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OBSTETRICAL ASPECTS OF RHESUS ISOIMMUNISATION

I. INTRODUCTION

Rhesus isoimmunisation very rarely causes any
upset in the pregnant woman but may have a profound and
serious effect on her child. For this reason, the

condition is of considerable impertance to the

obstetrician, especially as its presence is likely to be:

detected during the time that he is responsible for the
patient's care and well-being. Although consultation
with the serologist and paediatrician are advantageous,
it is the duty of the obstetrician to decide upon the
optimum management for the patient.

The consequences to the foetus and infant in the
presence of Rhesus isoimmunisation had been known for
many years when the Rhesus factor was identified by
Landsteiner and Wiener in 1940, These were hydrops
foetalis or general dropsy or anasarca of the foetus,
icterus gravis neonatorum with kernicterus, and congenita
haemolytic anaemia of the newborn, and it was found that

in each there was evidence of varying degrees of

excessive production of immature red blood cells. This

gave rise to the name 'erythroblastosis foetalis', but
later, when it was realised that red blood cell
destruction was the underlying process, the name
'haemolytie disease of the newborn' was suggested.

At the present time, the correct management of the



patient with Rhesus isoimmunisation is concerned with

the accurate prediction of the degree of haemolytic

disease present in the foetus in utero, Basically,

if the mother and foetus are well able to deal with

the 'toxic' breakdown products of red bleod cell :

haemolysis, the more mature the foetus is at the time

of delivery the better the prognosis. On the other

hand, if the haemolytic process has reduced the number

of circulating red blood cells to such an extent that

cardiac failure has supervened, the foetus may die in

utero, and should be delivered before this has eccurred.

The obstetrician has to predict the severity of the

condition from the evidence available to him and, in

this thesis, the value of this evidence has been studiedé
The factors involved in the occurrence of Rhesus |

isoimmunisation and haemolytic disease of the newborn

are important when the prevention of the condition is i

considered and some of these factors have also been

studied. The treatment of the infant with haemolytic

disease of the newborn is a paediatric problem and

- a detailed study of this has not been made, but

. obviously close co-operation between the obstetrician

and paediatrician is essential and the overall results

obtained are necessarily joint ones.

Firstly, a historical review is presented.
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II., HISTORICAL REVIEW

In an historical review of haemolytic disease
 of the newborn and Rhesus isoimmunisation, it is pessible.
to consider three periods of time, The first ended -
i about 1930 and 1940 with the identification of the
Rhesus facter and publication of the evidence associating
. it with haemolytic disease of the newborn (Levine and
Stetson, (1939); Landsteiner and Wiener (1940);
Levine and Katzin (1940). The second pericd was
- concerned with reports on the nature and properties of !
j the factors making up the Rhesus complex, and with method$
f of detecting the antibodies to these factors, During |
: this peried, some clinical reports were published and thoj
" treatment of both the mother and the infant were consider;d.
' In the third period, which commenced at the time of .
; publication ef the results of the national trial in i
é Great Britain by Mollison and Walker (1952), larger sorie;
| of results were reported and more attention was directed |
_ to the causation and preventicen of the occurrence of
. haemolytic disease.
.1. Before 1939

Hydrops foetalis has been known of for centuriea
and Ballantyne (1892a) wrote an excellent review of the .
literature on the subject. He believed that Hippocratesl
may have described a case of hydrops when he referred to

a 'fleshy foetus' (foetus carnosus), but in a2 more recent
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review, Pickles (1949) suggested that Plater (1641)
- had given the first clear account of a hydropic foetus,
when he described the sub&utaneous fluid found in one wh;
- had been aborted at about the fourth or fifth month of
pregnancy. He alse reported that the urinary tract L
- of the abortus was normal on pest-mortem examination.
; Severin (1643) reported a hydropic foetus with fluid
_ in the abdomen and thorax, and also referred te the
~ development of 'icterus',
Ballantyne (1892a) quoted a number of case reports
! in the Continental literature and also a case described :
E by Simpson (1838). Simpson's patient (Case 6) was aged é
' 42 and had had 3 children, the second and third being i

i
- stillborn, Her fourth pregnancy ended in a stillbirth aiso
E and examination of the foetus revealed fluid in the pleuril,
: pericardial and peritoneal cavities and the presence of %
éan enlarged spleen, Difficulty at delivery was enceunte%ed
' in the case reported by Walker (1858), who had found é
- hydramnios during the pregnancy and 'dirty water' in i
i the foetal abdomen after deliwvery. A few years later, .
; Burton (18681 and 1863) described 2 stillbirths in the onoé
. family, each foetus being found to have 'straw-coloured' .
fluid in the serous sacs, and the second of the pregnanci;l
~described being complicated by hydremnios., At a meatingi
: of the Obstetrical Society of London in 1875, Smith and .

Tait, described cases of general dropsy of the foetus
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and suggested a derangement of the hepatic system, cardiac
disease and syphilis as possible causative factors.

Jakesch (1878) described a case of hydrops foetalis
and an hydropic placenta in detail, He thought that soha
‘blood factor was respensible for the condition - 'hydraemia',
leukaemia or pernicious enaemia., He then described
his findings on microscopic examination of the liver and
spleen, and concluded that a leukaemic diathesis was
proved., In the actual case reported, premature labour,
hydramnios and oedema were all present, and the liquor
was golden in colour, The foetus was born alive but
died almost immediately and was seen to be hydropiec.
The placenta was very large, and the cotyle dons were
described as pale and oedematous. The description _
of the delivery of the placenta was also very explicit “f
'Wolle aus einem uberfullten angerissenen Wollsacke ?
vergleichen konnte'. Simpson (1880) showed a hydropic j
foetus to the Edinburgh Obstetrical Society and noted
that in a previous pregnancy the patient had been
delivered of an apparently normal infant, but that the
placenta had been ocedematous, The first report of
a hydropic foetus in the American literature was by
Lengaker (1889) when a patient with hydramnios was
delivered of a 4Popsical foetus and a diseased placenta,

and the case presented to the Obstetrical Society

of Philadplphia.



6.

As well as fully reviewing the literature,
Ballantyne (1892b) described cases of general drepsy of E
the foetus and defined the condition. He considered
that in 'general dropsy' there was general anasareca, |
fluid effusions in the peritoneal, pleural and pericardiil
sacs, and oedema of the placenta. This resulted in
the death of the foetus before, during or immediately
after his birth, Ballantyne also made a number of
clinical observations which are still pertinent. He
found that the patients were almost always parous and
had usually had 1 or 2 healthy infants previously,and
he had noted that a healthy infant could be born between
two with dropsy. Premature onset of labour, ante-
partum haemorrhage and hydramnios were commonly
associated with the condition, The mother was usually
healthy but sometimes anaemia was reported. Ballantyne
described the placenta as being large, pale, oedematous f
and friable, and showed an increased incidence of third
stage and pestpartum haemerrhages. The foetus, as
well as being dropsical, was found to have an enlarged
liver and spleen, and the ascitic fluid was yellow, due
to the presence of bilirubin. Ballantyne also referred
to a elinical syndrome which is now known as the
'maternal hydrops syndrome!, although he did not directly
associate pre-eclampsia with hydrops, He suggested tha£
the fluid in the serous sacs should be aspirated and

attributed the condition to some abnormality of the blood-
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- forming organs, with leukaemic infiltration of the livor.j
Crozier (1913), quoted by Capon (1922), had found

reports of maternal and foetal oedema occurring togathar.é

Rautmann (1912) and Liegner (1919) both thought that

' maternal toxaemia influenced the foetal marrow to

produce erythroblasts, and erythroblasts had been found |

. in the blood of a patient who had had eclampsia. The

- picture in syphilis: was similar but no spirechaetes wers;

- found, Maternal hydramnios and ocedema were not uncommonly

- associated with hydrops, but Capon (1922) peinted out that

. toxaemia was relatively common, while foetal oedema was .

. Fare, No evidence of any paternal cause for the conditi%n

' could be found, but there were two foetal theeries. Tha;

: first, a mechanical one, referred to obstruction in the j

E biliary tract and was based on the pathological findings E

! at autopsy. In the early part of this century many -

reports from the Continent offering explanations aleng

: these lines were published. The non-mechanical theory

é was concerned with excessive haematopeiesis and, as thia%

. was also found in patients with icterus gravis, it was

" considered justifiable to link the two conditions at

this time. The placental theory suggested that there

was a failure of foetal excretion due to circulatory

back pressure and secondary involvement of the placenta.

The oedema fluid present in the placenta had certainly

caused impairment of the blood supply to the villi,

Schridde (1910: 1911) demonstrated the presence of



large numbers of nucleated red cells and immature myeloi?
cells in the foetal blood, and also showed cardiac |
hypertrophy to be present, secondary to the anaemia,

Rautmann (1912) had neted the excessive prolifarati?n
of red blood cells and first used the term 'erythroblasgoais
foetalis' when describing his findings in a foetus who st
hydropic. He thought that maternal nophritié was the
causative factor with the active preduction of erythro-?
blasts as a result, not appreciating that this
proliferation was a secondary feature folleowing cell
destruction,

Hoeck (1925) described two hydropic foetuses and
placentae, the weight of one of the placentae being
1075 g. The autopsy on the second foetus revealed
the usual findings in hydrops, and Hoeck noted the
yellow fluid in the abdomen. He quoted Nykoff (1911)
as suggesting that the toxic signs during the antenatsl%
period were the result of a diseased foetus and not thog
cause, Hoeck's own view was that damage to the !
placenta as a result of texaemia, syphilis. or mechanicél
congestion due to foetal movements or uterine contractiéns,
caused a hindrance to the circulation with msultant .
hydrops.

Thus, although it was known that anaemia and

cardiac failure were the causes of death in the foetus

with hydrops, the reason for the excessive destruction
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of red blood cells and the causes of the changes seen
in the placenta were not yet even suspected.

Early in the Twentieth Century, Rolleston and Hayne
(1961) described a case of congenital hepatic cirrhosis 5
with obliterative cholangitis, In the same year |
Bloomfield (1901) reported a family of 5 in which
all the male children - numbers 2 to 5 - had died of |
extreme jaundice, The first child - a female - was
jaundiced for 48 hours after birth, Bloomfield said
that 3 of the others had convulsionz after the jaundice
and died within a month of their birth, The only
explanation suggested was that the maternal placenta
contained a 'poison', which was absorbed by the mother
causing sickness and that the placental failure resulted '
in jaundice in the infant. Smith (1902) reported
a family in which all the infants had jaundice and
only the first survived. The liquer amnii, membranes '
and placenta were all stained with bile in these cases. |

Arkwright (1902) gave details of a family of 15
of whom all but 1 had jaundice, and 11 had died, The
jaundice was never present at birth and in some instances
did not develop for 48 hours, but the time was not
accurately noted. Again many of the infants were
recerded as having had convulsions, It is of interest
to note that the 14th and 15th children survived despitog

the deaths of all the children after the 4th. Both males

and females were affected in this family, Busfield
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(1908) reported a family in which 3 infants survived out

of 10, Although the 7th and 8th infants recovered, the

‘condition showed no diminution in intensity and seemed

:to become more rapidly fatal. Nason (1910) described

;a family in which some of the infants were jaundiced

Ewhile others were apparently normal and survived.

;Infection noohed to be the mest likely explanation, the

:organiams affecting the feetus in utere and not by means

'of the mother's milk after delivery. This must have

;been an extremely puzzling case in 1910, while a heterozygpus

iRhasus positive husband would be the simple explanation no;.
Buchan and Comrie (1909) gave an excellent review of
icterus gravis neonaterum, both clinical and patho-

‘logicsl, and thought they ceuld see two courses which the |

Idiseaae might fellow. The first was a long-continued

‘anaemia associated with jaundice in the neonatal peried,

;but with occasional recovery and no residual effects,

The second course was that of an obstructive jaundice

which resulted in the death of the infant in the first

few days of life and was associated with anaemia with

:evidence of rapid blood destruction and regeneration.

The haemorrhagic tendency due to thrombecytopenia was

also recorded. The most likely causes were thought to

be obstructive jaundice associated with congenital

fragility of the red cells, or a toxic substance causing

liver damage, with particular reference to the blood-
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forming properties of that organ.
Rolleston (1910) reported 'a case of recurring

jaundice in 4 succeasive pregnancies wi th fatal

jaundice in 3 successive infants’', The fourth infant

survived after the mother had been treated with urotropii and
sodium salicylate. Rolleston stated that, as the infants

were not born jaundiced, the condition must be a familiai

one and not hereditary. It was very unusual tc find

a recurring jaundice in the mether and usually the first

child escaped the condition, The view expressed by ?
Pfannensteil (1908) that the familial jaundice was an
intengified form of physiolegical jaundice feund ;
favour with Rolleston, who did not consider maternal |
toxaemia or infection to be aetiologically impertant.
McGibbon (1912-~13) also described a family with jaundicoé
occurring in the infants of successive pregnancies |
(except in the first pregnancy) and he noted
a relationship between the jaundice and anaemia, He
thought that this was caused by the haemolytie action of?
bile or by some toxic action, possibly from a ayphilitic?
infection, Ylppe (1918),en the other hand, found .
no reason to differentiate familial jaundice frem
ordinary icterus neonatorum,

Rolleston (1920) fully reviewed the informatien

then available about icterus gravis and suggested that

it was an hereditary disease in which the mother might

be jaundiced during her pregnancy. The infkint became



jaundiced a few hours or days after birth and, in 70 peri
cent of cases, became drowsy and then died with

convulsions, Rollesten did not agree with the syphilitic

or infective theories and emphasised that the condition j
was unlikely to eccur in the first or even the second E
infant in a family. Klemperer (1924) described 3 infanis
with icterus gravis and, in each family, found that tharg
had been previously jaundiced children, although the ?
first child was unaffected. The changes found in the liver
were a diffuse, and not focal, necrosis and destruction
of liver cells, especially in the central areas of the ;
lobules, and also fatty changes. In 2 of the 3 he ﬁotei
a haemorrhagic condition while the third case was of {
'anhepatocellular origin', An indirect van den Bergh :
test was reported pesitive in the latter condition and E
Klemperer thought this indicated that the conditien |
was less severe than 'hepatic icterus' where the direct ;
test was positive, He suggested that glucose therapy i
might help to pretect the liver. é
Hart (1925) described a typical family with icteruli
gravis and discussed the treatment which had been adviseé
for the condition up to that time - Apart from glucese,
the main aim in treatment had been to attenpt to
eradicate any infection present. Hart theught the

features observed in icterus gravis were due to an

unknown toxin circulating in the bloed, possibly gaining
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access from the gastro-intestinal tract. Meningeal
irritation was not uncommon, and was usually followed
by convulsions and death. In an attempt to remove
this toxin, he pe rformed an exsanguination transfusion
on the infant soon after birth, Spiller (1915) had
previously suggested the use of bleod transfusion in
this condition, while Pitfield (1912) had givenl
injections of whole bleod, Klemperer had given
transfusions without exsanguination and his patients
had died. Hart wished to remove sufficient 'toxin'
to prevent the progression of the disease, and so he
removed 300 ml. of blood from the anterior fontanelle
and inserted 335 ml, of blood into the internal
saphenous vein, After the removal of some of the
blood, synchronous withdrawal and transfusion were
performed, and an additional 35 ml, was then injected.
The blood donor was a healthy male who was unrelated
to the infant. The jaundice improved initially and
although it became worse at a later stage, the infant
made a good recovery. Struthers (1926) described
an infant with haemolytic jaundice of the newborn
with an increased fragility of the red blood cells to
hypotonic solutions and a prolonged bleeding time,

In view of this, 10 ml. of the father's blood was
injected intra-muscularly into each buttock to step
the bleeding, Subcutaneous saline was also given,

but as the child's condition deteriorated, further
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intramuscular injections were given inte each buttock,
and eventually an infusion of 50 ml, of the mether's
blood. The child died, and Struthers suggested that

an immediate transfusion, perferably an exsanguinatien

one, should be performed, and a splenectomy should:also

performed in view of the red cell fragility.

Hampson (1929) gave a very clear account of the
mechanism of the production of jaundice in the foetus
and newborn and stated that, although the premature
infant had less than the average amount of bilirubin
in his blood, the amount might rise quickly at birth
and cause difficulties in the management of the baby,.
The reason for this excess production of bilirubin
was certainly not the methed of feeding, but it was
clear that the efficiency of the liver in remeving
bilirubiﬁ from the blood by conjugation was very
important. Before birth, the placenta removed the
bilirubin, but after delivery, when the infant's
liver assumed this responsibility and was unable te
function adequately because of immaturity, indirect
reacting bilirubin accumulated in the blood. In
icterus gravis of the newborn, jaundice was found
early and might have been present at birth, The

jaundice and drowsiness increased and death was often

associated with convulsions after 2 or 3 weeks of life,

The preducts of red cell destruction were thought to be

be
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extremely toxic causing the death of the foetus in
utero, Because of the haemolytic nature of the
disease the anaemia was seen to be pregressive, and
because the liver was not excreting these toxic products
of haemolysis, symptoms and signs develeoped. Hampson

suggested that maternal serum should be injected inte

these infants as this contained an ante-haemolytic agent,

: which he presumed to be lacking in foetal blood and
! present in the mother. The serum was given by intra-
: muscular injecticn and whole blood was advised against
because the cells were not abserbed.

Smyth (1931) described one of his cases where the
: patient had had 9 children, and lest 6 infants with
. jaundice and a geventh who was stillbornm, During the
; pregnancy Smyth prescribed a diet rich in protein and
lipins, and, as it had been stated that vaginal
; delivery might predispose to excessive red cell
i destructioen in the puerperium, elective Caesarean
| section was performed. The child died on the fourth
E day despite these measures.
A number of the infants whe developed jaundice and
- survived for some time were found to develop symptoms
; of brain damage, including choreiform movements,
" deafness and mental retardatien. (Guthrie (1914)
; Greenwald and Messer (1927), Fitzgerald, Greenfield and
" Kounine (1939)) Orth (1875) had previously noted

areas of discolouratien in the brains of infants
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dying from icterus gravis in the first few days of life,.
Schmorl (1904) described two types of lesion. In one, |
the whole of the brain was discoloured with 'bile'
and microscopic areas of degeneration were seen., In
the other, there was yellow discolouration ¢f the basal 1
ganglia and medulla, especially in the lenticular and i
subthalamic nuclei. This type he referred to as
'kernicterus'. Guthrie (1914) pointed out that |
disturbances of the nervous system had not been
described up te that time because the infants failed
to survive, His patient aurvivn&, with neurological
disorders. Guthrie quoted Kinnier Wilson as suggesting
that the lesions in kernicterus were similar to those
found in progressive lenticular degeneration which is ,I

associated with cirrhosis of the liver.. Abt (1917) i

described the symptoms and course of icterus gravis
neonatorum and noted that meningeal irritation with
erying and whining occurred, These were sometimes
fellowed by convulsions and opisthetonus, He reportad;
the details of 2 families in which the 5th child in eaché
died after convulsions and whereas in one family the |
subsequent children also died, in the other the 6th ehi.llid

survived. ;

Zimmerman and Yannet (1933) described 2 cases of
kernicterus including the autepsy reports, and they alse

examined 2 patients with extreme dysfunction of the cemntral
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nervous system following severe neonatal jaundice. They
favoured the "sepsis" theory as the causeof the conditiom
rather than intoxication due to dysfunction of the foetai

liver, but associated the condition with icterus gravis

|
neonatorium, Fitzgerald et al. (1939) described two i

patients with post-mortem evidence of sequelae of
kernicterus, including involvement of the extra-pyramidni
aystem. These patients had had rigidity and choreo-
athetoeid movement, mental retardation and defective ;
vision. é
To summarise, by 1939, it was known that some

process, pessibly an infection, led to the destruction

of foetal red cells with an increase in the amount of

circulatory 'indirectly-acting' bilirubin and resultant
jaundice, The later children in the family tended to b
involved and although the infants were not born with

jaundice, it appeared very shortly after birth. Some~

AR M

times, despite the jaundice and associated anaemia,
recovery was possible, At other times, death occurred
and in some cases was associated with damage to the basné
nuclei of the brain - a condition known as kernicterus. ;
If a child with kernicterus survived, neurolegical

damage became apparent. Blood transfusion, especially :
exsanguination transfusion,had been used with success I
in the treatment of icterus gravis neonatorum, K and rhong

the blood donor was unrelated to the child's father, theée

was a greater chance of a successful outcome, The view
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that familial jeundice was a more severe manifestation
of 'physiological jaundice' found in certain families, i
had some suppert and had certainly not been completely |
disproved.

Congenital haemolytic anaemia is the third elinical

syndrome included in haemelytic disease of the newborn.

As already stated, Buchan and Cemrie (1909) described
an anaemia associated with jaundice, but it was Ecklin
(1919) who first described a case of severe anaemia in
an otherwise healthy infant horn to healthy parents. f
There were 5 children in the family and the fourth had
died as a result of fits while the fifth died from
icterus gravis. The sixth child became jaundiced within
12 hours of delivery and 8 days later was admitted |
to hospital with Q"haemqglobin of 32 p?r cent and

1 erythroblast in every 400 red cells seen., By the
sixteenth day, the jaundice had cleared but the anaemia

: persisted. As the jaundice was thought to be the rosulﬁ
of haemolysis of the infant's red cells, se the I
é accompanying anaemia was also due to haemolysis. The
condition ef the child improved gradually wi thout

5 treatment. Ecklin thought that the case described was
similar to congenital splenic anaemia, and suggested
that the haemolysis in the infant was caused by texic
; products from the placenta or unknown micro-organisms

passing through the placenta,
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Donnally (1924) described cases of severe congenital
anaemia associated with icterus gravis and thought that
the anaemia which appeared after a few weeks was due to |
a lack of stored iron in the infant, especially if he
were premature, Sanford (1925) discussed pessible
causes of anaemia in the newborn, including haemolytic f
jaundice and familial icterus. In the case he
described, the haemoglobin at birth was 48 per cent,
Jaundice developed but then cleared and one week later
the haemeglobin was 28 per cent. No treatment other .

|

than x-rays to the extremities had been given. Deapite
the low haemoglebin and red cell count, the hsomopoi.tici
system was active, with numerous nucleated red cells é
seen, but no marked evidence of bleoed destruction, i
Bonar (1927),when describing a similar case, suggested
that haemolytie drugs might have been responsible, and
stated that anaemia was not very common in associatien
with icterus gravis or congenital dropsy. Abt (1932)
recorded a case in which the anaemia appeared within ;
2 weeks of birth and for which ne cause could be
found. 'Menonuclear erythrephagecytosis' was alse
reported and Abt suggested that a transfusien might
have helped.

Parsons (1932) thought that if 'anaemia' was
present at birth, it was net haemolytic, but probably

nutritional, and recommended yeast and iron therapy.
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Parsons et al (1933) related anaemia of the newborn te
icterus gravis and to hydrops foetalis, and remarked
that anaemia alone is rare and usually detected about
6 weeks after birth,

Congenital haemolytic anaemia,therefore, was
sometimes associated with icterus gravis neenatorum-
and less commenly with hydrops foetalis, but if it
occurred alone, it had been suggeated that it was due
to a slow-ecting, but leong-acting haemolytic agent in

the foetal bloed. This ‘agent' was certain to gain

access te the foetus through the placenta but its nrature

was not known, Infection and drugs had been suggested

as well as placental degeneration products. The

amount of haemolysis which eccurred was variable, but it

eventually ceased, and the active bone marrow attempted

to restore the number of circulatory red cells to normal |

by an out-pouring of erythreblasts.

Thus, three conditiens had been identified and
defined, but there were certain points of similarity
among them which suggested that they were in some way
associated in the condition known as erythroblastosis

foetalis. Fordyce and McAfee (1924) studied the

features of icterus gravis neonatorum and, in one case,

found on post-mortem examination that the changes in

the liver were identical with those described by Capen

(1922) in general oedema of the foetus. Gregory (1928)
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reported a case in which the infant was 'white' at birth,
and jaundiced after 10 hours. Seven days later the
jaundice was very marked and the spleen was enlarged.
The haemoglobin level was recorded as 30 per cent |
before the marrow reacted successfully, Icterus ;
gravis and cengenital anaemia were thus co-existing I
in the one patient, De Lange and Arntzenius (1929)
referred to the dark yellow liquer and vernix feund

at delivery where the infant subsequently develeped
icterus gravis and asseciated the condition with
congenital hydrops.

Heuper and Mullen (1930) examined a foetus with
hydreps and feund a marked anaemia and erythroblastosis,
while Ferguson (1931) noeted abnormal extra-medullary
haematopoietic activity with enlargement of the spleen
and liver in 6 cases, of which 3 had jaundice and 2 had
generalised cedema. Buhrman and Sanford (1931) reviewed
the literature on erythroblastosis and because of the
similarity ef the findings in 2 cases, concluded that
familial jaundice of the newborn and congenital anaemia
were manifestations of erythroblastosis. As well as
anaemia and jaundice, both cases showed a marked
extra-medullary erythrepoiesis with hyperplasia of the
marrow, with numerocus erythroblasts in the circulation.
The authors ruled out prenatal influences in the
aetiology of the conditien, Clifferd and Hertig (1932)

wrote an excellent summary of the patholegical findings
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and clinical types of erythroblastesis, and drew attuntiin
to the centinuation of er reversion to the embryonic
level of bleed formation in the conditien. They
estimated that the incidence of hydrops feetalis was
1 in 2,000 or 3,000 pregnancies, while that of icterus
gravis was 1 in 340 pregnancies. Because of the
familial incidence they considered the condition to be
due to a defect in the primitive germ plasm: er
fertilised egg, the defect invelving the haemepoietic
system, They were unable to correlate it with any
maternal conditiens, including toxaemia and anaemiea,
and found no predilection for either sex or any
particular race. The first born was usually spared,
however, The pathological processes concerned the
excessive destruction ef red cells as well as the
presence of immature blood cells in the circulatien.
The authors decided that hydreps was the more chronie
form of the condition with widespread erythropoiesis,
and that anaemia was more common in this ferm, despite
the attempts to replace the blood destroyed. The
placenta as well as the infant was ocedemateus and the
liver and spleen were enlarged. In icterus gravis,
there was widespread erythropoiesis but mere mature
cells were present and cell destruction was mere acute.
Here there was little eedema and the placenta was enly
slightly enlarged, although the liver and spleen were

larger than normal, Kernicterus was a serious compli-
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cation in this form. The authors recommended the
transfusion of blocd from either parent, without

'cross-matching', in the treatment of beth cenditiens,

In the same year, Diamend and his assoeciates (1932)|

eatablished beyond doubt the asseciatien of the three
conditions with: each other, but retained the name
'erythroblasteosis foetalis', They quoted many case-
histories frem the literature on this subject, and
defined the three forms of the disease, They reperted
20 cases, 2 with hydrops, 12 with icterus gravis and

6 with anaemia, and showed that immature red bleed
cells and an enlarged liver and spleen were found to a

greater or lesser degree in all the cases quoted.

i

They also described one family in which all forms ef the.

disease had eccurred and considered the cause to be
a disturbance of the metabolism ef the haemopoietic
system with failure of maturation of the erythrocytes
or ever-production of the immature ferms and their
release into the circulation at an earlier stage than
normal, The disturbance also caused the excessive
destruction of red blood cells and their breakdown

products ever-burdened the immature liver, or

alternatively the increased haemolysis produced prossurog

on the liver cells with resultant atrophy.
Hawksley and Lightwood (1934), when considering

the cause of erythroblastosis foetalis, showed that

transfused blood given in the treatment ef the conditien
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was also haemolysed so the primary factor in the diseasei
was the haemolytie process. They also noted 2 |
different types of haemoglobin in the infant during
the first month of life - one 'foetal' and the other
hdult', The possibilities were that the condition was |

a primary haemolytic process with secondary erythroblast%sis
or that the red cells were defective or diseased, and th%
haemolysis was secondary. Previously there had been |
support for both these views, but the findings with ;
transfused blood strongly suggested a primary haamolytici
process, although all the features were not explained,
especially in hydrops, and a hereditary factor, inherited
as a Mendelian recessive, was not completely ruled out. !
Toxins might be causative or produced as a result of |

the haemolysis, and they might be endogenous or

exogenous, Treatment consisted of repeated blood
transfusions and the authors quoted Opitz (1922)
who had used intramuscular blood for 'stimulation'
and intravenous blood for 'substitution'. They thoughti
that early discharge of the infant was important becaustg
of gastro-intestinal and respiratory infections which é
these infants were liable to contract in heospital, E
As sequelae to erythroblastosis they quoted hepatie é
fibrosis, kernicterus with signs of damage to the

central nervous system, and mental deficiency.

Macklin (1937) discussed the possibilities of the
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mode of inheritance of erythroblastosis and cencluded
from the reports published in the literature that it
could not be as a Mendelian recessive gene but was more
likely to be a dominant mutation, Darrow (1938)
reviewed the whole subject of erythroblastesis paying
particular attention to the aetiology of the condition.
The inter-relationships between the wvarious forms of
the disease were illustrated and the points which had
to be explained by any asetiological theory were
enumerated, These included the absence of heredity,
the birth of healthy children before and after affected
ones, the absence of parental illness or prenatal
conditions, the clinical features and post-mortem

findings in the three forms of the disease, Darrow's

theory was one of anaphylaxis, with sensitization of the

mother by a protein possessed by the foetus and not

by the mother. Foetal haemoglebin was suggested and

the antigen-antibody reaction offered the best explanatiﬁn

for all the findings. This was an excellent review of the

subject and the explanation offered was, in fact,
very nearly the correct one. Only the identification
of the Rhesus blood group system was lacking and was
mede two years later,

In the light of our present knowledge as to the
causation of haemolytic disease of the newborn by
Rhesus isoimmunisation, it is pertinent to consider

some theories propounded before 1940, regarding blood
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groups and their role in. the causation of disease,
Dienst (1905) showed that in pre~eclampsia the placenta
was 'porous' and postulated that agglutinins and
haemolysins could cross from the mther to the foetus
and vice versa, He thought that if small amounts of
foetal blood entered the maternal circulation and if
the two bloods were incompatible (with reference te
the ABO groups), albuminuria resulted. If more
incompatible blood crossed the placenta, pre-eclampsia
and eclampsia resulted. In support of this view,
placental cells had beon reported in the lungs of
pregnant women, most commonly in those with eclampsia.
Chorionic villi had also been found in the maternal
circulation, and some of the features of eclampsia
resembled those occurring when a patient had been
given incompatible bleod. As haemagglutinins and
haemolysins had been found in pest—-eclamptic women,
it was thought that these could have crossed to the
foetus and destroyed his blood cells with resultant
haemoglobinuria in the mother. Dienst did not
suggest that the destroyed foetal red cells gave rise
to any other disease, however. Ottenberg (1923)
postulated direct tissue damage as a consequence of
a circulating antibody produced by the transference of
incompatible (ABO) blood from the foetus to the mother.
This antibody was difficult to demonstrate but he
suggested examination of the maternal red cells for

clumping or phagocytosis in early toxaemia. Ottenberg
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also suggeated that this blood incompatibility might be

. the explanation of other diseases including jaundice of

the newborn and haemorrhagic disease of the newborn,

McQuarrie (1923) also showed that where the blood

i groups of the foetus and mother differed (again referring

to the ABO system), there might be 'clots' found in the
liver of the mother who had pre-~eclampsia, TPoetal
blood, having crossed the placenta was agglutinated in
the maternal circulation. McQuarrie found that it was
unsafe to transfuse & baby with blood from his mother
on occasion, and he calculated that toxaemia was 16,5
times more frequent when the maternal and foetal bloods
were incompatible than when they were compatible,
Landsteiner and his co-workers (1927-28) reported
that although transfused blood might be compatible with
regard to the ABO groups, reactions sometimes eccurred,
especially if more than one transfusion had been given
from the same donor, An abnormal isoagglutinin was
found in a Group O patient after a transfusion and
this reacted more strongly with other random bloods
than with the donor's blood. No agglutination was
obtained when the serum of the recipient was tested

with the red blood cells of the donor before the

i transfusion, so it w&i_postulated that an agglutinin of

slight activity was originally present in the serum of
the recipient, and the amount had been increased by the

transfusion. The reactions which occurred were similar

|

to those reported when the blood groups in toxaemia were
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being studied. It is quite likely that the reactions
were due to Rhesus positive blood being given to
a Rhesus negative patient., Parr and Krischner (1932)
and Johnson and Conway (1933) described intra-group
transfusion reactions during pregnancy and the puerperiu#,
and Neter (1936) reported the production of abnormal %
isoantibodies followi ng transfusion with ABO compatible |
blood. Other specific antigens had been found but
antibodies for these could only be identified after
rabbit immunisation and not in the 'normal' person.

To summarize our knowledge of haemolytic disease
of the newborn at the time that the Rhesus factor was ﬁ
identified, it can be said thatthe forms in which the i
disease presented, both clinical and pathological, were
well understood and the inter-relationship of these
of the conditions fully appreciated. The cause of
erythroblastosis foetalis was thought to be related to
an antigen-antibody reaction in the mother with subaeque;t
destruction of the foetal red cells by this maternal E
antibody. The causative antigen was related to the
foetal blood cells in some way and it was presumed that j
the antigen crossed the placenta to the maternal
circulation, and that the antibody crossed the placenta
from the mother to the foetus, A blood group
incompatibility had been considered as a cause, but the

actual blood group antigen had not been identified.

The disease was treated by multiple transfusions or
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;xsanguination tranafuaion&,bﬁt the results were not good

gnd the infants readily died of intercurrent infection,
©.2, 1939 - 1953,

; Until 1939, the greater part of the literature

; on erythroblastosis foetalis had been contributed by

obstetricians, paediatricians and pathologists. With

the identification of the Rhesus factor, the subject
became very much within the province of serologists both|
in America and in other countries, including Great |
Britain, As the experimental work leading to the i
identification of the Rhesus blood group complex was |
carried out initially in the United States of America,
? much of the early work was reported from there, partic- i
ularly by Levine and Wiener, In Britain the names of
Race, Fisher, Coombs, Sanger and Mourant were prominent ;
in blood group studies during the same period.

In 1939 Levine and Stetson reported that blood ;
? from a female patient, who had never received blood by i
: transfusion or injection, was found to contain an ;
| iso-agglutinin which agglutinated 80 per cent of the i
bloods of her own group (Group O). The patient had ha@
one previous normal pregnancy and then developed signs !
of pre-eclampsia in her second pregnancy. The foetus
died in utero and one week later the patient began to
bleeding vaginally, and labour commenced, After the

delivery of a stillborn foetus, one pint of blood was

administered, the donor being the patient's husband.
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Although his group was also 0O, she had a transfusion
reaction, while Group 0 blood from two other donors
was given successfully and without any upset. On
subseqﬁent testing, only 21 out of 104 Group O blood
specimens were found to be compatible, and the
intensity of the agglutination reaction had dimimished
greatly 2 months after delivery. These occurrences
were similar to those reported by Landsteiner et al
(1927-28) and Neter (1936) but their patients had been
previously transfused. In the case reported by Levine
and Stetson, the foetus in utero - eitherthe first
or the second, -or both - was considered to be the
likely source of the sensitizing antigen. As this was
lacking in the mother and blood from the father caused
the transfusion reaction, it was thought likely that
the antigen was inherited by the foetus from the
father., The case reported illustrated the oeccurrence
of a stillbirth possibly due to erythroblastosis and
&S gociated with pre-eclampsia, and probable
hypofibrinogenaemia with intrapartum and post-partum
haemorrhage of such severity that hysterectomy was
required,

Landsteiner and Wiener (1940) then made their
celebrated contribution to the understanding of the
problem by reporting that immune sera, produced by the
injection of blood from Rhesus menkeys inteo rabbits,
was capable of reacting with human bloods that

contained an agglutinogen, which they had previously
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" used to determine whether human blood possessed the

. agglutinogen,'Rh', as the immune sera agglutinated cells i

. which were Group O M and also others which did not posses#

' the M factor. Wiener and Peters (1940) found that

E some patients, who had had intra-group transfusion reactién;,

. were ABO compatible, a transfusion reactign occurred) !

(i.e., despite the fact that donor's and recipient's bloo+s

' possessed an immune serum with similar properties to the

: anti -Rh serum produced by Landsteiner and Wiener. Thus,

~if the patient's blood was positive for the Rh antigen,

no reaction wouid occur after a transfusion with blood ;
i

containing 'Rh', but if the recipient was Rhesus negative

or lacked the Rhesus antigen, a weak anti-Rh haemolysin l

' might be present and after 2 or 3 transfusions with blood |

é containing '"Rh', a reaction would eccur., Naturally-

| occurring anti-Rh agglutinins were expected as with

. apparent that not all Rhesus negative patients reacted

' naturally-occurring anti-A and anti-B, but it then becamei

. to Rhesus positive blood. It was thus necessary to |

‘and the transfusion causing the reaction. It was also

., found that a transfusion to a puerperal woman might

suggest an acquired immunity to the 'Rhesus group' with

a time interval elapsing between the initial transfusion

result in a reaction without any previous sensitizing
transfusion, and it was postulated that the foetus
in utero might have caused sensitization of his mother.

The foetus obtained the antigen, which was lacking
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in his mother, from his father, and if the patient
had been transfused with her husband's blood, an
antigen-antibody reaction was likely to occur, Levine
and Katzin (1940) showed this to be the case and
described 7 instances in which the 'atypical' antibody
in the mother agglutinated blood from the father,

although they were ABO compatible., The authors thought!

that the mother might be immunised by the foetus or by
the foetal parts of the placenta. Although several
varieties of isoagglutinin were observed, one serum

containing warm-agglutinins corresponded with the :

this was further reported by Levine, Katzin and Burnham
(1940).

The association of anti-Rh antibody with !
erythroblastosis foetalis was auggested by Levine,
Katzin and Burnham (1941), They had previously
reported 12 patients who had had atypieal agglutinins |
in their blood and obstetrical histories which included E
toxaemia, macerated foetuses, repeated abort:iens or !
stillbirths, and they then reportéd 5 additional
patients with atypical agglutinins, 3 of whom were
delivered of infants with erythroblastosis foetalis. _
The anthors suggested that the anti-~-Rh agglutinins in th;
maternal circulation passed the placental barrier and
that when they came into contact with the blood and

tissue cells of the foetus, they gave rise to changes
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which resulted in erythroblastosis. If there was
a sufficiently high concentration of agglutinins, the
foetus might die in utero. They also suggested tﬁat

blood donors to a post-rartum woman should be selected

from among her blood ralativas.but not from among

her husband's relations. They also disapproved of

the administration of blood to am annasthetibed patient
because of the danger of a reaction being masked.

In the same year, Levine, Burnham, Katzin and i
Vogel (1941) established beyond doubt the role of
Rhesus iso-immunisation in the pathogenesis of erythro-
blastosis foetalis. They defined 'isoimmunisation'
as immunisation which occurred within the same species -
the individual being immunised and the source of the
antigenic stimulus both belonging to the same species.
Blood transfusion was one method of stimulation but the
inheritance of the dominant Rhesus factor by the foetus
from his father, when the mother lacked the antigenic
factor or was Rhesus negative, was another method.

The mother was sensitized by the Rhesus positive

foetal blood (which crossed the placenta by some

method as yet unknown) and was stimulated to produce
anti-Rhesus ‘agglutinins. These crossed the placenta,
destroyed the foetal red blood cells and gave rise to
erythroblastosis, The factor involved in the
majority of cases of orythroblastosis was the same :

as the Rhesus agelétinogén described by Landsteiner and
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at 3700., i.,e,, a warm agglutinin, and so agglutination
was gsometimes missed when blood samples were cross-
matched in vitro. By studying the obstetric histories
of patients with atypical agglutinins in their serum,
it became evident that a very significantly higher
number of erythroblastotic infants were born than
would be expected. Ninety per cent of the mothers
in the series were 'Rh' negative, the expected number
being 15 per cent, while all the husbands and babies
were Rhesus positife. In addition, they found that
agglutining could be detected more readily if the woman
was recently delivered, The authors discussed the
question of ABO -~ heterospecificity in pregnancy and
the possible destruction of foetal cells which were
ABO incompatible with the mother. They also considered
the possibility of neuntralisztion of anti-A znd Anti-B
antibodies by the foetal tissues in utero when the
foetus wes a secretor of A and B substances. It did not
seem that the Rhesus factor was secreted into the tissues
because anti—~Rh caused haemolysis of the foetal blood
cells and no Rhesus substance had been found in saliva; .
semipal fluid or the other body fluids which had been
investigated. Although agglutination occurred in
vitro, in the patient the antigen-antibody reaction
resulted in haemolysis of the red blood cells, The
writers considered that the different clinical forms of

ery throblastosis foetalis were the result of variations
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in the degree and duration of the isoimmunisation duringi
the course of the pregmnancy. The time of onset of
isoimmunisation in pregnancy was not known and the
possibility of abortions occurring soon after conception
was considered. It seemed possible that prolonged
exposure  of the foetus to Rhesus antibodies might cause
more damage than agglutinins late in pregnancy, and the
delayed onset of necnatal jaundice might be due to
maternal agglutinins stored in the tissues of the
foetus returning to the foetal circulation with the
occurrence of further haemolysis, It was thought
possible that the antibodies might be transmitted to the
baby by means of colostrum, but some of the infants

developing jaundice after 24 hours had not been breast

fed. In this excellent paper, it was suggested that
Rhesus negative blood be transfused tc the baby because
his blood group was Rhesus positive and this blood was

being destroyed. The geneticsinvolved in the

inheritance of the Rhesus factor were studied, and ho-

mozygous and heterozygous Rhesus positive fathers were i
seen to be important in the development of the condition{
As the first baby was rarely affected, it was postulatedi

that more than one Rhesus positive pregnancy was

usually required before a sufficient degree of

isoimmunisation had been attained to produce erythro-
blastosis, As a higher incidence of the condition was

expected than actually occurred, the amount of blood
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required to stimulate the production of antibodies
was considered to be inadequate on occasion, and the
size of the family and the ability of the patient to
respond to the sensitizing antigen also became very
important; apart from the identification of other
antigens in the Rhesus complex, there have been few
advances in our knowledge of the mechanism of Rhesus
isoimmunisation, which were not postulated ;r proved
in this paper,

Wiener (1941) showed that the 'Rhesus antigen'
was inherited as a simple Mendelian dominant and also
that if compatible blood was transfused to a recipient,
the cells survived for 3 or 4 months, whereas
incompatible blood after transfusion was slowly
eliminated at first and antibodies appeared in the
recipient's serum, In the latter event,a subsequent
transfusion resulted in a reaction, unless it had been
given in the 'negative phase' following the first
incompatible transfusion, during which antibodies were
developing but were not active. Wiener thought that
the antibodies disappeared in time, or alternatively
that the technique for their detection was not very
sensitive, He also suggestqd that there was more than
one type of anti-Rhesus apntibody.

Vogel, Rosenthal and Levine (1943) considered the
problem of haemolytic reactions resulting from iso=-
immunisation following repeated transfusions of

apparently homologous blood, and showed that these
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reactions occurred in both males and females. It had
been reported that repeated stimuli were sometimes

necessary before a2 reaction occurred, and that this

had occurred after 2 or 3 donations from the same dnnor;

Levine (1943a) reviewed the pathogenesis of erythro-
blastosis foetalis and attempted to answer some of the
unsolved problems, At least 3 common varieties of
anti-Rh sera were available by this time (Levine,
Burnham, Katzin and Vogel (1941) and Wiener (1941)).
Other Rhesus antigenic factors were identified and

& nomenclature for these antigens and antibodies was
evolved, with statistical estimates of their incidence
in the community. From these discoveries it was
possible to understand why some apparently 'Rhesus
positive' women had erythroblastotic infants, the
incompatibility being concerned with another antigen
in the Rhesus complex. One major problem still
unsolved was the explanation as to why erythroblastosis
was found in only 1 pregnancy in 200, while one-seventh
of random mtings resulted in a Rhesus positive man
marrying a Rhesus negative woman, The risk of

an erythroblastotic infant being produced apparently
increased with parity, and the incidence of
erythroblastosis: in a community depended on the
incidence of ih negative individuals in the community.
(Rhesus negative persons were rare among the Chinese

(Levine and Wong (1943) ) and American Indians
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(Landsteiner, Wiener and Matson (1942)) where they
had possibly been 'bred out' as natural selection
was seen to favour the Rhesus positive individual
by removing the heterozygous positive one (Wiener
(1946b)). The mechanism of transplacental iso-
immunisation was also a problem, It seemed that the
Rhesus antigen was limited to the red blood cells
only and the passage of these cells to the mother
probably occurred to a varying degree in all
pregnancies. After delivery, the foetus was removed
from the source of the maternal antibodies and
further destruction of foetal red cells should have
ceased, but it was presumed that antibodies preses
in the foetal tissues continued the haemolytic
process,

Kariher and Spindler (1943) described 6 cases of
erythroblastosis supporting the Rhesus isoimmunisation
theory and each case illustrated an important point
in diagnosis or management. These included a
so-called: ‘anamnestic reaction' (which they defined
as an exaggerated response to repeated antigenic
stimuli), the dangers of giving blood from either
parent to an infant with haemolytic disease, the
fact that the antibody might disappear or be
undetectable by the sixth week post-partum, the
possibility that some cases of habitual abortion
were the result of isoimmunisation and the fact that

haemolysis was the important finding in the condition
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and not erythroblastosis, which might be minimal,
They suggested that the term 'Haemolytic Disease of
the Newborn' be used to describe the 3 forms of the
disease, and not erythroblastosis foetalis,

Levine (1943b) continued to study the association
between Rhesus isoimmunisation and ABO compatibility.
He pointed out that the provertion of ABO compatible
matings (the mother being the recipient and the father
and infant being the donors) was significantly greater

in families in which erythroblastosis had occurred.

It was then suggested that if the foetal cells entering

the maternal circulation were ABO incompatible with the
mother, they would be rapidly destroyed before the
maternal reticulo-endothelial system was able to
produce antibodies to any Rhesus antigen which might
have been introduced. He also considered (Levine
(1944)) that the capacity to produce Rhesus antibodies
differed in individuals and that this depended on
certain genetic properties, In pregnancy, there might
be a slow administration of antigen over a long time
with 2 resultant increase in the amount of antibodies
present in the circulation during the pregnancy.
However, he showed that an 'anamnestic reaction' wasa
possible, defining this as 'the production, in response
to an antigenic stimulus, of an antibody that had been
produced in the tissues on some previous occasion.

The increase in antibodies in the mother during
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a pregnancy might have been due to general stimulation
of the antibody-producing mechanism as a result of the

pregnancy and not necessarily due to the presence of

|

the specific antigen., VWhen the method of sensitizatien?

of the mother was considered, Levine suggested that
microascopic 'breaks' in the chorionic villi might be
present and not gross lesions, and he also thought
that toxic symptoms in the mother were only likely to
occur when an hydropic infant was present in utero.
In order to prevent isoimmunisation he postulated
that it would be necessary te block or induce fatigue
in the reticulo-endothelial system.

In the meantime, work continued on the identificati
of the different antigens in the Rhesus complex.
In America, this work was reported by Levine, Burnham,
Katzin and Vogel (1941), Landsteiner and Wiener (1941)
and Wiener and Sonn (1943), Then Wiener (1943)
published a theory concerning the identification and
inheritance of the Rhesus factor, distinguishing
5 'partial antigens' in the Rhesus positive gene and
using the 3 anti- 'Rhesus' antisera available at that
time. In Britain, Race, Taylor, Cappell and McFarlane
(1943) had reached similar conclusions as Wiener and
changed their nomenclature to fit the American one,
Then Race (1944) reported Pisher's theory in which
there were thought to be 3 pairs of allelomorphic
antigens or genes, which were called Cec, Dd and Ee,

As the Rhesus genotype consisted of one gene from

|
I
|
f
|

i
i
i
|
1
|
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each allelomorphic pair, there were 8 theoretical
Rhesus types produced by combining these antigens,

The 6 predicted anti-sera were named from the antigen

letters and the gene combinations were also given names,

All the gene combinations and antibodies (with the
exception of anti-~d ) have been found as predicted by
Fisher. (A number of other alleles of C, D and E
have been repor:ied since the theory was published.)
The fundamental difference between the Wiener and
Fisher-Race nomenclature concerned the presence of
multiple allelomorphs at & single locus on the
chromosome as suggested by Wiener, or of three closely
linked genes on the chromosome as proposed by Fisher
and Race. It is now becoming evident that neither
nomenclature can be used satisfactorily to explain
the various actions and interactions in the Rhesus
complex and another nomenclature may be required
(Race and Sanger (1962)).

Of more practical importdnce to the obstetrician

were the methods of detecting the presence and amount

of antibodies in the blood of pregnant women, and the

significance of these antibodies, It has already been

pointed out that antibodies could be identified more
readily if they were looked for within two months of

delivery, and it had also been noted that the titre

of antibody was often highest a fortnight after delivoryL

Anti-Rh agglutinins were demonstrated by incubating cells

of a known blood group suspended in saline with the serum
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' Danis and Jones (1943)). i

between the titre of agglutinins and the severity of the
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to be tested. The incubation at 37°C lasted for 2 houré
and if agglutination had occurred, the antibody to the
known antigen was present (Levine (1943a)). In some
patients who were known to be Rhesus negative and to é
have had erythroblastotic infants, no antibody could
be detected by the 'saline method'. It was then found,
simultaneously by Wiener (1944) and Race (1944) that
certain forms of Rhesus antibody were capable of
inhibiting the agglutination of Rhesus positive cells
by the ordinary saline or agglutinating antiboedy,
Wiener called this the 'blocking' antibody and Race E
referred to it as '"incomplete' antibody. The antibody
was shown to have other properties and was specific
for the D antigen. If two or more demonstrable antigens |

were present in cells which were incubated with

'blocking' serum, only the D locus was blocked and the

other antigens could still be agglutinated by their

i specific antisera. Wiener also thought that the i

blocking antibody was of more significance in
erythroblastosis and failure to detect it previously

explained why there was an absence of correlation

Wiener (1945a) believed that fiture work on the

:prevention of haemolytic disease of the newborn would

. be concerned with the treatment of sensitised Rhesus

‘negative women so that they could bear healthy Rhesus
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positive infants, To this end, he (Wiener (1945b))
considered the question of the competition of antigens
in the production of antibodies and confirmed the
importance of Levine's observation regarding ABO com-
patibility, as the A and B antigens were more effective

than the Rhesus antigen in stimulating the production of |

antibodies., This led him to consider the possibility
|

of desensitization by a Rhesus hapten, which he thought

was impracticable, and of counter-immunisation during

pregnancy by potent but innocuous wvaccines to suppress

the formation of Rhesus antibodies. Typhoid and

pertussis vaccines were used but no convincing proof of

their efficacy in the suppression of Rhesus anti-

bodies was obtained.

By the following year, Wiener (1946a) was able to
go further in expleining the pathogenesis of haemolytie
disease of the newborn. He showed that the agglutinating

antibodies were bivalent, while the blocking antibodies!

were univalent, and were thus able to block the

combining sites on the red cells without agglutinating
them. The blocking antibodies were found to have

a smaller molecular size and were able to cross the i
placenta to the foetus. This made them of great
importance in obstetrics, as the larger molecule of

the 'saline antibody' had prevented it from reaching

the foetal circulation. Wiener advocated the

‘conglutination' method for the detection of blocking
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antibodies. This consisted of suspending the known
"test' cells in serum instead of saline, He also
expounded his X protein theory' in which he stated
that a protein formed in the infant after birth was
capable of destroying the infant's red cells which had
already been sensitised by the absorption of antibody.
If this X protein was formed while the foetus was in
utero, a stillbirth resulted. To explain the rarity
of haemolytic disease in a first pregnancy, Wiener
suggested that the leakage of foetal cells into the
maternal circulation only occurred after delivery,
particularly during the delivery of the placenta.
Wiener and Sonn (1948) next described typical cases of
haemolytic disease in which they discussed the
management which had been attempted. An exchange
transfusion of a mother using large quantitieas of
blood was performed in an attempt to reduce the

antibody titre, but this scon returned to its

pre-transfusion level. They concluded that fresh blood!

should be used for foetal exchange transfusions and that

Caesarean section was ineffective in the prevention of
haemolytic disease.

In a further paper on his nomenclature, Wiener
(1946b) discussed the Hr factors which corresponded to

the ¢, d and ¢ antigens in Pisher's classification,

He considered that a high titre of univalent antibodies

would produce a stillbirth, while a weaker titre of

these antibodies resulted in a less severe form

|
|
|
i
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of the disease. (Wiener 1946¢c) He also suggested
that the bivalent antibodies might enter the foetal
circulation during labour and delivery, and produce
multiple thrombi with resultant brain and liver damage,
and jaundice with little or no anaemia. In a personal
communication from Professor L. H. Snyder, quoted
in this paper, it was suggested to Wiener that one
variety of spina bifida was produced by Rhesus
sensitization, but this has not been subsequently
confirmed.,

During this time blood transfusion centres in
Britain were examining the data available to them

from blood donors and from families in whom cases of

haemolytic disease of the newborn had occured. BoormanL

Dodd and Mollison (1944) reported a series of 100
families all including one or more infants affected
by haemolytic disease, By testing the mothers and
children and the husbands whenever this was possible,
they were able to conclude that the disease process
was not necessarily more severe in successive
pregnancies, that the antibody titre increased after
the delivery of a Rhesus positive infant, and that

a diagnosis of haemolytic disease was made when anti-
Rh agglutinins were present in the mother's blood and
the infant was Rhesus positive. Antibodies were

sometimes found when the mother was Rhesus positive,

and the authors presumed that these were related to the

|

t
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Rhesus system if they were incompatible with foetal
red cells at 37°C. They were unable to state that
the presence of antibodies in the mother indicated
a Rhesus positive foetus, which was affected by
haemolytic disease, in utero, nor were the changes
in the titres obtained of prognostic value, The
writers felt that the effect of the antibodies on the
foetus depended on the titre of antibody (but also some
other factor might be involved here), the permeability
of the placenta and the amount of extra-corpuscular
group — specific antigen present - particularly A and
B, but also Rh, if it existed. In some instances,
the patient seemed unable to produce antibodies to
Rhesus positive blood and they thought that this might
be related to the amount of blood transfused or
entering the circulation from the foetus.

In Britain a new test for the detection of weak
and 'incomplete' Rh agglutinins had been devised and was
known as ‘the Coombs' test. (Coombs, Mourant and Race
(1945 a and b, 1948) and Coombs and Mourant (1947).)
The test had been developed to 'amplify the effect of
weak (or subliminal) Rhesus agglutinins and incomplete
antibodies by the action, on the sensitised cells, of
a rabbit anti-human gleobulin serum. Red cells
sensitised with weak antibodies could be strongly

agglutinated by uaing the test. It seemed to be more

I

effective than Wiener's conglutination test, and Coombs :
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and his co-workers described a direct and indirect test.

The anti-~human globulin was prepared by injecting

human serum into rabbits. In the direct test, the

red cells to be tested for the presence of antibody were

inoculated with anti-human globulin (A H G) serum, and
if agglutination occurred, antibody was present, In
the indirect test, red blood cells were incubated with
the serum to be tested for the presence of antibodies,
and then with A H G serum. If the serum contained
antibodies, agglutination eccurred. The test was not
specific for Rhesus antibodies but detected the
presence of any one of a number of blood group
antibodies, although a strong reaction was usually
obtained with anti~-Rh antibody (anti -D).

Plaut, Barrow and Abbott (1945) reported the
introduction of ante-natal blood testing for the ABO
and Rh groups, and for the presence of antibodies,
They were successful in detecting antibodies in blood
from themajority of patients with a history suggestive
of haemolytic disease in their children., Boorman:
and Dodd (1947) found that certain agglutinins gave
a higher titration value when serum was used instead
of normal saline. This applied to anti-Rhesus

agglutinins, but was not found with the 'maturally-

occurring' anti-A and anti-B agglutinins. It did apply,

however, to the 'immune' anti-A and anti-B agglutinins aﬁd

a definite qualitative difference was thus observed

between 'immune' and 'naturally-occurring' agglutinins,

i




 with the first two days of life, drew attention to the
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which led to further investigation of the properties of %
the agglutinins.

Since 1939 the main emphasis in the published work

quoted here has been on the identification of components

1

of the Rhesus complex and on the relationship between |

the Rhesus complex and haemolytic disease of the newborn.
A fourth type of haemolytic disease was reported by E
Henderson (1942a and b), however, when he described é
4 foetuses all of which were intra~uterine deaths but 5
were not found to be hydropic. The foetuses showed
di ffuse hepatic cirrhosis and splenomegaly and the
placenta® were greatly enlarged and pale pink in

colour, The degenerative changes reported in the

liver were the same as those found in infants with
hydrops foetalis and icterus gravis neonatorum;. and
cirrhosis was not uncommonly reported in infants who had
survived after haemolytic disease of the newborn but
had not received adequate treatment, Henderson

thought that the condition could be distinguished from
congenital syphilis by the history, serological tests
and microscopic examination of the placenta.

Potter (1943) when considering hazards associated

fact that too many infants dying with anascara and
effusions were diagnosed as having 'erythroblastosis

foetalis'. Extra-medullary erythropoiesis was an

. essential finding for such a diagnosis at autopsy, gnd

antibodies should also have been detected in the mother,
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Potter stated that the reason that haenolytic disease of

the newborn did not occur more frequently was related
in part to the limitation of family size and to other
factors concerning the transmission of feetal cells to
the mother and the subsequent response of the maternal
and foetal tissues, She alsc reported that males
were frequently born in a family before the birth of
an infant with erythroblastosis, and a history of
allergy was not uncommonly found in the mothers of
such infants. Both Potter (1943) and Gimson (1943)
advised that treatment of the condition should be

by transfusions with Rhesus negative blood as the
Rhesus positive blood cells of the foetus were being
destroyed by the antibody. They advocated simple,
and not exchange, transfusions,and Gimson did not think
that transfusions would influence the occurrence of
kernicterus,

Diamond (1946-47) reviewed the whole question of
haemolytic disease of the newborn in the light of the
identification of the Rhesus factor, and pointed out
that the risk of a woman developing anti-Rhesus anti-
bodies increased from 5 per cent to 50 per cent if she
had been given an incompatible transfusion. when he
considered the types of antibody which had been
identified, he suggested thut in early isoimmunisation,

saline antibodies or agglutinins developed, while later

there were also hyperimmune or incomplete antibodies, and

later still only the hyperimmune antibodies remained.
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He stated, however, that the form of Rhesus antibody and

its concentration or titre bore no direct relation to the

severity or type of erythroblastosis which developed,
and consequently the prognosis based on antibody tests
or titres in any given case had to be offerred with
reservations. Although Diamond did not think that
transfusions could prevent kernicterus, the mortality
rate from haemolytic disease had been reduced from
40 per cent to 10 per cent by exsanguination transfusion
with Rhesus negative blood and the induction of labour
2 or 3 weeks before term.

Murray and Taylor (1949) were not impressed with
the prognostic value of antibodies titres nor with

hapten therapy, but believed that the induction of

labour before term and exchange transfusien werebeneficial

They also noted that an infant born to an immunised
mother, after a previous infant had been affected by

haemolytic disease or if the mother had been immuniased

!by an incompatible transfusion, had a very poor prognosis

unless adequate treatment was given. In the first
pregnancy in wh%ch antibodies were foumd, the infant
could be mildy affected, particularly if the antibodies
appeared late in pregnancy. In some cases, however,

the first affected infant might be severely affected

or be stillborn with hydrops foetalis. Alloit and

Holman (1949) reviewed 200 cases of igoimmunisation,
none of the infants being treated by replacement

transfusion, They considered induction of labour to be
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undesirable before 38 weeks gestation had been reached
because of the dangers of prematurity, and reported

a survival of 50 per cent among first affected infants
and 25 per cent among subsequently affected infants,
They also confirmed the occurrence of an anamnestic
reaction with a Rhesus negative foetus in utero and

a rising antibody titre.

Boorman, Daley and Dodd (1947) set out to ascertain
the relationship between the clinical condition of the
infants and the serological findings in & large number
of mothers, Only 35 per cent of infants with
haemolytic disease survived in the series. They could
find no relationship between isoimmunisation and abortions,
toxaemia of pregnancy and congenital defects in the
newborn. They were unable to confirm the findings of
Halperin, Jacobi and Dubin (1945) that the prognosis
was worse if the infant was a male, and they pointed out;
that a 'normal' healthy Rhesus positive foetus could be

found in the presence of Rhesus antibodies, although

they presumably meant that the infant was clinically

unaffected but serologically affected by haemolytic disesse.

They also made a number of recommendations which were of

importance. They advised against the sterilization

|
|

of the immunised woman in case a solution to the problem
|
|

was found, or in case the woman remarried a Rhesus
negative husband. In the ante-natal clinic routine
re-cheeking of the blood of parous Rhesus negative

women was advised at 34 weeks, so that induction of




| Allen and his colleagues (1950a) considered the prognosis |

52,

labour might be considered, and routine genotyping of

the family was advecated when haemolytic disease was
known to have eccurred. One of their suggestions was
that labour should be induced when the weight and
maturity of the foetus were compatible with extra-uterinoé
life, and the indication for this was a late rise in i
antibody titre,. ‘

Allen, Diamond and Vaughan wrote a number of a.rti.claJ
|

on erythroblastosis during 1950, In the first, Vaughan

et al (1950) discussed the changing mortality in

haemolytic disease with relation to different methods
of treatment - transfusion with Rhesus negative blood,
early induction of labour and exchange transfusion.
Induction of labour before the 39th week of pregnancy
had resulted in an increase in the incidence of
kernicterus and the authors found only minimal
improvement with exchange transfusion. Allen, Diamond
and Watrous (1949) reported that female blood was

more successful when used for exchange transfusion,

| for successful pregnancies in women with Rhesus antibodie+

when related to the history, the antibody titres and the
length of gestation. They found an incompatible blood
transfusion to be a more potent stimulus to iso-

immunisation than pregnancy, and they concluded from their

results that the greater the susceptibility of a Rhesus

negative woman to sensitization by pregnancy, the worse

|
!
|
l
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the prognosis for her infants, With regard to antibody
titres, they did not think these were accurate in any
given case, but in general the outcome was related to i
the level of titre recorded, The authors believed thaté
if the titre was high in a subsequent pregnancy, the E

i
likelihood of a stillbirth in that pregnancy was i
increased, and that induction of labour was only
justified if the outcome was fairly certain to be
a stillbirth without this intervention. The risk of

|
kernicterus in the immature infant was very considerable:
Diamond et al (1950) related the prognosis of haemolytic i
disease to the clinical and serological findings in the
infant at birth and noted that although the liquor amnii,
the vernix and the umbilical cord might be yellow, the
infant was not jaundiced at birth, Persistent jaundice
was associated with kernicterus, and anaemia with the
death of the infant, Maleness was still considered to

be unfavourable, especially with regard to kernicterus,

but Allen and his co-workers (1950b) were able to report

that the use of exchange transfusion had virtually
removed the dangers of kernicterus, while their conser-
vative policy with regard to induction had not resulted
in an increased atillbirth rate. Diamond et al (1950)
pointed out that serological errors could occur when the
antibody present in the blood of a newborn infant might
interfere with agglutination by the typing serum, giving

rise to 2 false Rhesus negative result, and by similar
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interference the Coomb's test might also be negative
when the infant was severely affected.

In 1947, Morton and Pickles suggested a refinement
in the method of detecting incomplete antibody. They
exposed the red cells used in the test to the enzyme,
trypsin, which hastened and enhanced agglutination by
the 'unknown' serum containing the antibody . Stratton
(1953) and Goldsmith (1955) suggested that papain be
used in the preparation of the red cells.

A good deal of work on antibody titres and prognosis
has been carried out in Australia and Kelsall and Vos
(1952) related the antibody titre in the mother and the
infant to the treatment reduirad when the infant was
afféeted by haemolytic disease, They considered that
the albumen titre was of more value than the saline one,
and that the Coombs: antigloebulin titre was the most
reliable provided the same laboratory worker always
carried out the titrations, More accurate results
were obtained if enzyme-treated cells were used, Iz,
at birth, the antibody titre in the infant was the same
as in the mother, the infant was Rhesus negative and
unaffected by haemolytic disease. When the infant was
affected, however, the severity of the condition was
related to the absolute height of the titres, and the
difference between the higher titre found in the mother
and the lower titre found in the infant, These workurl‘

suggested two practical points in connection with

exchange transfusion techmnique. They recommended that
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more blood be withdrawn than was transfused during the
exchange, and that sodium citrate be avoided as the
anti-coagulant for the blood to be transfused. Rhesus
negative blood was used for transfusion. Induction of
labour at 38 weeks was recommended and it was suggested
that the antigen - antibody action on the foetal tissues
contributed more to the death of some of these infants
than the anaemia did.

The finding of a rising antibody titre in a Rhesus
negative woman when the foetus in utero was alse Rhesus
negativﬁ has been already referred to as an anamnestic
response, Pickles (1949) suggested that this might be
associated with the increase in protective antibodies
noted by Von Haam and Rosenfeld (1942) during pregnancy
in mice, and prebably related to the increased pro-
duction of oestrogen and its excretion as oestrone.
Certainly the anammestic response has proved, then as
now, to be a very misleading finding when a prediction
has_bee n required regarding the condition of a child
in utero when the father is known to be heterozygous
Rhesus pesitive.

One of the theoretical methods of preventing
haemolytic disease of the newborn was by the injection
into the maternal circulation of a preparation of the

Rhesus antigen in erder to neutralise the anti-Rhesus

antibodies in the mother's blood and tissues. Feor

this to be safe and successful, it would be necessary,

as pointed out by Calvin, Evans, Behrendt and Calvin
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(1948) to overwhelm the mechanims for the production of
antibodies or to use a non-antigenic hapten. These
workers attempted to iselate the Rhesus antigen from
the stroma of erythrocytes and to study its preperties.
Belkin and Wiener (1944) had already demonstrated A, B
and Rh antigens in the stroma of red cells, and the
tests of Calvin et al (1948) showed the Rhesus antigen
to be inactivated by heat. They were able to extract
a lipoprotein - 'elinin' -~ from erythrocyte stroma and
found this te contain a Rhesus substance which inhibited
anti-Rh serum. Carter (1947) suggested that this
ether-soluble inhibiter of anti-Rh antibody was
a haptén which was iac¢ipnble of sviwuleting the pro-
duction of antibody unless a protein 'carrier' were
add ed. Carter also described the method of preparation
of this 'hapten' substance, Later (Carter 1949) she
described the nature and method ef assay of her
'Rhesus hapten' and recommended that it be used early
in pregnancy or hefore the start of a pregnancy to
inhibit the Rhesus antibodies, Infants might also be
given this to remove maternal antibodies from their
circulation, The lipids obtained by Carter's method
were found to be without specificity for the Rhesus (D)
antigen by Howe and Rustigian (1950) and they found no
clear therapeutic raticnale for its use in Rhesus
sensitized wonen. Various workers have attempted to
repeat Carter's work but were unsuccessful either in
vitro - Stratton and Renton (1950) and Coombs - (1950) -

or in vive - Greenwalt (1949), Wolf and his associates
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(1950) agreed that Carter's substance could be & hapten
but found that it brought no conclusive benefit when
used therapeutically. Possibly larger doses would
have been more beneficial. Murray et al (1950) were
unable te find any evidence that a hapten was involved
in the lipid extracts obtained by Carter and to which
powers of inhibition had been attributed. Osborn (1951)
was unable to isolate the hapten,

Finally, during this time, attempts were being made
to find alternative or confirmatory methods for pre-
dicting the severity of the haemolytic process while the
foetus was in the uterus, This allowed arrangements
to be made for confinement in a maternity hespital,
equipped for the care of the affected infant, and also
for the induction of labour before term., In 1930,

Gill and Auld suggested that an x-ray of the pregnant
uterus and foetus might be of diagnostic help. In the
case which they described, they noticed that the ribs of
the foetus were 'flared' eut, and that the arms were

thick and pushed out in front of him, A large baby

thought that they could see the placenta on X-ray and

decide whether it was very large or not, Samuel and

Cohen (1950) referred to the 'halo' sign reported by
Javert (1942), the military attitude of the spine
as a result of ocedema, and the 'Buddha' position in which

the knees are flexed and the hips are extended and rotate

i
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laterally. Bishop (1961) reviewed the radiological
findings and thought the foetal position, the elevated
ribs and displaced arms, and the straight spine were the
most helpful findings, along with a large placenta,
Unfortunately, some or all of these ohservations may be
noticed when the foetus is perfectly normal,

Summary 1939 - 1953

Following the identification of the 'Rhesus
factor', other an?igens, with their antibodies were
isolated in the Rhesus complex and the relationship
of these with transfusion reactions and haemolytic

disease of the newborn or erythroblastosis foetalis

was thoroughly investigated, The pathogenesis of haemo-

lytia.diaease was now established. It seemed certain
that Rhesus positive blood cells in the foetus erossed
the placenta and sensitized the Rhesus negative mother
so that anti-Rh antibodies were produced, These then
recrossed the placenta and destroyed varying numbers of
foetal blood cells, producing one of the forms of
haemolytic disease. The diagnosis of the condition
depended on the detection of antihodies in the blood
of the pregnant woman, and mord particularly on the
estimation of the titre of 'albumen' or 'incomplete'
antibody, or the enti-human globulin titre. Some
unexplained results were obtained when the titres were
used to predict the severity of haemolytic disease in
utero. In the management of patients with isoimmunis-

ation, three measurss were tried, of which exchange
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transfusion with Rhesus negative blood was the most
successzsful, Hapten therapy had been generally
unsuccessful, and the place of induction of labour
before term was disputed. With active treatment, the
survival rate was improving.

3. After 1953

During the decade from 1953 to the present

time, clinicians have laid less emphasis on the
serological aspects of Rhesus isoimmunisation and
have givén their attention to attempting to explain the
causation of the immunisation, methods of predicting
the severity of haemolytic disease in the newborn
and the management of the mothers and infants concerned.
More reports have been published by paediatricians,
obstetricians and pathologists, as well as those by
serologists,

With the publication of the preliminary findings

(Mollison and Walker (1952)) the best treatment for the
infant was seen to be exchange or exsanguination
transfusion without doubt, if any treatment was
required at all, The value of premature induction of
labour was less certain, however, and the controversy
on this aspect of management still continues, 1

It seems certain that the mother is sensitized i

by red blood cells crossing from the foetal circulation

to the maternal circulation. Javert and Reiss (1952)

i
I

suggested that foetal and maternal blood might mix under
i
i
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certain conditions and lead to the formation of inter-

villous coagulation haematomas. The largest number
of haematomate were found in hydropic placentas
associated with haemolytic disease of the newborn,
Nucleated red blood cells have been found in these
haematomas and as the foetus, at term, has nucleated

cells, at least a part of the haematoma was foetal in

origin. The authors thought that the foetal cells

gained access to the maternal circulation at the
*trophoblastic~endothelial' junction, as this
junction could be stretched by a rise in capillary i
pressure, as a result of spasm, degeneration or ageing
of the placenta, or by trauma, In premature separation
of the placenta, it was considered that if decidual
vessels were damaged, decidual haemorrhage could

occur, The foetal cells, having crossed the placenta,
might then enter the maternal circulation, and Javert
and Reiss thought that it might be possible to
demonstrate their presence by qualitative methods.

When haematomas were present, a high incidence of
Rhesus isoimmunisation was found, and erythroblastosis |
was found four times more oftenm in association with
infarcts than in their absence. In an attampt to
prevent this capillary damage, a diet rieh in

citrus . fruit and Vitamin C was recommended, and the
avoidance of traumatic rupture of the placental
attachment strongly edvised. Lee, Goebel and Fulton

(1955) came to similar conclusions about the leakage !
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of foetal red blood cells,

Rucknagel and Chernoff (1955) suggested that the
amount of foetal blood in the maternal circulation
could be calculated by estimating the amount of foetal
haemoglobin present in the mother's blood. In some of
the patients they examined, the amount increased in
the second trimester and then decreased during the
remainder of the pregnancy and post-partum, Despite
the finding that in 10 patients out of 91, significant
changes in the amount of foetal haemoglobin in the
circulation were observed, none of the Rhesus negative
women developed antibodies, The writers did not think
that a rapid leakage was the likely explanation because
of the large volume of blood which would be required.
On the other hand a slow leakage over a long period
also seemed unlikely because of the thick cytotropho-
blast or Langhans  layer in the villi, The authors
believed that the increase in foetal haemoglobin
in the third trimester might be due to an increased
production of this haemoglobin in the adult in
response to the stress associated with pregnancy, and
the increased level of chorionic gonadotrophin,

Bromberg, Salzberger and Abrahamon (1957)
found that the normal eetronlacental haematoma,
associated with the separation of the placenta in
a normal delivery contained minimal amounts of foetal
blood. This foetal blood might be forced into the

maternal circulation during the delivery of the infant




and the third stage of labour, and it had been found

62,

that the concentration of Rhesus antibodies increased
markedl} during the puerperium, Levine (1944)
calculated that 0,0672 ml. of Rhesus pesitive packed
cells were required to immunise a Rhesus negative mother.
This might be found in 10 to 70 ml, of retroplacental clot,
and the reason for the low incidence of isoimmunisation
might be due to the infrequency with which such
8 comparatively large volume of blood entered the
maternal circulation.

Zepursky, Hill, White and Israels (1959) used
a modification of the method of Kleihauer, Hildegard and
Betke (1957) and were able to detect small numbers of
foetal cell s in the blood of recently delivered women,
This method depended on the elution of adult haemoglobin
from the red blood cells by a citrate-phosphate buffer,
Foetal haemoglobin resisted this elution, and so the
foetal cells were readily seen, whether or not counter-
staining was used, During the first 6 days of the
puerperium, up to 3 ml, of foetal blood were calculated
to be in the maternal circulation. Brody and Engstrom
(1960) studied the different types of haemoglobin present
in newborn infants with erythroblastosis and concluded
that the larger and less mature the cells, the higher the

relative content of foetal haemoglobin, They were

unable to substantiate the idea that there was preferenti*l

regeneration of adult haemoglobin in infants with erythrof
i
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blastosis, but there might have been preferential
destruction of foetal haemoglobin,

Wimhofer, Schneider and Leitenberger (1962)
estimated the amount of foetal blood in the circulation
of puerperal women and found that an appreciable amount
had been transferred in 10 per cent of those who had
normal deliveries, but a similar amount had crossed
to the mother after 40 per cent of operative deliveries.
Finn and his co-workers (1961) found varying numbers of
foetal cells in the circulation of 11 per cent of
mothers who had recently been delivered. In only
1.5 per cent did they consider the amount of
haemorrhage to be more than 5 ml, They found that
2 out of 3 women who had received large foetal
'haemorrhages' developed Rhesus antibodies, and only
1 out of 75 in whom no foetal cells were detected
became immunised. They concluded that the placental
'barrier' was the most important factor in preventing
Rhesus isoimmunisation,

A number of writers have blamed operative and
manipulative procedures in pregnancy and labour for
causing the leakage of red cells from the foetus to
the mother, Gainey, Nicolay, Keeler and Doyle (1954)
found that there was a high incidence of second and
third stage complications in pregnancies prior teo
a diagnosis of Rhesus isoimmunisation being made, They

found that there were more abortions in immunised women
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than in a group of controls and they recommended
conservative delivery in all Rhesus negative women,
avoiding curettage, oxytocin dripsand manual removals
of the placenta. It is difficult to see how this
can be achieved in general obstetric practice. Aaroc
(1959) also urged the avoidance of obstetric procedures,
including Caesarean section, in Rhesus negative women,
if at ai‘l possible, Kelsall, Vos and Kirk (1959)
thought that separation of the placenta might be
associated with the transfersnce &fr foetal blood cells
to the maternal circulation,

Knox, Murray and Walker (1961) found an association
between Rhesus sensitization and pre-eclampsia,
the risk of sensitization increasing with the severity
of the condition. They also found that surgical
procedures which were likely to disturb the chorio-
decidual junction, abnormalities of the placenta and
small babies were associated with subsequent Rhesus
sensitization. Reilly (1960) recommended that the
‘hypotensive syndrome' be avoided as much as possible
because of the risk of abruptie placentae, and also
that the membranes be ruptured early in labour. He
was against the use of oxytocin drips and thought that
the clamp on the placental aspect of the divided cord
could be omitted, in an attempt to prevent the
transference of foetal cells to the maternal circulation.

On the other hand, Lawrence, Dieferbach and

Ehrenberg (1956) could not show that abortions and other
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'abnormal obstetric experiences' increased the subsequent
risk of isoimmunisation in Rhesus negative women. They |
considered that there was a natural tendency for foetal
blood to cross the placenta and they cited the work
of Mengert and his associates (1955) who showed that
cells in the mother were able to cross to the foetal
side of the placenta and assumed that the reverse was

true, Novell and Taylor (1961) found that abruptio

placentae, Caesarean section and manual removal of the |
placenta produced no significant increase in the |
number of women who developed antibodies after delivery,
If it is assumed that foetal red blood cells

which are capable of producing Rhesus isoimmunisation
are found in the maternal circulation during pregnancy
or after delivery, it is obvious from the observed
incidence of Rhesus isoimmunisation that not every women!
at risk becomes immunised. Knox and Walker (1957)
presented data to show that all or almost all Rhesus i
negative women were susceptible to isoimmunisation.
They found that once a woman had been sensitized,
she was necessarily immunised to the next Rhesus
positive child, Also, the failure of immunisation
to occur in an early pregnancy was no guarantee that

it would not occur in later ones.

Kelsall, Vos and Kirk (1959) reported that
‘episodes of immunisation' occurred during pregnancy,
an episode being the time at which antibodies appeared

|
|

during the pregnancy. This might oC€cur more than once



66,
in & pregnancy, and might give a pattern which would be
useful for predicting the severity of haemolytic disease |
in the current and any future pregnancy. Antibodies |
found early in a second pregnancy usually indicated
a 'carry over' from the first pregnancy,even although
the first infant was Coomb's negative at birth, The
amplitude of the antibody response is related to the
mass of foetal cells entering the maternal circulation,
and also the ability of the mother to form Rhesus
antibodies,

In 1943 Levine (1943b) noted that Rhesus antibodies
were much more likely to occur in women who lacked the
natural iso-agglutinins for the red blood cells of their
offspring (homospecific pregnancies) than in others who
had iso-antibodies (heterospecific pregnancies). Since
that time this meponderance of ABO compatible matings
in patients with Rhesus isoimmunisation has been remarked
upon very frequently, Three explanations had been
offered for this, the first by Wiemer (1945b) who
thought that there was competitive selectivity between
the A and B antigens and the Rhesus antigens, and if
A or B incompatibility was present between the foetal
cells and the maternal serum, the incompatible Rhesus
antigen did not act as an effective stimulus to antibody
formation, Pisher (1954) suggested that ABO incompatiblp
foetuses might be lost from early abortion with a decreaspd

chance of sensitizing the mother to the Rhesus antigen,
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while Race and Sanger (1954) considered that the
chances of antigenic stimulation by the Rhesus antigen
were greatly reduced in ABO incompatibility because the
naturally-occurring ABO agglutinins destroyed the
cells entering the circulation before the Rhesus
antib;dies could be produced,

Stern, Davidson and Masaitis (1958) were puzsglad
by the iﬁfrequency with which Rhesus negative women
developed antibodies when all were exposed to identical
antigenic stimuli. Some of the possible explanations
suggested included genetic factors which determined the
immune response, anatomical features that influence the
permeability of the placenta, differences in hormonal
and nutritional factors and acquired tolerance to the
Rhesus factor during intra-uterine life. In order to
determine the effect of ABO incompatibility in the
sensitization of the mother to feoetal cells, these
workers injected Rhesus positive blood into Rhesus
negative males. In some cases the ABU groups were
compatible - injected cells and recipient's serum.-while
in others they were not. They found that the injected
blood stimulated the production of antibodies more
readily when the ABO groups were compatible than
when incompatible, and also they reported that the
antibodies produced were all of the 'incomplete' type.

They also deduced from their experiments that once a woman

had been sensitized, the antibody titre rarely increased
|

irrespective of the number of subsequent pregnancies,
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This meant that a maximal response was achieved with
relatively few additional stimulations by the antigen
concerned, but is not borne out by the findings in
successive pregnancies when the antibody titre is seen

to increase, In a number of instances anti-C antibodies

were also detected (as well as anti-D), but the C antigﬂn
appeared to he a less powerful stimulus. They poiqted |
out that the blood injected was homozygous Rhesus
nositive while the fcetal blood must be heterozygous
positive, and was, therefore, possibly a weaker stimulus|
to the developmené of antibodies. As no saline agglutinins
were found it seemed that the.iheory that these appeared
early in isoimmunisation was disproved. Pisher's theory
of early abortion was obviously untenable in man, and
while Wiener's view might be the correct one, the writers
favoured the view of Race and Sanger, They were sure
that ABO compatibility was not the only factor
favouring Rhesus isoimmunisation, however.

The finding that ABO incompatibility ﬁetween
the foetal cells and maternal serum greatly reduced the
chances of sensitization to theRhesus antigens was
confirmed by Novell and Taylor (1961), Boronew (1961),
Stern (1958), Knox, Murray and Walker (1960a and 1961),and
Caughey (1960a&1b), Bresler (1960) when studying the
effect of ABO and Rhesus group interaction on the
foetal haemoglobin level, noted a deficiency of ABO
incompatible matings in the Rhesus sensitised group,

and an excess of ABO incompatible matings in Rhesus negative




a9,

women who had not been sensitized. 1In the non-
sensitized series, there were more Group 0 mothers and
an excess of Group A and AB fathers over the expected
percentages, They reported that if the parents
were compatible or incompatible for both the ABO and
Rhesus groups, there was a greater chance of the infant
having a normal haemoglobin level than if there was
incompatibility for one or the other group when the
haemogleobin level was less likely to be normal,

Nevanlinna and Vainia (1956) also investigated
the effect of ABO compatibility between the mother
and foetus, and found that if the foetus pessessed the
A or B antigens and the mother did not, her chances of
becoming immunised were markedly reduced. Among the
husbands of Rhesus immunised women there is no selection
towards the heterozygote in the ABO system, as if
foetal A or B antigens always inhibited immunisation,
none of the husbands of Rhesus immunised patients would
be homezygous fer A or B, They also found that an
ABO incompatible foetus provided a weaker stimulus
than a compatible foetus, whether immunisation hdd
occurred or not, The inhibitory effect of ABO
incompatibility persisted until detectible evidence of
immunisation was seen to have occurred. After this
the A and B antigenic properties of the foetus ceased
to prevent the Rhesus antigens acting as a stimulus
when there was incompatibility, but they might have

weakened the stimulus, The writers had, thus,
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‘explained the rarity of pregnanc& immunisdéion by
;considaring the factors inhibiting sensitization or
'sensibilisation’, They thought that after sensitizatieﬁ;
immunisation must occur in the next pregnancy with :
‘& Rhesus positive foetus, and they believed that the
E‘secret.m'." status of the foetus might also be important,
éThey concluded that an ABO incompatible marriage with

:a husband who was heterozygous for the A and B antigens
required twice as many Rhesus positive children as

8 'compatible' marriage to produce Rhesus iso~
:immuniaation. The number of affected children born
‘after immunisation was smaller in incompatible marriages
Ialso. This was a very important work and established
'statistically what had been suspected by other works on
' this subject.
| No satisfactory explanation had been offered as to
Ewhy e red cell destroyed by anti A or anti B was incapabl(
.°f acting as an Rhesus antigenic stimulus b& virtue of i
the stroma of the cell. Andersen, Bentzon and Larsen

- (1981) suggested that foreign blood cells (foetal cells)
were immunologically inactive while they were in the
cireculation. If antibodies were present to the antigens
~in these cells, the cells would be destroyed. If there
were no antibodies, however, the cells were not

sensitized and eventually disintegrated. The Rhesus
antigen might be destroyed in the circulation when the
cell was destroyed, because destruction of red cells by

apti-A or anti-B might be by a different mechaniam,
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'If the cells were not destroyed, they would eventually

be removed on disintegration by the reticule-endothelial

system and stimulate the production of antibodies at that

ftipe. The writers thought that the magnitude of the

'preceding Rhesus positive stimulus has a decisive

~influence on the probability and strength of immunisation

in a subsequent Rhesus positive pregnancy.

The relationship between neonatal jaundice
("icterus praecox') and ABO incompatibility was considered

by Dyggue and Munk-Andersen (1960), and they found

‘a 2 per cent incidence of anti-A and anti-B antibodies

;in 3,500 unselected cord bloods in one year, The

;amount of bilirubin in the infant depended on the

ihighest titre of anti-A and anti-B antibody in the

: mother, and the haemoglobin of the infants was lower
~in such patients than in controls, Exchange

. transfusion was required on 2 occasions and stillbirths,

- hydrops and severe anaemia were pare,

Haemolytic disease of the newborn is occasionally

" reported in the infant of a first pregnancy, when

f there is no previous history of blood transfusion or
; injection. It was suggested that the mother of the

| affected infant might have been immunized iﬁ utero by

. Rhesus antigens from her mother, As it was believed

that an embryo is unable to produce antibodies to
foreign antigens, this theory was unlikely to be the

correct one, It was known, however, that antibodies
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could not be produced to antigens to which the organism |
or person has been exposed sufficiently early in his
or her development, as tolerance was acquired, Booth,
Dunsford, Grant and Murray (1953) considered that if
maternal blood antigens as well as antibodies could
reach the foetus, antibodies should never be
developed by the foetus to either its own or its mother's
antigens, However, on examining the blood of the
grandmothers of infants affected by haemolytic disease,
the Rhesus group distrubution was as expected, and
there was no evidence that the chance of a Rhesus negativﬁ
woman developing antibodies was influenced by the Rhesus?
group of her mother,

Owen and his co~workers (1954) studied two groups
of Rhesus negative women in the first of which were
women with no evidence of Rhesus sensitization after
3 Rhesus positive infants, while in the other group
sensitization had occurred within 3 pregnancies. The
tolerant group (no sensitization) had a 25 to 9 ratio
of Rhesus positive to negative mothers, while the
intolerant (early sensitization) had a 4 to 13 ratioe
of Rhesus positive to negative mothers. When
erythroblastotic infants were considered there was
no evidence of any preponderance of Rhesus positive
grandmothers in the families studied. Tolerance
acquired by the mother from her Rhesus positive mother
may be over-ridden by an early Rhesus positive pregnancy,

or by prolonged or excessive exposure to the antigen.
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This might occur if a large number of foetal cells
entered the maternal circulation, Where there was no
tolerance, antibodies developed readily. ¥Wiener (1949)
injected Rhesus positive blood into Rhesus negative
volunteers and 4 out of 10 were easily sensitized.
It can be calculated that 4 out of 10 Rhesus negative
persons should have Rhesus negative mothers.

Ward, Walsh and Kooptzoff (1957) tested the
'Rhesus positive grandmother' hypethesis but were unable;
to correlate the likelihood of an infant developing
haemolytic disease,with the Rhesus group of the maternal
grandmother, The type of antibedy and the number of
pregnancies may be relevant in this study, however.

It has been suggested that foetal tolerance
is not maintained in extra uterine life unless there
is a continuance of exposure to the antigen as in
a true chimera. Woodruff and Lennox (1959) described
a pair of twins showing blood chimerism, as erythrepoietic
cells had been exchanged and preduced characteristic I
serological findings, They suggested that immature
foetal tissue might be used to induce tolerance to
homografts without the danger of "Lost versus donor"
disease., Billingham, Brent and Medawar (1953)
stated that the exposure of animals to antigenic stimuli’
before the maturation of the faculty of immunological
response caused a specific weakening or suppression of
reactivity during later life., This was acquired

immunological tolerance and was acquired only during

foetal life in man, After this there was a null



T4,
period when no immunization could take place (Mditchison
1961.). The tolerance was specific and the stimulus
an antigenic one, so the induction of tolerance
involved changes in the cells which would normally
have responded to the antigen by the formation of
antibodies, Antigens were found to be able to induce
immunological unresponsiveness under certain conditions
and an excess of antigens might mesk the production of
antibodies, For paralysis te occur, there must have
been a central failuré of response, and a large dose of
antigen was required. In order to maintain this
paralysis the antigen must remain in the body but this
is not apparently necessary for the state of tolerance.
At a Symposium in the Royal College of Obstetricians
and Gynaecologists, Tovey and Lennon (1960) and
McClure Browne (1960) described the methods they had
used in their attempts to produce a blood group
chimera in a Rhesus negative woman with antibodies and
a history of early stillbirths, Rhesus negative
haemopoietic tissue: was injected into the umbilical
cord or peritoneal cavity of the foetus at 16 weeks
gestation in the hope that sufficient Rhesus negative
blood cells would be produced to prevent the death of
the foetus because of the excessive destruction of
Rhesus positive cells. The follewl!up of any infants
successfully delivered would be of great immunological

interest.
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The diagnosis of the eccurrence of isoimmunisation

~is not difficult provided routine tests of the maternmal

' blood are performed during pregnancy. Vaughen (1959)

stressed that the maternal blood should be tested in
every pregnancy, as 'clerical and technical errors are
too commen to permit last year's report to stand for

all time', Boronow (1961) recommended that an

. indirect Coombi. test and genotype be performed on all

Eantenatal patients as & test for the presence or

absence of D was not sufficient. This arose from

' the author's description of three patients with

 isoimmunisation to ¢ with affected infants, and in one

case no bleod transfusion had been given previously.

 Boronow suggested that the husband's blood should alse

be genotyped as a routine, but this seemed an
expensive and time-consuming precedure. Krieger (1955)
did net believe that single estimatiens of the antibody

titre during pregnancy were of much value except as

ja warning or diagnostic sign. In an Annotation in the

Lancet (1958) the writer strongly recommended that

! antenatal testing for antibodies between the 32nd and

i 36th weeks in Rhesus negative patients became a routine

procedure,

The significance of the antibeody titre in the

: severity of haemolytic disease in the unborn child has

been the subject of much debate. It is agreed that

I saline titres are of little value but albumen or
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- incomplete antibody titres and anti-human globulin
titres are believed by many te be of prognostic value.
. Vaughan (1959) suggested that the appearance of antibodie;
during a pregnancy usually indicated that the infant .
E was affected by haemolytic disease of the newborn, but
| probably net severely, although there were exceptions.
Bourke{1955), however, reported cases in which antibodies;
appeared during the last 4 wecks of pregnancy for the
first time and the infant was severely affected or even
dead at the time of delivery. Rigsby, Verys, Cepeland
- and Ullery (1961) stated that if no antibodies were
found during the first few months of pregnancy and
developed later, it invariably meant that sensitization
: had taken place during the pregnancy. This has not
been our exnerience,

Krieger (1955) draw attention to the cryptagglutineid
~ antibodies in addition the saline and albumen types.
- He suggested that there were 3 forms of univalent anti-
body, the blecking antibody for saline antibody, i.e.,
. albumen antibody, the non-blocking antibody which was
the crypta gglutinoid antibody, and a blecking antibody
for the eryptagglutineid antibody.

In 1958, Kelsall, Vos and Kirk in Ausidralia wrote
that they were so certain of their antiglobulin methed
of obtaining antibody titres that they induced labour
and performed exchange transfusions on the infant being

largely guided by the antenatal titre. They proposed



.
a 'titre index' in which the titre values were given
a code number and this was multivlied by the weeks of
gestation at which the wvalue was obtained, The lower
the titre index, the lower- the mortality. They did sa%,
however, that Rhesus negative infants ceuld not be
predicted and that severe maternal oedema was often ;
associated with a falling titre and an affected infant,
In two annotations in the Lancet (1958 and 1958) in
which the prevention of stillbirths due to haemolytic
disease was discussed, it was agreed that antibody i
titres could not be correlated with the severity of the é
disease, and the numercus: exceptions in the behavieur
of the titre made it unreliable for prognosis in
a particular case,

Wiener (1959) would not accept an anamnestic
reaction in which the antibody titre rose despite the
presence in utere of an unaffected Rhesus negative
foetus, and considered that this was solely due te
faulty laboratory technique. Wiener, Wexler and
Brancato (19568) had previously stated that they had
never seen a significant rise in antiboedy titre when

the foetus reached the blood factor to which the

mother was sensitized. Jacohs (1959¢) agreed with

other writers that an anamnestic reaction did eccur

and was misleading in predietion in this conditien.
Predicting the severity of haemolytic disease

is of the utmoest impertance, particularly if induction

of labour before term is considered in the management
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management of the iseimmunised patient., Altheugh
some workers believed that the antibedy titre had
a place in deciding the management few were prepared teo
rely on it. completely., Kelsall and Vos (1955) were
prepared to induce labour if there was a 'harmful risa'é
in titre, particularly afterthe 36th week of prognancy.i
Tovey and Valaes (1959) and Tovey (1961) found
a definite relationship between the height of the
anti~globulin titre and the severity of the
haemolytic disease in a first affected pregnancy.
In subsequent pregnancies the height of the titre
was of less help but could still be used in pregnesis
and they advecated the induction ef labour three weeks
before term. Townsend and his co-workers (1961) E

believed that +the antibody titres were not completely |

reliable but, aleng with the coleur of the liqueor amnif
and the genotype ef the husband, they could be used in |
the prediction of the severity of the condition and E

also in deciding the optimum time for the induction of |
labour., VWiener et al (1956) relied en the value of thé
antibody titre at term or the average of titres obtained
during pregnancy but they do not seem to have favoured !
induction and the determination of severity antanatally!
is rather academic in such circumstances, Stern (1958f
thought that serolegical tests were of wvalue in prognoais
and Krieger (1955) found a cerrelation between a rise iﬁ

titre and the severity of haemolytic disease in the

infant, Aarstrand and Hope (1960) found that a low
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titre which rese and then fell again indicated a bad
prognosis,

On the other hand, Davies and her co-workers |
(1953) had not found that antibodies were helpful and
relied on the patient reporting less vigerous feetal
movements, and the amount and colour of the liquor amnii
when predicting the severity of the conditien, Gainey
and his associates (1954) were not impressed with é
antibody titres as a method of prediction. Evans
(1954) thought that a rising titre in the last trimester
increased the likeliheod eof an affected baby, but |
thought the paast obstetric history and zygesity of the
patient's husband were more helpful than the antibody |
titres generally when the question of pre-term delivery é
was being censidered. Walker (1859) thought that
examination of the liquor might give more reliable
information than the antibody titre had done, and Jacobs%
(1959a) could enly correlate titres with severity in ‘
first affected pregnancies,

Murray (1956) found that the genotype R, {eDE)
produced more severe haemolytic disease than the |
genotype R, (CDE) and considered that this might influende
the management of the patient,

Kelsall, Ves and Kirk (1959) believed that
episodes of immunizatien take place during pregnancy and’
that mere than one of these might eccur during a pregnancy.
They suggested that the foetus might be able teo compensago

for a single episode by the productien of red cells teo
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replace those destroyed by the antibedies, but if there
was more than one episede, the foetus would show signs |
of haemolytic disease. |

The previous history was found by Davies and

her associates (1953) to be very important, They peinte

out that the assumption that the severity of haemolytiec
disease increased in-succoeding pregnancies was net :
always cerrect. If the first affected infant had been
only mildly affected, the prognesis for subsequent
infants was better than if there had been ne previously?
affected infants. A severely affected infant, on the
other hand, hed a very much greater chance of being -

followed by anether severely affected infant than

by a mildly affected one, although this was neot
|

impessible. The difficulty of assessing severity prese%ts
a preblem in this type of study. Evans (1954), é
however, stated that usually gucceeding infants were i
more severely affected. Chewn (1948) had previeusly i
shown that & severely affected infant might be follewedé
by a mildly affected one. Walker and Murray (1956)
considered haemolytic disease of the newborn te be

a family preblem and heped to be able te predict the
outcome if the disease fellowed a pattern. They

foond an incidence of 10 to 15 per cent for stillhirthsi
and also showed that 7 to 8 per cent of apparently |

first affected infants were stillborn, The writers

found that a previous incompatible blood transfusion
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did not increase the risk of gtillbirth, thus
disagreeing with the writer of the annetatien in
the Lancet (1954) en this sibject, but that it increased ,
the severity of the disease, They gave pregnostic |
estimates from their series of the chances of severely
affected and stillborn infants being delivered after
mildly and severely affected infants in a previous
pregnancy. The view that the lenger the time intervalf
between pregnancies, the better the outcome after
an affected infant was not supperted by Stratton (1955);
who believed that the lenger the delay, the worse the '
pregnosis., Goperud (1961) and Petter (1958) beth
related the prognesis te the previous history and
agreed that the more severely affected the baby was,
the morse the pregnosis in general. After a stillbir th

due te haemolytic disease the chance of a live infant ;
f

wag between 10 and 25 per cent despite active intorvantﬂon
and exchange transfusion. Townsend and his colleagues;
(1961) reached similar conclusiens having 'grouped’ thefr
patients in a similar manner.

The routine g?notyping of the bloed of husbands of:
Rhesus negative women has been advecated by Aare (1959);
and Borenew (1961) recommended this as a routine in I
every pregnancy. Rey (1959) suggested that the
husband's genotype should be identified and proved
by examining the bleod groups of other children in the

family., There is a small but definite error in the

determination of the gen~type, because anti-d antisera

is not available for testing, and this may be of some
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importance as it is frequently informatien about the
zygosity ef the Rhesus complex which is mest required.
Also the genotype of the husband dees net identify
the blood group of the feetus in utere in a current
pregnancy.

Diamend, Vaughan and Allen (1950) found that ?
male infants were more susceptible to severe haemelytic ;
disease of the newbern than females, and this was
particularly se if the infant was immature. Armi tage
and Mollison (1953) agreed with this finding in their
analysis ef the M, R. C. trial ef management in Rhesus
iseimmunisation, Knex, Murray and Walker (1961),
however, were unable to associate the sex ef the infant |
with the severity ef the condition in their large sorieni

The value of radiegraphy in the diagnesis eof %
severely affected infants was referred te previously.
Seme other workers, nctably Soperud.’ (1961), have :
attempted te diagnose an affected infant by x-rays
with varying degrees of success.

In the literature, reference has been made frem
time te time to the apparent asseciatien between
pre-eclampsia and bleod group incompatibility. Mere
recently Campbell (1955) stressed the impertance eof
associated pre-eclampsia when predicting the severity
of haemolytic disease, Walker, Murray and Russell
(1957b), who were reluctant to induce labour in Rhesus

isoimmunisatien, were prepared te do so when pre-~eclampsia

1
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was present and the patient gave a history ef a previous |
stillbirth as a result of haemolytic disease. They 3
!
found that the risk ef hydrops in these circumstances :
was considerable. Knox, Murray and Walker (1961) found i
that the risk ef Rhesus sengitizatien increased with tho:
severity ef asseciated pre-eclampsia, Scett (1958)
foeund that pre-eclampsia was net mere commen in patients!
with Rhesus isoimmunisation than in a centrol group,
but that 50 per cent ef patients with hydrops feetalis
developed pre-eclampsia, Generally the pre-eclampsia
was severe and develeped comparatively early in
pregnancy. He postulated that this might be due te
over-di stension ef the uterus with an accempanying
alteration in placental functien. He neted that in !
hydrops feetalis the cytetrepheblast cells persisted |
in late pregnancy and this observation was confirmed
by Crawford (1959), The placentz was ever-active
and an increase in the preductien of cherienic
genadotrophin had been feund. Scott suggested that

the pre-eclampsia asseciated with these cenditions might

be the result er the caus? of ever-activity ef the

genadétrephin-producing cells, Speck (1960) described

a case in which the patient had had eclamptic fits at

16 weeks gestation. She waz known to have Rhesus antibédies
as & result of a previeus incompatible transfusien, E
Hy sterotonyvras performed and the placental tissue ,

wag vascular and oedemateus, but it did net resemble
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; had found that when the ratie of the placenta te the

| foetus by weight was ever 0,7 (appreximately 1:1} er
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' less) the incidence ef texaemia was 80 per cent, i

Levine (1944) had referred te texic symptoms
develeping in the mother when the foetus became
hydrepic in uteroe, 0'Driscoll and Lavalle (1955) amd
Geedlin (1957) bave described a 'maternal hydreps
syndrome' in which a pregnant patient with Rhesus

antibodies in her circulation develops oedema, hypertensi+n

and albuminuria, aleng with hydramnies, skin irritatien |
and absence ef foetal mevements. These features usuallye

eccurred immediately prier te the death ef the feetus in

i
- utere and pe rsisted te a varying degree'until delivery. i
|
|

' The mechanism was not known but it was presumed that

| {(1959) also referred to the 'maternal hydreps syndreme'

the placents was being everwhelmed by bilirubin and oedamJ,
as a result of the anaemia and feetal cardiac failure, ané
when it failed, it poured fluid inte the amnietic sac, i
bilirubin inte the matermal circulation and pessibly

gonadetrophin alse with resultant pre-eclampsia., Vaughan

:and drew attention to the risk of hypefibrinegenaemia ;

E developing when an intra-uterine death eccurred,

i fluid when an attempt at predicting the severity eof

 haemolytic disease is made, The fluid and membranes are

It is legical te consider examining the amnietic

'part of' the feoetus and are in clese contact with

Ihim, therefere products of metabolism, which are net
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remeved from the circulation by the placenta, may be
excreted inte it,
In 1945, Witebsky and Mohn reported that A and B
group-specific substances had been found in the liquer
(and in other bedy fluids) when the woman was a ‘gsecretor',

a property which was inherited by a domirant gene, The

Rhesus factor, hewever, was thought to be limited te
the red cells and was inseluble in water, They had
found that the greup of the child and not the mother
determined the group-specific substance in the liquer,
and the Rhesus substance could alse be determined.,
They suggested that severely affected infants might be
nen-secretors of Rh substance but this has net been

confirmed,

Westin, Lind and Teger — Nilsson (19680) examined
the liquer in early pregnancy in legally induced
abertions, and calculated the electrelyte and pretein co?—
tent, Sedium and petassium were found te be present
in the same cencentration in liquer as in maternal E
nlasma but higher in feetal plasma. The concentrations;ef
calcium and pretein were lewer in the liquer than in
"maternal er feetal bleed.

Oram (1960) considered that liquer was a transudat(
from the maternal vessels and frem the feetal circulatio?,
and also a secretien by the amniotic epithelium, Oram
found that feetal urine contributed te the liquer and i

that it was pessible to calculate the .electrolyte

concentratiens and turnever. Hydramnies and an unstable
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lie were indications for aspirating liquor and it was
possible to induce labour by injecting various substances
into the liquer. Danforth and Hull (1958) suggested
that the - :changes in the content of the liquor might

be effected by stomata, and canaliculi in amniotic cells,
which they were able to define by the electron micro-
scope.,

Bevis (1956) published a report on blood pigments
in haemolytiec disease of the newborn. He found that
bilirubin and oxyhaemoglobin were present in the liquor
and he tried to relate the concentration of these
substances to the severity of the haemolytic disease.
The bilirubin found was mainly indirect-acting, but
up to 20 per cent direct-acting bilirubin had been
found. Bevis (1952) had previously described the
technique of obtaining liquer by 'tapping' the uterus,
and after centrifuging,the liquor was examined in
a spectrophotometer (Unicam S P 600) using 10 m.m.
cuvettes, The optical density was then plotied on
& logarithnmie sca.leh against the wavelength of light
transmitted through the liquer, The shape of the curvol
produced on the graph was a qualitative identification
of the substance: present, and the vertiecal height of the
curve a quantitative indication of the concentration.
The concentration of bilirubin is measured as optical
density at 460 L

Valker (1957) used this method for the prediétion

of 'affected' and 'unaffected' babies, carrying out
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the paracentesis between 33 and 35 weeks gestation if
possible., He showed that the timing of the test
was important because the 'curve' or 'bulge' above the
'normal line' on the graph became less as the pregnancy .
approached term, In the first 74 cases, a correct
forecast was made in 52 (70 per cent). If no
distinction between unaffected and very mildly affected
infants were made and if the timing of the test was
correct, the accuracy of the test increased conaiderably;
(91 per cent). Prediction of the severity of
haemolytic disease was not mentioned in this report,
nor the management of patients after predietion,
¥alker did state that the test was safe and fairly
simple and if bloo 4@ is examined for the presence of
antibodies in the 32nd week of pregnancy, the
paracentesis can be arranged without difficulty.

Interest in this procedure was aroused by this
report and since that time reports have been published
in Australia and New Zealand and in the United States
of America. Liley (1960) described his technique:
of amniocentesis and the complications he had
encountered during 200 tests. He had difficulty
in obtaining liquor when the placenta was anterior
and if the foetal back was anterior. He repor ted
premature spontaneous labour {n 7 patients and 2 foetal
deaths from infection. Other investigators: (Carey (1960)),
Robertson (1961) and McBride (1961) were impressed by the

ease with which the procedure could be carried out and
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thought that examination of the liquor would help in
the prediction of severity in patients with Rhesus
isoimmunisation,

Macbeth and Robertson (1961) obtained liquor from
& point between the anterior shoulder and the occiput
of the foetus and performed two tests during a pregnancy
complicated by Rhesus isoimmunisation., This site diffebs
from the one used by Bevis and Walker and is rather near
the foetal head, Bewis and Walker aspirated liquor
from the side of uterus opposite to that occupied by the
foetal spine, end at about the level of the umbilicus,
8o that limbs only could be encountered by the needle.
Macbeth and Robertson suggested that the test was
reliable for detecting the presence of a Rhesus negative
infant in utero and for indicating the progress of the
disease, They found that the height of the optical
density indicated the severity of the disease and the
management with regard to induction.

Liley (1961) described a series of 101 liquor
testa and.eommonted that if he obtained blood on
paracentesis, this was examined to determine its origin -
foetael or maternal - and the blood group. His findings
on examination of the liquor were similar to Walker's
(1957) but he found it benefiecial to carry out 2 or more
tests and Basedhis prediction on the height of the optical
density at 460 B and whether this was rising or falling.
His results were plotted in three zones, the lowest

zone indicating the least affected and the upper zone
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the most severely affected. He was able to correlate
the cord haemolgobin and the height of the peak at
450 mu when this was known within one week of delivery.
Although Liley was unable to distinguish between the
unaffected infant and the mildly affected infant, he
found that the severity of the condition && predicted
was & satisfactory guide to the optimum time for the
induction of labour. The test was particularly useful
in preventing the loss of the foetus in a 'first-affected
pregnancy.

Mackay (1961) performed 1 test on each of 233
patients and studied the liquor for bilirubin staining,
He noted 6 grades of staining and found that the
prediction of severity given by these was better than
that obtained from the optical density at a peak, or
the chemical estimation of the bilirubin concentration
in the liquor. Again, it was found difficult to
distinguish between unaffected and very mildly affected
infants but the management of such patients was the same,
The grade the patient was placed in determined the time
of her induction. Townsend et al (1961) were also
influenced by the colour of the liguor when deciding
the optimum time of induction. Mackay pointed out
that there were other causes for the presence of
bilirubin in the liquor, such as rarer blood group
incompatibilities and chrotic intra-uterine hypoxia,

Walker and Jennison (1962) reported a further serie

{

g
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of 156 patients tested and a ‘correct' prediction rate

of 91 per cent. Fewer cases were tested after 35 weeks,

|
|

and occasionally the error was due to failure to
distinguish between an unaffected infant and a mildly-
affected one. They also chemically estimated the liquor
bilirubin but the results were not as reliable as the
spectro-photometric estimations in predicting the

severity of the infants.

A preliminary report on ammiotic fluid studies in Rhesus sensitized

women was published by Beecham, Molthan, Boutwell and é
Rohrbeck (1962) but they were not impressed by the E
results of these tests. They attempted to evaluate i
the severity of haemolytic disease in the foetus in
11 patients, including 3 controls, by studying the
anti-D antibody concentration, the amount of direct "
and total bilirubin estimated chemically, and also the
amount of iron, haemoglobin and leucine aminopeptidase,
They did not carry out spectrophotometric analysis,
however,

Moncrieff (1960) condemned paracentesis as he felt |
that a marked rise in antibody titre could occur followiﬁg
the insertion of the needle, Kelsall, Vos and Kirk
(1959), Mackay (1961) and Walker and Jennison (1962)

were all able to present evidence that a titre rise in

the last six weeks of pregnancy occurred just as i
frequently when no paracentesis was performed.

Mackay (1961) studied the protein content of the
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liquor and found that this was increased when the 1nfanté
was severely affected by haemolytic disease. The |
increase in total protein was due to an increase in the
albumen fraction. wild (1961) found an association
between the protein and bilirubin content of the liquer
amnii, the protein being particularly high in two
patients who had hydropic infants. A fall in both
the protein and bilirubin occurred after the 35th
week and occurred even when the foetus was unaffected,
provided the foetus was alive. If death in utero
had occurred, the values increased. Indirect
bilirubir was found by Wdld to enter the liquor boumnd
to the serum albumen, and as the foetal bilirubin
was inv#riably found to be.higher at birth than the
liquor bilirubin at 31 weeks, the liquor bilirubin and
protein were probably derived from the foetal serum.
Unlike Liley (1981) Wild was able to correlate the
liquor bilirubin before 35 weeks with the cord
bilirubin at delivery.

Before considering the recent literature on the
management of patients with Rhesus isoimmunisation,
it must be remembered that other antibodies besides
anti-D may cause haemolytic disease of the newborn.
Grundorfer (1953) reported 2 patients who had

received repeated blood transfusions before pregnancy

and who both gave birth to infants affected by
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haemolytic disease. The antigen concerned was hr”
or ¢ and although he considered that this was a weak
stimulus, Grundorfer felt that it was dangerous to give
'Rhesus negative' blood to Rhesus positive patients.
Wiener, Wexler and Brancato (1956) considered that hr/
or ¢ was the most common antigen causing isoimmunisation
after Rhy: nf D and the ABO groups. They pointed out
that anti-¢ antibodies might not be detected by the
CoombBs test and that enzyme preparations might be
required to enhance the action of the antibody. Duffy,
Kidd and anti-A and anti-B antibodies were also not
detected by using enzyme preparations. Boronow
(1961) reported 3 patients who had anti-C antibodies,
2 of whom had had previous iransfusions. The third
patient had no transfusions but a previous infant had
required exchange transfusion,

Additional antigens were described by Mourant
(1957) and at that time he thought that a fourth and
fifth locus for genes had been identified. However,
combinations of 'the. basic genes were found to occur,
and the two ne¥. antigens, called f and V were in fact
¢ and e, and ¢ and e®. Allen and Tippett (1958)
described the G antigen and explained why Rhesus
negative women, who had not been transfused, were able
to produce anti C + D antibodies, although their
husbands lacked the C antigen. The patients were
producing anti D + G, the G antigen being present along

with the C or D antigen.




{ These workers suggested that the antibody might have been

" findings in the infant at biZth suggested a haemolytic

93.
Another anomaly was reported by Murray and Clark

(1952), Heat extracts of cells lacking the D antigen

were able to produce anti-D antibodies in guinea pigs,
directed at the substance which forms the basis of all
the Rhesus antigens., In 1959, Dunsford and Stapleton
reported that anti-D antibody had been taken up by

cells apparently lacking the D antigen. No anti-D

was found in serum separated from a Rhesus negative ?
clot at 4°C, but anti-D was detected at 37°C.

During this past decade, attempts have been made
to treat patients with antibodies with a number of
substances, and planning the management of immunised

women is of great importance, As the haematological

anaemia, and as it is known that the acquired form
benefits from the administration of cortisone and
adrenocorticotrophic hormone, it seemed reasonable

to try the effect of these hormones in the previously
immunised pregnant woman, Anderson (1952) reported

a reduction in the severity of the haemolytic disease,
while De Costa, Gerbie and Potter (1954) found nothing
to recommend it as a form of therapy. Hunter (1954)

was more hopeful but still reported the occurrence of

intra-uterine deaths and neonatal deaths, |
|

Carter and her co-workers (1956) were still |

1

l

claiming success for their Rhesus hapten therapy. This
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substance was extracted from Bhesus positive blood,
and administered intramuscularly, preferably before
the start of a pregnancy, and continued daily
throughout pregnancy. During pregnancy the dose was
inereased but induction of labour was not necessary.
Many infants did’ not require exchange transfusion,
Lewis and Carter (1958) reported that they had not
lost a foetus or infan! from haemolytic disease for
3 years by using a hapten capsule orally. In view
of these excellent results it is unfortunate that
other workers are unable to produce the hapten or to
obtain comparable results,

The study of immunochemistry has resulted in
a new approach being made to the treatment of
isoimmunisation, Rhesus substances have not been
successfully extracted so attempts have been made to
find substances which will inhibit the action of
antibodies on Rhesus antigenz —~ Hackel, Smolker and
Fenske (1958) showed that anti-Rhesus sera (anti-D,
C and E) was specifiecally inhibited by a number of
ribonucleie acid derivatives, suggesting that
Rhesus antigens were partly nucleotide in
composition., Hackel and Spolyar (1960) further
showed inhibition of anti-c and anti-e antiﬁodies by
derivatives of ribonucleic acid, and showed that some
of the substances used had a strong inhibiting effect

on some of the antibodies, in their saline or albumen
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form, while the effect on others was much less strong.
They concluded that as an isolated blood group substance
could prevent its specific antibody from causing hae-
magglutination, specific inhibition of the antibody
indicated a similarity between the blood group substance
and the antigen for which the antibody was specific.
In view of this, it was deduced that part of the
specificity of the Rhesus sitigens was due to abonucleic
acid derivatives.

On the other hand, Boyd, McMaster and Waszczenko -
Zacharczenko (1959) were unable to confirm this
inhibitory effect by nucleic acid derivatives, They found
that L—glucose,.L-mmmmne and D-gulose: weakly but
specifically inhibhited agglutination of Rhesus
positive cells by anti-D serum. They concluded that
the D~ receptor of Rhesus pogitive red cells contained,
as a terminal unit of the active portion, one of the
'unnatural!’ hexoses) or their derivatives. Anti-D
was also inhibited by streptomycin and rutinose,

Sialic acid had been suggested a&s an inhibitor by

Dodd, Bigley and Geyer (1960) but this was not confirmed
(Springer et al (1561)). ﬁf possibly more practical
importance was the report by Boyd and Reeves (1961)

that colominic acid, produced by certain strains of

E. eoli imhibited anti-D in relatively low concentration|
As this substance was reported to be non-toxiec and non- |
antigenic (Barry (1958)), Boyd and Reeves thought that

it might be of wvalue in the treatment of Rhesus
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sensitized pregnant women, but they have experienced

some difficulty in the preparation of the acid and [
so have not yet been able to give it a trial (Boyd (1962).

As the foetal blood cells apparently enter the
maternal circulation as a result of damage to the placental
capillary vessels (Javert 1955), it was thought by Jacob
(1956) that bioflavonoids might prevent this damage
and the increased capillary Pfragility in the baby.

In 6 patients the results were encouraging and the
treatment was still being given in 1959 (Jacobs (19592),

A novel approach was that suggested by FiRh and his
co-workers (1961). Having identified variable numbers
of foetal cells in the maternal circulation after
delivery, they suggested that when the mother was Rhesus
negative and her infant positive, and foetal cells were
seen in the maternal circulation soon after delivery,
these cells could be destroyed by the administration
of anti-Rh antibody. The cells would be removed
from the circulation before they stimulated the
production of antibodies, and the foreign antibodies
would disappear in time, Obviously this treatment
could not be employed when the patient was pregnant.

In general terms, Walker (1959) emphasised the need
for centralisation of immunized patients and for adequate
arrangements being made during pregnancy for blood
testing. If an infant were born outside hospital

and the mother's blood had not been checked, cord

blood should be taken for grouping and Coomb's test.
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- The infant should be transferred to a hospital which
has experience in exchange transfusion techniques if
haemolytic disease had been suspected or diagnosed.

Induction of labour is the only other method of
treatment of a woman with Rhesus isoimmunisation.

The rationale of induction of labour before the
expected date of delivery is that as the foetus is
affected by haemolytic disease and is in danger of
dying in utero from hydrops foetalis, it is safer to
deliver the baby when his maturity gives him & better
chance of survival than the uterine environment does.
The difficulties are that one can never be absolutely
- sure that the infant is affected by haemolytic disease,
that the severity is such that death from hydrops
foetalis is likely and that the induction will De
completely safe and satisfactory.

Mollison and Walker (1952) reporting on the results
of the Medical Reaearch Council trial showed that
induction reduced the number of stillbirths dbut
increased the number of neonatal deaths. The authors
calculated that the survival rate could only be
improved by one per cent by induction of labour.
Prematurity was found to be a definite hazard and to
aggravate the hyperbilirubinaemia of icterus gruvis
neonatoriumi.. Armitage and Mollison (1953) emphasised
that the inability to predict severity was the major
drawback to a policy of induction. Davies and her
co=-workers (1953) recommended induction of labour or

Caesarean section between 34 and 36 weeks gestation if
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a previous infant had been very severely affected.
Barly induction increased the risk to the infant of
kernicterus and was condemned in an annotation in the
Lancet (1954).

Evans (1954) was in favour of '‘preterm' induction
of labour as opposed to premature induction, because
in the latter the dangers of prematurity outweighed
the advantagén of early delivery. He therefore
advised induction after the 36th week if a previgus
infant had been stillborn or severely affecteds If
the husband were heterozygousy; Evans considered that
medical induction only was justifiable. Watson,
~ Crosse and Hatchuel (1954) reccmmended premature
delivery if a previous infant had been severely
affectedy but they felt that each case must be treated
individually on its merits.

In Australia, a policy of induction in patients
with Rhesus isoimmunisation was being carried out im a
nunber of centress Camphell (1955) conducted a trial,
inducing half the patients at term and the other half
at 38 weeks, and considered that the induction group
fared better. Kelsall and Vos (1955) compared their
results following induction with those of Mollison and
Walker (1952)s In the spontaneous groups the
mortality was the same - 24 per cent, while in the
induced groupy the Australian mortality was 10 per cent
and the trial mortality wus 36 per cent. The timing
of induction depended on the hLeight of the antibody

titre.
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Walker, Murray & Russell (1957 a & b) found
induction before 35 weeks to be of no real value,
while later induction saved a very small number of
infants because of the hazard of prematuritye The
authors recommended induction only to prevent a
stillbirth, and then oﬁly-if the husband was
homozygous Rhesus positive. They had been unsuccess-
ful in delivering more than one live-born child after
a atiilbirth, Fisher (1957) induced labour for the
same reason as Walker et al -~ to reduce the foetal
mortality from haemolytic disease - and his results
showed that induction reduced the mortality despite
the fact that the severity of the disease was greater
in the induced groupe. He also emphasised that each
pregnancy should be considered individually.

Allen (1957) thought that induction at 37 weeks
was justified when the titre was low,; in case it rose
dramatically, but the induction had to be consistent
with the safety of the mother and baby. [Earlier
induction was performed if the albumen antibody titre
was high, and exchange transfusion was utilised to
counteract the affects of prematurity. Kelsall, Vos
and Kirk (1958) induced labour before term depending
on the antibody titres obtained.

Two annotations appeared in the Lancet in 1958
and 1959, and the writer of the first felt that
induction of labour was justified if a stillbirth had
been forecast. In 1959, the writer drew attention to

the dangers of induction, and stated that where the
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indication for induction was clearest, the prospect
for benefit was small, because of the danger of
immaturity as well as any haemolytic disease. Dique
and Wrench (1959) induced labour at 36 weeks in
patients with an albumen antibody titre of 1/128 and
over and found that the percentage of surviving infants
increased proportionately with the percentage of
inductions performed during any year in their series.

Wiener (1959) recommended preterm delivery
provided that the mother and baby came to no harm, but
he was reluctant to advise Caesarean section. Aaro
(1959) also recommended preterm delivery, induction
being carried out between 37 and 40 weeks.

Tovey and Valaes (1959) considered that premature
delivery was the only rational method of preventing
stillbirth, with kernicterus being prevented by the use
of exchange transfusion. Using an anti-human globulin
titre, they found that in a first affected pregnancy
the prognosis was good when the titre was under 1 in 40.
If it was over this and if/?nduction had been performed
at 37 weeks, two-thirds of the stillbirths which
occurred in the high titre group would have been avoided.
If there had been antibodies present in a previous
pregnancy, the prediction was more difficult to make,
but induction wus Jjustifiable if stillbirth was expected.
Jacobe (1959b) believed that induotion at 37 or 38 weeks
was the correct management of patients with Rhesus
isoimmunisation, provided the obstetric conditions were

favourable. He did not think that Caesarean section
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was of value, but he did not make it clear whether this
had been performed for an obstetrical reason or to
benefit the foetus in some way. Ziel and Smith (1960)
reported 3 cases in which planned early delivery with
. multiple transfusions was successful in severe haemolytic
- diseases They also stressed that each instance of
maternal Rﬁosus sensitigation must be individually
considered for 9§r1y termination of pregnancy.

Townsend and his co-workers (1961) still believed
in the induction of labour in Rhesus isoimmunisation
after a careful analysis of their results over three
years. They were influenced by the antibody titre,
the colour of the lijuor amnii and the genotype of the
husband, as inductiéﬁ was only performed if a Rhesus
positive infant was antioipaied. The authors
commented on the difficulty they had in some ocases
in deciding the exact maturity because of the doubt
which some patients had as to the date of the commence-
ment of their last memsirual period. This was
obviously of importance in deciding the optimum time
for induction.

Rormﬁn (1960) recommended the induction of labour,
even earli induction, and McClure Browne (1960)
suggsstedfthat routine induction at 38 weeks was a
worthwhile practice as the foetus gained little in
.aize and g number of stillbirths and severely affected
infants would be avoideds Rigbsy et al (1961)
favoured Qarly induction if anaemia of the foetus was

suspected but not if an excess of bilirubin was likely
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to occur. The latter type was better treated by
exchange tranafusion.

Gairdner (1961) was in favour of early induction
to lessen the time of exposure of the foetus to the
antibodies, while Goplerud (1961) advocated induction
at 38 to 39 weeks if there had been no previously
affected infant, and 37 to 38 weeks or even earlier
if a prsvious death had occurred.

Jouvenceaux, Brizard, Michaud and Revol (1959)
believed that the prognosis for the child was better
when the birth weight was over 2500 g. and they found
that radiological examination was helpful in the
estimation of maturity. The authors gave qualified
approval to a 'harmless'induction, but were not in
favour of Caesarean section, On the other hand,
Morley, Anderson andForsythe (1961) did not think that
there was any indication for preterm delivery in the
first affected infant, but they did agree that
treatment should be decided on the merits of individual
cages. If previously affected infants had been
delivered and the husband was homozygous, earlier
induction might be justifiable.

After delivery, a number of tests are carried
out on the baby, including tests on the cord blood.
These include the determination of the infant's ABO
and Rhesus groups and a direct Coomb's test, Vaughan
(1959) drew attention to the possibility of ‘'false
negative' results being obtained with regard to the

Rhesus group and Coomb's test, and to the value of
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bilirubin estimations after birth in an attempt to
prevent the oocurrence of kernicterus. Krieger
(1955) had also drawn attention to the possibility of
the foetal cells being coated withlantibodies and being
unable to react with the testing serum, thus giving a
'false' Rhesus negative result, when the group is
Rhesus positive. Dique and Wrench (1959) found that
the cord serum protein values were lower in infants
affected by haemolytic disease than in normal infants,
and in those with the lowest values, the mortality was
highest. The writers believed that this wams due to
interference with the liver function of the foetus by
the action of antibodies on the liver cells.

In the comparison of results from different centres,
the method of assessment of severity of the haemolytic
disease becomes importants No one method has been
generally accepted, and there are individual criteria
for the carrying out of exchange transfusions. Brody
(1960) based his assessment of foetal severity on the
level of bilirudin in mg. per cent at birth and after
exchange transfusion, and he also pointed cut that the
plasma cholinesterase activity was depressed. Pieroce,
Rigor and Luken (1958) assenssed severity at birth and
later by estimating the cord haemoglobin and the
Coomb's test, and relating this to the oclinical condition
of the infant, including his colour and the time at
which jaundice appeared. Walker and Neligan (1955)
and Walker and Murray (1956) assessed the severity of

the haemolytic process by estimating the haemoglobin
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and the serum bilirubin. Walker and Jennison (1962)
were required to predict the severity of the haemolytio
disease at 34 weeks whereas the infant might not be

- delivered for 4 to 5 more weseks, and they tended te
assess the severity by the number of exchange trans-
fusions required.

The indications for exchange transfusion were
stated by Walker {1958) to be the treatment of anaemia
and the prevention of kernicteruss If the serum
indirect bilirudbin concentration was seen to be rising
at the rate of 1 mge per 100 mkh per hour and was in
dangexr of reaching 20 mg. per 100 mle.y .~ kernicterus
would be likely %o occur unless the concentration was
!Treducod by exchange transfusion. Repeated transfusions
were sometimes necessary to g;ep the bilirubin
concentmtion below the danger level, Claireaux et al

(1953) and Vogel (1953) had shown that indirect
bilirubin could cross the blood-brain barrier and be
taken up by braim cells which had been damagaﬁ by anoxia
and anaemia. This gave rise to the yellow staining
seen on post mortem examination. Wiener (1959) alseo
quoted 20 mgs of bilirubin per 100 ml. of serum as the
accepted upper limit and performed exchange transfusion
to keep the bilirubin level below thise Siaple
'top-up' transfusions were given when the haemoglobin
level reached 45 to 50 per cent (approxe 7 to T.5 g
per 100 ml.,)s Jouvenceaux and his colleagues (1959)

advised early exchange transfusion and stated that the
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procedure was not without risk as 14 infants out of
418 were lost during or immediately after transfusion
in their series.

There is now no controversy about the value of
exchange transfusion as opposed to simple transfusion.
Exchange transfusion was advocatel by Allen et al
(195&5, and Mollison and Walker (1952) and Armitage
and Mollison (1953) showed the definite advantages of
this proocedure in the Kational Trial. It was found to
be particularly advantageous when the infant was mature
and had a low haemoglobin level, and also when the
infant was immature and had a high haemoglobin, and
usually a rising bilirubine Campbell (1955) stressed
that a severe anaemia and a high bilirubin could both
be treated well by exchangaltranafusion. Kelsall and
Vos (1955) prefered to give a larger volume of blood
than the 80 ml. per pound of body weight reoommended
by Walker and Neligan (1955), and tried to avoid
repeating the procedure. Wiener (1959) has always
carried out the transfusion by the saphenous vein and
radial artery. Most paediatricians, however, have
favoured the umbilical vein for the procedure. Wiener
also recommended that blood be cross matched with the
mother's blood and administered to the infant without
cross-matohing.

Wiener, Wexler and Branceto (1956) considered that
two exchange transfusions were sufficient, the first to
arrest the progress of the disease by removing the red

cells coated with antibody and to keep the bilirubin at
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a low level, More bilirubin would diffuse from the
tissues into the circulation and a second transfusion
was necessary to bring about a permanent fall. Other
workers have had to perform more transfusions to kesp
the serum bilirubin below 20 mg. per 100 ml. Vaughan
(1959) also referred to the value of exchange transfusion
in keeping the hilirubin level low and thus preventing
kernicterus.

Since the time of Jakesch (1878) the placenta in
haemolytic disease of the newborn, and particularly
in hydrops foetalis, has aroused much speculation and
interest. Crawford (1959) studied the growth of the
normal placenta and noted that it increased in size
by enlargement of individual cotyledons, the total
nunber remaining constant. This growth process took
place at the edge or fringe of the cotyledon and was
still taking place at term. In erythroblastosis
foetalis, the degree of enlargement of the placenta
was found by Crawford to be related to the severity
of the condition. 1In hydrops there were fewer
cotyledons, due to a reduction in the number of small
and medium-sized cotyledons. The overall placental
size was increased by hypwrtrophy and the fringes of
the cotyledons consisted of less mature 'growing ends'.
These were seen to be actively dividing and gave rise
to the yellow discoloration seen on the maternal
surface. In icterus gravis, the author found the
placenta to be less hypertrophied.

Chernyak and Rabtsevich (1959) studied a number
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of placentas associated with varying degrees of
hasmolytic disease. They noted a decrease in the
average diameter of the chorionic villi, the largest
being found in the placenta of hydropic infants, while
the immnniaod?ggmenlﬁith normal infants unaffected by
haemolytio dis;ﬁso, h#d villi of norﬁal size. The
ratio of placenta to foetus by weight ranged from

111 %o 11 3.5 in hydrops foetalissyfrom 11 3.5 to

13 4.3 when the infant died as a result of haemolytio
jaundice, and from 13 4.4 to 1. 5.4 in patients with
haemolytic disease with a favourable outcome. In the
clinically unaffected group the ratio was the same as in
the control: group, ranging from 1315.8 to 117,

Goplerud (1961) found that in ﬁiﬁﬁﬁgrien when the
placenta to foetus ratio was 1;§;ﬁ£han 1 in 4, the
infant died. [Exceptionally. the infant was so immature
that the placenta to foetus ratio would normally have
been less than 1314, whether haemolytic disease was
present or not.

Walker and Neligan (1955) laid down certain
oriteria which they thought could be used as a basis
for comparison of the severity of haemolytic disease
in different seriess These included the cord
haemoglobin, the birth weight and the sex of the baby.
In their series no infant had been lost who had not
been given an exchange transfusion, and none of those
who did have an exchange transfusion developed
kernicterus. The authors considered that 98 per cent

of infants born alive with haemolytic disease should
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survive if adequately treated.

| Shelton (1955) drew attention to the tendency
among paediatricians to omit the number of stillbirths
and the number of Rhesus negative infants borm to
.1mmunisod mothers. To the obstetrician all these women
-presented a problem of management. He had a stillbirth
‘rate of 20 per cent in his series and accepted this as
inevitable, while 5 per cent of infants were born alive
but died within 24 hours.

Walker and Murray (1956) found a stillbirth rate
rof 10 to 15 per cent quoted, and noted that 7 to 8 per
cent of apparently first affected pregnancies ended in
stillbirth. After a mildly affected infant, the risk
of stillbirth subsequently was 2 per ?ent, but after a
stillbirth, the riek was 68 per cente Walker, Murray
and Russell (1957b) stressed that it was difficult to
calculate the incidence of stillbirths due to haemolytic
disease unless the overall incidence of haemolytio
.diaease wag known., Hospital series might be unfairly
loaded with stillbirths sent in for delivery, while
mildly affected infants remained undiagnosed outside the
hospital.

Tovey and Valaes (1959) had an overall foetal
survival rate of 87.7 per cent with a stillbirth rate
of 8.4 per cent. The neonatal death rate was 3.1 per
cent,

Pokter (1958) studied a large number of case
records and concluded that after a previously affected

infant, there was a 50 per cent chance of survival, but
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only 20 percent after a neonatal death from haemolytic
disease, and 10 per cent after a stillbirth. Porter
considered that this rather gloomy prognosis could be
improved by more vigorous and active treatment. In
1958 Walker went further than previously and stated
that, with adequate care, the neonatal mortality rate
should be as low as 6 per 1,000.

Jacobs (1959a) calculated that, in 'first affected’
infants, the survival rate should be 95 per cent with
treatment, in families with previously affected but
surviving infants, the rate was 66 per cent, but after
a 'Rhesus’ stillbirth or neonatal death, the prospects
were hopelesss Townsend et al (1961) divided their
cases into 3 groups,i- first affected, previously
affected but alive,and previous neonatal death or
stillbirth. The perinatal mortality in the three
groups was as follows =7 per cent, 17 per cent and
54 per cent of Rhesus positive infants.

SUMMARY,

During the last decade many of the problems
associated with Rhesus isoimmunisation have been
investigated. The mechanism of isoimmunisation is
fairly well understood, but the reasons why some women
respond to the Rhesus positive antigen by forming
antibodies while others do not has not been satisfact-
orily explaineds As regards the management of
immunised patients, the technijue of exchange transfus-
ion has been perfected and the electrolytic changes

associated with it have been thoroughly studied, and
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so if a baby is born alive and is able to tolerate
an exchange transfusion, it has a very good chance of
survival. Unfortunately there are still a large
number of stillbirths from haemolytic disease - 10-15
per cent in most series, or 500 each year - England and
Wales (Lancet 1958) - and despite a number of promising
lines of remearch, no satisfactory method is available
for treating these severely affected infants in utero.
The only possible treatment is the delivery of the
infant before term soc that he is removed early from
exposure to antibodies and takes hie chance in the
nursery. Fo one wishes to add prematurity to the
risks which the baby requires to run, and so some
workers are unwilling to induce labour unless it is
certain that a stillbirth will occur if labour is not
induceds Unfortunately the means of ensuring that a
stillbirth will occur are not available. Antibody
titres are generally considered unreliable except
possibly in a first affected pregnancy, and anomalous
results have been obtained. The genotype of the
husband is only a probability and can be wrong, while
the previous history is not a sufficiently reliable
index to invite the performance of heroic procedures.
The clinical history during the pregnancy is not of
much help, nor are X-rays oconsidered to be of help in
prediction. Some workers have examined the liquor
amnii obtained by uterine paracentesis at about 34
weeks. The examinations have been both naked eye and

spectrophotometric and although there have been some



111.

false results reported, the procedure has proved to be
of some value.

Having predicted an affected or unaffected infant,
or a mildly affected or severely affected one, the
timing of the induction of labour, if it is to be
performed, has to be decided upon. It is generally
agreed that, only in very exceptional oircumstances
and without much hope for the infant, is induction
likely to be of value before 35 to 36 weeks gestation.
Routine induction at 37 and 38 weeks, and by term, has
been recommended, but others have stressed that each
patient must be considered on her merits and that no
statistical deductions should be applied to particular
cases.

It is comforting to know that efforts continue to
be made to find new methods for the treatment of this
condition, and that many are prepared to devote their

time to diagnose and manage these isoimmunised patients.
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METHODS AND RESULTS.

The patients who have been studied in the preéont
investigation fall into 2 groups. The first group is
a very small one, consisting of women who have been
attending the Ante Natal Clinic of the Simpson Memorial
Maternity Pavilion of the Royal Infirmary of Edinburgh
during the last 8 months of 1962 and whose blood has
been examined for the presence of foetal red blood
cells. The second group is much larger and includes
all the women who have attended the Simpson Maternity
" Hospital during the period 1956 to 1962, and in whom
BRhesus antibodies have been demonstrated or who have
given birth to an infant found to have haemolytio
disease of the newborn due to Rhesus isoimmunisation.

The Simpson Memorial Maternity Pavilion (S.M.M.P.)
has 180 obstetric beds and is the largest obstetric
hospital in the South-~-Eastern Region of Scotland. It
consists of 3 separate units but the patients with
Rhesus isoimmunisation are distributed among the units,
although since 1958, when the prospective part of this
study commenced, there has been a tendency for patients
known to have Rhesus isoimmunisation to be referred to
and delivered in the Professorial Unit.

Boutinely blood is obtained from every patient,
in every pregnancy, on first attendance at the ante-
natal clinic (or on admission to hospital as an

obstetric emergency). This blood is grouped for
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ABO and Rhesus factors and is 'screened' in the
Regional Blood Tranafusion Centire for the presence of
immune antibodies. If an abnormal or unexpected
agglutination reaction ooccurs during 'screening', an
indirect Coombs' test is carried out and the specificity
of the abnormal antibody is identified. Initially the
‘ concentration or titre of this antibody was determined
against cells suspended in saline ('saline antibodies')
and against cells in a protein medium ( 'albumen',
'incomplete' or ‘'blocking' antibodies). During the
last 3 years titrations using Coomds' sgrum and red
blood cells have been carried out, giving a quantitativej
estimate of the antibody concentration. The techniques
used are standard ones, enzyme (papain) treated cells
being used on occasion in the detection of antibodies
but not iﬁ guantitative estimations. It is not
proposed to consider these techniques any further as
they were carried out exclusively by technicians in the
Transfusion Centre and the reports issued form the basis
for the diagnosis of Rhesus isoimmunisation.

Further blood specimens are obtained from all
Rhesus negative patienté at the 32nd and usually the
38th weeks of pregnancy, and are screened for antibodies
in the same ways. Repeat tests are also carried out on
blood obtained at about 32 weeks gestation if a patient
is Rhesus positive and has had a blood transfusion, an
unexplained stillbirth or neonatal death, or an infant
with unexplained Jjaundice. If no antibodies are

detected in these patients, no further action is
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required with regard to the possibility of Rhesus
isoimmunisation, but if the infant after delivery,
shows any sign of developing icterus gravie neonatorum,
bloed investigations on the mother and infant are
carried out.

If antibodies are detected, the report is sent to
the University Departmental Sister in the S.N.M.P., and
arrangements are made for further investigﬁtion of the
patient. If the antibodies are detected aariy in
pregnancy, a further specimen of blood may be tak;n at
about the 20th week for antibody titre estimation.

Also a convenient date at abdut 34 weeks gestation is
arranged fﬁr performing a uterine paracentesis to
obtain amniotiec fluid for spectrophotometric analysis.
If possible, arrangements are made to test blood from
the patient's husband. Blood is taken qff at the
hospital or by the family general practitioner and is
gsent to the Blood Transfusion Centre for ABO grouping
and Rhesus genotypinge.

After énalysis of the liquor, and after the previous
‘history of the patient with regard to Rhesus isoimmunis-
ation have been aﬁrutinisod, the Rhesus genotype of
the patient's husband and the level of and changes in
the antibody titres have been studied, the clinical
condition of the mother and foetus has been ascertained
and the radiological appearance of the foetus and
placenta has been examined, a prediction is made by me
as to whether the infant is affected or unaffected by

haemolytic dise:se, the severity of the disease and the
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optimum time for delivery of the infant.

This prediction is then passed to the Unit under whose
care the patieﬁt ie being confined and the management decided
upon after consultation between the members of the obstetrie
and paediatric staffs. The method of induction used and the
management of the patient's labour are decided by the
obstetrical unit concerned and the treatment of the infant by
the appropriate paediatricianse At birth cord dlood is
obtai#ed and sent to the Blood Transfusion Centre for ABO and
Rhesus grouping, direct Coombs' test and estimation of serum
bilirudbin, by the method of Molloy and Evelyn (modifisd)(.lgyé')h.e
haemoglobin céntent of the blood is also determined. Blood isas
made ready for exchange transfusion if this is indicated.

The E-H-H.P. receives patients from Edinburgh and the
surrounding distriots through its own Booking Ante Natal Clinic,
but patients with obstetric complications including Rhesus
isoimmunisation are also referred from the Eastern half of the
Scottish Borders area including Hawick, Galashiels, Jedburgh,
Duna and Berwick-on-Tweed. A oconsiderable number of patients
with Rhesus isoimmunisation are to be found in Fife and
patients are referred to the S.M.M.P. from East Fife, because
the Maternity Hospital in that region is not equipped to carry

out exchange transfusion in an emergency, should this be

necessarys

In the series of patients with Rhesus lsoimmunisation
(Table I) approximately one-third of the patients live in Fife.
As occasionally patients with Rhesus isoimmunisation are, in
fact, delivered in Fife, or in the Borders, and as sometimes

these patients are referred to other hospitals in Edinburgh,
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TABLE I
Lumber of |Number of | Number of Number of Number of
Year Mothers |Abortions Abortions Twin Yiable
(a) : (b) with haemo- Pregnancies Infants
lytic disease (e) (a=b + ¢)
1956 61 4 1 2 59
1957 64 3 1 1 62
1958 69 5 3 3 67
1959 82 1 1 1 82
1960 82 4 3 1 79
1961 110 7 4 3 106
1962 82 (] 3 1 7
TOTAL [550 30(5%) 16 12(2%) 532 (97%)
TABLE I Patients with Rhesus Isoimnunisation delivered in

Simpson Memorial Maternity Pavilion, Edinburgh,
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or ocoutside the area, the incidence of haemolytic disease in
this Region ig difficult to estimate. A possible explanation
for the unexpectedly high incidence in Fife is that there is a
large Roman Catholic element in the population, and large
families are common rather than the exception. It is not
possible to say, from available figures, whether there are more
Rhesus positive men and Rhesus negative women in Fife than in
the rest of the country, or whether there is any susceptibility
to the development of antibodies in these women. A full
population study might throw some Iigpt on this.

During the 7 years under refiov, (Table I) the numbers
have been gradually increasing tp an eioeptional '‘peak' in
1961, There is no obvious explanation for this peak except

that the number of parous patients delivering in the hospital

was very high and possibly more patients with unsuspected

antibodies were seen and the condition diagnosed after routine
blood testing in the c¢linie.

During the 7 years under review, the number of deliveries
in the S.M.M.P. was 26,891 (Table II) and the incidence of
Rhesus isoimmunisation among multiparous patients delivered in
this hospital was 4.1 per cent.

This figure has only local significance, however, as the
immunised patients form a highly-aelected group.

In Table ziz the patients in the whole series are
classified acoording to their age and parity and as might be
expected with a condition ococurring almost exclusively in
multiparous patients, the highest incidence was the 'Para I'

and'Para 2' groupsj and in the age groups 25-29 and 30-34. In
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TABLE II
Primigravid Multiparous

patients patients 223&1

1:56 2084 1479 3563

1957 2061 1669 3730

1958 2029 1766 3795

1959 2028 1808 3836

1960 2039 1873 3912

1961 2002 2019 4021

* *
1962 2000 2034 4034
Total 14,243 12,648 26,891
Number with Rhesus
antibodies
532 viable infants ———--—= 2% of total admissions

8 primigravid mothers

524 multiparous mothers =———= 4,1% of parous admissions.

TABLE II Numbers of primigravid and multiparous patients
delivered in the Simpson Memorial Maternity
Pavilion from 1956 to 1962, and incidence of

Rhesus isoimmunisation,

* Provisional figures,
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TABLE III
Age Primigravida 'Pira 1' 'Para 2' 'Para 3' 'Para 4' 'Over Para 4'|Total

Under 20 1 0 0 0 0 0 1
20 - 24 3 34 24 12 6 2 81
256 - 29 1 51 60 30 18 19 179
30 - 34 3 33 44 38 17 37 172
35 - 39 0 10 18 17 11 32 88
Over 40 0 2 6 8 4 11 29

TOTAL 8 130 152 103 56 101 550

TABLE III Patients with Rhesus Isoimmunisation by age and parity.
(Note = in this table, an 'abortion' is considered

a 'pregnancy' for calculation of parity.)
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Table IV are detailed the age and parity of women in whom
entibodies were detected for the first time, and 39 per cent
of immunizations were found in the second pregnancy. In some
of these patients an unaffected infant was delivered, so
sensitization definitely occurred in the first pregnancy. This
occurrence will be referrsd to again. The age group with the
naximum number of 'first-immunized' patients is 25 to 29, but
immunization was detected for the first time in 17 women over
40 and on 5 occasions, the patient had had 4 pregnancies
previously. In Table V, the parity of the patient, when
antibodies were first detected, is considered with the severity
of the haemolytic disease found in the infant. In 7 per cent
the infant was lost because of haemolytic disease, and, of
possibly more importance, in 8 per cent tha_infant lost was in
the patient's second pregnancy. If the first pregnancy had
ended in abortion or a stillbirth or neonatal death because of
a congenital abnormality or pre;aclampsia, the chance of the
patient having a healthy living infant in a subsequent
pregnancy is greatly reduced.

In presenting the results obtained in this aeries,\various '
methods of grouping of the patients have been employed and these
require definition.

i. 'Booksed' and 'Not Booked'.

As it is considered unlikely that an infant will survive
if delivered before 34 weeks gestation with haemolytic disease,
and as this was the optimum time for carrying out the
paracentesis test, a'Booked' patient was one who was seen at
an ante natal clinic in the S.M.M.P. before the 34th week of

pPregnancys Some of these patients had been attending the
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TABLE IV
Age Primigravida 'Para 1' 'Para 2' 'Para 3' 'Para 4' 'Over Para 4' |Total
Under 20 1 0 0 0 0 0 ) §
20 - 24 3 33 18 6 1 0 61
26 - 29 1 49 34 8 5 6 103
30 - 34 3 31 22 17 6 10 89
35 - 39 0 7 10 8 6 11 42
Over 40 0 2 4 3 3 5 17
TOTAL 8 122 88 42 21 32 313
|

TABLE IV Patients with no previous history of Rhesus lsoimmunisation
by zge and parity.
(Note:= In this table, an 'abortion' is considered a 'pregnancy'

for calculation of parity).
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TABLFE V

Severity
of ‘Over
Haemolytie |Primigravida 'Para 1' 'Para 2' 'Para 3' '"Para 4' Para 4! Total
Disease

Unaffected 1 14 13 6 3 13 50

Mildly
affected 2 31 16 16 7 .8 80

Moderately
affected 2 49 43 12 7 8 121

Severely
affected 2 13 9 3 3 0 30

Stillbirths
and Neo=
Natal
Deaths :: 1 10 4 5 1 1 . 22
due to

Haemolytic
Disease

Abortions
and
Infants 0 5 3 0 0 2 10
Not
Tested

TOTAL 8 122 88 42 21 32 318

TABLE V Patients with no previous history of Rhesus Isoimmunisation
by severity of haemolytic disease and parity.
(Note:= In this table an 'abortion' is considered a 'pregnancy'

for calculation of parity)e.
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Hospital Clinics from early pregnancy, while others had
intended to be confined under the care of their own doctor or

a smaller Eospital, and ante natal supervision had been
undertaken elsewheres When antibodies were detected, the
patient was referred to the S.M.M.P. 1In a few instances the
patient had had no ante natal care and usually was referred to
us after the 34th week of pregnancy, or came into hoepital in
labour. In such cases, if maternal bdlood had not been tested
during the pregnancy, cord blood was sent for testing routinely,

11, Grouping by Previous History of Rhesus Isoimmunisation.

Group Is- Patients found to have Rhesus antibodies

apparently for the first time, but including

- those with antibodies known to have been
stimulated by‘an injection or transfusion of
incompatible plood.'

Group II:~ Patients known to have had Rhesus isoimmunisa-
tion in one or more previous pregnancies, but
all the affected infants had survived.

Croup IIIs- Patients with Rhesus isoimmunisation in a
previous pregnancy, but on at least one occasion
the infant had been 1ost because of haemolytic
disease - either a stillbirth or neonatal
death. These patients were grouped togsther
because the numbers with previous stillbirths

and neonatal deaths is small,

The grouping suggested by Goplerud (1961) has been used,

his Groups IXI and IV being combined as CGroup IIXI in this

clagsifications This differs from the grouping used by Jacobs
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(1959a) and Townsend et al (1961) with regard to Groups 1 and

II but not III. The

number in Group I where antibodies have

been stimulated by an incompatible transfusion is small.

iii, Severity of Haemolytic Disease.

_ Unaffecteds-

Mildly affecteds-

. Severely affecteds-

! Moderately affectedi

- Rhesus deathss~

The Rhesus group of the infant is the
same as that of the mother in all
respects, or if different, the direct
Coomb's test on the infantfs blood is
negative, and the infant is clinically

unaffected.

!
|
|
The Rhesus group of the infant differs from

that of the mother and the direct Coomb's
test is positive or there is clinieal
evidence of haemolytic disease, but no
treatment is required in the form of
exchange or 'top-up' transfusions.

The infant is serologically affected with
a very low cord haemoglobin - anaemia
grouﬁ - or the indirect serum bilirubin
rises rapidly « hyperbilirubinaemia

group - usually more than once, to 20 mg.
per cent. or over, despite exchange
transfusions: The infant survives the
neo-natal period.

The infant is affected by haemolytiec
disease and requires treatment, but is not
as severely affected as the 'severe'!
group.

The child is stillborn and haemolytie




Other deathsi~

Rhesus abortionss-~

Otherss -

12.5.
disease cgnfirmed by post mortem

examination as the cause of death or a
very important contributory factor: or
the child dies in the neonatal period
from hasmolytic disease or from a cause
directly associated with exchange
transfusion.

The 1nfant is etillborn or dies in the

neonatal period as a result of a condition

unrelated to haemolytic disease or its
treatment, even although haemolytio
disease is present.

Post mortem examination of the abortus
shows definite evidence of gross
haemolytic disease.

Includes 14 abortions, and 5 living
infapts-born~to immunised mothers but
from whom no blood was obtained for
testing and who showed no signs of

haemolytic dissase.

This classification isénot ideal but is a practical one.

i
The distinction betweenﬁﬁnnhffeotod' and 'mildly affected' is

i

unimportant from the point of view of mqnagement of the

pregnancy, while the difference between mildly affected and

moderately affected is often dependant on the gestation of the

pregnancy at the time of delivery and the views of the

In many tables in this thesis, the two are grouped together.

5 There is also some dispute about the severely affected group.

1
i
|
|
!
1
|
5'
|
i
|
|
|

| paediatrician regarding the indications for cxohanga_tranafuaionﬁ



126.

If the cord haemoglobin is very low, the infant is severely
affected, but unless kernicterus develops, the 'high bilirubin'
group might not be considered to be severely affectede As the
aim of treatment, obstetrical and paediatric, is to deliver :
living infants who survive the neonatal period, bdth types of
severe case would seem to be important.

It is difficult to devise a scheme predicting the degree of

severity which takes into account the patient's maturity at the

time of delivery, the foetal birth weight, the foetal

h&emogiobih at birth and subsequently and changes in the level
of bilirubin. The treatment seems to be a fairly good guide |
and although it is of no value in ocomparing the results with E
those of different series, it allows a fairly constant

assessment of severity to be made.

The problems considered in this thesis are the method of
sensitisation of the Rhesus negative mother, (omitting Rhesus
positive patients who are usually sensitized by blood injection
or tranafusion) any mechanism which might prevant a patient
being immunised, prediction of the severity of haemolytic
disease before the delivery of the infant, fho advantages and

disadvuntages of induction of labour, and the timing of

induction, and the state of the infant at delivery. Some
observations on the placenta are also made and cases illustratina
difficulties in prognosis or treatment are quoted.

1. Sensitization of the Rhesus negative woman by foetal cells
during pregnancy.

It has been established that foetal blood cells can be

detected in the maternal circulation (Zipursky et al 1959),

Finn et al (1961) and Wimhofer et al (1962)s Although
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Rucknagel and Chernoff (1955) sugg?sted that foetal haemoglobin
detected in maternal blood might be produced by 'foetal
haemoglobin-producing' tissue in the mother's own marrow, in
response to chorionic gonadotrophin, it seems likely that the
'foetal cells' seen have in fact come from the foetus.

Most workers have suggested that the red cells of the
foetus gain access to the maternal blood during labour or at

delivery, and this accounts for the rarity with which

isoimmunisation is observed during the first pregnancy (as

opposed to the post natal period). These writers associate

the occurrence of isoimmunisation particularly with a high
incidence of operative procedures or manipulations during the
delivery of the infant or of the placenta during a previous
pregnancy (Gainey et al(1954) Aaro (1959), Kelsall, Vos and
Kirk (1959) Reilly (1960) and Knox, Murray ;nd Walker (1961).
However, Lawrence et al (1956) and Hovell and Taylor (1961) were
unable to find such an association. ‘
Zipursky et al (1959) described a modification of the
method of Kleihauer et al (1951) for the detection of the
foetal haemoglobin in foetal blood cells and this method has
been used, with some modifications, in an attempt to demonstrate
the presence of foetal red cells in the maternal ciroulation
during pregnancy.
a. Material and method. |
Initially a few patients who had developed antibodies
during their pregnancy were selected and blood was examined from
thems More recently, a group of patients -~ any primigravida,

and also multipara who were known to be Rhesus negative and to
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have no antibodies -~ were chosen at 'random' from
Booking Ante Natal Clinic and blood was obtained at

their first visit (before 20 weeks gestation), at 20

‘weeks, at 28 weeks, 32 weeks and 36 weeks. Blood was

also obtained during labour, after delivery, in the
puerperium and in the post natal clinioc, and umbilieal
cord blood was obtained for ABO and Rhesus blood
grouping.

Peripheral blood was obtained from an arm vein and
clotting prevented by potassium oxalate crystals
in the tube. In the laboratory the blood was
initially diluted by 3 times its own volume of normal
saliney and a blood film made on a slide. After the
film had dried, it was fixed in absolute ethyl alcohol
for 2 minutes and, again after drying, it was washed
for 90 seconds in citrate phosphate buffer (0.16 M

K, HPO4 and 0.18 M citric acid, PH 3.4 - 3.6 at 37°C.).

2
The film was then stained with May~Gruenwald stain and
washed until all the visible stain had been removed.
After drying, the slide was examined under the low
power lens of the microscope. Foetal cells were seen
a8 pink-staining refractile cells among erythrooyte
‘ghosts'y and the slide was scanned for 3 minutes, a
count being made of the number of foetal cells seen in
that times At least two slides were made from each
patient. |

The technique was later modified so that the blood

sample was diluted with only twice its own volume of

saline, the slide was fixed for 3 minutes in aloohol
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and the buffer was in contact with the cells for 3
minutese We found that it was unnecessary to stain
the slide, (Figure 1), and that counting of the cells
with rofractilo(ﬁﬁolei)was easlier under high power.
Counting was ocarried out in each case for 3 minutes,
and the average of the counts calculated for all the
slides from that patient was thereafter known as the
patient's 'score'.

A third small group of patients have had blood
taken before and after delivery, the first specimen
being taken in labour and the second 48 hours after
delivery. It is hoped to determine whether the
method of delivery influences the 'ledkage' of foetal
cells into the maternal circulation, and these studies
are continhing.

be Preliminary report on Results obtained.

The number of cases in which the investigation is
complete is vsfy small and the only reason for the
inclusion of these results in this thesis is to indicate
a study which migﬁt in time yield some significant
information. Two interesting cases are also described.

In the small group of patients known to have Rhesus
isoimmunisation, foetal cells in any app¥eciablo number
were only found in one pitient (Mrs. G.A.)s. Presumably
any foetal cells entering the circulation before
‘antibody production is stimulated will be destroyed
when the antibodies enter the circulation. Any red
cells entering after immunisation will be removed from

the oirculation rapidly by the antibodies already
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present. The exception was a very interesting case.
Mrs. G.A. was a primigravida aged 34 and was in
Australia when she became pregnante Antibodies were
detected when she first attended the ante natal clinie
at 23 weeks geostation, the albumen titre being
recorded as 1 in 512, She was found to be Group 0O,
Rhesus negative, while her husband and infant were

Group B, Rhesus positive. Foetal red cells were

raecorded in the maternal eirculation at 30 and 32 weeks

gestation, the 'scores' on both occasions being about
150 (148 and 151)s It is necessary in this case to
postulate a continuous, quite large, leakage of foetal
cells to the mother as presumably the cells were being,
continuously destroyed, or at least 3 'haemorrhages'
into the mother. Labour commenced spontansously

at 36 weeks gestation, and the infant, a male,

weighed 4 pounds 9 ounces (2065 g.) and the placenta
1 pound 13 ounces (820 g.), a placenta to foetus ratio
of 112.5. The cord haemoglobin was 10.2 g. per cent,
and the cord serum bilirubin 6.85 mg. per cent,
indieating that some haemolysis had occurred. No

other placental abnormality was noted.

This patient had had no injections or transfusions

i of blood, but had received gamma glodbulin to prevent

' Rubella infection. It is, therefore, likely that

prrimary semsitization and immunisation ococurred during
the first pregnancy, and caused the infant to be

severely affected by haemolytic disease.

i
|
1
|
|
|
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In the second group, studied during pregnancy,
15 patients have now been delivered. Ten of these
were primigravida and were subsequently found to be
" Rhesus positive. Although 4 patients were reputed to
have a score of 9 or 10 at their Booking Clinio visit
(8-14 weeks gestation) the scores were generally low in
early pregnancy. The highest scores ;btained in each
case ranged from 7 to 166 (at gestations from 28 to 36
weeks), but in every case the score after delivery was
Zero. |

In the 5 parous patients, the number of cells seen
in early pregnancy wa; 0=2 5ut in the last trimester
the number ranged from 6 to 136. These patients were
all Rhesus nogafi&o and their.infants were found to be
‘ Rhesus positive. In the blood of only 1 patient was
an appreciable number of foetal cells seen after
delivery (160), but she has not yet developed Rhesus
antibodies. One patient developed antibodies duriﬁg
her pregnancy.

Mrs. E«W. was Group O, Rhesus negative, and her
first infant, who weighed 11 pounds 10 ounces (5270 g.)
had been delivered by ventouse extraction 2 years
previously. This ehild was group O, Rhesus positive,
and the direct Coomb's test was negative. In bher
second pregnancy, no antibodies or foetal cells were
detected at 6 weeks gestition but a further test for the
presence of foetal cells at 28 weeks gestation gave a
score of 186. The patient was admitted to hospital

with an acecidental hasmorrhage at just over 30 weeks
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gestation, and immediately after this, antibodies were
found in her blood ~ the albumen titre was 1 in 512
and the antiglobulin titre 1 in 80. At 32 weeks
gestation, no foetal cells could be se;n in the maternall
blood and the foetal heart was no longer heard. X-ray
examination at that time confirmed the presence of_an
hydropic foetus in utero. (Figure 2 shows a marked
'halo'). Labour commenced spontaneously at 34 weeks
gestation and the patient was delivered of a stillborn
male infant weighing 5 pounds 9 ounces (2520 g«)s The
placenta weighed 2 pounds 3 ounoepz(990 g:)y a placenta
to foetus ratio of 1:12.75. The antibody titre
remained high after delivery, andjno foet§1 blood cells
were found in the maternal cireul#tion during the -
puerperium or 6 weeks after delivery. The foetus was
obviously hydropic on examination and there was evidence
of placental separation.

The patient's husband was Group O, Rhesus positive,
with a probable genotype of CDe/cDE, and the patient
had antibodies to C and D. A transplacental haemorr-
hage seems likely in this oaso; possibly associated
with an ﬁndeteoted mild degree of accidental haemorrhage.
The 'clinical' accidental haemorrhage may have been the
"result of isoimmunisation with hydropic changes occurr-
ing in the placenta and predispoaing/::; geparation.
After immunisation, foetal cells were removed from the
materpal blood.

It can be said from these few cases that foetal

cells certainly enter the maternal ciroculation during
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Figure 2. X-ray - hydropic intra-uterine death with
'halo'.
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pregnancy, and if the patient is Rbesus negative
antibody formation may resulte The presence of foetal
cells in the maternal circulation in a Rhesus negative
woman does not necessarily indicate that isoimmunisation
will occur, and the volume and rapidity of the leakage,
as well as the gestation at which it ocours may be of
some relevance.

In a small third group of patients, whose blood
was studied during labour and in the puerperium, the
scores obtained after 11 spontaneous deliveries were
zero, except on one occasion when 6 cells were seen.

The blood was obtained from 5 primigravid patients
and 6 multipara. Three patients were delivered by
forceps and 1 gave a score of 8 afterwards. One twin
delivery has been studied, the first infant being
delivered by foroeps and the second by the ventouse,
but no foetal cells were found. A manual removal of
the placenta was performed on one primigravid patient,
but no foetal cells were seen after this. Inl of 3
patients delivered by Caesarean seotion, the 'score!
was high (76) before the operation commenced, and rose
to 103 after the placenta had been delivered. The
patient was Rhesus positive and no antibodies were
detecteds The results obtamned in the other two
patients are suspect because of the staining technique
being used at that time.

Again, from the small number of patients studied
it can be seen that operative delivery may be responsible

for foetal cells entering the maternal circulation but
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this is quite likely to occur during a spontaneous

delivery and may be related to the labour - normal or
'abnormal' - more tham to the actual method of delivery.
The third stage of labour may also be very important.

2e Results obtained in Patients with Rhesus
Isoimmunization.

The overall results obtained in the series are

presented in Table VI. The stillbirth rate among

viable infants in the series is T.3 per cent and among
affected viable infants (infants unaffected by haemolytie
disease and those not tested being excluded) it is 9 per
cente. The neonatal death rates expressed as a percent-
age of live births ~ total and affected by haemolytic
disease -~ are 2,7 and 3.3 respectively. These results
compare very favourably with those obtained in other
centres but no couparison‘ia valid unless the number of
severely affected infants is also comparedes This again
leads to difficulty over definition of severity, and so
the overall figures for the series are presented.

It will be seen in Table VI that 13 infants were
lost in the series from causes unrelated to haemolytic
diseases Details of these 13 are given in .
Table VII.

It is necessary to blama the management of the
patient's Rhesus isoimmunization in 2 of these cases
for causing or contributing to the death of the infant.

In 1 pregnancy, surgical induction of labour failed and

the patient was left for one week, before other measures'
i

 were taken to bring about deliverye The infant was |

moderately affected by haemolytic disease, but died of
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TABLE VI

Number of

Percentage of

Percentage of

Severity of Haemolytic Disease Infants Viable Births affected
(532) Viable Births
(435)
Unaffected infants 92 (8) 17.5 -
Mildly affected infants 105 (3) 19.5 24,1
Moderately affected infants 198 (3) 36,8 45,5
Severely affected infants 80 (1) 15.0 18.4
Stillbirths from haemolytic 39 7.3 9.0
disease .
Percentage of Percentage of
live births affected
(490) live births
(396)
Neonatal deaths as a result of
haemolytic disease 13 2.7 3.3
Other deaths (3 Stillbirths and
10 neonatal deaths) (13)
Rhesus abortions 16
Other abortions 14
Living infants not tested 5
Total wviable infants 532

TABLE VI FPoetal results in the series,
(Note - figures in bpackets = deaths from causes other than

haemolytic disease - See TABLE VII.)
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TABLE VII

Stillbirths 3 - Unaffected - 1 Prolapse of umbilical cord. Spontaneous onset,.
1 'Anoxia' at 736 weeks, Spontaneous onset,
1 'Anoxia' at 39 weeks. Spontaneous onset,

Neonatal deaths 10 = 3 Unaffected -

1 Prematurity; under 2 pounds. Spontaneous onset,

1 Respiratory distress Spontaneous onset,
syndrome (twin.).

1 "Anoxia!'. Induction of labour,

3 Mildly affected -

1 Hydrocephalus, Spontaneous onset.
1 Respiratory distress Induction of labour
syndrome. (for antepartum
haemorrhage).
1 Congenital diaphragmatic Induction of labour,
hemiao

3 Moderately affected =
1 Lung abscesses, Induction ef labour,
(delivered 7 days
after induction)
1 Congenital heart disease, Spontaneous enset,
1 Respiratory distress syndrome.Induction of labour.
1 Severely affected -

Hyperbilirubinaemia,
Congenital abnormalities. Spontaneous onset,

TABLE VII Deaths from causes other than haemolytic disease.
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pulmonary infection and lung abscesses. A second
patient was thought to have a moderately affected
infant and labour was induced at 38 weeks gestation.
in oxytoein driﬁ was required after artificial rupture
of the membranes.and the baby died twelve hours after
delivery of 'anoxia's The infant's blood group was
Rhesus negative and induction was unnecessary on this
ococasion.

In neither case in which the infant died as a
result of the respiratory distress syndrome (Table V1)
was induction carried out because of Rhesus isoimmunis-
ation.

3. Factors concerned with the Previous EHistory of
the Patient.

It ie very important td obtain as complete
information as possible about bloodrtests, clinical
featuresand the foetal outcome in pfevious pregnancies,
.when the patient is found to have Rhesus antibodies in
her bloods This wae not always pd;niblo in the
present seriesy but if no information was available
about previous pregnancies it was necessary to assume
that the current pregnancy was the one in which
antibodies were first demonstrated.

The results obtained when patients are allocated
to one of 3 Groups based on the previous history are
shown in Table VITI. The fact that 50 patients had
unaffected infants in Group I is explained by the
assumption that thi patients were sensitized in a

previous pregnancy (Knox et al (1961) and either that
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Severity of
Haemolytic
Disease

Group I

Group II

Group III

Total

Other

deaths
(TableVI

1)

Unaffected
Mildly affecte

Moderately
affected

Severely
affected

Deaths due
to haemo-
lytic
disease

Abortions and
infants not
tested

50 (1)
da 80 (3)

321 (1)

22

10

35  (L4)

25
69 (2)
38 (1)

20

10

7 (1)
0

12

10

15

92
105

198

80

52

b

6
=

Total

313 (5)

(7)

featts

2 (1)

562

15

1ADLE V111

(Group I

Foetal

amrn

by Groups.

- PFirst pregnancy with Rhesus isoimmunisation.

Group II - One or more previous infants affected by
haemolytic disease,

Group III - One or more previous infants lost because of
haemolytic disease.)
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the patient's husband is heterozygous for the D
antigen, or that the husband (aﬁd foetus) does not
poessss the antigen to which the patient has been
immunised in a previous marriage or by blood injection
or transfusions Occassionally it was known that the
patient's husband was not the father of the child
concerned. :

Iﬁ Group Iy 30 infants (9.5 per cent) were
severely affected by haemolytic disease and 22 (7 per
cent) were lost.hccausc of it, a mortality rute of
8.7 per cent among affected infants, (Table IX). This
lose ocourred despite a more active policy of induotionj
during the last 5 years, and so it is never justifiablo:
to say that, because a pregnancy is the first one in
which antibodies have been detected, the infant will
survive. These results are much better than those
quoted by Goplerud (1961) but similar to the results
of Townsend et al (1961). A disturbingly high
mortality rate (13.2 per cent) was found among infants
who were affected by haemolytic disease and whose
mothers had previously shown evidence of Rhesus
isoimmunisation. On the other hand the mortality rate
in Group :zi (33+.3 per cent) is considerably better
than that reported in other series. Porter (1958)
reported an 80 per cent foetal loss after a neonatal
death due to haemolytic disease, and a 90 per cent
loss after a stillbirth from haemolytic disease,
unaffected infants being inocluded in these figures.

Jacobs (1959) considered the prognosis hopeless in this
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TABLE IX

Mortality excluding Mortality of infants affected
abortions by haemolytic disease,

Groups| Number of Foetal Percentage § Number of Foetal Percentage
infants  deaths Mortality infants deaths Mortality

I 308 27 8.8 253 22 8.7
11 187 27 14,4 152 20 13.2
III 37 11 29.7 30 10 33.3
Totai 532 65 12.2 435 52 12.0

TABLE IX Mortality rates by Groups.
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groupe

4. Blood Group Incompatibility between Foetus and
Mother in ABO system.

Levine (1943 showed that Rhesus antibodies were
more likely to develop in women who lacked the natural
isoagglutinin for the red blood ocells of their offspring
(homospecific pregnancies) than in others who have
isoantibodies (heterospecific pregnancies). Reasons
for this were suggested by Wiener (1945), Fisher (1954)
and Race and Sanger (1954) as already stated previously.
The most favoured view -~ Race and Séngar - suggested
that the foetal red cells were destroyed by the

antibodies
naturally occurring anti-A or anti-B/in the maternal
blood and the Rhesus positive component ceased to be
antigenic after the destruction of the cells. This
view was shared by Andersen, Bentzon and Larsen (1961),
Nevanlinna and Vainia (1956) and Knox, Murray and
Walker (1960) considered that the importanf pregnancy
as far as ABO compatibility was concerned was the
‘sensitizing' pregnancy - when the mother was sensitiszed
by foetal red cells -~ an@_that AB0 incompatibility had
much less of a protective effect after sensitization
had occurred.

In the presént series the compatibility of foetal
blood with the appropriate maternal blood (foetal cells
and maternal serum) is correlated with the foetal
result in Table z. The results have been grouped

according to the previous history of Rhesus isoimmunisa-

tion and it is obvious that there is a gross discrepancy
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compatible and incompatible.

TABLE X
Mildly and
Total || Unaffected | Moderately | Severely || Rhesus Not
Group I affected | affected || deaths | tested
Mother and baby groups
compatible 247 43 169 29 6 "
30
Mother and baby groups
incompatible 36 4 31 1 0
Total 283 47 200 30 6 _
Group II
Mother énd baby groups
compatible 152 32 7 34 9
25
Mother and baby groups
incompatible 20 1 15 3 1
Total 172 33 92 37 10
e A7
Group III
Mother and baby groups
compatible 24 6 8 10 2
24
Mother and baby groups
incompatible 4 0 2 2 0
Total 28 8 8 12 2
Group Totals
Mother and baby groups
compatible 423 8l 252 73 17
79
Mother and baby groups
incompatible 60 5 48 [ 1
Grand Total 483 86 300 T9 18
TABLE X Foetal results, by Groups, when mother and baby ABO blood groups
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in the 'mother and baby groups incompatible' results,
in each of the 3 '‘previous history' groups, although
the difference is most marked in Groups I and II. In
Group I the foetus is compatible with his mother 6
times more often than incompatible, and yet there are
10 times as many compatible as incompatible combinations
in the unaffected groupe. In both Groups I and II, tho.
foetus is compatible with his mother in the severely
affected group many more times than might be expected,
suggesting that cs well as producing sensitization to
the Rhesus factor more frequently, the foetal cells
which are ABO compatible with the mother's cells, may
give rise to more serious haemolytic disease. These
observations would require a very much larger series
with less selection of cases to be statistically valid,
but a trend oan h; seen from the figures presented. :

In Table @stzerity of haemolytioc disease in each
case ig correlated with the maternal ABO blood groupe.
The percentages in the different degrees of severity
for each group are compared with the known distribﬁtion_
of blood groups in the whole population of this area of
Scotland (Mourant and Kopee (1958). It ie seen that
in all degrees of severity there are more Group A
mothers and fewer Group 0 mothers, even in the unaffected
groupy presumably reflecting the protection offered by
the mother's naturally-occurring antibodies in a
pPrevious pregnancys The differences were only

significant for the mild and moderately affected group

and for all the affected infants taken together.
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foetal haemolytic disease.

TABLE XI
Maternal [Percentage Percentage Mild Severe Total
blood distribution distribution || Unaffected | and and affected
group for for East and No. %. | Moderate |Rhesus No. %o
Edinburgh North No. %. |deaths
Scotland No. %.
A 36 35 43 47 121 40 {50 40 171 40
B 11 11 8 9 40 13 {10 8 50 12
AB 3 3 2 2 15 5 6 5 21 5
0 50 51 39 42 123 41 |58 47 181 43
Total 92 299 124 423
TABLE XI Distribution of maternal ABO blood groups with severity of
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5«  Rbhesus genotype of Patient's Husband,

Whether the husband of the patient is homozygous
or heterozygous for the D antigen (or the antigen
against which antibodies have developed) is of some
importance in predicting the chance of a healthy baby
being delivered after a stillbirth from haemolytic
disease. If the husband is said to be homozygous for
Dy the chances are not good, while if he is heterozygous
they are at least 50-50. Sometimes the probable
genotype is of value along with analysis of the liquor
amnii and the patient's previous history. If, for
instance, a patient had had a stillbirth due to
haemolytic disease, her husband was reported as probably
heterozygous and the liquor ourve indicated the presence
of very little bilirubin, it is almost certain that the
infant would be unaffected by haemolytic disease.
Along with the antibody titres, the genotype of the
husband adds to the difficulty of prediction because of
the different possibilities when the reported titre
is low in a second or subsequent immunised pregnancy.

The genotyﬁo iq not accurate hecause there is no
anti-d antiserum to permit identification of the 'd
antigen thus confirming heterozygosity. An intelligent
guess is all that oan be made and with certain phenotypes
the chance of an incorrect genotype being reported is |
quite highs 1In Table zzz_the foetal results by Groups
and genotypes is recorded. It will be noted that 12
patients had unaffeoted infants although their husbands

had been reported to be homozygous for the D antigen.
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TABLE XII
Homo zygous Heterozygous Genotype of
Severity of positive positive husband not
haemolytie husband. husband. known,
disease Groups Groups Groups
I II III|Total {|I II III [Total || I II TII | Total
Unaffected 4 8 2 12 20 20 4 44 26 9 1l 36
Mild and
moderate 76 44 4 | 124 37 25 2 64 88 25 2 115
Severe 15 23 11 49 7 5 1 13 8 10 0 18
{Haemolytic
1 disease
deaths =
Stillbirths 11 9 4 24 3 38 2 8 3 2 2 7
Neo-natal
deaths 2 3 2 7 1 2 0 3 2 1 0 3
Abortions and H
not tested 2 3 10 15 2 3 2 i 6 4 3 13
Total 110 88 33 | 231 70 58 11 139 |[{133 51 8 192

TABLE XII

Genotype of husband for D antigen with

Foetgl Results by Groups.
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Proportionately more stillbirths and severely affected
infants were found in the homogygous group, but the |
results could be chance findings.

In 1957 Murray reported that the genotype RZRZ

( cDE/cDE) was associated with more severe haemolytic

fostal red cells with the genotype R,r (DE/cde)

stimulated the production of antibodies in the mother

more rsadily than er, and a higher titre resulted with

more serious offects on the foetus in utero. 1In the
present series the expected frequency (Race and Sanger
(1962) of the common genotypes has been compired with
that observed in unaffected infants and those with
haemolytic disease. As expected there is a significant
increase in the percentage of homozygotes and a
reduction in the percentage of heterozygotes when the
infant has been affected by haemolytic disease. As
regarde severity associated with any one genotype,

there is no evidence in this small series that the

genotype R, is a more powerful stimulus, or that the

2
genotype Rzr_in the foetus is more susceptible to

destruction by the anti~D antibody. (Table XII).

6, Clinieal Course of the Pregnancye.

1
|
i
I
|
|

A study of the clinical course of the preognancy in i
cases of Rhesus isoimmunisation is not usually rewardingq

as the diagnostioc features only become apparent when it

" 18 too late to obtain a live infant. It has beon said

that there is an association between pre-eclampsia and
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TABLE XIII
Rhesus Genotype| Exvected Unaffected | IMildly and Severely Total affected
of husband frequency| No. S Moderately affected and No. e
% affected Rhesus deaths
NOQ :—1. NOc %.
Rl Rl 17 i e 57 31¢5 311- 31-"-3 91 3205
(cpe/CDe) (20.5)
R2 R2 2 - -~ 5 3e3 3 3.0 9 Ze2
(2.4)
( cDE/ cDE)
Ry R, 12 - - 56 2.9 | Lo 4o.L | 96 343
(Cpe/cDE) (1h.%)
Ry r 32 37 77.1| L7 26,0 13 13.1 60 21.4
(38.6)
(CDe/ cde)
R2 r 11 8 16.7 iy Tel 6 6.1 20 Tl
( cDE/ cde) (13.3)
Others 9 3 | 3 L
(10.8)
Total 83 L8 1381 99 280
(100) _
IABLE XIII SeveritLy ¢ hoiorvlitie wise: se with corrected Rhesus genotype of patient's
husbutid (cabil D wutibodiss).

eco.zd ceasiyras tre 4/d, 'exnected frequencies have been

{Ls 17, of ¢
t-ble - wiLki: be ckels.)

<
cdjusted in
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hydrops foetalis (Scott 1958) and the same writer
showed acorrelation between the severity of haemolytic
disease and the amount of chorionioc gonadotrephin
excreted in the urine. Unfortunately, the 'normal
range' for urinary choricnic gonadofrophin in late
pregnancy is wide and only groass alterations in the
amount excreted are likely to be signifiocant.

Recognition of the 'maternal hydrops syndrome*

: (G'Drisooll (1956), Goodlin (1957) 4is not usually of

praotical help in management, as the foetus is already
dead in utero, or the stage of gestation praqludes even
heroic interventione. In thie condition, the patient
complains of feeling unwell and is found to have a
variable degree of hydramnios, but it is usually quite
marked. The foetal movements awe repo;tod as being
vioclent and then ceasing and sometimes the patient

complains that her skin is *itchy' or that she has a

. generalised irritation. There may or may not be signs

5 of pre-eclampsia and these usually disappear soon after

f the death of the foetus, as does the skin irritation.

; The foetus is stillborn and there is a risk of

5 hypofibrinogenaemia developing.

The results in patients with pre-eclampsia and the

' *maternal hydrops syndrome' are recorded in Table XIV.

Ta Radiolcgical examination of the Foetus in Utero.

As leng ago as 1934, Snow and Powell noticed that

' the 'black line' due to the greater penetrability of the

fat-containing, subcutaneous tissues was obliterated if

the soft tissues were cedematous. From this the 'halo!
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TABLE XIV

Number of cases
of pre-eclampsia’

Maternal 'hydrops'

syndrome

Group IIT

Rhesus abortions 2

Rhesus stillbirths 3

Total S

by Groups

Foetal Results I II III Total
Unaffected 1 1 0 2
Mildly affected 4 2 0 6
Moderately affected| 10 4 0 14
Severely affected 1 2 0 3
Stillbirth due to 2 0 3 5

: haemolytic

, disease

] Total 18 9 3 30

TABLE XIV Number of patients who developed pre—eclampsia

outcome,

and maternal hydrops syndrome, with foetal
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_ effect was developed in hydrops fpetalis. The Buddha

; pos;tién,in-which the femora are externally rotated at

i the hips to appear.in the directly antero~-posterior

. view of the foetus as if the foetus was sitting on his

femora, was not entirely reliablb, and the halo sign

was not always associated with the death of the foefua

from hydrops foetalis. Samuel and Cohen (1950)

described an abnormally straight spine which was thought

to be due to the protuberant abdomen, and the large

liver and spleen which were invariably found. For

. the same reasons, the ribs may be elevated and horizontal.
Because of subcutaneous cedema, the legs and arms are
displaced from the body and in appropriate views the
scapulaa are seen to be some distance from the rid
cages A large 'placental space' may sometimes be seen

- ‘and, if any of these findings are present and the
patient has circulating Rhesus antibodies, it may be
indicative of a severely affected infant. Figure 3}
shows an X-ray of a severely affected foetus, with a
protuberant abdomen, elevation of the ribs and a
Buddha position of the legs. The scapulae are some
distanoe from the thoracic cage and the fat line is -
clearly seen. A large placenta is also present.

Pigure 4 shows a severecly affected foetus with a

straight spine and hydramnios. The same patient had
a severely affected infant in an earlier pregnancy and
X-ray showed elevation of the ribs and a large
placental 'spice' (Figure 5).

Figure 6 is an X-ray of a severcly affected infant
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Figure 3. X-ray - severely affected foetus, with
protuberant abdomen, Buddha position
and scapulae separated from ribs.

Large placental’space’,
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Figure 4., X-ray - severely affected foetus, with
straight spine and hydramnios.
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Figure 5. X-ray -~ severely affected foetus, with
elevation of ribs.
Large placental 'space’,
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that died of haemolytic disease during the neonatal
periocd. A large placental 'space' is seen and also
a straight spine and prominent abdomen.

In Figure T, & large placental space is seen and
also a protuberant abdomen but the infant is completely
unaffected by haemolytic disease. Although 'false
positives' may ba.reportad in unaffected infantsy; an
x*ray, taken between 34 and 36 weeks gestation may
confirm that the foetus in utero has severe haemolytic
disease, and emphasise the need for prompt delivery.
In the mildly and moderately affected infants, no
change on X~ray is demonstrable.

8+ Rhesus Antibodies.

The commonest antibody found in the series was
ﬁnti-D and this antibody was found in over T5 per cent
of patients in the series. Anti C + D was detected in
15 per cent, while other antibodies, singly or in
combination, were found in less than.lo per cent of
patients who had isoimmunisation. The actual anti-
bodies found ar; shown in Table zf

In the series 102 patients (18.5 per cent) had
received a blood transfusion, and in 13 of these
(12.7 per cent of 102) the transfusion was known to be
incompatible. The anti-~G antibody (Allen and Tippett)
1958) was demonstrated on-a number of occasions, and
contrary to the findings of Wiener, Wexler and Brancati
(1956) anti-E antibodies were found more frequently

than anti-c. antibodies.



Figure 6. X-ray - severely affected foetus, with straight
spine and protuberant abdomen,
Large placental 'space',
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Figure 7. X-ray - unaffected foetus with protuberant
abdomen.
Large placental 'space’,
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TABLE XV
Antibodies found Patients Trang-
prev- fusion
Year |Anti-D Anti C+D Anti K Anti-c. Anti +E. Anti Anti- Othersjjiously Known
including D+E Ce+DHE Trans— to be
Anti-G fused Incom-
] patible
1956 56 - 1 2 0 0 0 2 8 1
1957 60 - 2 1 0 0 0 1 11 1
19568 62 3 1 2 1 0 0 0 H 14 2
|
1959 T2 8 2 0 0 0 0 0 15 2
]
1960 60 17 2 1 2 0 0 0 16 2
1961 87 a3 8 0 2 1 1 0 24 3
1962 55 22 2 0 0 1 1 1 14 2
Total| 432 a3 18 6 5 2 2 4 ' 102 13
78.5% 15,1%, 18.5%. 12.7% of
trans-
fusions,

TABLE XV

Type of antibody found and number of patients transfused.
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a. Antiglobulin titres. (A G).

Two hundred and two patients had at least one
antiglobulin titre estimated during their pregnancy and -
the changes in_the titre and the height of the titre
were correlated with the degree of severity of the
infant's haemolytic disease. _Tho findings in'first
immunized' pregnancies and after previously affected
infants are tabulated in Table XVI.

In Group I, the titre rose by 2 titres or more on
2 occasions when the infant was unaffected and 2 infants
were lost while the titre remained the same or fell.
Although, in general, in Group I, if the A.G. titre
was high, the infant_gas more severely affected, there
are some exceptionsy, 4 of the pétients with titres of
up to 1/10 had severely affected infants. In Groups
II and III a rising titre usually indicated an affected
infant, but on 1 occasion the titre fell (or remained
the same) and the infant was lost, while on 2 other
occasions the patients aborted. The height of the
highest titre is also of limited value, as although the .
titre still tends to rise with the more severely affeote&
; foetuses,the sxceptions are numerous, In this series
9 patients with titres of over 1/40 had unaffected
infants, while T severely affected infants had titres
of below 1/10.

The prediction of foetal severity by means of A.G.
titres is. possible but there are too many exceptions to
allow the prediction ﬁo be made with complete confidence.

This applies particularly in Groups II and III, but
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TABLE XVI
Group I Poetal ResulHt
Mild and Rhesus
Anti-globulin titres |Unaffected Moderate Severe deaths Abortions | Total
Titre rising (2 tabes = 48 1 4 “ a2
or more)
Titre same or falling 8 10 4 2 0 24
Total 10 26 5 6 0 47
Highest Anti-globulin
titres
1/1 = 1/10 14 32 4 0 0 50
1/20 - 1/40 4 12 3 1 0 20
Over 1/40 0 19 5 6 0 30
Total 18 63 12 1 0 100
Groups II a
Anti-globulin titres
Titres rising (2 tubes
or more) : 0 13 6 1 0 20
Titres same or falling 4 6 8 1 2 21
Total 4 19 14 2 2 41
Highest Anti-globulin
titres
1/1 - 1/10 8 15 7 0 2 32
1/20 - 1/40 3 21 7 1 0 32
Over 1/40 9 9 11 3 6 38
Total 20 45 25 4 8 102
TABLE XVI Foetal results wi th changes in anti-globulin titres and with

highest titre, by Groups.
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also occasionally in Group I.

b. Albumen titres,.

In Table zfzi.tho foetal results are presented
depending on whether antibodies were detected before
20 weeks gestation or not. It will be seen that in
11 cases in Group I, antibodies were not detected
before 20 weeks gestation but developed later, and yet
the infant was Rhesus negative and unaffected by
haemolytic diseases In 6 second pregnancies, i.e.
first immunigzed pregnancies, no antibodies were
deteoted before the 20th week, but were found later
and the infant was Rhesus negative and unaffected.
There is little doubt that these patients were
sensitigzed during their first pregnancies and although
antibodies developed, the titre was so low in the
early weeks of the second pregnuncy that no antibodies
could be detecteds An anamnestic reaction must then
have ocourred and a recordable titre was later
obtained. The serological findings are exactly the
same as would be expected in a case of 'primary'
immunisation in a second pregnancy, a prior stimulus
having been given in the first pregnancy.

In Tﬁblo‘zfizi the foetal results are recorded in
the 3 groups based on previous history depending on
any change which may have occurred in the albumen
titre level during the pregnancy. In Group I a
rising tit:' is recorded in 11 patients with unaffected
infants and in Group II, 13 deaths and abortions

ccecurred along with a fall in titre. In 7 second



TABLE XVII
Group 1 Group 11 Group I11
Antl-  Anbi- ot Anti-  Anti- Not Anti-  Anti- Not
Foetal Resulis | hedies bhodies Known | bcdises bodies Known | bodies bodies Known
Absent Present Absent Frese:it Absent Present
Una’’fected 5 | 17 22 1 22 19 0 6 1
Mild ard 80 Ly 77 15 56 23 0 3 5
Moderate
Severe 11 5 14 L 17 16 0 8 n
Rhegus deaths
and Abortions U4 10 8 1 16 9 0 L7 3
Total 106 76 121 21 111 50 0 34 13

TABLE XVII

Foetal resultis, by Groups,

belfore 20 weeks gestation.

denending on antibody detection test

Number of second pregnancies ('first affected') where no antibodies
detected before 20 weeks gestation
Rhesus negative and unaffected - o,

Number of apparently first affected pregnancies with rising titre,
but infint Rhesus negative and unaffected - 7.

but found later and infant
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pregnancies ( first-immunized) the titre level rose, but .
thi infant was Rhesus negative and unaffectede This
again could give rise to confusion, and is another

o:amplo'of the anamnestic reaction reported Levine

' (1944) and denied by Wiener (1959).

The severity of the haemolytic disease is tabulatad%_
with the highest albumen titre obtained during the I
pregnancy in Table Zigmaha the results show that the
albumen titre-ia-of even less prognostic value thap the
antiglobulin titres A number of women {30) who had !
severely affected iﬁfants, had titres which did not rise
above 1/16, while a few patienfa with titres over 1/64 |

had unéffaoted infantse

| The antibody titre found is of some prognostic

value but there are =so many individual exceptions that

in a particular patient, the inform&tion obtained from
the titre is unreliable. Th; acouracy of titres in
prediocting severity depends very much on the efficacy ofi
the technigues used in their determination and the
effioiency of the technicians concerned. In some

- centres all antibody titre estimations are carried out
!by one person. It isy, howevery, tke routine rather than
the research procedures with which we are concerned in

practice, and the results obtained by a routine procedure

'have to be utilised if no other results are available.

E9o Examination of the Amniotio Fluid.
. When it is necessary to obtiin information about
'the state of the foetus within the uterus, it seems

likely that more information will be derived from
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TABLE XVIIL
Group I Group II Group III
Titre Titre Titre Titre Titre Titre
Foetal Results Rising Falling | Rising Falling | Rising Falling
Unaffected 11 23 ] 20 2 4
Mild and Moderate 23 50 41 36 2 2
Severe 16 4 16 15 6 5
Fhesus'deaths and
abortions 14 1 6 13 8 5
Totals 134 78 €8 84 18 16
TABLE XVIII Foetal results, in Groups, with changes in albumen titre.
TABLE XIX
Group I Group II Group I1I
Foetal Results Under 1/16-1/64 Over | Under 1/16-1/64 Over [Under 1/16-1/04.0vex
1/16 1/64 | 1/16 1/64|1/16 1/6
Unaffected 31 10 4 18 12 2 3 3 0
Mild and Moderate 98 585 24 47 29 5 3 4 (1]
Severe 13 7 7 12 16 6 3 8 1
'Rhesus' deaths and
abortions 3 8 10 ] 13 5 3 10 7
Totals 143 78 45 82 TO 18 |14 23 8

TABLE XIX

Foetal results, in Groups, with highest albumen titre obtained,
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an examination of the 'foetal tissues' rather than an
examination of the 'maternal tissues's As the foetus
is bathed in amniotio fluid and the amnion is a foetal
membrane, breakdown products from the foetus may well
be excreted into this fluid. An examination of the
amniotic fluid should reveal the presence of excretion
productsy and in Rhesus isoimmunisation, we are
concerned with the presence of excessive amounts of
bilirubin in the ligquor.

A simplified diagram (Figure 8) shows the
mechanism involved in the light of our present
knowledge.

Qe Paracentesis uteri or Amnioncentesis.

Liquor amnii is obtained by the insertion of a
needle through the antericr abdominal wall. The
procedure is carried out with full aseptic precauticns
and it is explained fully to the patients She iz an
out patient and is allowed to return home immediately
after the procedure. Ko sedation is given to the
patient, as it has been found that a simple explanation;
immediately prior to the procedure is quite sufficient.

The instruments used are shown in Figure 9. Afteé
the patient has emptied her bladder, the anterior |
abdominal wall is fully exposed and uterine palpation
is performed to ascertain the lie, attitude, presentation
and position of the foetus. The foetal heart is
auscultated very carefully and the position, and the
presence of the foetal heart is confirmed by a second

observers. A point is selected at a level just below
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Foetus Foetal cells. Maternal blood
Pregnancy. | i — [RENSHEN—-. Y (Rh-ve)
e —— UfE‘.ro ‘
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Production of anti-Rhesus
antibodies.
Placenta )
Titres and Coobs test.
Foetus . . : Maternal blood
in & Anti-Rhes fibodies. with anti-Rhesus
Pregnancy. 2. Utero < antibodies.
(Rh-ve) !
! Titres and
Haemolysis Placenio Coobs test

|

Excretion of bilirubin

!

Amniotic fluid

Figure 8. Diagramatic representation of development of
Rhesus Isoimmunisation and Haemolytic
Disease of Newborn,
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_ the umbilicus on the side opposite to the foetal back
on palpation (Figure 10).

The operator then fully 'scrubs up' and, after
drying the hands, applies methylated spirit or ether
to the anterior abdominal walle At the proposed site
of aspiration, a small skin wheal is raised with 1%
jxylooaiml solution and some more of this local anasthetic
is injected into the deeper tissues of the anterior
abdominal walle (Figure 11). A lumber puncture
‘needle is then inserted through the skin and anterior
-abdominal wall and can be felt penetrating the parietal
peritoneum and uterine walle Usually penetration of
Etho uterine wall is accompaniod by a definite 'giving
way' as the needle advances, but occasionally when the
.placenta is anterior, the needle's advance meets with
.some resistances Eventually the resistance lessens as
‘the amniotic cavity is entereds (Figure 12). The
stilette of the lumber punoture needle is then removed
‘and a syringe attachede Two aspiraitions of 10 ml. of
saniotic fluid are sufficients Sometimes no fluid
‘oan be obtained and it is advisable to reinsert the
stilette as the needle may be blocked with wernix. At
‘times it is helpful to rotate the needle through 90 or
180 degrees, and if this procedure is not successful it
is necessary to either advance or withdraw the needle.
-This sometimes leads to contamination by blood of the
liquor already obtained, so it is advisable to empty the
syringe before proceeding with the aspiration. (Figure

13). When sufficient ligquor amnil has been obtained,
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Figure 10, Outline of fetus (cephalic presentation) and
point of insertion of needle.

R\

Figure 11. Injection of local anaesthetic.
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Figure 12. Insertion of lumbar puncture needle.

Figure 13, Aspiration of liquor amnii.
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the syringe is disconnected and the needle withdrawn.
Either a dry plaster dressing can be applied or the
puncture wound treated with 'Collodion'. The fosetal
heart is again listened to and checked by another
observer.

The patient is allowed to return home and warned
that she may have slight pain and tenderness at the
site of the paracentesis. The procedure was oarried
out on 350 occasions between 1958 and 1962 and no
complications dev:loped. No death in the series was
directly attributed to the paracentesis and no uterine
infection could be traced to the insertion of the
needle. After the procedure patients who had been
apprehensive previously, usually remarked, ®*Is that all
it is?".

During 1958, paracentesis uteri was performed at
about 34 weeks gestation as recommended by Walker
(1957)¢ A further test was carried out at about 38
weeks if the patient had not been delivered. The
second test usually confirmed Walker's observation
that the amount of bilirubin in the liguor decreased
as term approached. It was eventually decided that
one test at 34 weeks was sufficient and the second test
was abandoned.

b. Liquor Analysis of Amniotic Fluid.

Initially the amniotic fluid was cooled, filtered
and centrifuged as recommended by Walker. As filtering

seemed to confuse the analysis, this was dispensed with
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and after cooling, the liquor amnii wais centrifuged
at 3000 r.p.m. for 20 minutes.

S wendniudiings i sugirsaisol: Bk e
transferred initially to a 10 mems cuvette for
spectrophotometric analysis. In-1960; because a
number of 'false positive' results weré beiﬂg obtained,
a diazo test was devised to determine the amount of
_direct and total bilirubin present in the liquor and,
by 'subtraction', the amount of indirect bilirubin.

- DIAZO TEST.
Reagentss:

i. 'Diazo' substance. a. Sulphanilic acid
1 /1000 ml.
Hydrochloric acid
15 m1/1000 ml«
Water.
b. Sodium nitrite 0.5g./
100 ml. with ﬁater.

The solutions must be prepared freshly each week.
A 'working' solution of 'diazo’ is made by adding
0+3 ml. of solution b to 10 ml. of solution a, and this
is prepared daily.

ii. Methyl alcohol.
Method:

After the amniotic fluid has been centrifuged, the
following solutiones are added to a test tube marked
"total"z~

2 ml. amniotic fluid.

1 ml. diago solution.
2 ml., methyl alcohol.



175.

After mixing, the solution is allowed to stand
for 10 minutes.
To a second tube marked "direct", is addedi-
2.6 ml. amniotic fluid.
1.3 ml. diazo solution.
This solution is also allowed to stand for 10
minutes after mixing.

&pectrophotometry.

Spectrophotometric analysis is carried out in a
Unicam SP 600 Spectrophotometer (Figure 14), the
optical density being plotted on semilogarithmioc (2
cycles) graph paper at wavelengths from 360 m.u. to
TOO meue Readings of the optical density are taken
at 10 m.u. for almost the yhole of the wavelength
range from 360 m.u. to 600 meu. and then at 25 m.u.
intervals. A reading at 405 m.u. is also taken.
Ten millimetre cuvettes are used with a water blank

for comparison. Five curves are plotted (Figures 19

and 20)3-
I Untreated amniotic fluid.
II Amniotic fluid and diazo solution - direct
bilirubin.
EEE Amniotic fluid and hydrochloric acid - control.
EE Amniotic fluid and diazo solution and methyl
alcohol - total bilirubin.
i Amniotic fluid and hydrochloric acid and

methyl alcohol - control.

If the untreated liquor graph is noarly.a'straight

line ourve' (Figure 15), a prediction of an 'unaffected’
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Figure 14, Unicam spectrophotometer &SP 500,
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or a 'mildly affected' infant is made. It has been
impossible to accurately distinguish between unaffected
and mildly affected 'curves' (Liley (1961), Walker and
Jennison (1962), and a8 the management is similar -
delivery at or within a few days of the expected date
of delivery, - for practical purposes no distinction
is requireds In a'moderately affeoted' foetus; a
'bulge' is seen between 400 and 500 m.u. on the graph,
as in Figure 16. The 'bulguf in this region is seen
to be greater still in Figure 17, and the foetus is
predicted as being severely affected. If the 'bulge’
is still further above the base line (Figure 18) then
the infant is very severely affected and heroio
measures are usually callsad for to obtain a living
infant. _

As will be seen in Tables Ez and zzz, a number of
incorrect predictions have been made, many of these
‘false positives's An infant was predicted as being
moderately affected as a result of a liquor examination
but, at delivery, was found to be direct Coomb's
negative and unaffected by haemolytic disease. The
‘diazo' test was then devised, and unless there is a
definite bulge between 500 and 600 m.u. in Curve zi
(Pigure 19) as compared with Curve V, there is no
indirect bilirubin present and the infant will be
unaffected. On the other hand, the untreated liquor
curve may not give a true picture of the severityof
the condition and the diazo test may indicate that the

amount of indirect bilirubin present is greater than
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Paracentesis after

| __Purucentesis beforse 39 weeks. 35 weeks,
Correct Prediction
Almost & almost Correct
| Correct | _Corrcct _Incorrect | Correct Incorr:ct | with Diazo.
Foetil Resultse [ 11 111{1 11 111} 1 11 1 11 11111 11 11i1{1 11 111
Unaffected or
mildly affected P4 12 5 8 0 9 11 ]2 3 0 1 (o) (0] 9 10 2
Moderately
affected 29 131 4 1 1 5 1 T 3 2 3 0 o0 2 1 0
Severely
affectad 5 2 8 2 111 o 1 1 210 0 011 1 0
Death from
haemolytic 2 1 2 5 o011 o 1 1 1 |0 o o0 |0 1 0O
disease.
Total, 50 66 11 {19 22 2 |lo 12 Pl 8 5 |4 0 ©0 p2 13 2
Crand Total. 137 43 34 34 4 27

TaBLE XX.

in Groups, and corrected results with Diazo.

Results of liquor examinaticns correlited with foetal results,
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TABLE XXI.
Almost Corrects Inco: recte }
Foetal Results Group I. Group Ile Group III, Group Ie Group Ile Group 1II,
N Number Predictions |Number Precdictione | Number Preci. tione | Number Precictione |Number Predictione |Number Precictions
Unaffecoted or (
mildly affectede 8 =8hocerate | 8 = 8 Koderate 0 10 - 8 Modercte 11 -0 Boderste |, _ & Hoderet
? fevere 1 Severe 1 Severe
_ | _ 3 mdild _5¥41d o M31a -8 . o1 e
Moderately affected, IN 1 Severe 6 1 Severe ? ? Mild 8 8 Unaffucted 1 1 ix‘:i;ffeo- 1 =~ 1 Unaffccted
Severely affected, 9 = 9 Hoderate 2 = 2 ioderate 1l - 1 ioderate 1l - 1 Unafieccted 0 0
Deaths from 3 tod .
Haemolytic discases 2 = 2 Moderate 6 - .;o SRR 0 1 - 1 Moderatie 0 0
3 Severe
3 Mild 5 K¥ild 5 vild 9 Unaffected 1 Unaff, 1 inaffected
Totale 23 =19 Moderate ?2 = 13 Moderste w2 “:1 ° 20 = 9 Moderate 12 - 10 Moderate 6 =~ 4 Moderate
: 1 Foderate 4 Sy
1 Severe 4 Severe 2 Severe 1l Severe 1 Severes
TABLE XL

Details of 'Almost correct' and 'Incoriect' predictions following liquor

examinntions
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is suggested by the untreated liquor ocurve (Figure 20).

The 'diazo' test has been of great value in
predicting "unaffected' infants and alsc in distinguish-
ing mildly affected from moderately affected infants.

The prediction is made on the height of the bulge
at 440-450 m,u. above the 'base-~line', or the line in
continuity with the graph before 400 m.u. and_after
500 meus, but this 'bulge' will appear to be smaller
when the 'base line' has a higher optical density.

Thus the difference in optical density between the peak
and the base-line is measured.

An attempt was made to relate the optical density
of the 'peak' at 450 mesu. to the birth hasmoglobin but
as the time interval between the test and delivery was
usually more than 2 weeks, no satisfactory correlation
was obtained. The difference in optical density
between the peak and base line gives a more satisfactory
relationship with the observed severity as previously
defined but thor§ are wide variations. Generally in
the severely affected groups and 'Rhesus deaths' group,
the difference in op@ioal densities is greater than
0.05 but may be as ﬁuch as 0.2 or 0.3.

Although it is unsatisfactory to compare different
sizes of 'bulge', this is necessary when the prediction
is based on the size of the 'bulge' and the assessment

‘of severity presents such difficulties. Ultimately
foetal survival is the best assessment as to the
corractness of the method of prediction.

With the 'diazo' curves, calculation of the height
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of the bulge between 500 m.u. and 600 m.u. above the
control at 2 points was originally thought to be of
prognostic value, but again no satisfactory numerical
correlation could be obtained when delivery took place
. 4 or 5 weeks after paracentesis.

" G« Results obtained,

After a prediction has been made, in terms of
severity, it is necessary to decide on the management
! of the ps.tient. Thusy; for practical purposes, the
prediction based on the liquor analysis can be related
i to the gestation which has been recommended for
' induction, and this offers a practical method for
; comparing the prediction with the degree of haemolytie
- disease found in the infant.

In view of the difficulty sometimes found in the

: interpretation of the liquor graphs when the test is !
carried ouf after 35 weeks gestation, because of a

- possible reduction in the amount of bilirubin in the

- liquor, the results are in 2 groups. Thirty-eight

' tests have been carried out after 35 weeks gestation,

" while 214 tests were performed before 34 weeks. The
results in the three groups are recorded as 'correct’,

- tpartially correct'! - where the observed severity
:differed slightly from the predicted severity- and
~'incorrect' when they were totally different. The
results obtained are shown in Table zz, while details
of the 'almost correct' and 'incorrect' predictions and

results @re given in Table XXI.

In Table XXII are detailed the explanations for



' PABLE XXII.

False positives 27 -

False negatives 11 =

TABLE I. Reasons for

ety

TABLE XXIII.

Stillbirths.
Intra-uterine deaths
Deaths during labour

Affected severely and
breech delivery

Unaffected, 'anoxia’

Total.

TABLE XXIIJI. Causes of fo
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some of the incorrect results founde Eleven, out of
2T who had false positive rasults; were ocorrectly
predicted after the 'diazo' test had been used. One
'false negative' result ocourred after the diazo test
had predicted an 'unaffected' infant. The infant was
'severaely affeocted'. The usuallexplanation for 'falsge
negative' predictions was found to be that the periocd
of gestation at the time of the test was in doubt and
the test was in fact performed at about 38 weeks
gestation.

Twenty-eight infants were lost in the paracentesis
. seriesy 19 being stillborn and 9 dying in the neonatal
periods This figure includes 1 hydropio foetus who
died in utero some weeks following paracentesis during
which liquor was not obtained. The causes of death in
the paracentesis series are recorded in Table m.

Since the introduction of the diazo test the
number of correot predictions hus increased as is shown
in Table XXIV. During 1958-1960, 85 per cent of the
predictions made were correct or almost corrects During
1961 and 1962, 84 per cent were correct, but with the
addition of the diazo tests, where these differed from
the untreated liquor tests, 92 per cent werse correcte.
The overall percentage of correct predictions was 85
per cent, and with the addition of the diazo corrections,
this was inocreased to 88 per cente

d. Complications of paracentesis uteri.

It is possible, when carrying out paracentesis

uteri, to damage a placentzl blood vessel or to damage
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TABLE _XXIV.

—TOTAL,
! ; liction
Foetal results. rect and Prediction %
: ’st Correct.| Imcorrect. |Total. | Correct.
Unaffected and 65 26 91 Tle4
mildly affected. (72) (19) (79.1)
Moderately 85 10 95 89.5
affected. (86) (9) (9005)
Severely
affected. 6l 2 66 9649
Rhesus deaths. 16 1l 17
Totals 211&- 58 252 &0-.9
.222) (30) (88.1)
TABLE XXIV } were used frequently.
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: the umbilical cords A heavily blood-stained liquor

. may be impossible to analyse, although a little blood-

! staining does not ssem to make any differencs,

élprovided gentle centrifuging is performed initially.

If no liquor amnii can be obtained, another site

i on the abdominal wall may be usede Sometimes no liguor

; can be aspiratpd but blood is withdrawn. Foetal blood ;

? can be identified by blood grouping and if the blood

f were Rhesus positive and direct Coomb's positive, then

- at least induction can be performed without the fear

; that the infant will be Rhesus negative. This blood

| is either obtained from a ves:el on the foetal surface

- of the placenta or by penetration of a vessel in the

. foetus himself, This has not been carried out as a

i deliberate procedure but any blood obtained is grouped.

It has been suggested (Monorief?f (1960) that

' paracentesis of the uterus produces a brigk rise in

antibody titre, but others, Kelsall et al (1960) and

. Walker and Jennison (1962) have denied that this is

- necessarily due to the paracentesis. During 1956 and

j 1957 (when no paracentesis uteri was performed in this

: hospital), 19 patients were found to have significant

rises in their antibody titres after the 34th week of

; pregnancy. In 1958, on 7 occasions the titre rose

" without paracentesis, while in 4 instances it rose after
liquor had been obtained. This would tend to confirm

Walker and Jennison's findings.

e, Comparison of antibody titres and amniotic fluid
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e« Comprison of antibody titres and amniotic fluid
in prediction of :the severity of haemolytic disease.

On 60 occasions the severiiy of the haemolytic
disease as predicted by the liquor analysis was found
to be correct, and the interpretation of the titre
wrong. On 29 occasions the titre was correct and the
liquor prediction wrong.

These figures are not of much sisniticanoo because
retrospectively it is dif ficult to assess the severity
which might have been predicted by a study of the
antibody titres alone. The previous history would
have been taken into account, and earlier induction
was not possible in every case.

f. Study of graphs of liguor amnii obtained from
patients with severely affected infants.

In an attempt to detect any significant or
diagnostic feature in the 'liquor curves' of severely
affected infants, the graphs of all the severely
affected infants and of those dyiné of haemolytic
disease were scrutinised very carefully. In nearly
all cases there was a prominent bulge or the optical
density of the liquor at 440»450 m.2s was high, or
both. In addition, in many of the curves studied a
‘plateau’ was seen between 410-420 m.u. and 450-460 me.u.

In the severely affected group where the infant
had a rapidly rising bilirubin level and required 2
or 3 exohange transfusions, 19 out of the 25 graphs
studied show this plateau, examples of which are shown
in Figures 21 and 22. In the first of these (Figure

21) the curve rises from 390 m.u. and reaches the
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fplateau' at 420 meu. After 460 m.u. it falls until

" at 530 meus it has returned to the baselines This

. patient, a para 3, with previcus neonatal death due to

' haemolytic disease, was induced at 35 weeks gestation

: &nd_vaa dslivefed of a mal, infant weighing 5 pounds

. 8 ounces (2500 g.)s The infant required 4 exchange

. transfusions and one iop—up transfusion. The second

% case illustrated (Figure 22) was that of a primigravida
% who was Rhesus negative and had previously receivgd a |
€ blood transfusion. The liquor graph showed a rise

| above the base line at 390 m.u. to reach a plateau at

% 420 m.u. The plateau ceased at 460 m.u. and the curve
 rejoined the baseline at 530 m.u. again.

In 9 of the graphs studied, a 'hump-peak' at 410
 meue was found as well as a ‘plateau'. This is

| illustrated in Figure 23. The plateau is less marked

| and the curve falls to thaﬂbaselino between 460 m.u.

é and about 525 m.u. Labour was induced in this

f patient at 38 weeks and the infart required 3 exchange

| transfusions.

In the very anaemic group of severely affected

: infants, 17 graphs out of 22 show the plateau between
410 and 460 meu. to a virying degree, but there were no
 "hump-peaks', FPigure 24 shows a definite plateau, the
- curve leaving the baseline at 380 m.u. and returning

at 525 meou, When the infant was delivered, at 36 weeks
gestation, the haemoglobin was 8.6 g. per cent but only
1 exchange transfusion was required. In figure 25 the

curve is seen to rise further from the baseline and the
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optical density at 450 m.u. is higher than in the
previous case. Again the bulge is between 370 m.u.
and 520 m.u. At birth, the infant's haemoglobin was
646 per cent 100 ml. but she made satisfactory progress
after 2 exchange transfusions and 1 'top~up! transfusiogo
In Pigure 26, the optical density at 450 m.u. is 0.6
and the bulge is very markeds Again there is a less
definite plateau but the curve tends to level off after
420 me.u. This patient had 2 living ohildren after
T pregnancies. Her third child died soon after
delivery, probably as a result of haemolytic disease,
while her next 3 children were stillborn and hydropic.
The Tth pregnancy ended at 10 weeks with an abortion.
The patient's husband was homozygous for the D antigen. |

In her 8th pregnancy, a Ceasarean section was
performed at 34 weeks gest.tion and a male infant
weighing 4 pounds 11 ounces (2125 g.) was delivered.
The haemoglobin at birth was 5.6 per cent but the
infant survived after 1 exchanss and 2 !'top-up’
transfusions.

The graphs of 13 infants who were lost as a
result of haemolytic disease revealed 9 with plateaux,
or ‘humps’'. A typical curve is illustrated in
Figure 27 with the plateau between 420 and 460 m.u.
No foetal heart was heard when the patient was admitted
at 36 weeks and although the foetus had died as a
result of haemolytic disease, there was no evidence of
hydrops foetalis. This may have been similar to the

cases described by Henderson (1942 a. and bs)s
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Figure 28 illustrates the typical curve of an
imminqnt:hﬁra-uterinu death, the liquor requiring
dilution by twice its own volume so that the curve can
be plotted. A peak at 405 m.u. was thought by Bevis
(1956) and Walker (1957) to be a 'premortal' rise due
to the presence of methaemalbumin. When diazo and
methyl alcohol are mixed with the ligquor, a large
'bulge* is seen between 475 m.u. and 675 meu., indicat-
ing tﬁn presence of a very largs amount of 'total
bilirubin'. The direct bilirubin bulge is much less
prominents When the infant was delivered 10 days
later, it was typical of hydrops foetalis.

g€ 'False Positive' Results.

If a pregnant woman is Rhesus negative, and has
Rhesus antibodies and if her husband is Rhesus positive,
it is reasonable to assume th;t bilirubin in the liquor
is the result of haemolytic disease of the newborn.
Sometimes after a bilirubin 'bulge' has been found, the
infant is reported to be Coomb's negative and Rhesus
negative, but develops jaundice and a markedly elevated
gerum bilirubin. Pre and post natal haemolysis or
hyperbilirubinaemia may be due to sulphonamide therapy,
salicylates, cytomegalic inclusion disease, toxoplasmosis,
and other less common dise.ses. [Examination of the
liquor detects the presence of bilirubin only and
cannot determine the reasons for excessive haemolysis.

10. Management of Patients with Rhesus Isoimmunisation.

The two alternatives in the management of patients

with Rhesus isoimmunisation are to allew labour to
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commence spontaneously or to induce labour artificially
either empirically or at a gestation dependant on the
predicted severity of the haemolytic disease. Labour
may also be induced for some other obstetric or medical
reason, O« anteparfum haemorrhage, pre-eclampsia, or
. because the foetus has died in utero.

If labour is allowed to commence spontaneously it
is necessary tc accept a number of stillbirths - from
the literature this figure appears to vary between 10
and 20 per cent of the total number of patients with
haemolytic disease. On the other hand, infants born
alive at or near term would run very little risk of
developing kernicterus, if facilities for adequate
exchange transfusion were available.

With a policy of empirieal induction at 37 or 38
veeks or earlier, a number of stillbirths will still
occur but not as many as in the 'spontaneous onset'
Zroup. It isy of oourse,.impossiblo to state the numbexr
of deaths which would have been avoided by earlier
induction but in every series there will be instances
of stillbirths which one knows could probably have been
avoided by earlier intervention. One patient who had
had 2 ohildren without antibodies being detected was
t:sted at 31 weeks gestation in her third pregnancy and
the indirect Coomb's test was found to be negative. At
34 weeks the antiglobulin titre was 1 in 1, and 2 weeks
later it was 1 in 20, The patient was seen at 37 weeks

‘and empirical induction suggested at 38 weeks. On

admission the patient was found to have a severe degree
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of anaemia and a transfusion was given. Before
labour could be induced, she developed a deep venous
thrombosis and anti-coogulant therapy was commenced.
Two days before term labour commenced spontaneously and
she was delivered of a stillborn infant with the
typical findings of-haemolytic disease of the newborn.
The foetal heart was defiritely heard at 38 ioeks
gestation and for a wesk after her admission to hospital,
There are the risks of induction to be considered
| also both as regards foetal mortality, and foetal and
maternal morbidity. It is, therefore, essential that
the method of induction used is a satisfactory one and
that, should it fail, tpe obstetrician ig prepared to
carry out Caesarean section. ~In this hospital, labour
is usually induced by artificial rupture of the membranes
followed when necesg;iy-by an oxytocie drip. The time
interval between rupture of the membranes and the
commencement of the oxytocin drip is variable but at
present is usually a maximum of 36 hours. In the
early years of the series, oxytocim was not always
used, 4 or if it was given, administration started
after 48 hours. The drip rate and concentration of
oxytoein are dependant on the response of the patient.
The concentration and rateper minute are increased
slowly but steadily until the patient's labour
approachee normal labour. The rate is then maintained
until delivery unless the contractions become too

prolonged, in which case the drip rate is reduced or

the drip stopped altogether.
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If the time of induction can be determined by the
severity of the disease it only remains to decide the
earliest gestation st which one is prepared to induce
labour (or deliver the patient by Caesarean section).

If severity can be predicted accurately, then delivery

at or after 36 weeks gestation is a practical proposition.
Delivery earlier than this is onli likely to be
conslidered in exceptional circumstances. The object

of antibody studies and analysis of the liquor amnii

is to determine the severity of the hasmolytic disease.

In the present series, during 1956 and 1958,
induction of labour because of Rhesus isoimmunisation
was not commonly earried out. It was used more during
1958 to 1960, and very frequently during 1961 and 1962.
The results of spontaneous delivery and induction for
Rhesus isoimmunisation are compared, in Groups, in
these 3 time-intervals, and related to the severity of
haemolytic disease in the infant. (Tables XXV, XXVI
and zziii. If the foetus has died in the uterus before
35 weeks geatation, the onset of 1abou§, whether |
spontaneous or induced, was counted as 'other onsget'.

If an intra~uterine death oocurred after 35 weeks in an
'unbooked' patient, this was usudly included under
'‘other onset', as these deaths were considered to be
beyond the control of the hospitale If death occurred
after 35 weeks and induction had been considered at a
later maturity, this was an 'induction death', otherwise
it was a death associated with a spontaneous onset of

labour.



207,

TABLE XiY. PP J.o
1956~57. m 1261-62,
Spontan~— Spontan= Spontan~
Foetal Result. eous Phesus Other | eous Rhesus Other | eous Rhesus Other
Inset, Inductin. Onset.| Onset, JInduction. Onset.| Onnete Induction. Onsct,
Unaffesoted, 9 1 S N 11 1 1 a7 O
Nildly aifected. 10 EN 2 11 23 2 5 19 b §
Koderatuly affected. 13 8 N 18 Lo 1 9 27 0
Severely affcoted
- anaeris. 2 Q 0 & 2 0 1 4 Q
= hyperbilirubinasmia. 3 ) § ? 4 (¢} o 5 1
Hasmolytie disease -

Stilibirth, 2 0 1l 3 3 1 2 1 ds
lieonatal death, 3 0 0 ) o b 0 0 2
Other deaths
(affeoted or not) o b 9 b § 1l O 0 0 2
Abortions, (3) {1) (1)

Not teated, 0 0 0 2 0 4] 1l 1 b 3
Total. h? 15 b 7 45 84 7 12 T4 &

Number of

Paticnts in T4 1357 102

Time Period,

I QELE m«v

NMode of onset of Labour and Foetal Results im G:oup I,



TARLE XXii. SR _1i.
195657, 1958-60, 196162,
Spontan~ Spontan- Spontan-
Foetal Result. sous Eheaus Other | eous Rhesus Other | eous Rhesus Other
Onset, Induction, ~nset,| Onset Induction, Ousut.| Onset, Ipfucti-n, OCnset.
Unaffected. & 1 2 2 10 0 5 g o
Nildly affected. 0 s 0 5 3 1 0 n 0
¥oderately affected. 8 3 1 12 20 n L 19 0
Severely affcoted _
- anassia, 3 1 0 0 6 0 1 8 0
- hyperbilirubinaemia, 5 5 § 0 0 'S o 0 8 0
Heemolytic diseaze -

Stillbirth. 1 0 0 2 & S 0 1 1
Keonatal death. 1 0 0 0 3 1 8 0 I
Other deaths
(affocted or not). N 0 1 0 ¢ 0 0 0 2
Abortions. {2) (2) (6)

Tetal. 26 1 & 21 50 7 8 56 78
Nuaber of
Patients im 43 80 74
Time Period.

I:pLE INVI.

Mode of omset of Labour and Foetal Hesults im Group 11,
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TABLE XXVIi. GPOUP  III.
1956=57, 1958=60e 1961=624
Spontan- Spontan= Spontan-
Foetal Resultse eous Rhesus Other |eous Rhesus Other | eous Rhesus Other
Onsete Induction, Ons te |Onsets  Induction. Onscte | Onset. Induction, Onsct,
Unaffected, 0 1 0 0 2 0 0 3 C
Mildly affected. 0 Q 0 0 0 0 0 0 0
Moderately affected. 1 1 0 ? 2 1 0 1 0
Severely affected
- snaemia 0 0 0 0 5 0 1 3 0
- hyperbilirubinaemia, 0 Y] 0 0 0 0 0 5 0
Haemolytie disease -

Stillbirth. 0 0 5 2 0 1 0 0 1
Neonatal deaths. 1 0 0 0 ¢] 0 0 0 1
Other deaths
(affected or not)e 5] 0 0 0 ¢ 0 0 0 1
Abortions. (2) (7 (6)

Total, 2 2 5 3 9 2 1 10 3
Number of
ratients in 11 21 20
Time Periode

TABLE XAVIl.

Mode of onset of L.bour ané I'oetal Reaulis in Group III.
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Before attempting any comparison betweern the 3
time-groups, the percentage of severe cases and Rhesus
death was calculated for each group and was found to
be almost identical for each group. (Table XXVIII).
The ‘avoidable foetal mortality in the 3 *time-groups!

" and the 3 'previous-history' groups is considered with
the mode of onset of labour in Table zzzz. It will bve
seen that in each time-group, the porc#ntago of deaths
after 'Rhesus' induction is less than with spontaneous
onset, and this also applies to the 3 'previous history"
groups. Por this selected series, th; féstal loss
rate from haemolytic disease is 6 per cent, while in
labours which commenced spontaneously, 10 per cent were
lost, The difference between these proportions is
0.057 and this is 24 times the standard error of the
difference of the proportions and is therefore
significant. The groups also are comparable so that
induction of labour would appear to save lives of a
number of infanﬁa.

As it has ?een suggested that induction of labour
causes a number of immatuie-infants to be delivered,
the bLirth weigﬁt under or over 2500 g. has been correlated
with the mode of onset of labour and the foetal outcome.
(Table ZEZ). In fact proportionately more small babies
were delivered after labour commanced.apontaneoualy
(15 per cent) than when labour was induced because of
Rhesus isoimmunisation (10 per cent).

Figure 29 shows the percentage of inductions for

Rhesus isoimmunisation performed during each year with
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TABLE XXVIII

Year groups Total deliveries Severe and Percentage
gL in series Rhesus of 'severe!
excluding deaths cases
abortions
1956 - 57 121 32 26
1958 = 60 228 53 23
1961 - 62 183 46 25
Total 532 131 256
TABLE XXVIII Comparison of 'Time Periods' by numbers of

'geverely affected' infants and deaths from

haemolytice disease,
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6P Labotis _ _— 1956=57, _ - : 1558-60, . " 1961-62: : : Totals,
Total fFotal Rhesus Total [Total Rkesus Total| Total thesus | Total | Total Rhesus '
Group I. Neoe Deathse Deathse . | Nos Deathse .. | Deathses Hoe Leathss ;- | Deathae & [HOe Deathse ,. | Deathse e
3pontan. onscte L2 45 B, 2 1s 2 106 11 10 ! 0 g
Rhesus induction. 15 - J 8L T4 i 1 173 ¢ “ E 2
Totale 57 129 ¢ 93 2 279 17 61 1 5.0
| Group Il.
Scontan. onsete 26 21 8 0 ¢ 55 & 15 | 7
Rhesus induction. 11 < < 50 56 1 1 117 3 7 & 7
Totel. 37 71 " 6L 1 1 172 16 ¢ 1 12 240
Group II1.
Soontan. onsete 2 3 3 1 1 C C 6 z 53 2 39
Thesus induction, 2 C 3 g 10 G ¢ E 21 v 0 0 0
Total. L] oz 1| - 2 11 o 0 U 27 7 7
& ontan. onset, 70 |2 17 11 69 10 28 7 2 7 | 167 o 13 15 10
Rhesus induction. 28 L < 0 1,3 3 8 i 140 2 1 1 3i1 Lix 5 1P k.
Grand Totele a8 2 13 8 212 8 g 168 2 h 2 4L78 S 7 28 6
sl FALXe Selected Foet:l mortelity, in Groups, derending osn mode of unset of labours



TABLE XXX.

Mildly [Moderately Severely Affected, Haemolytic Disease, | Other
Birth Weight. Unaffected. |Affected. (Affected. | Anacmia [Hyperbilirubinaemia.| Stillbirths|Neonatal Deaths., Deaths, |Abortions. |Not Tested. | Total,
Under 2500 g
Spontaneous. 1l 0 11 5 2 3 2 1l - - 25
Rhesus Induction. 5 1 g9 10 2 1 1 1 - - 30
Other. 0 0 2 0 0 1n 1l 5 30 - 49
Total. 6 1l 22 15 4 15 4 7 30 - 104
Over 2500 g.
Spontaneocus. 22 3 56 7 8 8 3 IN - 3 142
Rhesus Induction. 50 &4 112 19 24 8 2 1l - 1 281
Other, 8 6 5 0 2 8 4 1l - 1 35
Total. 80 101 173 26 IR 24 9 6 - 5 458
Totzls,
Spontaneous. 23 31 67 12 10 11 5 5 - 3 167
Rhesus Induction. 55 65 121 29 26 9 3 2 - 1 1l
Other. 8 6 17 0 2 15 5 6 30 1 84
Grand Total. 86 102 195 L 41 38 39 13 13 30 5 562
TABLE XXX. Birth weights and severity of hsaemolytic disease with mode of onset of labour,
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Figure 29, Percentage of inductions of Iabour and
percentage of infunts surviving with
haemolytic disease, by years,
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the percentage of surviving infants. = Some of the
inductions inoluded were at or about term and cannot be
- called premature or even 'preterm' inductions. From
the graph it appears that a 58 per cent induction rate
results in an infant survival rate of 88 per cents A
rise in the induction rate from 10 per cent to T5 per
cent, however, only inoreased the survival rate by 13
per cent from 78 per cent to 91 per cent.

The problem appeara.to be one of individual
patients and not of series of cases. If it is
necessary to wait until a stillbirth has occurred in a
family before considering active intervention, the
chance of further children may have been lost because
of the poor prognosis after an infant has been lost
from haemolytioc disease. A patient who has no living
children is quoted later as an example of the importance .
of considering each patient according to the circumstances
of the cases, and not by applying strict rules.

Is induction harmful? Provided the infant
survives and is healthy, and provided any hyperbilirubine
aemia of prematurity is treated by exchange blood |
transfusion, there ahou}d be no harmful effects. ir
the method of induction is satisfaotory and the labour
is not prolonged, the maternal morbidity should not be
inereased. In the series two deaths are definitely
attributable to the management of the patient following
the induction of labour. In one, labour was not

stimulated until 7 days after the membranes had been



216.

artificially ruptured and the infant died of a chest
infection probably contracted in utero. A second
patient was induced at 38 weeks as the infant was
thought to be moderately affected after liquor analysis.
Some diffioculty was experienced in controlling the
labour with an oxytocin drip and after delivery the
infant was slow to respond and died within 24 hours
from 'anoxia'.

11, Labour and Delivery.

The duration of labour - under or over 24 hours -
of patients in the series is recorded in Table XXXI
and only 6 per cent were found to have been in labour
for longer than 24 hours.

The method of delivery was spontaneous and normal
in 78 per cent of the patients {Table Eziii) and 6 per
cent of all the inductions performed because of Rhesus
isoimmunisation failed and Caesarean section was
necensary_to effect the delivery of the patient.

12. The Infant.

If the infant is born alive, Walker (1958)
considered that with adequate treatment the neonatal
mortality should be as low as 6 per 1,000 In order
to achieve this he recommended that patients with
Rhesus isoimmunisation be delivered in hospitals
capable of carrying out prompt investigation of the
infant's blood and with staff trained in the technique
of exchange transfusion.

The indications for exochange transfusion vary a

little from year to yeaxr among different paediatricians.
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TABLE XXXT

Duration of Labour Number of Patients Lercentage of Total
(Including Oxytocin Drip)
Under 24 hours 461 84
Over 24 hours 33 6
Not known (including
abortions and 56 -
telective'
Caesarean Section)
650 -
TABLE XXXI Duration of Labour (including patients

requiring Caesarean Section).




TABLE XXXII

Method of delivery

Number of infants

Percentage of Total

delivered
Abortions (including 30 5
2 Hysterotomies)
Spontaneous 430 78
Forceps or Breech 62 11
Caesarean Section 40 T
Caesarean Section
for failed
induction 19 6% of 311 Rhesus
inductions
Total 562

TABLE XXXIX Methods of delivery.
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If the haemogolbin is below 12 g. per cent, exchange
transfusion is usually indicated. If the haemoglobin
is higher than this, and the serum bilirubin is also
high, an exchange transfusion soon after birth is again
. usually indicateds If the serum bilirubin is low, it
is necessary to repeat the extimation frequently and to |
prevent the level reaching 20 mg, per cent. If the ‘
serum bilirubin level is rising at a rate.greater than
1 mg. per cent per hour, some p#edistrieians would
perform an exchange transfusion while others are content_
- to wait and to transfuse when the bilirubin is seen to
be approaching 20 mg. per cent.

Ip assessing the results achieved in any series of
~ this kind, it ;a nacessary o consider the infants who |
vere lost and those severely affecteds The mildly and
moderately affected infants are unlikely to develop
complicitions, and the unaffected infants should behave
very normally, provided immaturity and the hazards of
induction can b# avoided.

8. Toetal Desths in Sariega

In Table XXXIII the deaths occurring in the series
as a result of haemolytic disease of the newborn are
recordeds, It will be mean that 52 affected infants
died from haemolytic disease, a mortality rate of 9.8
per cents This includes 39 stillbirths and of these
13 (33 per cent) ooccurred before 35 weeks gestation and
can be considered "unavoidable" in that the gestation
is too early for induction of labour to be successful.

Of the neonatal deaths associated with haemolytic
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TaBLE XXRI1II.
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Total deaths in affected infants
Hiemoiytic disease - stillbirths

- neonuatal deaths

Deaths as result of exchange
transfusion

Total,
"Exchange transfusion" deaths.

Severely affected (unaemia)- 2, (incl. 1 ruptur-d spleen).

abortiong with evidence of hiemolytic disease — 16.

- 52.
-39 (20 -
i%
- 8 21
)
)
) (11 -
-_5) (

2=

Moderutely affceted - 3 (inel. 1 septiciemia)

lst pregnuncy in which untibodies
detected.

- Pruvious infant hud huiemnlytie

disezse.

Previous stillbirth or neonatal
deith from haemolytic disease.

33 of 3tillbirths
occur before 35/52.

TABLE X¥X1IV. DTS IN 89T 5 FhoM CxUJ_j-OTH'R THAN
HAEM YTIC DI3ki5K.
Desths from ~ther causes = 13.
Stillbirths from anoxia - 3 - 3 Unaffectad.
Neonatal deaths - congenital -~ 4 - 2 Mild.
abnorm.lities.
Foderate.
1 Severe - ain:emiae.
Respir.itory distress syndrome - 3 - 1 Unuffect-de
- 1 Mild.
- 1 Moderate.
Prematurity - = 1 Unaffc :ted.
Neonitil deaths following - 2 = 1 Unaffucotsd - anoxia and
induction of lubour pulm. afelectdsis.
-~ 1 #Mod rately affccted - empyema
— and lung abscesseas.
TOT.sLe 13

Abortiona with no evidence of

hiemolytic disease = 14.
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disease, 5 were the result of exchange transfusion,
including 1 infant with septicaemia and 1 with a
ruptured spleen,

In Table zzzzi the deaths in the series which
were not due to haemolytic disease are shown. (Also
Table izz). " These number 13, of which 3 were still-
births from anoxia in infants found at post mortem to
be unaffected by haemolytic disease. The 2 neonatal
deaths ococurring after labour had been induced were due
to 'anoxia' and lung abscesses respectively. These
were avoidable but 4 of the others had congenital
abnofmalitios incompatible with life.

In Table zzzi the deaths due to Rhesus isoimmunisa-
tion (including two following the induction of labour)
are studied in more detail. Seventeen deiths occurred
before 35 weeks gestation and of the 37 dying after 35
weeks, 23 were ‘*booked', Certainly some of these deaths
might have been prevented if an accurate method of I
predicting the severity of the haemclytic disease had
been known.

In 18 patients of the 54, a paracentesis uteri was
carried out at the correct time, while ir T others it
wags either performed after 315 weeks or bhefore 33 weeks
gestation. In the remainder (29) no paracentesis was
performed, 14 being delivered during 1956 and 1957.

be Severely affected Infants in Series.

These infants were all born alive and survived the
neonatal period. They have been divided into 2 groups,

the first consisting of infarts with a haemoglobin at
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TABLE XXXV.

Number of haemolytic diseise dedths = 47
Number of deaths following exchange transfusion = 5

Fumber of deaths as result of induction because
of Rhesus isoimmunisation = 2
54

'Haemolytie' deaths before 35 weeks gestation = 17 (3.2% of 532 (excluding abortions).

*Haemolytie' deaths after 35 weeke gestation = 37 (1.0% of 532 (excluding abortions).

Booked cases (seen before 34/52) - 23

Unbooked eases - 14
'Haemolytie' deaths after 36 weeks gestation = 34 (6.4% of 532 (exluding abortions).
Paracentesis at correct time = 18

Paracentesis too late or very early =

T
No paracent.:sis = 29
24

TABLE XXXV. Deaths due to Rhesus isoimmunisation, with possible factors in
the prevention of foetal losse
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birth of below 9.6 g. per cent, and the second of
infants who had very high serum bilirubin levels during
the first 5 days of 1life. The results are presented

in Table XXXVI. Although the number in the first
time~period (1956-1957) of those whose labour was
induced is less than those whose labour commenced
spontaneocusly, in the othexr two time-periods many more
were induced thanﬁaliowed to commence labour themaelvosé
This undouvbtedly saved lives in the anaemic group but
may have contributed to the hazai@s occurring in the
high bilirubin group. : |

It is of interest and importance to notice that in
almost half the pregnancies in which the birth haemo-
globin was under 9.6 g per cent, antibodies had been
detected for the first time. Also in 40 per cent of
the infants who had high serum bilirubin levels were
found to have been delivered from mothers in whom
antibodies had not previously been found.

Further analysis of the anaemic group of severely
affected infants (Table XXXVII) shows that 13 of the 18
ptients in the series with birth cord haemoglobin 1ev01£
below 7.4 gﬁf%or oent’ggd becn induned, 5 at under 36
weeka gestation. NHine of the patients had had liquor
examination earried out. The lowest haemoglobin
recorded in an infant in the series who survived the
neonatal period was 2.9 g. per ocent.

In Table XXXVIII the number of exchange transfusions
given to infants in the hyperbilirubinsemia group and

their gestition on admission are recorded. The
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TABLE XXXVI.

Infaints Antie=
Year with Birth - Not | bodies | Prev. Prev. Rhs | Spont. Induocti
Groupse. Hbe under Po Booked | first | affected| SB or NND.| onset, | ~1OUCH0Re
65‘}:. time.
1956=5T7. 13 8 5 7 5 1 9 4
1958=60. 16 12 4 9 2 5 9 T
1961-62. 21 18 3 1 10 4 4 17
TOT L. 50 38 12 23 17 10 22 28
Other inti-
rrel bodies| Preve
Year severely Not
) affected Booked b affected| Prev. Rh. [Spont.
Grounse. SnPantes Booked fg;it SB or NND lonset. Induction
(Hyperbili- *
rubinaemia)d
1956=5T. 13 6 1 6 T 0 9 4
1958=60. 14 12 2 6 8 0 2 12
1961=62, 16 14 2 5 8 3 0 16
TOTh. 43 32 11 17 23 3 11 32
TABLE XXXVI. Details of patients with Rhesus Isoimmunisation whose infunts

had a severe degree of haemolytic disease of the newborn.

(Includes some "moder.tely affested" .s well as "severecly
affected).

T4BLE XXXVIT.

Number of surviving infants with birth h.emoglobin under 50% (7.4 g %) = 18.

Number of thece ngants delivered after induction of 1 _.bour = 13,
abours
Number of these/induced after pur.centesis uteri = 9.
Gestaition on inductin - 34 weeks = 1
35 " - 4
36 o - 4
37 " o 2
38 " - 1
39 n --L
13

Lowest birth hiemoglobin recorded in live infunt = 20% (2.9 8. %).

TiBLE 5}X?II- Results in severely anaemic puitients.
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TaBLE XXAVIIT.

Number of repeat exchange Gestation on induction in
transfusions givene hyperbilirubin_ group.
2 exchinges = 30 15 weeks = 4
3 exchanges = 12 36 weeks = 14
4 exchanges = 3 37 weeks = 6
5 exchanges = 2 38 waeks - T
6 exchanges = 1 39 wecks = 1
32

Highest ecard bilirubin recorded = 16.6 mg. per cente

TABLE XXXVIII. Results in patients with hyperbilirubinaemia.




226.

" The largest number of exchange transfusions given was
6y with 1 simple transfusion for anaemia 4 weeks after
births Labour was induced in this patient at 36 weeks
gestation, and the bilirubin reached 30.4 mg. per cent.
The baby thrived and on discharge was well.

Two infants are known to have developed én
‘inspissated bile syndrome' and, with exchange
transfusion and conservative treatment, have made
satisfactory recoveries.

cs Sex of the Foetus.

Diamond et al (1950) and Armitage and Mollison
(1953) found that male infants were more susceptible
to haemolytic disease especially if they were immature.
This was not confirmed by Knox et al (1961).
The sex distribution by severity is given in Table
:zzzzz and berhapa the most interesting finding is the
large number of unaffected female infants found in the
geries. There were more severecly affected male infants
and more deaths from haemolytic disease in male infants,
and these differences are of some statistical signifi-
cance (x2 = 9.8, n=3, p= 0.02)e
If the marked discrepancy between the sexes in the
funaffected group was found to persist when a very much
larger series of cases was studied, it might suggest
that in heterozygous fathers, the d antigen was carried
on the X-—chromosome.
13. The Plagenta.

Studies of the placenta are extremely difficult to
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|
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Mildly and Deaths from
Sex of foetus. Unaffected. [moderately | Severely |haemolytie |Others. Total.
affected. affected. |disease.
Male 30 137 43 28 = 238
Femule 62 166 37 24 - 289
Not recorded - - - - 35 35
Total. 92 303 80 52 35 562

T.BLE XAXIX.

Sex distribution of inf.nts and severity of haemolytie disease.
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undertake because although it can be obtained 'fresh',
it cannot readily be studied in situ without jeopardiz.
ing the foetus. Studies on placental histology and
growth have been carried out by Crawford (1959) and he
made a number of very interesting observations on the
'growing ends' at the fringes of the placental
cotyiedons. He noted that there was a reduction in
the number of small and medium-sized cotyledons, but
hypertrophyof those which remained increased the size

of the placenta.

as Ratio of Placenta to Foetus by Weight.

Chernyak and Rabtsevich (1959) and Jeffcoate and
Scott (1959) studied the relitionship of the ratio of
the placenta to the foetus by weight to the severity
of the haemolytic disease found in the infant.

Goplerud (1961) observed that if the ratio of placenta
to foetus was less than 1 in 4, and if the infant
survived,‘tho small ratio was the one expected for
that gestation.

In Tablp z; the ratio of the placental weight to
the foetal weight at birth is related to the severity
of the haemolytic disease which oecurreds The number
of infants who could be considered immature by gestation
or birth weight in each group is also indicated, and in
the group where the ratio is 1{1 to 1313 it will ve
seen that about half 6! the affected infants survived.

b. Histochemistry of Placenta.

Twenty placentae have been studied histologiecally

and histochemically by the methods described by
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Ratio 1tl-1:3 | Ratio 114-1¢6 R""‘é“'-I'T__ Total.
Ratio
Under Under Under Under Under Under| not Under Unde
Foetal results. |Noe 35/52 51bs| No. 35/52 51lbe | Noe. 35/52 51be| Knownd No. 35/52 Slt
Unaffected 11 1 2 |18 2 4 2 1 1 1 92 4 1
Mild 4 o 1 |92 0 3 8 0 0 1 105 0 4
Moderate 15 2 2 1710 3 11 5 0 0 8 198 5 13
Severe 17 2 4 | 58 2 6 o] 0 0 5 80 4 10
Death from :
haemolytic 29 1i5 9 |18 0 4 1 0 ) 4 52 1% 13
diseuse.
Not known - - - - - - - - - 35 35 - -
‘FOTaLe 16 20 18 416 7 =28 16 1 1 54 [562 28 47

TABLE z:. Ratio of placental weight to foetal birth weight relited to
geverity of haemolytiec diseace and "immaturity”. (5 pounds = 2270 g.)
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 Ismail (1959). Portions of the placentae delivered
from women who were known to have Rhesus isoimmunisa-
~ tion were fixed and stained, and after examination the
findings were correlated with the degree of haemolytiec
diseage developed in their infants.

The placental blocks were stained and mounted in
the Department of Obstetrics and Gynaecology, University
of Edinburgh. In each case 2 slides of placental
tissue stained by haematoxylin and eosin were examined
to determine the general histological appearance. In
addition a number of other stained sections were

examineds These were as followss-

i. Alkaline Phosphatase - by the modified Calcium
Cobalt Method, Gomori (1946), and by the Coupling

Azo-Dye Method (Pearse 1953).
i4. Acid Phosphatase = by the Lead Phosphate Method
(Lillie 1952) and the Coupling-Azo Method (Burton
1954)
iii. QNonspecific Esterase - a - Naphthyl Acetate Azo
Coupling Method (Pearse 1953).
ive Glyecogen - Chromic Acid Schiff Method (Lillie
1952).
ve Calcium - Von Kossa Method (Pearse 1953).
vi. Lipoids - Sudan IV Method for neutral fat (Ismail
.1959)0
Mallory's modification of Schultz Test
(Lillie 1952) for cholesterol.
Polarised light (Bempaeé and Wisloocki

1944), Lillie (1952) for examination of fat.
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- FINDINGS,

Group 1. ‘'Control! and 'Unaffected'. (4 placentae).

These placentae showed some oedema of the villi,
.somo hyalinisation of villi and also the extravasation
of normal and nucleated red blood cells (Figure 30).

Acid and alkaline phosphatase were marked in the
syncytium, and sometimes alkaiinc phosphatase was seen
in the stroma.

Bon=-specific esterase was marked in the syncytium
but scanty in the villous stroma. Fat was seen in the
stromas and some cholemterol was present in the
syncytium. Glycogen and calcium were only found in

the stroma.

Group 2. ‘'Mild' and 'Moderate's. (4 placentas).

FNumerous esmall (normal) villi were found with
hyaline change in some and a few showing slight ocedema.
Extravaaation of nucleated blood cells was quite marked.
(Figure 31).

Variable amounts of acid and alkaline phosphatase
were scen in the syneytium, and non-specific esterase was
found in the syncytium.

The amount of fat present in the villi and stroma
was small but rather variable, Cholesterol was also
present in varying amounts in the synoytium and stroma.
Fo calcium wag seen and glycogen was only found in the
stromas

Group 3. ‘'Moderate' and 'Severe'. (4 placentae).

Again numerous small villi were found with more
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Figure 30. Unaffected infant - oedema of villi and
extravasation of red blood cells., H and E
X 185.

Figure 31. Moderately affected infant — villi small,
some oedema and some hyaline change,
marked extravasation of red cells,
Hand E X 185.
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marked hyaline change than previously and acoompaniod_
by extravasation of nucleated red cells. (Figure 32).
More alkaline phosphatase than acid phosphatase
was found, and non-specific esterase was seen in the
syncytiume Fat was usually minimal in amount or absent
and no ocalcium was founde The amount of cholestsrol
found was very variable, but it was never very marked.
Some glycogen was seen in the stroma ﬁf villi and
around blood vessels but the amount present was small.
Group 4. Alive at birth but died in neo-natﬁl_geriod.
r2 placentae).

Alive in labour but died before delivery.
1 placenta).

Extravasated nucleated cells were prominent, with
hyaline change in some villi and a dense stroma in some
othars. (Figure 33). ‘

Alkaline phosphatase was marked in the syncytium,
and some acid phosphatase was also found. No glycogen
or calcium were found, and only a little cholesterol
was present in the syncytiume. An excessive amount of
fat was seen in one seotion in the stroma of the
chorionic villi, but may have been due to degeneration.
Non-specific esterase was very prominent in the
syncytiume (Figure 34).

Group 5. Hydrops foetalis. (5 placentae).

Oedema and hyaline changes in the chorionic villi
were marked, and numerous small villi were present with
extravasation of nuocleated red cells and ooccasionally a
definite Langerhan's layer was seen. (Pigures 35 and 36).

Alkaline phosphatase (Figure 37) and to a lesser
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Figure 32. Severely affected infant - small villi,
hyaline change and extravasation,
Hand E X 185,

Figure 33. Neonatal death -~ hyaline change and dense
stroma in some villi. H. and E. X 185,
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Figure 34, Non-specific esterase — prominent in
syncytium, Azo-coupling method X 185,
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Figure 35, Hydrops foetalis - oedematous villi with
persistence of Langerhans' layer of cells,

H& E X 185,
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Fipure 36. Hydrops foetalis - oedematous villi with
extravasation and some hyalinisation.
H& E X 185.

el

Azo-coupling method. X 186,
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extent acid phosphatase were found in the syncytium,
and variable amounts of non-specific esterase were
present in the synoytium and blood vessel walls. A
minimal amount of fat was seen, possibly in
Langerhan's layer, (Figure 38), and cholesterol was
present (Figure 39). Variable amounts of calcium
(Pigure 40) were seen and glycogen was found in some
villi.

Differences in Histology and Histochemistry in the 5
Groups.

In the sections stained with haematoxylin and

eosin, there is little difference between the controls
and the affected cases, but the hydropic placentae
show oedema of the villi and persistence of Lansﬂrhan'aE
layer or cytotrophoblast.

Acid and alkaline phosphatases are found in the
syncytium in varying amounts and are concerned, ;s
enzymes, in the phoesphorylation process necessary for
the exchange of nutriments. Theirpresence in the
syncytium of chorionic villi im hydropic placentae
suggeststhat the placenta was functioning actively up
to the time of the foetal death.

Glycogen is found in the stroma of the villi but
not in the covering layers. The amount of glycogen
found in individual placentae is very variable,
however. Dempsey and Wislocki (1944) thought that
glycogen storage in the placentae might be for the
purpose of aiding anaerobic respiration of cells

deprived of adequate oxygenation. The glycogen



>
[T
-

i
). yaa
B te
L4 ’

a0
3’ a

Cholesterol
Frozen

- in

section,

stroma of vill

Palarised X

"2

-'l.
LB
16

5.



2138,

PLgure 40 Oulstus = in sbrens of villiy
Von Kossa X 185.
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found in the third trimester in the placenta is much
less than was present in early pregnancy, and it is
suggested that the liver is now the principal store of h
the foetal glycogen reserves.

Fat was found by Ismail (1959) in normal placentae
in the following sitesi- in the synoytium, in the
stroma of some healthy chorioniec villi, and in
degenerating villi. The syncytial fat deoreased
during pregnancy, and stromal fat was present in
varying amountse Fat cin be seen in some villi near
term and is an indication of physiological ageing.

Its presence in the stroma and in the trophoblast may
be relited to the production of steroid hormones and
the presence of fat in Langerhan's luyer in an hydropioe
placenta may be related in some way to the inorease in
chorionic gonadotrophin reported by Scott (1958).

Non-specific esterase was found in the syncytium
of the chorionie villi in some placentae, but not in
them alls, In the normal placenta, Ismail (1959)
belie§;d that the amount of non-gpeoifio esterase was
directly related to the amount q; syncytial fat. In
this study fat was rarely seen ih.the syncytium but
non-specific esterase was found in the syncytium in
nearly every case and also 1ﬁ the stroma. Ismail
thought that the enzyme was closely concerned with fat
metabolism, but it may have other functimns also.

Calcium was found in the stroma of the normal

'control' chorionic villi, and was also present in the
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stroma of villi in 2 hydropic placentae. Ismail
thought that the fine stromal deposits represented
calcium absorbed from the maternal blood stream, on
the way to the foetal eirculation. In the placentae
studied in this seriesy, no calcium deposits in
hyalinised areas were seens

In conclusion, it would appear that while the
naked eye appearance of the placenta (Figure 41)

resembles 'wool which has poured from the woolsack!

(Jakeaoh 1878) and is pale and friable in appearance,
on histological examination, the most striking findings
are the oedematous villi and the persistence of
Langerhan's layer, which is readily demonstrable. Any
hyalinisation is directly related to the period of
gestation.

Histochemically there is evidence that the

hydropic placenta is still active and functioning, with

a good supply of enzymes in the synoytiume The other ;
|

changes are related to the processes involved in ageing,
apart from the presence of a 'fat' in the eytotropho-

blastic Langerhan's layer. It is possible that this

gonadotrophin which is maid to be increased in this

|
1
{
|
fat is concerned with the production of the chorionic f
i
|
conditione f

|

No gradual histological or histochemical change

could be detected among the placentae in the differant

|
sevarity groups. By the methods used it is clear that|
the placenta is functioning normally up until the time

the foetus dies or is delivered. If the foetus dies ih
i

i
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Figure 41. Hydrops foetalis - foetus and placenta.
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utero, the changes in the placenta are probably
secondary to the cardiac failure or anoxia, which are
the result of severe haemolytic disease of the
newborne.

14. Cases of Particular Interest.

Despite the large number of tables of collected
data that have been presented, it is essential that
each patient with Rhesus isoimmunisation be treated
as an individual. A number of individual cases are
briefly presented to illustrate problems in diagnosis
or management.

a. Mrs, M.C.

A para 3, with 1 previous infant affected by
haemolytic diseise and requiring exchange transfusion.
Despite this, at 16 weeks gestation the blood was
reported as indirect Coomb's test negative although
agglutination was seen with enzyme-treated cells. By
315 weeks the antiglodbulin titre was 1 in 40, but after
induction at 37 wesks, the infant was mildly affected.
b. Mrs. B.G.

This patient had had 1 previous pregnancy and
was aged 24. At 8 weeks and again at 35 weeks
gest.tion blood was tested and the indirect Coomb's
test was negative on both occasions. The patient was
delivered at term, at that time her blood being
indirect Coomb's positive and the albumen titre 1 in
256. The birth haemoglobin of the infant was 7.4 g.

per 100 ml. and she was severely affected.
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Ce Mrs. D.F.

A patient of 23, para 1, whose blood at 15 weeks
gestation was indirect Coomb's negative. At 34 weeks
the albumen titre was 1 in 32 and the antiglobulin
titre 1 in 60s At 36 weeks the albumen titre was
st111 1 in 32 and the antiglobulin titre 1 in 100.

By 38 weeks the albumen titre had risen to 1 in 256
and the antiglobulin titre was 1 in 80. The rise
between 33 and 38 weeks had ocourred without paracent-
esis uteri being performed.

de Mrs. C.C.

This patient had had 1 previous pregnancy and her
husband was heterogygous positivo.v At 11 weeks
geatation the indirect Coomb's tesﬁ was positive and
the albumen and antiglobulin titres, tested on 3
occasicns, rose to albumen 1 in 16.and antiglobulin

1 in 20 qt 29 wﬁaks. A liquor teat suggested,
partiaﬁlarly with the diaad test, that the infant was

(Fig. 42). '

unaffected. / Delivery during the 40th week of
pregnancy was normal and the infant was unaffected by
haemolytic disease, an example of the anamnestic
reaction,
e. Mrs. W.B.

A patient, aged 33, with 5 previous viable
pregnancies and 2 miscarriages. Her husband was
homozygous positive (but ABO compatible - group 0 - with
his wife)s No antibodies had been detected in her

previous pregnancies and at 11 weeks her blood was

Coomb's negative. At 35 weeks, she was Coomb's
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Figure 42, Mrs. C. C. 'Liquor' prediction - unaffected
infant,
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positive but the infant was unaffected on delivery.
It was known that the patient's husband was not the
child's father.

fe Mrs. S.M.

The patient's first pregnancy and infant were
normal. In the second pregnancy shs was Coomb's
negative at 10 and 26 weeks gest:.tion, but had
developed antibodies by 35 weeks and had an albumen
titre of 1/4 at 38 weeks. The child was unaffected
and the husband was heterozygous positive. Another
anamnestic reaction, but on this occcasion the patient's
blood early in the pregnancy was Coomb's negative and
it seemed as if stimulation and immunisation had
occurred during the pregnancy.

8  Mrs. M.S.

This was & similar case to (f) with a patient
‘developing' antibodies during a pregnancy but
delivering a Rhesus negitive infunt unaffected by
haemolytic disease. On this occusion the liquor test
was helpful as both the untreated liquor and the diazo
test suggested that the infant was unaffected.

(Figure 43).
h. Mrs. H.F.

This patient had 2 pregnancies in the hospital
during the periocd of the series. Previously she had
had 5 pregnancies and from these only 3 infants
survived. The other 2 infants had died of haemolytic

dise ise. In her 6th pregnancy she had an intra-—
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uterine death at 37 weeks and the infunt was hydropic.
During this pregnancy she had albumen antibodies of
"1 in 1 at 13 weeks and 35 weeks, and at 37 weeks no
antibodies were detected.

Two years later, in her Tth pregnancy, she had no
albumen antibody titre at 19 weeks, but at 32 weeks,
.although there was still no albumen titre, the
antiglobulin titre was 1 in 80, Liquor examination
'suggested that the infant was unaffactaﬁ but this waus

disregarded and a Ceasarean section w&e_porformed at
.35 weaks, the infant being unaffected.
i, Mra. C.W.

This parous patient had had 3 affected children
previously and at 22 weeks the albumen titre was 1/256.
At 30 and 31 weeks gestation, the albumen titre was
1 in 1 and at 333 weeks the foetus died in utero of
hydrops foetalis.

-J. Mrs. S.He

Patient's first baby delivered by Casearean section.
In 2nd pregnancy found 1o have anti C + D antibodies,
but as the husband was homozygous for ¢, anti G
antibody was present, along with D. Agglutination
tests were positive at 15 weeks and at 314 weeks the
antiglobulin titre was 1 in 80 A macerated foetus
was delivered at 35 weeks.

k. Mres. Ds McG.

Para 2, with 1 previously transfused infant.
Husband homozygous for D antigen. Liquor examination

at 33 weeks showed a 'bulge' (Figure 44) suggesting
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that the infant was moder.tely affecteds At induction,
liquor, obtained when the membranes were ruptured, was
tested and the bulge had disappeared although the
optical density was higher. The infant required anmn
exchange and one 'top-up' transfusion.
. 1le Hrs. I.B. _

This patient haﬁ had 1 premature delivery at 34
woeeks gestaition and then a 12 weeks abortion. The
; indirect Coomb's test was positive at this time. At
the beginning of her third pregnancy, the Coomb'’s test
| was negative but by 34 weeks the albumen titre was
| 1/512 and the antiglobulin titre was 1 in 80+ Para-
centesis uteri was attempted at 34 weeks but was
unsuccessful. Some blood was obtaino& and found to be
| group O, Rhesus positive and direct Coomb's positive.
As the mother's group was A-ve, tpis was foetal Dblood.
The antibody titre rose after theltest, the albumen
titre being 1 in 2048 and the antiglobulin titre 1 in
1000. The infant was delivered at 35% weeks and
required 2 exchange transfusions.
me Mrs. C.G.

This patient's first pregnancy was uneventful.
In the second pregnancy - delivered at home - the
infant was found to have haemolytic diseise and was
tranaferred to the Royal Hospital for S8ick Children,
Edinburgh, where exchange transfusion was performed.
In her 3rd pregnancy liquor was tested (Figure 45a) and
the infant was found to be moderately severely affected.

One year later she had her 4th child, the liquor this
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time being less severely affected (Figure 45b).
However, 2 exchange transfusions and 1 top-up
transfusion were required. In her fifth pregnancy

a large bulge with a hump-peak at 410-420 m.u.

(Pigure 45c) was obtained. The dates were in some
doudbt, but at 36 weeks labour was induced. The infant
required 6 exchange transfusions during the first 4
days of life.

ne .Nra. K.C.

Pirst pregnancy normal. Second pregnancy -
infant admitted to hospital at 3 days for exchange
transfusion. In 3rd pregnancy, antibody titres -
albumen 1 in 32 and antiglobulin 1 in 20. Liquor
suggested a severely affected infant (Figure 46a) and
the infant was delivered at 36 weeks gest.tion. He
required 1 exchange transfusion and 1 'top-up'
transfusion. The fcllowing year, she became pregnant
again and the highest antibody titre was albumen 1 in
32. Liquor again suggested a severely affected
infant (Figure 46b) and the haemoglobin at birth (at
35 weeks) was 2.9 g per cent. The placenta to
foetus ratio in the first pregnancy was under 1 in 4
and in the second under 1 in 3. After 1 exchange
transfusion and 2 'top-up' tranafusions, the infant
made good progress.

Qe Mrs. M. McA.

This is a very tragic case. This patient lost

her first infant after a spontaneous delivery, as a
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consequence of pre—eclampsia. In her second
pregnancy, when aged 22, antibodies to D and also C
were discovered, her husband's genotype being nlxl.
By 29 weeks the albumen titre had risen to 1 in 128.
A liguor test was performed at 36 weeks and suggested
a severely affected infant. During this pregnancy
she had essential hypertensim and superimposed pre-
eclampsia and before labour was induced at 38 weeks,
the foetus had died (Pigure 47a). This patient had
no hydramnios and the foetal weight was just under
5% pounds (2500 g.)s« The placenta to foetus ratio was
under 1 in 4. Earlier induction would have given this
baby a chance of survival, but as we had waited until
the foetus was more mature, this being her first
affected pregnancy, the chance was lost. In her
third pregnancy the titre of antibodies was albumen 1
in 512 before 34 weeks gestation and whgn diluted
liquor was tested no foetal heart could be heard
(Pigure 47b) and the curve suggested a very severely
affected infant. The placenta to foetus ratio waas 1
in 2, the foetal weight (hydropic) being 6 pounds 6
ounces (2890 g.). After three pregnancies this
patient has no living children and little prospect of
one surviving to a 'viable' gestation.
Pe Hrs. C.We

This patient, aged 38, had a normal first
pregnancy, fcllowed by an abortion and an intra-uterine
death at 37 weeks gestation. In her fourth pregnancy,

she developed albuminuria but not pre-eclampsia and at
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30 weeks had a spontaneous delivery of a 'hydropiec'
living infant weighing 6 pounds 4 ounces (2835 g.)
with a placenta weighing 4 pounds 2 ounces (1870 8 )e
The blood group of the infunt was reported as 0 Rhesus
positive but the direct Coombs' test was initially
reported as negative, presumably because all the sites
for antigen-antibody reaction on the red cells had
been blocked and no further agglutination by Coombs'
serum was possible. A later specimen was reported
as direct Coombs' positive but this was obtained post
mortem.
Qe Mrs. M.N.

This patient's husband was heterozygous for the
D antigen and she already had had four pregnancies,
the second infant requiring exchange trunsfusione. An
abortion followed this and then an infant who became
Jaundiced, but transfusion was not considered necessary.
In her fifth pregnancy, the antiglobulin titre was 1
in 20 at 31 weeks and the liquor test suggested that
the infant was moderately affeoted (Figure 48), although
the liquor had been contaminated by blood during para-
centesis, Labour was induced at 38 weeks, and the
infant was unaffected by 'hapmolytio disease of the
newborn'. However, on the 4th day after delivery,
the infant's bilirubin level was 16.4 mg. per cent.
No further rise occurred and no definite cause for
haemolysis or jaundice was found:s The mother and

infant were both Group A.
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re Mrs. J.H,

This patient when aged 36 had her 5th pregnancy.
The first infant was normal but the second died as a
result of prolapse of the umbilical cord. The 3rd
labour was induced a2t 38 weeks because of haemolytiec
disease and the infant was affected and required 1
exchange transfusion. Eor_4th pregnancy ended in an
abortion. In the 5th, the albumen titre was 1 in 16
at 32 weeks, and labour was induced Qt 39 weeks, dut
Caesarean section was required because of foetal
distress. The foetal haemoglobin at birth was 4.7 g
per cent and immediate exchange tranasfusion was
pexrformed. The serum bdilirubin at birth was 7 mg.
per cent, but after a week it had risen to 30.6 mg. per
centy, 19.8 mg. per cent being 'direct' bilirubin.

This infant had the 'inspissated bile syndrome' and
after observation and supportive therapy made an
uneventful recovery. The birth weight was 6 pounds
9 ounces (2970 g.), the placenta weighing 2 pounds 7
ounces {1105 g. ).

s« Mrs. P.C.

This patient's first infant also had the
'inspissated bile syndrome' and required 3 exchange
transfusions and 1 top-up. The birth haemoglobin was
5¢5 & per 100 ml. and the bilirubin at birth was
17«4 mg. per cent, half being direct-acting bilirubin.
By the 6th day the serum bilirubin had reached 41.8 mg,
per cent, again half being direct-acting bilirubin.

A Caegarean section had been carried out in labour
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because of foetal distress.

Ligquor paracentesis was unsuccessful in this
patient but mixed foetal and maternal blood was
obtained, the foetal bloocd being Gfoup B, Rhesus
negative and direct Coombs' test negative. In this
instance the haemolytie process may hive been
accelerated by the liquor test, although the anti-
globulin titre was 1 in 80 before the 'tap' was
performed.

The patient had had 2 premarital abortions and
was presumably sensitised by a transfusion given with
the first of these as antibodies were detected in her
second pregnancy.
te Hrs. P.H.

This patient was group A Rhesus positive, genotype
CD-:/CD:, and her husband's blood group and genotype
wvere O, Cﬂ:/EDE. She received a blood transfusion
after her first pregnanocy wh}oh terminated at 12 weoks
by an incomplete abortion. She then had 2 normal
infants, neither being jaundiced. In her fourth
pregnancy she was found to have anti ¢ and anti B
antibodies, the husband being hhterozygous for these
antigens. The dates were uncertain but at 30 weeks
the albumen titre was oniy l in 1l A liquor test
suggested that the infanf was modﬁratoly affected and
labour was induced at 37 weeks. The infant was group
0 positive, cn?/cﬁ? and Coomdbs' positive, the haemo-

globin at birth being 10.3 g« per cent. The baby
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required 1 exochange and 1 !top-up' transfusion and
made good progress.

This case illustrates one of the riske of
transfusing Rhesus positive women with blood compatible
for the D antigen only.
ue Nrse. Co.A.

The patient's first pregnancy ended in an abortion
at 12 weeks. Some years prior to this she had
received a blood transfusion at the time a thoracotomy
operation was performed. Her blood group was A
negative while that of her husband was A positive,.
CD:/;E;; The indirect Coomb's test was negative at
11 weeks but the albumen titre was 1 in 1 at 31 weeks
and 1 in 2 at 38 weeks. On testing at 34 weeks the
liquor - untreated with diazo - suggested that the
foetus was moderately sevérely affected by haemolytic
disease and induction after 38 weeks was recommended.
After artificial rupture of the membranes and an
oxytocic intravenous drip, the patient had a
spontaneous delivery, the infant weighing 6.pounda
14 ounces (3120 g.) and his blood group being A Rhesus
negative, Unfortunately the infant died within 24
hours, anoxia and pulmonary atelectasis being the
causes of doath. This must be accepted as a death
following induction and as the induction was
unnecessary, the case is a tragic one. It is to be
boped that the abortion was unrselated to haemolytio

diseise and that the next pregnancy will be successful

in producing a living child.



260.

Iv. DISCUSSION AND CONCLUSIONS.

The obstetrical problems associated with Rhesus
isoimmunisation can be considered in four groupsi-
~ causation, prevention, diagnosis and management.

Many aspects of these problems have been
investigated during the last 100 years and when Darrow
(1938) published her theoretical deductions, it scemed
that tha only problem Temaining was thp one conoérned -
with the actual cause of the protein sensitization
reaction in the mother. | At that time it was known
that haemolytic disease of the newborn could present
in three way - hydrops foetalis, icterus gravis
neonatorum ;nd congenital haemolytic anaemiae. Treat-
ment by blood transfusion, either simple or exsanguina-
tion, was used in some parts of the world with success.
Apart from our knowledge of the Rhesus complex of
antigens, we have not progressed very much further in
our understanding of the condition or in our management
of patients. |

With the discovery of the Rhesus antigen by
Landsteiner and Wiener (1940) and the association by
 Levine et al (1941) of haemolytic disease of the newborn
and antibody production by the infant's mother, a large
new serclogical field wazs opened up and also a better
understanding of haemolytic disease of the newborn, as
many hitherto unexplained findings could now be simply
explaineds HNot all the problems hid been solved,
however, and further serological research reveiled

that there were different types of antibodies, each
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having different effescts, anq teats for the detection
of these antibodies were devised. The management of
the pregnant womin was initially of less importance
than the treatment of the infant affeoted by haemolytio
disease of the newborn. When the 'ideal' management
had been devised with the neonatal death rate approach-
ing the irreducible minimum ~ stated by Walker (1958)
to be 6 per 1000 live b}rthu - more attention was paid
to the very large numbers of stillbirths occurring each
year. It was reported (Lancet 1954) that 30 per cent
of foetuses affected by haemolytic disease were still-
born in England and Wales in 1952 and the number of
t#eso stillbirths per year in England and Wales was
stated to be 500 (Lancet 1958).

Hany attempts have been made to reduce the still-
birth rate and while some of these are concerned with
the obstetrical management of the patienty; others are
more fundamental and involve immunology, serology,
immunochemistry and pharmacologys While attempting
to reduce the number of stillbirths, it may be possible
to reduce the severity of the disease among live infants
also, und, in fact, the condition may be eradicated
completely.

The obstetrician firstly requires to know how
Rhesus isoimmunisation is caused. It is accepted that
foetal tissue, almost certainly foetal red cells, but
possibly other tissues, pass into the maternal
circulation during pregnancy. This transfor must take

place in the uterus and the placenta is the likely
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site. Unlike the A and B group antigens, the Rhesus
antigens ars probably not present in tissue fluids,
although Levine and Celano (1961) found the D antigen
in spermatozoa from Rhesus positive men. Whether
this finding is in any way connected with the problem
of immunisation remains to be determined.

When the foetal red blood cells enter the maternal
cireculation they are either destroyed by antibodies.-in
the bdblocd or, through agseing, by the reticulo-
endothelial +tissues of the mother. It has ﬁeen
suggested that the cells are only ocapable of acting as
antigens while they are in the circulation, and not
after they have been destroyed (Andersen et al 1961).
If the cells entering the circulation are Rhesus
positive (D) and the motﬁer's group is also Rhesus
positive (D), no antibodiee are producede If the
mother and foetus are both Rhesus nﬁéativea (d), no
antibodies are produced. A Rhesus negative foetus
will not stimulate antivody production in a Rhesus
positive mother - the indentificsation of the anti-d
antibody is considered to be most unlikely (Race and
Sanger 1962), but a red cell from a Rhesus positive
foetus may stimulate antibody production in a Rhesus
negative mother. Foetal red blood cells have dbeen
demonstrated in the blood of both Rhesus positive and
Rhesus negative women during pregnancy. In only a
very small percentage of these do the oells stimulate
the production of Rhesus antibodies, however, and the

reasons for this are not fully understood.
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FPirstly, it may be that certain types of Rhesus
positive foetal cells are more capable of stimulating
the production of antibodies than others. The Rzr
was thought by Murray (1957) to be a more powerful
antigen than the er but this was not confirmed by
Kirk et al (1959) or in the present series. It may
be that Rzr cells are more sensitive than Blr cells
to anti-D antibodies but this was not confirmed either.

It has been shown by many workers in this field
that when the foetus and mother are incompatible for
the ABOC groups -~ the foetzl red cells being incompatible
with the maternal serum - there is very much lesas
chance of Rhesus isoimmunisation cccuring (Levine
(1943b), Nevanlinna and Vainia (1956), Levine (1958),
Pinn et al (1961)3 Andersen et al (1961) and others.)
When the blo.d groups of the parents are considered
alone; incompatibility between the father and mother
may not reflect inoompatibility between the foetus and
mother, because of the possibility of heterosygosity
A/0 or B/O. However, Rhesus haemolytic disease is
virtually unknown in families in which the mother'is
group O and the father is group AB Levine (1958) and
Andersen et al (1961).

Two explanations have been put forward for the
finding of Rhesus isoimmunisation so rarely among
incompatible ABO matingse The first, by Wiener {1945),
suggested thit if antibodies to the ABO antigen were
being made by the muternal tissues, these tissues would

be unable to produce Rhesus antibodies at the same
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time, as the A or B antigen was a more powerful
stimulus than the Rhesus complex. The second explana-
tion, by Race and Sanger (1950), was that the foetal

cells entering the matefnal circvlation were destroyed
| by the naturally ooccurring anti-D antibodies, and so
were removed from the circul;tion before they had a
chance to stimulate the production of Rhesus antibodies,
This view also assumes that destroyed red cells are
incapable of acting as antigens, although presumably

the D antigen is still present. ©Possibly it has been

éinaotivated by the action of Anti-A or anti-B on the
?A or B antigens of the cell.

| If the foetus and mother are compatidble for the
ABO group system, then the Rhesus positive cell is
able to stimulate antibody production provided the
mother's antibody-producing tissues respond. It is
not known whether this is dependant on a oritical
amount of foetal red cells entering the maternal
‘circulation or on the duration for which the cells

‘remain in the ciroculation. The suggestion that a

lwoman may have acquired tolerance for the D antigen

iif her mother was Rhesus poaipiva was offered by
éProfassor Rogers Bramwell and Mr. N. A. Mitchison (Race
iand Sanger 1962). Booth and'others (1953) found that
}the number of Rhesus negative grandmothers of Rhesus
%ositive grandchildren with haemolytic disease was
anotly the number who were expected to have Rlesus

hegative daughters. Owen and his co-workers (1954)

and Ward et al (1957) agreed with the findings of
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Booth et al, but wh%n Owen's group studied the problem
in another way, they found thit where there had been
three Rhesus positive shildren without evidence of
isoimmunisation, there were more Rhesus positive
grandmothers than expected whereas if immunisation had
occurred there ;ere more Rhesus negative grandmothers.
Levine and Sturgeon (in Rice and Sanger 1962) found
that there had been an excess of ABO compatible matings
among the women whose mothers were Rhesus negative,
and this accounted for the higher incidence of iso-
immunisation, not the lack of tolerance. The original
hypothesis was a moast atiractive one, but the modern
g view that immunological tolerance is not naintained in
extra-uterine 1ife unless the subjeect continues to be
; exposed tothe antigen, means that it is'no% now
? acceptables :
As antibodies are rarely present in the first
5 pregnancy (unless stimulated by a blood transfusion),
| the mothef is apparently sensitized at the time of the
é first delivery or in a subsequent pregnancys, Attempts
' to relate the discovery of antibodles to operative
- obstetrical procedurés are not very satisfactory as
. the procedure itself may not bring about the transfer
- of foetal ocells to the mother but the reas:n for
carrying out the procedure may be the cause of the cell
transfer alscs This applies to disordered uterine
action with foetal distress, leading to either Caesarean
section or forceps delivery, or even uterine inertia

with consequent manual removal of a retained placenta.
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- Accidental huemorrhage is a very likely cause of
. haemorrhage into the mother from the foetus. Pre-
eclampsia is not frequently associated with haemolytie
- disease as seen in this series, but hydrops foetalis
: may predispose to pre-eclampsia with an increased
% production of chorionic gonadotrophin (Scott 1958).
It has been oaloulatéd that in 15 per cent of
- marriages a Rhesus positiVa man marries a Rhesus
' negative woman. However, only 1 woman in 20 at risk
 develops isoimmunisation. ABO incompatability between
 the mother and foetus reduces the risk but two-thirds
. of the infants are compatible. If the husband is
. heterozygous for D and the couple have a small family
" or no children at all, a further reduction in the
: number at risk will ocour. The number remaining is
é difficult to assess but some other factors, unknown and
: unsuspeoted at the present time must be operating to
protect some women frum isoimmunisation.

Prevention of Ehesus isoimmunisation is the goal
| but the solution is not yet apparent. Finn et al
i (1961) suggested the injection of anti-D antibodies to
j women who had an excessive number of foetal cells in
; their circulation after delivery. As only a very few
of the patienis studied by Finn developed antibodies
- and were at risk, it would mean the injection of
antibody into a large number of women with the risks
which this involves, as the critical level of 'cell

score' is not certain. One patient developed antibodies
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with a very low cell scores Antibody obviously
cannot be given during pregnancy to destroy foetal cells
in the maternal circulation, otherwise it could cross
the plicenta and destroy foetal cells. Thus the two
patients who were known to have developed antibodies
~ during the pregnancy, because of the 'massive' transfer-
ence of foetal cells to the mother, could not have
benefitted from this procedure.

Although the hapten method of therapy is still
used by Carter and her co-workers, the failure of other
workers to obtain the hapten or to achieve similar
results has caused this treatment to fall into
disrepute.

Of more promise iz the work of the immunochemists
who have found chemical substances which are similar
to the Rhesus antigens and which compete for the anti—
Rhesus antibodiess Hackel and his co-workers (1958)

found that ribonucleic acid derivativés inhibited anti-
Dy anti~C and anti-E antibodies, and also anti-c and
anti«es They were atteﬁpting to identify the chemiecal
Icomposition of the antigens and concluded that
ribonucleic acid derivatives were included in the
.antigen.

Boyd and his associates (1959) concluded from their
studies that the D=receptor of Rhesus positive red cells
contained 'unnatural' hexoses or their derivatives.

Dodd et al (1960) suggested scialic acid ae an

inhibitor of anti-D and Boyd and Beeves (1961) tried

colominie acid. As this was reputed to be non-toxie
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and non-antigenic, (Barry (1958), Boyd hoped to attempt

to inhibit antibody in vivo with colominie acid, but has
not been successful so far. Obvioualy this line of
research is very important and it is necessary to obtain
more information about the chemical composition of the
Rhesus antigens so that their antibodies may be inhibited
_more readily in vivo. .

It does not seem practical to d?vise rules of
obstetric management for Rhesus noggtivo patients and
for these to differ from those applied to Rhesus positive
patients, It is to be hoped that all patients will be
carefully supervised in labour and that they will not
' be subjected to unnecessary obstetrical procedures.

Prom the immediate practical point of view, the
diagnosis of Rhesus isoimmunisation is of the greatest
importance. Generally speaking blood is taken
routinely at hospital ante-natal clinios in every
pregnancy and repeated in Rhesus negative patients in
the last trimastarg Unfortunately this is not the
case in general p¥actioo where sometimes blood is not
taken at all, or a apeeine?_}} taken in the first
pregnancy and not repeated in subsequent pregnancies,
regardless of the reported blood groupe. As Vaughan
(1959) stressed, clerical and technical errors are not

,uncommon and on each ocoasion that the group is copied,
there is a chance of a mistake being made.

Routine testing in early pregnancy sometimes
indicates whether antibodies from the last pregmancy

are present, although there are exceptions.
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In some of the cases quoted antibodies were absent
in early pregnancy but appeared later although the
infant was unaffected by haemolytic diseiuse. It is
presumed that the initial tests were not sufficiently
sensitive to detect the small amount of antibody present.
* The anamnestic reaction is then quoted as the explana-
tion for the titre rise, but some authorities dispute
the occurrence of this (Wiener 1959)e There may be
| some other explanation, but this 1is not yet apparent.

If Rhesus antibodies are found in early pregnancy,
. the diagnosis of Rhesus isoimmunisation is made. If
no antibodies axe detected and the patient is Rhesus

; negative, tests are repeated at 32 and 38 weeks.

i Patients with no deteat;ble antibodies at 32 weeks have
| developed them after th;;, and it is possible for the

i foatus to be stillhorn at Pgrm although a blood teast

- at 36 weeks shéwed no antibodiess If the patient has
' been transfused or if there are any ocourrences in her
hiatory to suggest that a previous infant may have hud
haemolytic diseisey a repeat test is advisable even if
. the patient is Rhesus positive.

Patients who are Rhesus positive ana have developed
antibodies require special care because antibody titres
can be very unreliable and a low titre can be associated
with a severely affected infant. Blood t?anafusion is
nearly alw:ys the cause unless anti-D antibody is also
presents Some patients with anti-G antibody were
encountered in the present series, (Allen and Tippett

(1938)e If a transfusion of Rhesus positive blood
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is given to a Rhesus negative woman and antibodies are
jproduoed, a Rhesus positive infant is often severely
affected even in the first pregnancy. Here the

Ipatient is recsiving a large number of incompatible cells
in a very short time and the cells are pfﬁen homozygous

. for D, differing from the heterozygous positive foetal
Icells-

Having established the diagnosis of Rhesus
isoimmunisation, it is necessary to consider each
patient individually. All the available information
about the patient should be collected and a decision
-about her management taken by the obstetrician in
;consultation with the paediatrician and serologist.

The final decision must be made by the obstetrician as
he 1s.rsaponsiblo for any induction of labour or
decisions regarding the method of delivery.

The decision regarding the managemant ie difficult
‘because the controversy about inductiom of labour in
Rhesus isoimmunisation still continues. It is not made
easier by the generally good raaultg obtained both by
~induction and by allowing labour tg-oommence spontane~
ouslye. The problem is not really conocerned with live
births. If the baby is mature, he will usually
-tolerate exchange transfusion. If he is immature the
'transfusion may give cause for anxiety but it should

prevent the development of kerniocterus. and the baby

gshould survive.
The real problems are associated with stillbirths

and with infants who on delivery are found to be
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unaffected by haemolytic diseases It is essential in
any series of cases of Rhesus isoiﬁﬁuniaation that both
these groups are included in the results being
reported. The induction of labour is unnecessary and
dangerous on occasions when the infant is found at
delivery to be unaffected by haemolytic disease. For
this reason it is advisable to knowv the severity of the
haemolytie disease while the foetus is still in utero.
If unaffected, no induction 15 theoretically necessary.
If a severely affected infant is predicted early
intervention may prevent the occurrence of a stillbirth,
Although an infant is moderately severely affected at
37 weeks gestation it is difficult to forecast how
severely affeoted he would hive been if labour had not
occurred until term. Thus it is reasonable to rel.te
the time of inductisn of labour to the predicted
severity of the haemolytin diseases Labour is not
induced if the infant is expeoted to be unaffected, -
although in practice this group is diffiecult to
distinguish from the mildly affected infants, and
might be induced hy term. The severely affected
infants are induced before 37 weeks and sometimes as
early as 34 or 35 weeks, and infants' lives have
undoubtedly been saved by this procedure.

In the present series there were 92 unaffected
infants, an incidence of 17.5 per cent. S8ix of thess
infants died, one probably unnecessarily as a result of
induction. In order to predict that a patient with

Rhesus isoimmunisation has an unaffected infant in the
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uterus, some serologists think it helpful to know the
serological pattern of her antibodies during her
pregnancy and also her husband's genotypee. The
genotype is based on probabilities and can be wrong,
although it is usually heterozygous positive men who
are initially said to be homozygous positive. Low
antiglobulin or albumen titres are sometimes associated
with unaffected infants but there are numerous except-
ions to this. If induction is not being performed, it
is not necessary to predict an pnaffacted infant from
the antibody titre reports. Examination of the liquor
amnii is bhelpful when an unaffﬁbted infant is

suspected especially when the diazo test is used, as
this confirms the absence of indirect bilirubin.

There are no absolute values of antibody titre -~ either
antiglobulin or albumen - for a partioular degree of
severity, but in general the higher the titre

dilutions the more severe the condition. Again there
are numerous exceptions. A rising level of antibody
titre may also indicate an affected infant but this ia
certainly not always the ocase, and sometimes the titre
falls before an intra-uterus death occurs.

The maternal hydrops syndrome usually ocecurs early
in the third trimester and the foetus is usually dead
before any action can be taken, X-ray examination
of the abdomen, however, may be of help in severely
affected ocases, the diagnostic fesztures being the

straight foetal spine, the elevated ribs, the space

between the scapula and the rib cage and the size
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of the placenta.

The most logical method of obtaining information
about the foetus in utere in u ocurrent pregnancy is to
examine the liquor amnii which ig in intimate ocontact
with the foetus during the whole pregnancy. Any
'excretion products' from the foetus are passed into
the liquor and by testing the liguor these products
can be identified and measured quantitatively.
Obtaining liguor by paracentesis of the uterus is not
usually very diffioult, although sometimes it may Dbe
contaminated by blood. The procedure is certainly a
safe on; and no infection or haemorrhage has resulted
from it in this series. The patients are not unduly
disturbed by it, some in the series having had the
test repeated in 3 successive pregnancies.

The interpretaticn of the liquor curves after
spectrophotometric analysis is not difficult after a
little practice. There seemed to be no obviocus
correlation between the findings on the graph and the
serum bilirubin and birth haemoglobin, but as the
liqﬁo: is obtained 4-6 weeks before delivery, an
accurate prediction of haemoglobin level or bilirubin
concentration is hardly likely to be made. The height
of the liquor ‘bulge' above its 'baseline', the optical
density of the liquor and sometimes the shape of the
curve are all of prognostic importance.

The bulge occure betwesen 400 and 500 m.u. and is

due to the presence of bilirubin. The diazo test
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produces a bulge betwecen 500 and 600 m.u. and is of
definite value in distinguishiﬁg between unaffected
and moderately affected infants. It sometimes
indicates that the foetus is more severely affscted
than the untreated liquor suggests.

Any test which is able to allow satisfaoctory
predictions to be made in about 90 per cent of cases
is of value. The re.gons for incorrect predictions
are interesting, the gpetua apparently producing and
‘exoreting' excessive ﬁmounts of bilirubin intﬁ the
liquoi without'dofinito evidence at birth of serious
haemolysis. Our knowledge of drugs which oan harm
the foetus in utero is inereasing and the interference
with foetal enzyme systems by commonly used drugs is
a finding of considerable importance. The uncertainty
of women with Rhesus isoimmunisation about the date of
their last menstrual period is a complicating factor,
also faported by Townsend and his co-workers (1961).
The finding that the 'bulge' is reduced when liquor
has been examined before and after 36 weeks makes
prediction diffiocult if the patient is uncertain of
her menstrual period date, as the absence of a bulge
at 34 weeks would indicate an unaffected (or mildly
affected) infant, while its absence at 38 weeks might
mean that the infant would be unaffected, or more
severely affected with a redusction in the bilirubin
bulge. This is the usual explanation for an affected
infant being delivered after an unaffected infant has

been predieted.
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Hany attempts have been made to justify induction

o S

of labour in Rhesus isoimmunisation and it is generally
agrecd that when a stillbirth is expected, 'preterm'
delivery (within the last 3 or 4 weeks of pregnancy) is
Justifiables Premature or heroic delivery is advocated
by only a few writers in exceptional circumstances.

The difficulty met with is that of predicting which
pregnancies require sarly termination. Walker, Murray
and Russell (195T7a and b) are againat the induction of
labour because of the dangers of prematurity, but if a
8tillbirth from haemolytic disease has ococurred, they
are prep.red to induce labour provided the husband is
homoLZygous. This would seem to be a rather negative
attitude, particularly as their exchange transfusion
technique is obviously very satisfaciory and they have
a very efficient scheme for diagnosing and detecting
patients with Rhesus }soimmunﬁsation in their areae.
Other writers have stressed the need for considering
each immunised patient as an individual problem and

+ although they are against very early induction as a
general rule, they are prepared to induce labour if

the circumstances suggest that this might be of benefit
(Kelsall and Vos 1955), Fisher (1957), Kelsall, Watson
and Vos (1957), Tovey and Valaes (1959), Wiener (1959),
Aaro (1959), Jacobs (1959b), Ziel and Smith (1960) and
Townsend et al (1961). Routine induction empirically
has been suggested by Allen (1957) at 37 weeks when the
antibody titre was low, in case it rose suddenly.

McClure Brown (1960) recommended routine induction at
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38 weeks. Digue and Wrench (1959) found that the
percentage of surviving infants followed closely the
percentage of inductions carried out each year. In
the present series the percentage of survivors
increased by 13 per cent when the 'induction' rate was
increased by 65 per cent. Induction here, however,
does not necessarily mean induction before the 39th
week of pregnancy, and some inductions in unbooked
patients wers performed after the expected date of
delivery.

Because of the differences in definition and the
difficulty of *matching' cases, the results of two or
more series cannot be compared other than in general
terms. In the present series the rescords of patients
delivered in 1956 and 1957 have been studied retrospeot-
ively and although there was no definite induction-

policy during this time, the number of inductions inm

1957 was considerable (Figure 29). Since 1958, many.
of the 'booked' patients have been studied in an attempt
to predict the aeverii&'of the haemolytic disease, but
the management of these patients has sometimes differed
from that suggested by the prediction. This has often
been of no serious consequence but a small number of
foetal deaths in utero have qpourraﬁ because of the
management carried out.

In an attempt to detarmine the number of infants
possibly saved by induction of labour - either
‘premiture' or 'preterm', those recorded as being

severely affected have been studied. Those with low
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" haemoglobin levels at birth - below 7.4 mg. per cent -
were certainly in grave danger of death and have heen
saved by induction, if the induction was performed
before 36 or 37 weeks. Goplerud (1961) considered
that the placenta to foetus ratio should be over 1 in
4 if the infant was to survive, apart from very
prem.ture infants. Those infants who were 'mature'
and had 'placenta to foetus' ratios of less than 1 in
3, associated with a low haemoglobin, might be said to
have been saved by induction also. The critiecal ratio
found by Chernyak and Rabtsevich (1959) was 1 in 35

From the evidence obtained by histological and
histochemical studies of the placenta it would seem
that the foetus died before the placenta and that the
changes associated with hydrops foetalis are secondary
and not a gradual change oooﬁrring as the severity of
the haemolytic disease inoreases. Thus, it is likely
that the foetus is in a reasonably good general condition
until shortly before his death and after removal from
the uterus, his prospeots are good, provided adequate
and skillful exchange transfusions oan be given. Here
the skill and experience of the paediatrician ara-of
the utmost importance and any successful results
obtained in this series are due equally to the efforts
of the attendant paediatricians.

Rhesus isoimmunisation is a family problem and as
such each family requires special consideration. The
finding that 7 to 8 per cent of apparently first

affeccted infants are stillborn as a result of haemolytic
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disease draws attention to the importance of prevent-
ing Rhesus étillbirth in every pregnancy, and not
merely when a previous infant has bsen lost. If this
death should occur in the second pregnancy and the
first infant has been lost as a result of pre-eclampsia
or congenital abnormalitieﬁ, the prognosis may be very
poor if the hugband is homozygous Rhesus positive.
Even if he is heterozygous positive, there is no way
of knowing hoi nany affected Rhesus positive infants
will be delivered before a Rhesus negative child is
born. Walker and Murray (1956) did not think that

a previous incompatible transfusion increased the risk
of a atillbirth oocourring in the first affected
pregnancy, but it increissed the severity of the
diseasss In the present series, some rather heroic
induotions have been carried out in an attempt to
prevent a stillbirth after an incompatible blood
transfusione It is, therefore, essential that young
girls and women in the child-bearing era reccive as
few blood transfueions as possible, and if it is
necessary for them to be transfused, very careful
grouping and cross-mutching of the two bloods are
necessury.

It is interesting to remember that Rhesus
isoimmunisation is a form of natural selection while
attempting to delete the Rhesus negative antigen (d).
Affected infants are always Rhesus positive and
heterozygous, so their survival ensures that there will

be a continuation of the d antigen in future generations.,
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Although the proportion of Rhesus negative persons is
comparatively small the number is likely to remain
constant or increise as more heterozygous children are
g8ived by treatment. Whether these children are
completely normal is also of importance. It is boped
that a follow-up study on the infants in this serics
will ba undertaken soon, in order to determine their
intelligence and to détect any sign of neurological
damage, including deafnesse.

As regards the future, the most hopeful reaearch
at the present time is concerned with the identification
of the struoture of the Rhesus antigens. If substances
such as colominic acid can inhibit ﬁheéua antibodies
in the maternal blood without harming the patient or
foetus, the problem yill be solved. The use of marrow
-tranaplants from a Rhamup negative foetus to a Rhesus
positive foetus in the uterua.of a patient with Rhosus
antibodies is of interest but is_pnlikaly to be very
hganerally successfuls The procedure is quite difficult
(Lennon 19450) MeClure Brown (19605 and the effsct on the
infant, should it survive, requires further study. Ir-
a 'tolerant’ chimera develops, the infant may produce
both Rhesus positive and Bhasgp negative cells but it
is possible that 'auto-antibodies' may develop with a
chronic form of haemolytic anaemia persisting throughout
life.

A detailed study of Rhesus negative women who haive
Rhesus positive husbands but do not develop antibodies

in pregnancy might help to solve some of the problems
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8till outstanding, but as this must be prospective and
include a number of pregnancies, it is likely to take
a long time.

Until a chemioal substance is ready for widespread
use, we, as obatetricians must continue to diagnose
Rhesus isoimmunisation as early as possible, we must
predict the severity of haemolytic diseamse as acocurately
as poaﬁible and we must remove the affected infant from
the unhealthy maternal environment before the develop-
ment of hydrops foetalis whenever practicabie. Above
all, it is essential that the relevant findings are
considered for each patient in every pregnancy and that
a deoision is made regarding the optimum management.
Our aim is to deliver all cur patients of live infants
| and for these to survive as normal and healthy children.

The history of erythroblastosis foetalis and
Rhesus isoimmunisation ie divided into three periocds.
The first period is concerned with the syndromes which
make up 'arythroblastopis foetalis! or 'haemolytiec
disease of the newborn', while the second period
commences with the identification of the Rhesus factor
and includes some of the earlier views on management.
The third period commences arbitrarily with the
publication of the M.R.C. trial results in Great
Britain and continues for 10 years until the end of
1962,

A preliminary report is presented on the search

for foetal cells in the matermal eirculation during
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pregnancy and at the present time it can be stated
that small numbers of foetal cells are not infrequently -
seen in the materna1 circulation during pregnancy.
Two cases are described in which Rhesus isocimmunisation
developed after foetal cells were seen tc have entered
the maternal blood stream.

The results of a series of 550 women with Rhesus
iscimmunisation are presented, there being 532 viable
infantas in this series. The results are presented in
groups relating to the previous obstetrical and
serological history of the patient. It is shown that
the foetal mortality rate from haemolytio disease is
over 8 per cent when antibodies are detected for the
first time in a pregnancy, while if there have been
prévioualy affected infants the mortality rate is over
13 per cente. If an infant has preyiously been still=-
born or died from haemolytic disease , the mortality
rate is 33 per cent. The mortality rate;fxom
haemolytic disease for the series was 12 per cent while
the total mortality rate in the series was 12.2 per
cent.

The protection offered by ABO incompatibility
between the foetus and his mother is demonstrated as
compatibility of blood groups is found T times more
often than incompatibility in all the groups. There
is also a 'shift towards group A from group O' in the
mothers of children with haemolytic disease. The
Rhesus genotype of the husbinds of patients with

Rhesus isoimmunisation is correlated with the ocutcome
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of the pregnancy and the severity of haemolytic disease
found in the infant, aind it is shown that the R2
genotype is no more liable to produce severely affected

infants than the R, genotype, and in fact the Rl is

1
possibly more potent thun the Hz.

The incidence of pre-eclampsia in the series ﬁnd
the number of patients with the maternal hydrops
syndrome is reported. The value of diagnostic
radiology in the prevention of death of the foetus in
utero is considered.

The value of antiglobulin and albumen antibody
titres is discussed, the conclusion being that they
are unreliaﬁle in prognosis because of the numerous
exceptions to the general rules establighed.

The most satisfactory and logicuil method of
predicting the severity of the foetus in utero was
found to be by analysing a specimen of amniotic fluid
at about 34 weeks gestation. The shape and size of
the 'bilirubin bulge' and the height of the optical
: density were of value in predicting the severity of
the condition, and in the whole series, sutisfactory
' predictions were made in 88 per cent of cases, while
in the last 2 years of the series, 92 per cemt correct
. predictions were madee.

The management of the patient with Rhesus
igsoimmunisation is concerned with the prevention of

stillbirths by the induction of labour before the

development of hydrops foetalise It wis considered
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: that a number of infants had been salvaged by this
. policy of intervention. Induction of labour when the
| infant is unaffected by huemolytic disease is
. unnecessary and may be hazardous, 2 deaths in the series
; out of 92 unaffected infants resultingb
A study of the placenta to.foetus rates and the
i histology and histochemistry of the plicentae of
! patiente with Rhesus isoimmunisation is presented, and
z also a number of observations have been made on severely
affected infants.
Twenty-one cases are briefly reported illustrating

. certiin aspects of diagnosis and managemente
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