foetus is severely anoxic, it will empty its colon
from the caecum and pass large amounts of meconium. This ability
would indicate active peristaltic action., All experimental
work an the adult colon shows that activity is depressed by
anoxia (Van Liere, 1942) although diarrhoea with the passage of
bile is not uncommon at extreme altitudes. (Barcroft, 1925).

Noguchi (1937) suggests that passage of meconium in the
foetus is due to an increase in carbon dioxide tension consequent
on a lowering of the pH of the blood. The blood of the anoxic
foetus certainly has a very low pH secondary to the excess pro=
sduction of lactie¢ acid, (Eastman and McLane, 1930; Lastman,
1932), but this excess is probably seen only in association with
the anaerobic metabolism of glucose. Windle and Bishop (1939)
found that active peristalsis of the gut in the newborn kitten
which was still active when the blood was LO per cent. saturated
with oxygen, stopped when the blood was only 12 per cent.
saturated.

Becker et al (1940) in a study of the guinea pig foetus,
showed that the amniotic sac contents were normally swallowed

and passed along the gut by active peristalsise If the mother
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was made anoxic, swallowing was more active but peristalsis
was impaired. Late in foetal life meconium was frequently
passed and re-swallowed. Results on the gulnea-pig must be
applied with caution to the human. The guinea-pig is born much
more developed than the human foetus at term (it forages for
food immediately). In addition, we have seen that it is much
less resistant to anoxia (see page 47 ) The passage of
meconium by the foetal guinea-pig probably, therefore, indicates
that the oxygen supply is falling rapidly in late pregnancy and
that the foetus with a brain metabolically very active is poorly
equipped to resist even moderate anoxiae.
(3) Suumary.
| (a) Anoxia is a frequent cause of stillbirth and

neonatal death and in apout one third of cases is clinically
unexplained (see Table VI). nvUnexplainedr anoxia is more
frequent when deatﬂpccurs during labour.

(b) The increase in the stillbirth rate which occurs
after the L4Oth week of pregnancy is due to an increase in
death from wunexplained anoxia.n Some authors, however, consider
that death due to difficult labour is the main cause of the
increased rate after term.

(c) BSlowing or irregularity of the foetal heart

is a more accurate prognostic sign of wasphyxian at birth than

is the presence of meconium. (Asphyxia is a clinical state and
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in many cases is due, not to anoxia, but to cerebral birth

trauma).

(d) Some investigators consider that meconium
is a sign of anoxia in utero and precedes foetal heart signs

if anoxia alone is present.

(e) The passage of meconium is due to stimulation
of the gut by an alteration in carbon dioxide tension in the

acid blood of the anoxic foetus.

(f) Results in animals are not necessarily

applicable to the human.




METHODS _AND TECHNIQUES.

- A description of the laboratory techniques used,
and the selection and classification

of clinical material for study.
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(I) ESTIMATION OF HAEMOGLOBIN.

Before beginning the estimation of haemoglobin, the
methods available were reviewed. The essentials for this
investigation were accuracy, ease of estimation, and a method
applicable to small quantities of blood.

Iron analysis was not further considered because of the
technical difficulty of the methods, and gaseous methods of
estimating oxygen capacity for the same reasons as discussed
later under niZstimation of Oxygen Content.n

Clinical methods in common use were considered and
discarded in the light of the work of Macfarlane et al (1948)
and a photometric method was chosen in preference to calori-
tmetric methods in view of the work of Macfarlane et al (1948)
and King et al (19483. The method finally used was photometric
and the instrument the Grey Wedge Photometer (King et al,.
1948Db).

This instrument, described originally by King,(1947) is
a modification of previous Grey Wedge photometers and is
conmercially produced as the nlM,R.C. Grey Wedge Photometer.n

(1) The M.R.C. Grey Wedge Photometer.

The commercial instrument was tested by King et al
(19488), who found that the results, in the hands of eight

observers, were of satisfactory reliability and no one of 240
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estimations was more than 5 per cent. Haldane from the true
value (as estimated by iron analysis and analysis of oxygen
capacity). The standard of accuracy was higher than that
found with all methods other than base-line methods, (1i.e.
iron and oxygen capacity)e.

(a) The Instrument. The instrument used was

calibrated by the National Physical Laboratory and certified to
be accurate to within 3 per cent. over the range of haemoglobin
readings 50 to 150 per cent. The instrument is calibrated so
that nl00 per cent.v equals 14.8 gm. Haemoglobin per 100 c.c.
bloods Since it is a photometric instrument, it measures optical
density of the coloured solutions and the light absofbed is
balanced by rotating an annular grey wedge until equal brightness
is obtained in both halves of the field. A match is made
possible by the fitting of a monochromatic light filter (Ilford
bright spectrum yellow green Noe 625) over the eye-piece. The
end'point may be approached from dark or light sides, and by
rotating the wedge about the end point a very accurate match

can be obtainede

(b) The Technique in Use. The technique is simple

in use and details can be found in original publications, but
possible errors in haemoglobin estimations in general and with

this instrument in particular must be considered and avoideds
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Sampling errors in obtaining capillary blood were avoided,
since all samples were taken of cord blood available freely and in
reasonable amounts. Blood samples were taken in small test tubes
with dried Wintrobe solution as an anticoagulant. Before
pipetting blood for analysis the test tube contents were mixed to
avoid false readings due to red cell sedimentation. Cars was
taken to mix blood with anticoagulant immediately on taking and
estimations were done as soon as possible. It was found that if
samples stood over-night, false high readings were occasionally
obtained. Glass cells were washed and oven dried after each
estimation, care was taken to ensure that the optical faces were
clear, and cells were always handled by their side walls. If
solutions are cold, a condensation mist forms and gives a false
high reading. This is obvious, aé the readings keep on rising.

In view of the variability of daylight and since many estimations
were performed during hours of darkness, the instrument was always
used with its permanent in-built light source.

Readings were performed in triplicate and often from separate
blood samples. The range of readings was never more than 2 per

cent. and readings were averagede.
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(II) ESTIMATION OF OXYGEN CAPACITY AND PLRCENT.
SATURATTION _WITH OXYGEN.

The oxygen capacity of the blood was calculated on
the basis that 1 g. of haemoglobin when fully saturated
is combined with 1l.34 c.cm. of oxygen. From the calculated
capacity and observed content, the percent. saturation of

each blood sample was obtained,
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(111) ESTIMATION OF RED CELL COUNTS.

Red cell estimations quoted here were performed by
Ir. Llizabeth Turnbull, using a Neubauer counting chamber.
The mean of four counts was taken but in every case the

four counts were within a total range of 200,000.
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(1v) ESTIMATIONS OF PROPORTIONS _OF FOETAL/ADULT
HABMOGLOBIN.

The estimations quoted here were performed by Dre.
slizabeth Turnbull. The varying resistance of adult
and foetal haemoglobin to denaturation by alkali was
used to demonstrate the proportionate contents in the
blood sample. The technique was that described by
Jonxis (1952) and is a modification of that of Brinkman
and Jonxis (1937).
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(V) WSTIMATION OF  OXYGLN  CONTSNT.

liethods considered werei~
Gas extraction methods (Haldane, 1920; Van Slyke and
Neill, 1924; Roughton and Scholander, 1943), Spectrosapic
methods (Drabkin and Austen, 1936), Oxiumetric mcthods with
cuvette samples (Brinkman and Wwildschut, 1958; Wood et al,
1948; Wood, 1950).

The oximetric methods were discarded becausc, ¢ the tiue,
the necessary appuratus would not be easily obtulned or built.
Later study of those technigues showed that thelr accuracy
is doubtful in the range‘of readings likely to be encountcred
in foetal blood where the per cent saturation, especially in
arterial samples, may be well below 20 per cent. Those mihods
have the great advantage, however, that satisfactory readings
can be obtained even with the presence in the blood of mixtures
of anaesthetic gases.

Spectroscopic technigues were not freely available, chiefly
because of the problem of obtaining the apparatus (Beckman
precision spectrophotometer). The technical difficulty of
filling a thin cell (0.007 cm.) with blood under anaerobic
conditions is another practical drawback to the method. The
“accuracy is doubtful if nitrous oxide gas is present in the

blood as other haem pigments may be formed.
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The method of Haldane demanded moderately large blood
samples (2 to 4 c.c.) for accuracy and for duplicate readings,
and this amount of blood is not usually available from all
foetal vesselse.

The manometric method of Van Slyke and Neill has many
advantages. It is, in trained hands, the most aécurate method,
and can be done with 0.2 c.c. bloog, but its disadvantages
under the circumstances of the present investigation wére grecate.
First, samples had to be obtained at the birth of the child, at
any time, day or night, and analysed as soon as possible. The
demands of heavy clinical duties meant that the time available
for the work was limited and irregular. Nanometric apparatus
does not lend itself to infrequent and irregular use, and each
experiment would have necessitated complete overhaul and
adjustment. dstimations were sometimes made at the rate of two
per day, but were often many days apart.

(1) fThe Micro-Technique of Roughton and Scholander (1943).

The micro method of Roughton and Scholander (1943)
was ideally suited for the investigation. It is not a difficult
technique once facility in handling the apparatus is obtained.
It is ideally suited to occasional use and, apart from thrice-
weekly preparation of fresh ferricyanide solution, requires no
previous preparation. Investigation of very small samples is
possible (as, for example, are obtained from the umbilical

arteries of a 20-week foetus).
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The accuracy of the method is limited by the visual
ability of the operator to read fractions of the scale.
Readings are probably correct to 0.1 to 0.25 vols. per cente

The main disadvantage of the method is that it is not
applicable to blood containing ether, and it is also very
doubtful if it can be applied to blwd containing nitrous oxide
or other gaseous anaesthetics. (Roughton, 1952). 1In all
cases investigated by this techn;que, therefore, the delivery
was undertaken with spinal or local analgesia, or, on occasion,
without analgesia.

(a) The Principle of the Method. The oxygen,

carbon monoxide and nitrogen of the blood and reagents are
extracted by an emcess of carbon dioxide. The carbon dioxide
is then absorbed with 10 percent. sodium hydroxide. The residual
gas bubble is driven into the capillary (see Fig. 40) and its
volume measured before and after absorption with alkaline
pyrogallols. The difference in those two readings represents
the oxygen content of the blood of the reagents. A blank run
is made with reagents alone to measure the oxygen content of
the reagents and this figure is subtracted from the oxygén
content of the blood and reagents. The remaining reading, when
multiplied by the usuallcorrection factor for temperature and

pressure, is the oxygen content of the blood sample.
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(b) lractical Problems in Technique. (Sce Figs. 35

to 41). The bubble must be moved slowly and evenly to allow o
good drainage in the capillary and to match the conditions uﬁder’
which calibration was performed. The plunger is best moved with
a screwing motion and a finger as a brake allows control o:f'~ |
the plunger and prevents accidental movements (Fig. L4O)a

The main difficulties in the technigue occur when filling
the syringe from the pipette, and in maintaining atmosphericv
rressure in the syringe during extraction of the gas. The first
can be’overcome by grinding in the tip of each pipette to the
syringe cup with carborundum powder so that a perfect glass—td—h
glass join is obtained. |

The pipette and syringe should be held in the hands for

the filling process (Fig. 37). The plunger is drawn back with
the tip of the little finger, the clip being off. Once a perfect 1
glass~to-glass junction is obtained, and after practice, no ;

‘visible caprylic alcohol is drawn in with the blood sample.

When extraction of gases i1s taking place, the syringe is }

best shaken in the horizontal position but in a vertical direction,$

(Fig. 38)s The clip should be off, and provided the syringe i
‘ l
plunger has been adequately wetted with ferricyanide solution, 1

it will be forced back by the developing gase. The pressure needs

to be adjusted with care when the syringe is returned to the

4
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vertical position, and the finger is removed from the top.

The residual bubble should be moved into the capillary just
before complete absorption of carbon dioxide has taken place and
final absorption completed in the capillary as the partial
pressure of oxygen is high in the bubble and low in the sodium
hydroxide in the syringe and the bubble may lose oxygen to
the hydroxidé if left too long in contact. Absqrption of
oxygen by pyrogallol can be achieved by drawing the solution
down into the capillary but with long bubbles this means that
the bottom of the gas bubble is drawn into the hydroxide in
the syringe. Alternatively, the gas bubble may be driven into
the pyrogallol in the cup, with the syringe inverted and then
sucked back once absorption has occurred.

Bquilibration at a fixed temperature is necessary as with
long bubbles a difference of at least one division is found at
20°%c. (Fig. L1).

Initially three readings were made, and results averaged,
and it was séén found with practice that individual readings
were within a total range of 0.5 vols. per cent., and in most of
the investigation quoted, two (or occasionally three) readings
were performed. Very occasionally with samples from umbilical
arteries blood was available for only one reading.

(With the technique of collection of blood and filling of
syringes used, an initial sample of at least 1 c.c. of blood was

necessary for two readings, as there is always blood lost, when
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sealing the collecting syringe initially (Fig. 33), and on
each occasion after filling the pipette).
(c) Accuracy of the Methode According to the authora,

the blood can be analysed up to 24 hours after taking, provided
it has been stored in ice water. In a few instances in this
series; it was found impossible to test samples before 6 hours
after taking, but in the big majority of instances, samples were
tested much sooner. A few test runs were made of samples at
2 and 12 hours to test the validity of results obtained up to
thét period and no loss or gain of oxygen was noted.

The authors of the technique have tested the method by
analyéis of atmospheric air for oxygen with an accuracy equal
to the visual readings of bubbles. I carried out a similar test
with my apparatus and similar results were obtained. (Table VII).
Further tests carried out by the authors have established a
similar standard of accuracy. Tested against the standard
procedure of Van Slyke and Neill (1924), the authors found that
the accuracy of the method was within 0.1 to 0.15 vols. per cent.
for each reading. I have tested the technigue in my hands
against the Van Slyke manometer apparatus as used by an

experienced operator, and have found similar correlation.
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VI. TAKING, TRANSPORT AND STORAGE OF BLOQOD SAMPLINS
The technique of obtaining samples as described by Huggett

(1927) in goats and by Barcroft et al (1939) for use in sheep,
is nof§pplicable to the human. Eastman (1930) obtained samples
by extracting the umbilical cord through an incision in the
uterus and sampling the cord blood with the foetus atill in utero.
This technique is not possible 1in most cases as the umbilical
cord is not easily reached when a lower scgment Caesarean Section
is performed. An attempt to extract the cord in front of the
presenting part would necessitate pulling and would interfere with
cord circulation. It would not be without danger to the child.

It was felt that a technique should be developed which would

~ be applicable to all cases and which would therefore allow

'guiféato be compared with each other. (The technique is similar
f to'théf described by Haselhorst and Stromberger, 1930).

(1) Obtaining Samples.

’731,‘ As soon as the child is fully delivered, either from
;gthe lower segment or from the vagina, the umbilical cord is
}doubly clamped in two places about 8 to 10 inches apart. The

- outer clamps are applied simultaneously and the inner pair after~
Qﬁéfdé. If the outer palr cannot be put on each at the same time,
‘5that nearest the placenta is put on first to ensure adequute |
fllling of the arteries. A segment of the cord is thus obtained

with the vessels dibtended with blood. Samples were taken

- immediately from the cord vessels into previously prepared
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syringes, as described by Roughton and Scholander (1938). About
2 c.c. can usually be obtained from each umbilical artery, and
5 to 10 c.ce from the umbilical vein in the fuil tern foetus, |
In very early foetuses and in infants with short thin cords,
much smaller amounts may be obtained. (Fige 32)e

Even in tiny foetuses at 10 to 12 weeks gostation, sauples
could be obtained from the cord vesse¢ls for haemoglobin analysis,
and at 18 to 20 weeks for oxygen levelss In the non-viable
foetus, samples for oxygen analysis were obtained while the cond
blood was still flowing immediately the infant was delivered.

An attempt was made to obtain blood aa‘followsz-

Umbilical vein:- 3 c.c. for oxygen analysis (hepurinised),
1-2 c.c. for haemoglobin, red cell and haematocrit (Dried
Wintrobe Solution), 1 c.c. for adult/foetal haemoglobin mousure=
sments (heparinised); Artery:- 2 c.c. for oxygen analysis
(heparinised); Maternal veins~ 1 c.c. for haemoglobin estimat-
tionse

Where the blood in the segment of the cord was not sufficient
to supply these amounts, extra quantities could be obtained fopr:
estimations other than oxygen analysis from the vescsels of the
placental end of the cord, preferably before delivery of the
placenta. It was not ®asible to leave the cord for any length of
time, or store it in ice water, as alteration in oxygen content

occurred and the blood would clot. The samples had to be withdraw
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within a few minutes. -All samples were obtained by syringe
and never by allowing the cord to bleed into a vessel.

(2) Preparation of Syringes.

All glass syringes were used, of 2, 3 and 5 C.Cs
capacity. Luer fittings were found the most convenient and each
syringe was examined to ensure that the bore of the nozzle would
not admit the tip of the Roughton and Scholander pipette tol
ensure a good glass~to~ glass union so that the pipette could be
filled without contact with airs

The syringes were well washed with soap and water and ether,
and oven dried and then were made up in batches sufficient for
one case. iach syringe was labelled with a coloured thread to
indicate 1ts use for foetal vein or artery or maternal vein.
Syringes were then sterilised by autoclaving as it was often
best to remove samples at the operation itself, and sterile
equipment was necessarye.

| ' In the operating theatre or labour ward, the syringes were
tipped on to a sterile towel. The plungers were lubricated with
sterile vaseline. A little heparin solution was drawn into the'
'syyinge and the barrel wetted. The heparin was then expelled
and the needle and nozzle left full of hparin, the syringe being
freed of air bubbles by tapping or rotating. The blood vessels
were punctured and blood smoothly aspirated. (Fig. 32). Care
was taken not to £ill syringes to full capacity, otherwise back

leakage of air might occur. A small air bubble usually caue in
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from the needle and that was expelled. A little mercury

was then pulled into the syringe. A half-inch length of catheter:
tube (16 French) was applied‘to the nozzle and filled with blood,
by inverting the syringe and gently pushing the plunger. A small
glass rod was then pushed into the rubber, keeping up the
pressure in the plunger so that blood escaped past the rod as

it was pushed home. (Fige 33). No air was trapped by this
method. The syringes were then coumpletely immersed in ice

water in a thermos flask for transfer to the laboratory. If they
had to be left for more than one hour, the thermos wes sbred in

the refrigerators
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(VII) LSTTIMATION OF  DURATION OF PRIGNANCY.

liethods of estimation of foetal age are many and varied,
and each method has a sphere of usefulness.

Crown-rump lengths are most accurate in early foetuses
and crown-heel in later months, and both are more accurate than
foetal weight. In the human, however, conception age is rarely
known and even coital age may vary within wide limits. Any
method of estimation of age by length or weight must in the first
instance be standardi§ed against conception or coital age, so in
the human, ages accurate to a few days may be available only in
a few highly selected cases., As has been discussed earlier, the
scatter in bobh weight and length is comparatively wide, especially
in the last few weeks of pregnancy in mammals. In a clinically
normal pregnancy, a foetus of 49 to 51 cm. crown-heel length
and 7 to 8% lb. in weight may be born at any time from the 37th
to the L3rd week of gestation.

This thesis is concerned with the oxygen supply to the
human foetus in the later half of pregnancy and estimation of
duration of pregnancy in the cases concerned 1s essential to
the accuracy of the results.

Since 1948, the duration of pregnancy (as calculated from
the date of the last menstrual period) has been very carefully

assessed in all deliveries in the Aberdeen Maternity Hospital.

At the patient's first visit to the ante natal clinic
(usually before the 12th week), a careful menstrual history is

taken and the date of the onset of the last period noted.
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Throughout pregnancy, the height of the fundus, the onset of
‘quickening, and the changes in maternal weight are recorded. The
menstrual age at delivery is calculated, using a disc calculator
(Thomson, 1949). The case notes are scrutinised by the consultant
responsible, and all possible information is correlated. here the
ndatesn are doubtful or obviously wrong, the case is classified as
nduration uncertainn and this applies to some 135 per cent of all
cases (TablevVIII). Tn all cases of the oxygen series, the data
were personally scrutinised and in any case of doubt the case was
discarded. The main difficulties ardse in pregnancies purportingk
to last more than LL weekss

Gibson and McKeown (1950) suggest that 1.U2 per cent of human
pregnancies may last more than LL weeks. Stewart (1952b) has analysed

very carefully a small scries estimating the duration of pregnancy

from known ovulation time. e considers that the maximum intercourse-

delivery interval is 285 days, i.e. about 44 weeks menstrual age. A
careful study of information available from many thousands of cases,

as described above, suggests on clinical grounds alone that Gibson

and iicKeown's figures are suspect and that Stewart's opinions are most
gu b ,

certainly true. Gibson and McKeown obtaiﬁed records from hospitals,
health visitors, midwives, etc. and experience has shown that if such
infofmation is not carefully sifted and scrutinised, it can be highly
inaccurate. The reasons are many; but as ah example, we have noted

that in cases with pre-nuptial conception and in unmarried mothers,

the rdatesn are often well out. McKeown and Gibson (1952) on‘scrutiny,é

coneidered that in 60 per cent. of the cases which varported to last

~over LL weeks, the menstrual history wss inaccurate.
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(VIII) SELECTION AND CLASSIFICATION OF CASES.
(1) Selection. '

For the first period of the investigation no selection
of cases was made except that oxygen estimation could not be
performed where inhalation anaesthesia had been used. As many
cases as possible were studied to obtain a picture of the oxygen
levels at the moument of delivery. It soon became obvious,
however, that only a very limited number of oxygen analyses
could bé obtained in nor@al pregnancy before the onset of laboure.
The haemoglobin levels (oxygen capacity) in the cord blood of the
foetus and later the red cell levels were studied in as many cases
as possible.

. Blood was obtained from live foetuses delivered from the
l2th week, so that the maturation pattern of the red cells could
be studied. In those early cases, termination of pregnancy was
by abdominal operation and had been considered necessary after
consultation with the relevant clinical colleagues. Many termin-
sations were on psychiatric grounds and others had a history of
recent, though healed, tuberculosis or serious medical disorder
likely to have been aggravated by cohtinuation of the pregnancy,
but not manifest at the time of operation, and so would be
unlikely to have interfered with the foetus. At the time of
sampling the foetus was alive. No samples were taken from

aborted foetuses.
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It must be realised that there can very rarely be a reason
for operative delivery of a foetus from a normal pregnancy in
the period from the 22nd to the 36th weeks, and also that most
infants delivered during that period must be from abnorwmal
pregnancies. A few haemoglobin readings were obtained, however,
from pregnancies considered normal. The two readings of oxygen
contents at 29th and 30th weeks were obtained from normal fbetuaea
where hysterotomy was performed as a ﬁreliminary to radical
hysterectomy from early carcinoma of the cervixe. A third such
case at the 26th week was lost to the normal range - the haemo=
tglobin level was 60 per cent., the foetus having erythroblastosis.

Specimens obtained after the 36th week for haemoglobin and

red cell estimations were taken from infants without regard for

the method of delivery, anaesthesia or analgesia, but the wdateswn
were carefully assessed and the clinical factors of the case
carefully noted.

(2) Classification of Cases.

Clinical histories were reviewed in all cases and
primary classification was made.
Where, however, some cases appeared to give a haemoglobin
or oxygen result outwith the expected group pattern, the clinical
findings were carefully reviewed. In this way, two unexpected
groups were isolated - for example, where the patient had lost

her immediately preceding infant from stillbirth or early neonatal
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death the oxygen and haemoglobin readings were outwith the
expected pattern, even though the current pregnancy was clinically
normal. OSecondly, Dr. Turnbull noticed that where abortion had“
threatened early in the pregnancy, the haemoglobin levels at.
subsequent delivery were very much higher than the normal.

Onée those two further groups were noted, all subsequent
estimations fitted into group patterns.

Groups are as far as possible exclusive, except for the
cases in the oxygen series where meconium staining was studied.
In those the experimént was designed to test the oxygen 1evels.’
where meconium staining was evident and factors likely to have
reduced the oxygen supply below normal (e.g. pre-eclampsia or
threatened abortion early in the pregnancy) were not excluded.

(a) Normale The pregnancy is clinically normal.
There was in particular no evidence of pre-eclampsia, or bleeding
early or late. In the oxygen series, cases are subdiwided into
groups, before labour, after easy sﬁontaneous delivery, and after
prolonged or difficult labour.

In the haemoglobin and red cell series, labour was ignored
as it did not’appear to influence the haemoglobin readings.

(b) Pre-eclampsia, Cases are so classified where

hypertension with albuminuria and/or oedema .arises in the course

of a pregnancy, where the blood pressure was previously normal.,
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(Hypertension and oedema or albuminuria associated with anaemia,
cardiac disease, or nephritis, are of course excluded).

nSeveren pre-eclampsia are tho?e cases where more than 2 parts
per thousand of albumen (Esbach scale) were found in a cathetér‘
specimen of urine. "Milde cases are those without albuminuria or

with less than 0.25 parts per thousand. All others are wmoderates

(c¢) Previous Stillbirth or early Neonatal Death.

Elective Caesarean Section is frequently performed where the é
mother has lost her previous child by late abortion, stillbirth
or neonatally, usually from anoxia or cerebral birth traumna.

Opportunity was taken to study haemoglobin and oxygen levels in

those cases. These were found to be outwith the normal range

even though the curret pregnancy was normal.

(d) Foetal Distress. TFoetal distress is defined on

clinical grounds as irregularity of the foetal heart or slowing
to or below 100 beats pef minute, or the passage of meconium in
presentations other than breech. |

This group was first isolated by the oxygen findings in
cases showing recent meconium ;taining.

The writer wished to study this group separately. In the

haemoglobin series, all cases showing distress are taken together,

but in the oxygen series only those where meconiun was passed E

have been studied.
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(e) Threatened Abortion. The patient had been

confined to bed for some days earlier in the pregnancy with
vaginal bleeding which may or may not have recurred. Incidental
causes of bleeding were exclude& clinically. When at delivery,
usually by Caesarean Section, placenta praevia was proven, the

case is classified under that group.
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(1X) OBSTETRIC DEATH.

A research team in the Midwifery Department has devised

a clinical classification of stillbirth and first week neonatal
deaths studied together under the heading of vObstetric Death.n
This classification is based on a careful study of the clinical
factors of the case and the postmortem findings. The idea of the
classification is to ascribe the death to the clinical factor |
primarily responsible. The classification is in the course of
publication (Baird and Walker, 1954; Baird, Walker and Thomson,
1954 ).

(1) Classification.

Obstetric deaths are classified into the following
nine groups:- (é) Mature unexplained, (b) Anoxia under stress,
(¢) Trauma, (d) Pre-eclampsia or eclampsia, (e) Premature
unexplained, (f) Antepartum haemorrhage, (g) Maternal disease,
(h) Foetal deformity, (i) Other causes (infection, Rh incompat-
sibility, etc.)

Most groups are not relevant to the subject of this thesis,
but the detailed clinical description of the features of the
releant groups is given.

(a) Mature Unexplained (M.U.). Cases in which death

of a mature and wnormalwn infant occurs without any previous

abnormality of pregnancy, and without moye stress than that
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experienced in normal labours A birth weight of more than
5% lb. is used to define maturity.

The assumption is that there must have been some failure
in placental or foetal physiology, and as a result the foetus
count not withstand the ordinary hazards of pregnancy and
labour. Intra uterine death may occur before the onset of
labour, and in some such cases maceration may mask postmortem
pathology. The foetd heart sounds may disappear early in
labour, or later during a short and easy labour, and at postmortem
the lesions of anoxia are found, though there had been no evidence
of a clinical cause for the anoxia. Or foetal distress without
clinical cause may occur during a normal labour, and the infant
dies shortly after birth from respiratory failure associated with
inhalation of amniotic fluid and meconium, with or without
superimposed pneumonia. (See Cases 1, 2, 3, 5, and 10 as

examples).

(b) Anoxia under Stress (StrA). In reviewing cases,

it was found that wunexplainedv anoxie death sometimes occurred
during or after prolonged labour (more than 36 hours) usually

in association with uterine dysfunction, but without disproportion
or cord abnormalitiese (See Cascs 6 and 7).

(¢) Trauma (Tr.). This group defines those cases

in which a healthy child has been killed by mechanical stress
.during labour or delivery (See Case 8). The decision to classify

a death as traumatic depends not only on autopsy evidence of
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birth trauma but also on the clinical characteristics of the
labour and the degree of head mouldinge.

The group includes all foetal death associated with breech,
shoulder, or other malpresentations, and all those associated
with cord obstruction, as those causes of death are essentially
mechanical. (See Case 9).

The group can be subdivided, however, into traumatic deaths
due to difficult vertex delivery (Tr.Vertex) and all others
(breech, cord, etc.)

(a) Difficult Labours To study the obstetric death

rate due to mechanically difficult or prolonged labour with the
vertex presenting, deaths due to wdifficult vertex deliveryv and
nanoxia understressv are combined. (Tr. Vertex and Stra).

(See Cases 6, 7 and 8).

(e) Toxaemia (ToxX. ) Death occurs in the course of

eclampsia or of severe or moderate pre-eclampsia; or neonatally,
in such a case, and the toxaemia is considered primarily
responsible. This category includes cases of accidental
haemorrhége occurring in association with pre-eclampsiae

(2) Material Used.

A study was made of all stillbirths and first week

neonatal deaths (931 obstetric deaths) ueccurring in 10785

primigravidae and 12723 multigravidae, cared for antenatally and |

delivered by the staff of the Aberdeen Maternity Hospital between |

the years 1938 and 1951 inclusives. For certain analyses, booked
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cases delivered since 1948 only have been studied as the.
information available ié more complete. After classification
of the death, the influence of many different factors was
considered. The influence of parity, maternal age, and length

of gestation will be discussed in this thesis.
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(%) FOETAL DISTRESS.

Foetal distress has been defined as irregularity of
the foetal heart or slowing of the heart rate with or without
irregularity of rate or rhythm to or below 100 beats per
minute, or the passage of meconium in presentations other than
breech, .

(1) Material Used.

Cases of nfoetal distressn occgrring in 3504 vbookedn
primigravidae and 5312 multigravidae delivered in the Aberdeen
Maternity Hospital in the four years from 1948 to 1951 were
individually studieds After careful appraisal of the case notes,
the wdistressr was classified.

(2) Classification.

(a) Typee nHeartn - where heart signs were present
alone.
nl{leconiunr -~ where there was evidence

that the foetus had passed meconium whether heart signs were also
present or note

(b) Cause. The following cause groups were
defined:~

(i) Prolonged Labours. Where distress appears

during the course of a prolonged labour and where there is no
-¢linical evidence of disproportion. (See Cases 6 and 7 as

examples).
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(ii) Pressure. ‘here distress appears
coincident with a period of pressure on the fdetal head in
its passage through the pelvis or when progress is halted
by malposition. (See Case 12).

(iii) Cords ‘\ihere pressure on the umbilical
cord, prolapse of the cord, or entanglement of the cord round
neck or .limbs appear to have been responsible. (See Case 9
as example).

(iv) Other. Distress in association with
other factors, e.g. pre-eclampsia, antepartum haemorrhage,
etc. (See Case 14 as example).

(v) Second Stage: ‘Vhere in the late second
stage there is a sudden drop in the foetal heart rate with the
foetal head in the pelvic outlet. This very common group
appears to be aetiologically secparate. (See Case 13)

(vi) Unknown. Where there was no clinical
abnormality of the pregnancy or labour which might explain why
distress should have occurred. (See Cases 1, 2, 3, 5, and 11
as examples)e.

(3) Analysis.
Once the cases of distress were reviewed and

type and cause designated, the effects of type of labour,

maternal age, duration of pregnancy, and parity were considered.



'RESULTS.

Haemoglobin levels and red cell counts, and oxygen

levels, in the vessels of the umbilical cord under

normal and abnormal conditions of pregnancy and

labour.

A statistical analysis of wobstetric deathw and
nfoetal distressn and a short analysis of the .

incidence of ndifficultn laboure.




86. |

(1) HAZMOGLOBIN AND RED CHELLS.

(1) In Normal Pregnancy.

In Fig. L2 the haemoglobin levels are seen in 145
cases in which there was no clinical abnormality in pregnancy
or labour likely to have affected the foetal blood. The
haemogiobin level is seen to rise steadily from 9 g. at the 10th
week to reach 14 to 15 g. by the 22nd to 24th week. From the
36th week there is a general tendency for the level to rise but
the results fan out so that by the LOth week, although the mean
value is 16.5 g. the range is from 15 to 18.6 g If the preg-
tnancy should be prolonged, the rise is maintained and by the
L3rd week the mean value is 18.8 g., the range,however, is from
16.8 g. to 20.5 g A haemoglobin reading under 16.5 g 18 rarely
found after the Llst week. The mean values and the range of
readings in late pregnancy are shown in Table IX,

The number of cases between 22 and 36 weeks 1is extremely
small but the level of 14 to 15 g. holds for both ends of this
period and fhe few readings available suggest that this level
is probably maintained throughout,.

Fig. 43 shows the red cell counts in 120 of the 145 normal
cases. There is a wider variation in the counts than in the
haemoglobin readings although the pattern is similar. The count
rises steadily from l.42 million at 10 weeks to 3.20 at 25 weeks.
From then till 36 weeks, the results show a slow increase, but

again the information available is inacdequate. In the last 4

weeks the red cell counts spread out in the saue way as do the
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haemoglobin readings and at the LOth week counts range from
3, 7ik to-ﬁ.9u'million, with = hean of 4e35. After the L0Oth
week the increase continues (Table X). One count of 5.43
million was recorded with a haemoglobin ofl9.2 g. in a Ffoetus
delivered in the 4lth week. | |

A study of Pig. 43 suggests that even after 23 weeks the
red cell count keeps on increasing very slowly. There is an
acceleration in the rate of increase from about the 37th week
in association with the rapid rise in haemoglobin.

Regression lines of haemoglobin and red cells on weeks of
gestation have been calculated from the normal cases and are
superimposed on all scatter diagrams to demonstrate mean normal
values.

(2) In Clinically Abnormal Pregnancye

(2) In Pre-eclawpsia. Fig. L4 shows the haemoglobin

readings in a group of 53 foetuses, where the pregnancy was

- complicated by pre-eclampsia. It will be seen that most of the
haemnoglobin values are much higher than the normalAreadings for
the same stage of pregnancy. In one case of severe pre-eclampsia
delivered at the 29th weck, the haemoglobin reading was 18.4 g.
in contrast to the normal for this stage of pregnancy of 1L to

15 ge per 100 mnl. On the other hand, in a mild case of
pre~eclampsia delivered at 42 weeks, the hacmoglobin reading was
18.6 g. which, though higher than that of the severe case

delivered at 29 weeks, is still within likely wnormalwr limits

for a foetus delivered at 42 weeksSe. Tn consideration of
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the significance of the haémoglobin level in any particular
foetus the stage of pregnancy must be taken into account, and

the likely range of wnormaln readings considered.

| In 42 of the above 53 cases red cell counts were made and
Fig. 45 shows that the couns aré higher than normal for the‘stage
of pregnancy reached.

(b) In Threatened Abortion and Flacenta Praevia.

Fourteen cases have been investigated where abortion had
threatened early in the pregnancy. The haemoglobin and red cells
are shown in Pigs. 46 and 47. In all of these the readings are
higher and some much higher than normal. The findings in 7 cases
where Céesarean Section was perforaned for placenta praevia are
also shown but in those the readings are along the normal curve.

(¢) In Foetal Distress. The haemoglobin levels in

L9 and the red cell counts in 31 such cases are shown in Figs.
48 and 49. In all the cases in this group the pregnancy was
clinically normal; those cases with pre-eclampsia or previous
threatened abortion were excluded. Many of the readings fall
within the upper limits of normal, but the average is well above
that of wnormalw cases in whom foetal distress is absent. The

large majority of readings are abowe 17.8 g. (120 per cent.)

The haemoglobin and red cell levels in the foetuses from
the cases of toxaemia, threatened abortion and foetal distress

which were delivered after the 36th week of pregnancy have been
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ncomparedn statistically with those of the normal cases. TFor
each group the adjusted mean levels of haemoglobin and red cells,
taking menstrual age into account, were significantly higher

than normél. '(P-—-..._:"'_. Oel)
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(11) OXYGEN IN THE UMBILICAL VISSELS.

(1) In Normal Pregnancy before the Onset of Labour.

The readings found in normal preghancy are seen in
Figs. 50 and 51 and Table XI. |

(a) The Oxygen Capacity. The readings shown in

Fig. 50 show the same pattern as the haemoglobin readings in

the large series in Fig. 42. At the 22nd week the capacity has
not yet reached 20 vols. At the 29 to 30th weeks it is 19.2 and
20.4 vols. respectively. At the 38th and LOth weeks it ranges
between 19.8 and 22.2 vols. per cent. (haemoglobin 14.8 to 16.6
g.) and by the L2nd to L3rd weeks from 22.2 to 26.8 VOlé. per
cent. (haemoglobin 16.6 to 20 g.)

(b) The Oxygen Content. In the period from 20 to

22 weeks the oxygen content of the blood in the umbilical vein

is from 12.5 to 14 vols. per cent. In the 29th to 30th week

it is still sbout the same level. At the 39th to LOth week the
content has fallen slightly and ranges from 10.8 to 12.7 vols.

Ey the 4ond week the content has fallen steedy, ranging from 7.8
to 9.7 vols. and the two readings at the L3rd week show a content
in the vein of 6 and 8.2 vols. respectively. In readings after
the 22nd week.the oxygen content in the artery shows a constant
correlation with that in the vein. The arterio~venous difference
is between 6.2 and 7.5 vols. and as the content in the vein falls

the arterial content also falls until in the L42nd or L3rd week,
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the blood returning from the foetus hés been deprived of nearly
all its oxygene.

(c) The Percentage Saturation. At the 22nd week

the blood of the umbilical vein is 75 per cent. saturated with
oxygen; at the 30th week, 70 per cent., and at the 39th to 4Oth
weeks, a little under 60 per cent. aAfter this time the fall in

saturation is very rapid and by the 43rd week the saturation

may be under 30 per cent. This rapid fall is due to the combined

effect of a moderate decrease in the oxygen content and a very
narked rise in the capacity.

The blood in the artery is about LO per cent. saturated
at the éznd week and about 25 per cent. at the 39th to 4Oth
week, but by the ujrd week the saturation may fall to 3 per
cente. |

(2) Ibn Normal Pregnancy after Laboure

The oxygen levels in the cord blood of the foetus
after labour_may be influenced by many factors, amongst which
are the technical difficulty of delivery, cord entanglements,
maternal anaesthesia,etc. 1In the results presented here the
cases are as far as possibie selected to avoid outside factors
likely to have vitiated fesulté. For example, spontaneous
delivery was eas8y and the pregnancies were uncomplicated by
pre-eclampsia, or bleeding, and any previous pregnancy had been

normal.
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(a) Spontaneous Delivery without Anaesthesia. The

oxygen levels in the cord blood of a series of 10 infants sre

detailed in Table XII. In Fig. 52 the actual readings of the

percent. saturation of the blood in the umnbilical vein are plotted
against the ranée of readings found in the normal cases before
the onset of labour. This range is diagramatic and constructed
from the findings in Fig. 51 and Table XI. The main points to
be noted are:-

(i) The oxygen capacity, the oxygen content, and
the percent. saturation with oxygen of the blood in the umbilical
vein are all close to or within the range of the readings before
the onset of labour, provided comparisons are made at the same
week of gestations

(ii) The arterio-venous difference in content and
saturation is in the usual porpal range except in two cases, where,
despite an excellent venous oxygen content, practically no
oxygen was found in the arteries.

(b) Prolonged or Difficult Labour. In the cases

studied labour was prolonged or mechanically difficult and

delivery was effected by forceps or Caesarean Section under spinal

anaesthesia. The foetus had not passed meconium. The oxygen ﬁ
readings are detailed in Table XIII. In Fig. 53 the readings

of the percent. saturation of the blood in the umbilical vein are
plotted against the normal range found before the onset of ‘

labour.
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(1) The oxygen capacity, and the oxygen content
and percent. saturation of the blood in the vein are within the
range of readings normal before the onset of laubour provided
comparisons are made at the same week of gestation, except in

one case. In this case, labour lasted 55 hours and delivery wase

by difficult mid forceps; Despite the fact that the content and
percent. saturation with oxygen of the blcod in the vein is

below the normal range, the arterio-venous differcnce is 6 vols.

per cent., suggesting that the foetus was still obtaining adequstﬁ

oxygene

(ii) The arterio-venous difference is again within ”
the normal range except in one case, again with a high venous
and a very low arterial reading with a differcnce in volume of }
10.6 vols. per cent. in saturation of nearly 50 per cent,. !

(3) In Cases where Meconium had been pussed.

The oxygen levels in 11 cases where meconium staining
was of recent origin or was still occurring at delivery are %
detailed in Table XIV. In Fig. 54 the readings of percent. i
saturation of the blood in the umbilical vein are plotted againsti
the range of readings found to be normal before the onset of
labour.

It is seen that:-

(a) The percent. saturation with oxygen of the blood
in the umbilical vein 1is at or below 30 per cent. no matter the
stage of gestation.

(b) This 30 per cent. is @t or about the level at 1
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which most foetuses in the 42nd and 43rd weeks begin their
labours.

(c) The arterio-venous difference is on the whole
very low, chiefly because there is little oxygen available
in the umbilical vein. The foetuses have removed what little
there is so that the blood returning to the placenta is cleared
of oxygene

(4) There is a fairly close correlafion between the
degree of oxygen deficit and amount of meconium passed.

(L) In Cases of ilaternal Pre-eclaupsiae.

The oxygen levels in a series of 6 cases where pregnancy

was complicated by maternal pre-~-cclampsia are seen in Table XV,
The severe cases were éll delivered by elective Caesarean
Section because of the pre-eclampsia. The modcrate case was
delivered spontaneously without anaesthesla.
It will be seen that:-

(a) The percent. saturation with oxygen of the blood
in the vein in all cases is low for the stage of gestation
because the oxygen content is low and the oxygen cepacilty raised.
In the nmoderaten case the readings, while still low, are
approaching the normal range.

" (b) The premature foetuses (up to the 36th week)
do not appear able to remove all the oxygen from their blood.
The arterio-venous difference, e.g. in one case at the 35th week

of gestation, is less than 4 vols. per cent. Had the foetus
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removed all the oxygen available it could have obtained 6 vols.
per cent. The foetuses after 36 weeks had apparently no.
difficulty in clearing their blood of oxygen where necessarye.

(c) Even at those low levels of oxygenation, the
premature foetus in cases of pre-~eclampsia, does not appear to
pass meconiume

(5) 1In cases where there has been previous stillbirth,
habitual abortion, or early neonatal death.

The oxygen levels in this group of cases are seen in
Table XVI, and in Fig. 55, the percent saturation of the blood
in the umbilical vein is plotted against the range found to be
normal before the onset of labour. In both groups, delivery
was by elective Cuesarean Section before the onset of laboure.

It is seen that:-

(a) ihere the previous infant has been lost in the
Lond or L3rd weeks, and the present delivery is achieved before
the time of previous death, the per cent. saturation with oxygen
.of the blood in the vein is already lower than normal for the
stage of gestation. The oxygen content is, however, high and
well into the normal range. The capacity is, however, higher
than normal, suggesting that the content is being maintained
only by a high rise in capacitye.

(b:)} Where the previous foetus has been lost early

in pregnancy, the oxygen content and saturation of the blood
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of the foetus in the present pregnancy are low in all readings.
The capacity is, however, higher than normal. ILven though the
present pregnancy has lasted longer and the foetus is born
alive, there is evidence that the transfer of oxygen is still
not at normal levels. |

(6) The Relation between Oxygen Capacity, Oxygen Content,

and Percent Saturation of the Blood in the Umbilical
Vessels,

The relation between the above readings has been
e¢stablished by a study of 36 cases when samples were obtained
before the onset of labour. This group includes normal and
abnormal cases at all stages of gestation and is concerned only
with demonstration of the relationship. The dxygen saturation
is not an independent reading as it depends on the relation
between oxygen content and capacity which were individually
established. '

The findings (Table XVII) show that:-

(a) The highest oxygen content is seen in association
with haemoglobin levels at or about 14.8 g. per cent.

(b) Haemoglobin readings above that level are found
in association with lower oxygen contents and the higher the
haemoglobin the lower the oxygen content found.

(c) 1In view of the inverse relationship between
haemoglobin (oxygen capacity) and oxygen content, there is a

marked fall in the percent. saturation with oxygen of the blood

in the umbilical vessels as the capacity rises so that whenever
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the haemoglobin reading is over 16.5 g. (112 per cent.) the

percent. saturation of the blood in the vein is likely to be
well below 50 per cent. and below 20 per cent. in the artery.
If the haemogiobin is over 18 g. the readings are LO per cent.
and 15 per cent. in the vein and artery respectively.

(7) The Range of Readings in the late weeks of clinically
normal pregnancy.

It has been seen in Fig. 42 and Table IX that in the
late weeks of pregnancy there is a fan-out of oxygen capacity
readings. While the mean level shows a steady rise, there are
still many cases up to the 4lst week where the haemoglobin
reading remains low. Correspondingly there are many where the
haemoglobin reading is well above the mean level and in quite a
few cases at 4O weeks, the haemoglobin is over 18 g. per cent.
This would suggest that even at 40 weeks, in some cases, low
oxygen levels might be found. The oxygen levels in such a case
are seen in Table KVIII. It will be noted that the readings
are typical of the picture more common at the L3rd weeke

A study of the haemoglobin readings in Fig. Lo and the
relationships between oxygen capacity and oxygen content and
saturation in Table XVII have allowed construction of Fig. 56,
which demonstrates the range of oxygen levels (percent. saturation,
likely to be found in the blood of the umbilical vein of the

live foetus in late pregnancy. Readings are more likely to be
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found in the upper half of the range, and of course the higher
the percent. saturation the more normal the pregnancy physiolog-
tically. It will be seen, however, that the highest preadings

in the L2nd and 43rd weeks are likely to be 45 per cent. and

35 per cent. respectively. The readings quoted in Fig. 51 and
Table XI are all in the upper range of the likely readings and
demonstrate the normal physiological pattern.

(8) other Factors influencing oxygen levels.

It may be difficult to say whether a low content of
oxygen is due to a sudden accidenf during delivery or to a
prathological process which has existed for some time before
delivery was performed. When, at Caesarean Section before the
onset of labour, an unexpectedly low oxygen content is found
(when the content is related to the oxygen capacity), a recent
and temporary interference with the oxygen supply should be
suspected. In Tables XIX and XX examples are shown.

(a) Drop in Maternal Blood Pressure. If under the

influence of spinal anaesthesia the maternal systolic pressure
shodd fall below 80 to 90 wmme of mercury and should remain low
for some minutes before the child is delivered, the transfer of
oxygen to the foetus is impaired and may cease because the eff-
tective placental pressure (see page 16) becomes negative. In
practice any risk of a blood pressure drop is minimised by the

preliminary injection of w»Methidrinen, or the drop is controlled
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by methidrine. It will be seen, however, from the results of
Table XIX that the percent. saturation with oxygen of the blood
in the foetal vessels may easily drop 10 to 20 per cent.

(see page 22).

(b) Difficulty in Extraction.of the Child., When during

the course of Caesarean Section, there is delay and difficulty
in extracting the foetus through the uterine incision, or the

umbilical cord is pulled or compressed during the delivery, the
oxygen levels are often IQ to 20 per cent. lower than expected.

(See Table XX).
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(ITI) ADULT TYPE OF HAEMOGLOBIN IN THE BLOOD OF THE FOETUS.

The proportion of adult type of haemoglobin in the blood
of the human foetus throughout gestation is seen in Fig.k57.

In normal pregnancy the adult type first appears at about the
13th wees, when it constitutes about 1 to 2 per cent. of the total
haemoglobin. The proportion rises to reach 10 per cent. at or
about the 20th week and appears,from the few cases available, to
remain close to that level till the later weeks.

At 35 weeks, the readings begin to spread out, andlby 40
weeks the range is 11 to 39 per cent. with a mean of 22.2 per
cent. When pregnanéy lasts beyond the LOth week, the proportion
of adult haemoglobin rises, till at 42 weeks the mean reading is
30.7 per cente.

In the clinically abnormal pregnancy (pre-cclampsia, previous;
threatened abortion, foetal distress), it is seen that the !
proportion of adult haemoglobin is unchanged from the normal, and ;
corresponds to the expected level for the stage of gestation
reached. I have shown that in such abnormal pregnancies the
haemoglobin reading is much above normal levels (page 87 ). E
It would appear, therefore, that when anoxia forces the productkmﬁ
of extra red cells, the haemopoetic tissues produce an increased |

number of each of the various types of cell in the same proport-

:ions as they were producing before extra haemopoesis occurred.

The proportion of cells containing adult haemoglobin is unchanged,;
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even though the amount of haemoglobin in each unit of blood
may rise by 30 per cent.
Dr. Turnbull, who pursued this investigation further at
my request, found no correlation between the proportion of adult
haemoglobin and haemoglobin level, red cell count, or foetal
weight. It appears that the amount of adult haemoglobin is
a function purely of the age of the foetus. The postmature foetus |
has more adult haemoglobin than the foetus at term because it |
is older, and not because of its deteriorating oxygen environment.
There is a correlation, however, between the percentage of
adﬁlt haemoglobin and the number of red blood cells 7.5 mu and
under in size. It is possible that those are the cells which

contain adult haemoglobine
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(1IVv) OBSTHETRIC D=ATH.

(1) The .ffect of Parity and laternal Age.

The effect of parity on the obstetric death rate is
seen in Table XXI. The death rate is highest in a first
pregnancy, much less in the second, and rises steadily there-

tafters The high rate in first pregnancies is due to an

excess of deaths from difficult labour (with the vertex present-
sing) and from toxaemia and deformity, and to a much lesser

extent from "mature, unexplained.n The incidence of all obstetricf
death groups has been shown in this table to illustrate the
classification in use and to show the relative importance of
each cause groupe

The effect of parity and maternal age on the cause groups

relevant to the subject of the thesis will now be discussed.

(a) Mature Unexplainede The rate is highest in

first pregnancies and in later pregnancies is a little lower

and is unaltered by high parity. (Table XXI). In Table XXII

and in Fige 58, it is seen that in primigravidae the rate rises
steadily from 2.5 per 1000 in the age group 15-19, to 20.4 in
the age group over 35. The adverse effect of age is less marked

in multigravidae. (Table XXIIT)e




































































































































































































































































































































































































































































































































































































































































































