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OBSTETRICAL ASPECTS OF RHESUS ISOIMMUNISATION

I. INTRODUCTION

Rhesus isoimmunisation very rarely causes any j
i

upset in the pregnant woman but may have a profound and
I

serious effect on her child. For this reason, the

condition is of considerable importance to the

obstetrician, especially as its presence is likely to be j

detected during the time that he is responsible for the

patient's care and well-being. Although consultation !
i

with the serologist and paediatrician are advantageous, {
I

i
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 j
I

Landsteiner and fiener in 1940. These were hydrops

foetalis or general dropsy or anasarca of the foetus,

icterus gravis neonatorum with kernicterus, and congenital

haemolytic anaemia of the newborn, and it was found that

in each there was evidence of varying degrees of j
!

excessive production of immature red blood cells. This j

gave rise to the name 'erythroblastosis foetalis', but !
later, when it was realised that red blood cell

|

destruction was the underlying process, the name

'haemolytic 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 'toxic1 breakdown products of red blood cell j
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 occurred. !
i

The obstetrician has to predict the severity of the
i

condition from the evidence available to him and, in

this thesis, the value of this evidence has been studied.;

The factors involved in the occurrence of Rhesus
j

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.



11• HISTORICAL REVIEW

In an historical review of haemolytic disease

of the newborn and Rhesus isoimmunisation, it is possible
i j

to consider three periods of time. The first ended

j about 1939 and 1940 with the identification of the

Rhesus factor 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 period was

concerned with reports on the nature and properties of
J i

the factors making up the Rhesus complex, and with methodi
i !

| of detecting the antibodies to these factors. During
: I

this period, some clinical reports were published and the!

treatment of both the mother and the infant were considered.

In the third period, which commenced at the time of >

\ publication of the results of the national trial in
! i
: Great Britain by Mollison and Walker (1952), larger serie^
of results were reported and more attention was directed

to the causation and prevention of the occurrence of

haemolytic disease.
j

.1. Before 1939

Hydrops foetalis has been known of for centurie^
and Ballantyne (1892a) wrote an excellent review of the

literature on the subject. He believed that Hippocrates

may have described a case of hydrops when he referred to

a 'fleshy foetus' (foetus carnosus), but in a more recent



review, Pickles (1949) suggested that Plater (1641)

i had given the first clear account of a hydropic foetus,

when he described the subcutaneous fluid found in one who
i

had been aborted at about the fourth or fifth month of

I pregnancy. He also reported that the urinary tract | •
i

| of the abortus was normal on post-mortem examination.
|

Severin (1643) reported a hydropic foetus with fluid !
I j
in the abdomen and thorax, and also referred to the j

development of 'icterus'. j

Ballantyne (1892a) quoted a number of case reports \

in the Continental literature and also a case described

by Simpson (1838). Simpson's patient (Case 6) was aged !

| 42 and had had 3 children, the second and third being j
j

stillborn. Her fourth pregnancy ended in a stillbirth a](.so
> )

; i
; and examination of the foetus revealed fluid in the pleurdl,
j |
pericardial and peritoneal cavities and the presence of |

; an enlarged spleen. Difficulty at delivery was encountered
: in the case reported by Walker (1858), who had found j

hydramnios during the pregnancy and 'dirty water' in

the foetal abdomen after delivery. A few years later,

i Burton (1861 and 1863) described 2 stillbirths in the onei

; family, each foetus being found to have 'straw-coloured'

fluid in the serous sacs, and the second of the pregnancies

described being complicated by hydramnios. At a meeting

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 some

blood factor was responsible for the condition - 'hydraemia1,

leukaemia or pernicious anaemia. 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,

hydraohios and oedema were all present, and the liquor
i

was golden in colour. The foetus was born alive but

died almost immediately and was seen to be hydropic.

The placenta was very large, and the cotylei dona were

described as pale and oedematous. The description

of the delivery of the placenta was also very explicit -
i

'Wolle aus einem uberfullten angerissenen Wo11sacks

vergleichen konnte'. Simpson (1880) showed a hydropic

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 oedematous. The first report of

a hydropic foetus in the American literature was by

Lengaker (1889) when a patient with hydramnios was

delivered of a dropsical foetus and a diseased placenta,

and the case presented to the Obstetrical Society

of Philadelphia.
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As well as fully reviewing the literature,

Ballantyne (1892b) described cases of general dropsy of :

the foetus and defined the condition. He considered

that in * general dropsy' there was general anasarca, !

fluid effusions in the peritoneal, pleural and pericardial
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 i

and friable, and showed an increased incidence of third

stage and postpartum haemorrhages. 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 clinical syndrome which is now known as the

'maternal hydrops syndrome', although he did not directly

associate pre-eclampsia with hydrops. He suggested that

the fluid in the serous sacs should be aspirated and

attributed the condition to some abnormality of the blood-



forming organs, with leukaemic infiltration of the livers

Crozier (1913), quoted by Capon (1922), had found

reports of maternal and foetal oedema occurring together.j

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

j 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 spirochaetes were,

found. Ifaternal hydramnios and oedema were not uncommonly

associated with hydrops, but Capon (1922) pointed out that

j toxaemia was relatively common, while foetal oedema was |1
i

rare* No evidence of any paternal cause for the condition
I

could be found, but there were two foetal theories. Thej
i

first, a mechanical one, referred to obstruction in tho
s

biliary tract and was based on the pathological findings I

at autopsy. In the early part of this century many

reports from the Continent offering explanations along

these lines were published. The non-mechanical theory

was concerned with excessive haematopoiesis and, as this i

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

considered justifiable to link the two conditions at
i

this time. The placental theory suggested that there
j

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 (19l0j 1911) demonstrated the presence of
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large numbers of nucleated red cells and immature myeloid

cells in the foetal blood, and also shoved cardiac
i

hypertrophy to be present, secondary to the anaemia.

Rautmann (1912) had noted the excessive proliferation

of red blood cells and first used the term 'erythroblastosis

foetalis' when describing his findings in a foetus who was
i

hydropic. He thought that maternal nephritis was the |

causative factor with the active production of erythro- |

blasts as a result, not appreciating that this !

proliferation was a secondary feature following cell

destruction. |
Iloeck (1925) described two hydropic foetuses and I

placentae, the weight of one of the placentae being

1075 g. The autopsy on the second foetus revealed j
the usual findings in hydrops, and Hoeck noted the

yellow fluid in the abdomen. He quoted Nykoff (1911) i
)

as suggesting that the toxic signs during the antenatal j
i

period were the result of a diseased foetus and not the j
i
i

cause. Hoeck's own view was that damage to the
i

placenta as a result of toxaemia, syphilis or mechanica|l
congestion duo to foetal movements or uterine contractions,

caused a hindrance to the circulation with resultant i

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

with obliterative cholangitis. In the same year

Bloomfield (1901) reported a family of 5 in which
i " ;

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 convulsions after the jaundice

and died within a month of their birth. The only
! i

explanation suggested was that the maternal placenta j

contained a 'poison', which was absorbed by the mother

| causing sickness and that the placental failure resulted !

I in jaundice in the infant. Smith (1902) reported j

a family in which all the infants had jaundice and
'

|
i only the first survived. The liquor 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

recorded as having had convulsions. It is of interest

to note that the 14th and 15th children survived despite

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

and females were affected in this family. Busfield
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(1906) 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
i

while others were apparently normal and survived.

Infection seemed to be the most likely explanation, the

organisms affecting the foetus in utero and not by means

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

,been an extremely puzzling case in 1910, while a heterozygous

Rhesus positive husband would be the simple explanation now.

Buchan and Comrie (1909) gave an excellent review of

icterus gravis neonatorum, both clinical and patho¬

logical, and thought they could see two courses which the

disease might follow. The first was a long-continued

anaemia associated with jaundice in the neonatal period,

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 thrombocytopenia 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 successive pregnancies wi th fatal

jaundice in 3 successive infants'. The fourth infant
I

survived after the mother had been treated with urotropin and

sodi°um salicylate. Rolleston stated that, as the infants i

were not born jaundiced, the condition must be a familial

one and not hereditary. It was very unusual to find !

a recurring jaundice in the mother and usually the first;

child escaped the condition. The view expressed by !
; |
Pfannensteil (1908) that the familial jaundice was an

: i
intensified form of physiological jaundice found j
favour with Rolleston, who did not consider maternal

toxaemia or infection to be aetiologically important.
1 I

McGibbon (1912-13) also described a family with jaundice
i

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 haemolytic action of

bile or by some toxic action, possibly from a syphilitic:

infection. YlppV (1918),on the other hand, found

no reason to differentiate familial jaundice from

ordinary icterus neonatorum.

Rolleston (1920) fully reviewed the information

then available about icterus gravis and suggested that

it was an hereditary disease in which the mother might

be jaundiced during her pregnancy. The infcmt became
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jaundiced a few hours or days after birth and, in 70 perl

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
I

was unlikely to occur in the first or even the second !
infant in a family. Klemperer (1924) described 3 infants

with icterus gravis and, in each family, found that ther?

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 j
!

lobules, and also fatty changes. In 2 of the 3 he note^
|

a haemorrhagic condition while the third case was of
|

'anhepatocellular origin'. An indirect van den Bergh
j

test was reported positive in the latter condition and j

Klemperer thought this indicated that the condition :

was less severe than 'hepatic icterus* where the direct j
test was positive. He suggested that glucose therapy |

might help to protect the liver. j
Hart (1925) described a typical family with icterusj

gravis and discussed the treatment which had been advise^l
for the condition up to that time - Apart from glucose,

the main aim in treatment had been to attempt to

eradicate any infection present. Hart thought the

features observed in icterus gravis were due to an

unknown toxin circulating in the blood, possibly gaining!
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aceess 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 performed an exsanguination transfusion

on the infant soon after birth. Spiller (1915) had

previously suggested the use of blood transfusion in

this condition, while Pitfield (1912) had given

injections of whole blood. 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 stop

the bleeding. Subcutaneous saline was also given,

but as the child's condition deteriorated, further
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intramuscular injections were given into each buttock, |
j

and eventually an infusion of 50 ml. of the mother's

blood. The child died, and Struthers suggested that j
j

an immediate transfusion, perferably an exsanguinatien j

one, should be performed, and a splenectomy should also |be
performed in view of the red cell fragility. |

Hampson (1929) gave a very clear account of the
j

mechanism of the production of jaundice in the foetus <

i
and newborn and stated that, although the premature

I
infant had less than the average amount of bilirubin j

I

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 method of feeding, but it was

clear that the efficiency of the liver in removing

bilirubin from the blood by conjugation was very

important. Before birth, the placenta removed the j
t

bilirubin, but after delivery, when the infant's
i

liver assumed this responsibility and was unable to !
i
|

function adequately because of immaturity, indirect '
i

reacting bilirubin accumulated in the blood. In i

icterus gravis of the newborn, jaundice was found j

early and might have been present at birth. The j

jaundice and drowsiness increased and death was often

associated with convulsions after 2 or 3 weeks of life.

The products of red cell destruction were thought to 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 progressive, and j
l

because the liver was not excreting these toxic products

of haemolysis, symptoms and signs developed. Hampson |
suggested that maternal serum should be injected into

i

these infants as this contained an ante-haemolytic agent,;

which he presumed to be lacking in foetal blood and j

present in the mother. The serum was given by intra¬

muscular injection and whole blood was advised against j

because the cells were not absorbed.
!

Smyth (1931) described one of his cases where the

patient had had 9 children, and lost 6 infants with
|

jaundice and a seventh who was stillborn. During the

pregnancy Smyth prescribed a diet rich in protein and

lipins, and, as it had been stated that vaginal
j

delivery might predispose to excessive red cell j
destruction in the puerperium, elective Caesarean !

section was performed. The child died on the fourth '

day despite these measures.
i

A number of the infants who developed jaundice and

survived for some time were found to develop symptoms

of brain damage, including choreiform movements,

deafness and mental retardation. (Guthrie (1914)

Greenwald and Messer (1927), Fitzgerald, Greenfield and

Kounine (1939)4 Orth (1875) had previously noted

areas of discolouration in the brains of infants



dying from icterus gravis in the first few days of life,'

Schraorl (1904) described two types of lesion. In one, j
the whole of the brain was discoloured with 'bile'

i
and microscopic areas of degeneration were seen. In

i

the other, there was yellow discolouration of the basal

ganglia and medulla, especially in the lenticular and

subthalamic nuclei. This type he referred to as j

•kernicterus'. Guthrie (1914) pointed out that

disturbances of the nervous system had not been

described up to that time because the infants failed
j

to survive. His patient survived, with neurological

disorders. Guthrie quoted Kinnier Wilson as suggesting

that the lesions in kernicterus were similar to these i
i

found in progressive lenticular degeneration which is

associated with cirrhosis of the livar.; Abt (1917)

described the symptoms and course of icterus gravis

neonatorurar and noted that meningeal irritation with j
i

j
crying &nd whining occurred. These were sometimes j
followed by convulsions and opisthotonus. He reported .

the details of 2 families in which the 5th child in eachj
!

died after convulsions and whereas in one family the

subsequent children also died, in the other the 6th chiljd
I
I

survived.
J
i

Zimmerman and Tannet (1933) described 2 cases of

kernicterus including the autopsy reports, and they also;

examined 2 patients with extreme dysfunction of the centjral
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. i

i

nervous system following severe neonatal jaundice. They

' favoured the "sepsis" theory as the causeof the conditio^
|
rather than intoxication due to dysfunction of the foetal

i [
i
i l
liver, but associated the condition with icterus gravis '

! |
neonatorium. Fitzgerald et al. (1939) described two

patients with post-mortem evidence of sequelae of j

kernieterus, including involvement of the extra-pyramidai
t I

| system. These patients had had rigidity and choreo- !

; athetoid movement, mental retardation and defective

vision. |

To summarise, by 1939, it was known that some

process, possibly an infection, led to the destruction
! i
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 be

I involved and although the infants were not born with
j

i jaundice, it appeared very shortly after birth. Some-
i i
i times, despite the jaundice and associated anaemia, |
! |
1 !
recovery was possible. At other times, death occurred j

j |
! and in some cases was associated with damage to the basa^
nuclei of the brain - a condition known as kernicterus. j

t {

If a child with kernicterus survived, neurological

damage became apparent. Blood transfusion, especially i

exsanguination transfusion, had been used with success

i
in the treatment of icterus gravis neonatorum-^. and when;

i

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

was a greater chance of a successful outcome. The view



18*

that familial jaundice was a more severe manifestation

of •physiological jaundice1 found in certain families, i
t

had some support and had certainly not been completely

disproved. j
Congenital haemolytic anaemia is the third clinicalj

!
syndrome included in haemelytic disease of the newborn, j

,

As already stated, Buchan and Cemrie (1909) described
|

an anaemia associated with jaundice, but it was Ecklin
j

(1919) who first described a case of severe anaemia in

an otherwise healthy infant born to healthy parents. i
i

There were 5 children in the family and the fourth had j

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 a haemoglobin of 32 per 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 resultj
of haemolysis of the infant's red cells, so the

accompanying anaemia was also due to haemolysis. The
i

j
condition of the child improved gradually without

j
treatment. Ecklin thought that the case described was

similar to congenital splenic anaemia, and suggested i

that the haemolysis in the infant was caused by toxic

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 !

I 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 possible ;

j causes of anaemia in the newborn, including haemolytic j
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 haemoglobin was 28 per cent. No treatment other
i j

than x-rays to the extremities had been given. Despite

the low haemoglobin and red cell count, the haemopoieticj
system was active, with numerous nucleated red cells i

i

seen, but no marked evidence of blood destruction.

Bonar (1927),when describing a similar case, suggested
[ i
that haemolytic drugs might have been responsible, and

! i
stated that anaemia was not very common in association

I

with icterus gravis or congenital dropsy. Abt (1932)

| recorded a case in which the anaemia appeared within

2 weeks of birth and for which no cause could be

found. 'Mononuclear erythrophagecytosis* was also

reported and Abt suggested that a transfusion might

have helped.

Parsons (1932) thought that if 'anaemia' was

present at birth, it was not haemolytic, but probably

nutritional, and recommended yeast and iron therapy.
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Parsons et al (1933) related anaemia of the newborn to |

icterus gravis and to hydrops foetalis, and remarked j
that anaemia alone is rare and usually detected about

6 weeks after birth.

Congenital haemolytic anaemia,therefore, was
!

; sometimes associated with icterus gravis neonatorum
; j
and less commonly with hydrops foetalis, but if it j
occurred alone, it had been suggested that it was due |
to a slow-acting, but long-acting haemolytic agent in j

■ !

the foetal blood. This •agent' was certain to gain j
; !
access to the foetus through the placenta but its nature |

■: |

was not known. Infection and drugs had been suggested j

as well as placental degeneration products. The !
! !
j !
amount of haemolysis which occurred was variable, but it j
eventually ceased, and the active bone marrow attempted

i to restore the number of circulatory red cells to normal
! ;
i I

i by an out-pouring of erythroblasts.

! Thus, three conditions 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 '
j

foetalis. Fordyce and McAfee (1924) studied the
i

features of icterus gravis neonatorum and, in one case,

found on post-mortem examination that the changes in
j

the liver were identical with those described by Capon

(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. Sewen 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 congenital anaemia were thus co-existing

in the one patient. De Lange and Arntzenius (1929)

referred to the dark yellow liquor and vernix found

at delivery where the infant subsequently developed

; icterus gravis and associated the condition with

congenital hydrops.

Heuper and Mullen (1930) examined a foetus with j
hydrops and found a marked anaemia and erythroblastosis,

• while Ferguson (1931) noted abnormal extra-medullary

; haematopoietic activity with enlargement of the spleen j
! and liver in 6 cases, of which 3 had jaundice and 2 had

i generalised oedema. Buhrman and Sanford (1931) reviewed

the literature on erythroblastosis and because of the
: i
! i

similarity of the findings in 2 cases, concluded that
I ,

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 erythropoiesis with hyperplasia of the

marrow, with numerous erythroblasts in the circulation.

The authors ruled out prenatal influences in the

aetiology of the condition. Clifford and Hortig (1932)

wrote an excellent summary of the pathological findings
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and clinical types of erythroblastosis, and drew attention
to tho continuation of or reTorsion to tho embryonic

level of blood formation in the condition. They

estimated that the incidence of hydrops foetalia was
i

1 in 2,000 or 3,000 pregnancies, while that of icterus |
i

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 involving the haemopoietic

system. They were unable to correlate it with any

maternal conditions, including toxaemia and anaemia,

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 of red cells as well as the

presence of immature blood cells in the circulation.
i

The authors decided that hydrops was the more chronic

form of the condition wrth widespread erythropoiesis,

and that gnaemia was more common in this form, despite

the attempts to replace the blood destroyed. The

placenta as well as the infant was oedemateus and the

liver and spleen were enlarged. In icterus gravis,

there was widespread erythropoiesis but mere mature

cells were present and cell destruction was more acute.

Here there was little oedema and the placenta was only

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 recommanded tho j
transfusion of blood from either parent, without

•cross-matching', in the treatment of both conditions.

In the same year, Diamond and his associates (1932)

established beyond doubt tho association of the throe
i

conditions with: each other, but retained the name I
i

•erythroblastosis foetalis'. They quoted many case-

histories from the literature on this subject, and

defined the three forms of the disease. They reported j
i

20 cases, 2 with hydrops, 12 with icterus grawis and

6 with anaemia, and showed that immature red blood
!

cells and an enlarged liver and spleen were found to a

greater or lesser degree in all the cases quoted. j
i

They also described one family in which all forms of the!
I
I

disease had occurred and considered the cause to be I

a disturbance of the metabolism of the haemopoietic

system with failure of maturation of the erythrocytes

or over-production of the immature forms and their

release into the circulation at an earlier stage than j

normal. The disturbance also caused the excessive j
destruction of red blood cells and their breakdown !

i

products ever-burdened the immature liver, or j
alternatively the increased haemolysis produced pressure

on the liver cells with resultant atrophy.

Hawksley and Lightwood (1934), when considering i

the cause of erythroblastosis foetalis, showed that

transfused blood given in the treatment of the condition



24»

was also haemolysed so the primary factor in the disease!
I

was the haemolytic process. They also noted 2 j

different types of haemoglobin in the infant during

the first month of life - one 'foetal' and the other
i

hdult'. The possibilities were that the condition was

a primary haemolytic process with secondary erythroblastosis

or that the red cells were defective or diseased, and thp
: j

haemolysis was secondary. Previously there had been J
| :

support for both these views, but the findings with ,

j transfused blood strongly suggested a primary haemolytic
!

| process, although all the features were not explained,

i especially in hydrops, and a hereditary factor, inherited
i
| as a Mendelian recessive, was not completely ruled out.

I Toxins might be causative or produced as a result of

the haemolysis, and they might be endogenous or

| exogenous. Treatment consisted of repeated blood
i
|
! transfusions and the authdrs quoted Opitz (1922)
!

who had used intramuscular blood for 'stimulation'

i
j and intravenous blood for 'substitution*. They thought

| that early discharge of the infant was important because!
j j

| of gastro-intestinal and respiratory infections which
these infants were liable to contract in hospital. !

I !

j As sequelae to erythroblastosis they quoted hepatic i

i fibrosis, kernicterus with signs of damage to the

central nervous system, and mental deficiency.
j

Macklin (1937) discussed the possibilities of the
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mode of inheritance of erythroblastosis and concluded

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. Barrow (1938)

reviewed the whole subject of erythroblastosis paying

particular attention to the aetiology of the condition.

The inter-relationships between the various forms of

the disease were illustrated and the points which had

to be explained by any aetiological 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 haemoglobin was suggested and

the antigen-antibody reaction offered the best explanation
for all the findings. This was an excellent review of ijhe
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

made 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

j haemolysins could cross from the nether 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 to

the ABO groups), albuminuria resulted. If more

incompatible blood crossed the placenta, pre-eclampsia
i

and eclampsia resulted. In support of this view,

placental cells had bean 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 blood. As haemagglutinins and

haemolysins had been found in pest-eclamptic women,
I

it was thought that these could have crossed to the

! foetus and destroyed his blood cells with resultant
l

i

| haemoglobinuria in the mother. Dienst did not
j suggest that the destroyed foetal red cells gave rise
t

I to any other disease, however. Ottenberg (1923)
I
! postulated direct tissue damage as a consequence of
i j

| a circulating antibody produced by the transference of !!
! I

incompatible (ABO) blood from the foetus to the mother, i
j |i This antibody was difficult to demonstrate but he |

|
suggested examination of the maternal red cells for I

clumping or phagocytosis in early toxaemia. Ottenberg j
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also suggested that this blood incompatibility might be
i

! the explanation of other diseases including jaundice of j
i |
I the newborn and haemorrhagic disease of the newborn.

McQuarrie (1923) also showed that where the blood

groups of the foetus and mother differed (again referring
I

to the ABO system), there might be 'clots' found in the |
I

liver of the mother who had pre-eclampsia. Foetal

blood, having crossed the placenta was agglutinated in
i

the maternal circulation. McQuarrie found that it was j
| unsafe to transfuse a baby with blood from his mother j

i
on occasion, and he calculated that toxaemia was 16.5

i

: times more frequent when the maternal and foetal bloods
| j

were incompatible than when they were compatible.

Landsteiner and his co-workers (1927-28) reported '

that although transfused blood might be compatible with
i

regard to the ABO groups, reactions sometimes occurred,

especially if more than one transfusion had been given

from the same donor. An abnormal isoagglutinin was |
i

found in a Group 0 patient after a transfusion and
i :

| this reacted more strongly with other random bloods
!

i than with the donor's blood. No agglutination was
i

obtained when the serum of the recipient was tested

with the red blood cells of the donor before the
i

j transfusion, so it was postulated that an agglutinin of
| i
! 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 j
i

transfusion reactions during pregnancy and the puerperiuiji,
|

and Neter (1936) reported the production of abnormal

isoantibodies followl ng transfusion with ABO compatible !

blood. Other specific antigens had been found but

antibodies for these could only be identified after
i

rabbit immunisation and not in the 'normal' person.

To summarize our knowledge of haemolytic disease j

of the newborn at the time that the Rhesus factor was
I

identified, it can be saidthatthe forms in which the

disease presented, both clinical and pathological, were \

well understood and the inter-relationship of these

of the conditions fully appreciated. The cause of
1

erythroblastosis foetalis was thought to be related to
!
|

an antigen-antibody reaction in the mother with subsequent

destruction of the foetal red cells by this maternal

antibody. The causative antigen was related to the
j

foetal blood cells in some way and it was presumed that

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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and the infants readily died pf intercurrent infection.

.2. 1939 - 1953.

| Until 1939, the greater part of the literature

j on erythroblastosis foetalis had been contributed by

obstetricians, paediatricians and pathologists. Vith

the identification of the Rhesus factor, the subject

became very much within the province of serologists both
J

in America and in other countries, including Great
!

Britain. As the experimental work leading to the

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, parti c- j
'

. I

ularly by Levine and Wiener, In Britain the names of j

Race, Fisher, Coombs, Sanger and Mourant were prominent j

in blood group studies during the same period. j
In 1939 Levine and Stetson reported that blood

from a female patient, who had never received blood by J
j

transfusion or injection, was found to contain an j
1

iso-agglutinin which agglutinated 80 per cent of the J
bloods of her own group (Group 0). The patient had hadj
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
I

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 0, she had a transfusion

reaction, while Group 0 blood from two other donors

! was given successfully and without any upset. On
i

| subsequent testing, only 21 out of 104 Group 0 blood
j
i specimens were found to be compatible, and the
I
|
| intensity of the agglutination reaction had diminished

greatly 2 months after delivery. These occurrences

| were similar to those reported by Landsteiner et al
i

(1927-28) and Neter (1936) but their patients had been j
previously transfused. In the case reported by Levine !

j
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 i

I
1

lacking in the mother and blood from the father caused
i

the transfusion reaction, it was thought likely that j

the antigen was inherited by the foetus from the

father. The case reported illustrated the occurrence j
}

of a stillbirth possibly due to erythroblastosis and

^associated with pre-eclampsia, and probable !

hypofibrinogenaemia with intrapartum and post-partum j

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 monkeys into rabbits,

was capable of reacting with human bloods that

contained an agglutinogen, which they had previously



31 • !

named M (Landsteiner and Wiener (1937)). This test was |

used to determine whether human blood possessed the !
: i

; agglutinogen,'Rh', as the immune sera agglutinated cells j

> which were Group 0 M and also others which did not possesi

the M factor. Wiener and Peters (1940) found that j
; |

I some patients, who had had intra-group transfusion reactions,
: (i.e., despite the fact that donor's and recipient's bloods

were ABO compatible, a transfusion reactiqn occurred^

; possessed an immune serum with similar properties to the j

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

if the patient's blood was positive for the Rh antigen,
1 i
I 1
; no reaction would 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

might be present and after 2 or 3 transfusions with blood

I containing 'Rh', a reaction would occur. Naturally-

| occurring anti-Rh agglutinins were expected as with
j

I naturally-occurling anti-A and anti-B, but it then became

i apparent that not all Rhesus negative patients reacted

: to Rhesus positive blood. It was thus necessary to

i suggest an acquired immunity to the 'Rhesus group' with

: a time interval elapsing between the initial transfusion

and the transfusion causing the reaction. It was also

i found that a transfusion to a puerperal woman might

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
!

j described 7 instances in which the 'atypical' antibody
in the mother agglutinated blood from the father,

| although they were ABO compatible. The authors thought!
i I

| that the mother might be immunised by the foetus or by

the foetal parts of the placenta. Although several
i ;

varieties of isoagglutinin were observed, one serum

containing warm-agglutinins corresponded with the j
•anti-Rh* immune serum of Landsteiner and Wiener, and j

i !
i this was further reported by Levine, Katzin and Burnham I
i i
I I

I (1940).
! The association of anti-Rh antibody with |

| erythroblastosis foetalis was suggested by Levine,
j Katzin and Burnham (1941). They had previously

reported 12 patients who had had atypical agglutinins j
in their blood and obstetrical histories which included j

! i
toxaemia, macerated foetuses, repeated abortions or

; i

stillbirths, and they then reported 5 additional

patients with atypical agglutinins, 3 of whom were

delivered of infants with erythroblastosis foetalis.

The authors suggested that the anti-Rh agglutinins in th4

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 that

blood donors to a post-oartum woman should be selected

from among her blood relatives but not from among
I

| her husband's relations. They also disapproved of
I

! the administration of blood to an anaesthetised patient
|

! because of the danger of a reaction being masked.

In the same year, Levine, Burnham, Katzin and

Vogel (1941) established beyond doubt the role of
! |

Rhesus iso-imraunisation in the pathogenesis of erythro- J
i

blastosis foetalis. They defined 'isoimmunisation'

as immunisation which occurred within the same species -

the individual being immunised and the source of the
i

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 I
I

majority of cases of erythroblastosis was the same j
as the Rhesus agglutinogen described by Landsteiner and j

Weiner. The agglutinin was found to be more active
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0 i
| at 37 C., i.e., a warm agglutinin, and so agglutination
j
! was sometimes 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 positive. In addition, they found that

agglutinins 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 neutralise tion of anti-A and Anti-B

antibodies by the foetal tissues in utero when the

foetus was 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,,

seminal fluid or the other body fluids which had been

investigated. Although agglutination occurred in
I |'

vitro, in the patient the antigen-antibody reaction !
! i
resulted in haemolysis of the red blood cells. The j

i I

| ]
writers considered that the different clinical forms of

!
! eiythroblastosis foetalis were the result of variations
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|
in the degree and duration of the isoimmunisation during

the course of the pregnancy. The time of onset of

isoimmunisation in pregnancy was not known and the

possibility of abortions occurring soon after conception

i 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

j 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
i
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 to 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

seen to be important in the development of the condition.

As the first baby was rarely affected, it was postulated

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

j advances in our knowledge of the mechanism of Rhesus

isoimmunisation, which were not postulated or proved

in this paper.

fiener (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. fiener thought that

the antibodies disappeared in time, or alternatively

that the technique for their detection was not very

sensitive. He also suggested that there was more than

one type of anti-Rhesus ahtibody.

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

j been reported that repeated stimuli were sometimes

necessary before a reaction occurred, and that this

had occurred after 2 or 3 donations from the same donor.
j

! Lewine (1943a) Reviewed the pathogenesis of erythro-
i
I

| blastosis foetalis and attempted to answer some of the
j

unsolved problems. At least 3 common varieties of
t

anti-Rh sera were available by this time (Levine,
I

Burah&m, Katzin and Vogel (1941) and Wiener (1941)).
i

| Other Rhesus antigenic factors were identified and
I a 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 ma-tings resulted in a Rhesus positive man

marrying a Rhesus negative woman. The risk of
I

; an erythroblastotic infant being produced apparently

increased with parity, and the incidence of

erythroblastosis: in a community depended on the

incidence of Kh negative individuals in the community. |
(Rhesus negative persons were rare among the Chinese

(Levine and Wong (1943) ) and American Indians j
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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 preseA j
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
i

in diagnosis or management. These included a

so-called 'anamnestic reaction' (which they defined j
!

as an exaggerated response to repeated antigenic j
i

stimuli), the dangers of giving blood from either i

parent to an infant with haemolytic disease, the !
I

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.
i

They suggested that the term 'Haemolytic Disease of

the Newborn' be used to describe the 3 forms of the

j
disease, and not erythroblastosis foetalis.

Levine (1943b) continued to study the association

between Rhesus isoimmunisation and ABO compatibility.

He pointed out that the proportion 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. j
It was then suggested that if the foetal cells entering j
the maternal circulation were ABO incompatible with the

mother, they would be rapidly destroyed before the

maternal reticuloendothelial 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
i

certain genetic properties. In pregnancy, there might J
I

be a slow administration of antigen over a long time j

with a resultant increase in the amount of antibodies j

present in the circulation during the pregnancy. j
However, he showed that an 'anamnestic reaction' was

possible, defining this as 'the production, in response j
to an antigenic stimulus, of an antibody that had been j

produced in the tissues on some previous occasion.

The increase in antibodies in the mother during i
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a pregnancy might have been due to general stimulation |

| of the antibody-producing mechanism as a result of the j
| i
pregnancy and not necessarily due to the presence of

j the specific antigen. When the method of sensitization !
j I
of the mother was considered, Levine suggested that

I microscopic 'breaks' in the chorionic villi might be

; present and not gross lesions, and he also thought
i '
that toxic symptoms in the mother were only likely to

j i
; occur when an hydropic infant was present in utero. j
! !
In order to prevent isoimmunization he postulated j

j that it would be necessary to block or induce fatigue i
! i

I in the reticuloendothelial system.
! |
j In the meantime, work continued on the identification

| of the different antigens in the Rhesus complex.

j In America, this work was reported by Levine, Burnham,
i

| Katzin and Vogel (1941), Landsteiner and Wiener (1941)
j

| and Wiener and Sonn (1943). Then Wiener (1943)
|
published a theory concerning the identification and |

! inheritance of the Rhesus factor, distinguishing !
| i

| 5 'partial antigens' in the Rhesus positive gene and
I |
using the 3 anti- 'Rhesus' antisera available at that

time. In Britain, Race, Taylor, Cappell and McFarlane
i

(1943) had reached similar conclusions as Wiener and
i :

changed their nomenclature to fit the American one. j
Then Race (1944) reported Fisher's theory in which

there were thought to be 3 pairs of allelomorphic

antigens or genes, which were called Cc, Dd and Ee.

As the Rhesus genotype consisted of one gene from
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each allelomorphic pair, there were 8 theoretical |
i

Rhesus types produced by combining these antigens. j
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 £ ]

have been repor?ted since the theory was published.) !
The fundamental difference between the Wiener and

i

Fisher-Race nomenclature concerned the presence of j

multiple allelomorphs at a single locus on the i
]

chromosome as suggested by Viener, or of three closely ]
i

linked genes on the chromosome as proposed by Fisher |
i

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
I

(Race and Sanger (1962)). ]

Of more practical importance to the obstetrician ]
were the methods of detecting the presence and amount ]

I

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 j
delivery, and it had also been noted that the titre j
of antibody was often highest a fortnight after delivery

l̂

Anti-Rh agglutinins were demonstrated by incubating cell?

of a known blood group suspended in saline with the seruija
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to be tested. The incubation at 37°C lasted for 2 hours

and if agglutination had occurred, the antibody to the ;

known antigen was present (Levine (1943a)). In some |
I

. !

j patients who were known to be Rhesus negative and to jJ I
i j
| have had erythroblastotic infants, no antibody could
! i
i j
! be detected by the 'saline method'. It was then found, i
! ■

| simultaneously by Wiener (1944) and Race (1944) that |
j j
! certain forms of Rhesus antibody were capable of j
inhibiting the agglutination of Rhesus positive cells

I !
l

j by the ordinary saline or agglutinating antibody.
| Wiener called this the 'blocking' antibody and Race
I

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 j
i

| |

; were present in cells which were incubated with

| 'blocking' serum, only the D locus was blocked and the
i
| other antigens could still be agglutinated by their
i specific antisera. Wiener also thought that the

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

| explained why there was an absence of correlation

I between the titre of agglutinins and the severity of the

j disease (Dockeray and Sachs (1944), and Gallagher,
1
Danis and Jones (1943)). !

! !

Wiener (1945a) believed that f iture 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
i
in the production of antibodies and confirmed the

1 i

importance of Levine's observation regarding ABO com-

l patibility, as the A and B antigens were more effective

i than the Rhesus antigen in stimulating the production of

antibodies. This led him to consider the possibility
i |
of desensitization by a Rhesus hapten, which he thought

1 i

i !
was impracticable, and of counter-immunisation during

| |
'

pregnancy by potent but innocuous vaccines to suppress j
j

i 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 explaining the pathogenesis of haemolytic |
disease of the newborn. He showed that the agglutinating

j
antibodies were bivalent, while the blocking antibodies

I
'
were univalent, and were thus able to block the !

! ' !
I i

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 ;

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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t ;

antibodies. This consisted of suspending the known ;
!

'test* cells in serum instead of saline. He also !

i
expounded his *X protein theory' in which he stated j

! that a protein formed in the infant after birth was
I

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 j
; i

utero, a stillbirth resulted. To explain the rarity i
!

of haemolytic disease in a first pregnancy, Wiener j
j
i

suggested that the leakage of foetal cells into the

maternal circulation only occurred after delivery, J
|

particularly during the delivery of the placenta.

Wiener and Sonn (1946) next described typical cases of

| haemolytic disease in which they discussed the
i

management which had been attempted. An exchange

transfusion of a mother using large quantities of

blood was performed in an attempt to reduce the

antibody titre, but this soon returned to its

pre-transfusion level. They concluded that fresh blood |
i
I

should be used for foetal exchange transfusions and that |
|

'
Caesarean section was ineffective in the prevention of

I
haemolytic disease. j

i I

j In a further paper on his nomenclature, fiener S

| (1946b) discussed the Hr factors which corresponded to j
j

j the c, d and *e antigens in Fisher's classification. j
1 |

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
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of the disease. (Wiener 1946c) 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,

I 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 vas produced by Rhesus
i

| sensitization, but this has not been subsequently
]
j confirmed.

j During this time blood transfusion centres in
I

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. Boorman

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 j

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

j
sometimes found when the mother was Rhesus positive, j
and the authors presumed that these were related to the ;
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Rhesus system if they *ere incompatible with foetal

red cells at 37°C. They were unable to state that

the presence of antibodies in the mother indicated j
j |
j a Rhesus positive foetus, which was affected by jI |

I haemolytic disease, in utero, nor were the changes i
!

in 1he titres obtained of prognostic value. The j

writers felt that the effect of the antibodies on the |
I

foetus depended on the titre of antibody (but also some j
l

I j
| other factor might be involved here), the permeability

j 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, j
the patient seemed unable to produce antibodies to !

|
Rhesus positive blood and they thought that this might j

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 j
(1945 a and b, 1946) and Coombs and Mourant (1947).) j

The test had been developed to 'amplify the effect of j
!

weak (or subliminal) Rhesus agglutinins and incomplete j
antibodies by the action, on the sensitised cells, of |
a rabbit anti-human globulin serum. Red cells

sensitised with weak antibodies could be strongly

agglutinated by using the test. It seemed to be more ,

effective than Viener's conglutination test, and Coombs i
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| |
I and his co-workers described a direct and indirect test. ;

I The anti-human globulin was prepared by injecting |
| human serum into rabbits. In the direct test, the
j i

! red cells to be tested for the presence of antibody were
i

| inoculated with anti-human globulin (A H G) serum, and
if agglutination occurred, antibody was present. In

j the indirect test, red blood cells were incubated with
!
! i
1 the serum to be tested for the presence of antibodies, j

| and then with A H G serum. If the serum contained
|
I antibodies, agglutination occurred. 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
i

j of haemolytic disease in their children. Boormant
i and Dodd (1947) found that certain agglutinins gave

l

|

a higher titration value when serum was used instead

of normal saline. This applied to anti-Rhesus j
i

agglutinins, but was not found with the 'naturally-
i

occurring* anti-A and anti-B agglutinins. It did apply, |
i

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

a definite qualitative difference was thus observed !

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

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-

Henderson (1942a and b), however, when he described
]

4 foetuses all of which were intra-uterine deaths but

I were not found to be hydropic. The foetuses showed
■

diffuse hepatic cirrhosis and splenomegaly and the
i

I

! placentae were greatly enlarged and pale pink in

| colour. The degenerative changes reported in the
I

j 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
i

I

| 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

with the first two days of life, drew attention to the

fact that too many infants dying with anascara and

eaffusions were diagnosed as having 'erythroblastosis

foetalis'. Extra-medullary erythropoiesis was an

essential finding for such a diagnosis at autopsy, qnd

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

| 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 foetal cells to

the mother and the subsequent response of the maternal

and foetal tissues. She also reported that males
I
j 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 j
I

that transfusions would influence the occurrence of j

kernicterus. j
I

Diamond (1946-47) reviewed the whole question of
|

haemolytic disease of the newborn in the light of the j

identification of the Rhesus factor, and pointed out
|

that the risk of a woman developing anti-Rhesus anti- j
i

bodies increased from 5 per cent to 50 per cent if she !
.

had been given an incompatible transfusion. When he j
J

considered the types of antibody which had been

identified, he suggested that in early isoimmunisation, j
I

saline antibodies or agglutinins developed, while later ;

there were also hyperimmune or incomplete antibodies, and

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

its concentration or titre bore no direct relation to the j
I

|
severity or type of erythroblastosis which developed, j

i

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 terra and exchange transfusion 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 immunised

by an incompatible transfusion, had a very poor prognosis

unless adequate treatment was given. In the first

pregnancy in which antibodies were found, the infant
t

I

could be mildy affected, particularly if the antibodies j

appeared late in pregnancy. In some cases, however, I
the first affected infant might be severely affected

I or be stillborn with hydrops foetalis. Allott and
j

Holman (1949) reviewed 200 cases of isoimmunisation,

none of the infants being treated by replacement i

transfusion. They considered induction of labour to be
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undesirable before 36 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 a 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 disease.

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-checking of the blood of parous Rhesus negative

women was advised at 34 weeks, so that induction of



I
labour might be considered, and routine genotyping of

I

| the family was advocated when haemolytic disease was
i

j known to have occurred. One of their suggestions was

| that labour should be induced when the weight and j
maturity of the foetus were compatible with extra-uterine

life, and the indication for this was a late rise in

antibody titre.
!

Allen, Diamond and Vaughan wrote a number of articles;

on erythroblastosis during 1950. In the first, Vaughan

et al (1950) discussed the changing mortality in
i

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

j and Watrous (1949) reported that female blood was
i

| more successful when used for exchange transfusion.
I
!

I Allen and his colleagues (1950a) considered the prognosis
|
I for successful pregnancies in women with Rhesus antibodiei;
j
I when related to the history, the antibody titres and the
I

|
j length of gestation. They found an incompatible blood

| transfusion to be a more potent stimulus to iso-
1 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 j
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the prognosis for her infants. With regard to antibody '

titres, they did not think these were accurate in any I

given case, but in general the outcome was related to

the level of titre recorded. The authors believed that |

if the titre was high in a subsequent pregnancy, the

likelihood of a stillbirth in that pregnancy was

]
increased, and that induction of labour was only i

justified if the outcome was fairly certain to be !
j

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

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 stillbirth 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
l

rise to a false Rhesus negative result, and by similar



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 tte 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 prognosi

has been carried out in Australia and Kelsall and Vos

(1952) related the antibody titre in the mother and the

infant to the treatment required when the infant was

afffeted by haemolytic disease. They considered that

the albumen titre was of more value than the saline one,

and that the Coombs antiglobulin 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. If,

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. Vhen 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 workers

suggested two practical points in connection with

exchange transfusion technique. 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 36 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 also Rhesus

negative 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 Resenfeld (1942) during pregnancy

in mice, and probably related to the increased pro¬

duction of oestrogen and its excretion as oestrone.

Certainly the anamnestic 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 positive.

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 order to neutralise the anti-Rhesus

antibodies in the mother's blood and tissues. For

I

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

as pointed out by Calvin, Evans, Behrendt and Calvin
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(1946) to overwhelm the mechanims for the production of

antibodies or to use a non-antigenic hapten. These

workers attempted to isolate the Rhesus antigen from

the stroma of erythrocytes and to study its properties.

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 (1946) showed the Rhesus antigen

to be inactivated by heat. They were able to extract

a lipoprotein - 'elinin' - from erythrocyte stroma and

found this to contain a Rhesus substance which inhibited

anti-Rh serum. Carter (1947) suggested that this

ether-soluble inhibitor of anti-Rh antibody was

a hapten which was incapable of stiuulating 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 of assay of her

'Rhesus hapten' and recommended that it be used early

in pregnancy or before 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 rationale for its use in Rhesus

sensitized women. Various workers have attempted to

repeat Carter's work but were unsuccessful either in

vitro - Stratton and Renton (1950) and Coombs (1950) -

or in vivo - Greenwalt (1949). Wolf and his associates
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(1950) agreed that Carter's substance could be a 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 to 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 hospital,

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' out, and that the arms were

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

and placenta were delivered. Snow and Powell (1934)

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 oedema, and the 'Buddha' position in which

the knees are flexed and the hips are extended and rotated
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laterally. Bishop (1961) reviewed the radiological

findings and thought the foetal position, the elevated

ribs and displaced arras, and the straight spine were the

most helpful findings, along with a large placenta.

Unfortunately, some or all of these observations may be

noticed when the foetus is perfectly normal.

Summary 1939 - 1953

Following the identification of the 'Rhesus

factor', other antigens, 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

lytic disease was now established. It seemed certain

that Rhesus positive blood cells in the foetus crossed

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 antibodies in the blood

of the pregnant woman, and mord particularly on the

estimation of the titre of 'albumen' or 'incomplete'

antibody, or the anti-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 measures were tried, of which exchange
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transfusion with Rhesus negative blood was the most

successful. 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 given 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

of the Medical Research Council's National Trial

(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.

It seems certain that the mother is sensitized j
by red blood cells crossing from the foetal circulation

to the maternal circulation. Javert and Reiss (1952)
|

suggested that foetal and maternal blood might mix underj
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j certain conditions and lead to the formation of inter-
| villous coagulation haematomas. The largest number
I
'

i of haematomata were found in hydropic placentas

j 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
!
I

| 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

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 often in association with

infarcts than in their absence. In an attempt to

prevent this capillary damage, a diet rieh in
i !
1

! citrus fruit and Vitamin C was recommended, and the I
| j
j avoidance of traumatic rupture of the placental
I

attachment strongly advised. Lee, Goebel and Fulton
I |
! (1955) came to similar conclusions about the leakage j
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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 Langhant 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 Abrahamoa (1957)

found that the normal retronlacental 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
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and the third stage of labour, and it had been found

that the concentration of Rhesus antibodies increased

markedly during the puerperium. Levine (1944)

calculated that 0.0672 ml. of Rhesus positive packed

cells were required to immunise a Rhesus negative mother.

This might be found in 10 to 70 ml. of retroplacental clo

and the reason for the low incidence of isoimmunisation

might be due to the infrequency with which such

a 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 preferential

regeneration of adult haemoglobin in infants with erythro-f
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blastosis, but there might have been preferential

destruction of foetal haemoglobin.

Vimhofer, 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 to

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 drips and manual removals

of the placenta. It is difficult to see how this

can be achieved in general obstetric practice. Aaro

(1959) also urged the avoidance of obstetric procedures,

including Caesarean section, in Rhesus negative women,

if at all possible. Kelsall, Vos and Kirk (1959)

thought that separation of the placenta might be

associated with the transference fc.fj foetal blood cells

to the maternal circulation.

Knox, Hurray and Valker (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 (i960) recommended that the

'hypotensive syndrome' be avoided as much as possible

because of the risk of abruptio 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
i
risk of isoimmunisation in Rhesus negative women. They

j considered that there was a natural tendency for foetal
j i
i blood to cros s 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
I
j 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.

j If it is assumed that foetal red blood cells
i
1 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

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 ocGcur more than once j
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in a 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 (horaospecific pregnancies) than in others who

had iso-antibodies (heterospecific pregnancies). Since

that time this preponderance 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 Wiener (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. Fisher (1954) suggested that ABO incompatible

foetuses might be lost from early abortion with a decreased

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

antibodies could be produced.

Stern, Davidson and Masaitis (1956) were puzzl&d

by the infrequency 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 foetal cells, these

workers injected Rhesus positive blood into Rhesus

negative males. In some cases the ABO 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 woijian

had been sensitized, the antibody titre rarely increased

irrespective of the number of subsequent pregnancies.



68.

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 antigen

appeared to be a less powerful stimulus. They pointed

out that the blood injected was homozygous Rhesus

positive while the foetal blood must be heterozygous

positive, and was, therefore, possibly a weaker stimulus

to the development of antibodies. As no saline agglutinins

were found it seemed that the theory that these appeared

early in isoimmunisation was disproved. Fisher's theory

of early abortion waa obviously untenable in man, and

while Wiener's view might be the correct one, the writer

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 between

the foetal cells and maternal serum greatly reduced the

chances of sensitization to theRhesus antigens was

confirmed by Novell and Taylor (1961), Boronow (1961),

Stern (1958), Knox, Murray and Walker (1960a and 1961),ajnd

Caughey (1960a&b). Bresler (i960) 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
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women who had not been sensitized. In 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

haemoglobin 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 possessed the

A sr a 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 homozygous for 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 pregnancy immunis&ion by

; considering the factors inhibiting sensitization or

•sensibilisation'. They thought that after sensitization,

immunisation must occur in the next pregnancy with

a Rhesus positive foetus, and they believed that the

secretor status of the foetus might also be important.

I They concluded that an ABO incompatible marriage with

a husband who was heterozygous for the A and B antigens 1

required twice as many Rhesus positive children as

a 'compatible' marriage to produce Rhesus iso-

immunisation. The number of affected children born

after immunisation was smaller in incompatible marriages

also. 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

why a red cell destroyed by anti A or anti B was incapable

;of acting as an Rhesus antigenic stimulus by virtue of

the stroma of the cell. Andersen, Bentzon and Larsen

(1961) suggested that foreign blood cells (foetal cells)

were immunologically inactive while they were in the

circulation. 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 mechanism.
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iIf the cells were not destroyed, they would eventually

be removed cm disintegration by the reticulo-endothelial

system and stimulate the production of antibodies at that

time. The writers thought that the magnitude of the

preceding Rhesus positive stimulus has a decisive

influence on the probability and strength of immunisation

j in a subsequent Rhesus positive pregnancy.

The relationship between neonatal jaundice

| ('icterus praecox') and ABO incompatibility was considered

by Dyggue and Munk-Andersen (l96o), 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

highest 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 rare.

Haemolytic disease of the newborn is occasionally

reported in the infant of a first pregnancy, when

there is no previous history of blood transfusion or

injection. It was suggested that the mother of the

affected infant might have been immunized in 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 negativte

woman developing antibodies was influenced by the Rhesus j
I

group of her mother.
I

Owen and his co-workers (1954) studied two groups

of Rhesus negative women in the first of which were I
i

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 ratio

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. Vhere there was no

tolerance, antibodies developed readily. Tiener (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 Keoptzoff (1957) tested the

'Rhesus positive grandmother' hypothesis but were unable:

to correlate the likelihood of an infant developing

haemolytic disease,with the Rhesus group of the maternal

grandmother. The type of antibody 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 erythropoietic

cells had been exchanged and produced characteristic

serological findings. They suggested that immature

foetal tissue might be used to induce tolerance to

homografts without the danger of "host 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
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period when no immunization could take place (Mltchison

1961.). The tolerance was specific and the stimulus

an antigenic one, so the induction of tolerance

involved changes in the cells which would normally
l
have responded to the antigen by the formation of

antibodies. Antigens were found to be able to induce

immunological unresponsiveness under certain conditions

i and an excess of antigens might mask the production of

antibodies. For paralysis to occur, there must have
i
I , .....

been a central failurb of response, and a large dose of

antigen was required. In order to maintain this
j
I 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 j

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 follow-'up of any infants

successfully delivered would be of great immunological

interest.
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The diagnosis of the occurrence of isoimmunisation

is not difficult provided routine tests of the maternal

blood are performed during pregnancy. Vaughan (1959)

stressed that the maternal blood should be tested in

every pregnancy, as 'clerical and technical errors are
.

1 too common to permit last year's report to stand for
i

I all time'. Boronow (1961) recommended that an

i indirect Coorab&- test and genotype be performed on all

antenatal patients as a test for the presence or

absence of D was not sufficient. This arose from

| the author's description of three patients with

: isoimmunisation to c with affected infants, and in one

case no blood transfusion had been given previously.

Boronow suggested that the husband's blood should also

be genotyped as a routine, but this seemed an

; expensive and time-consuming procedure. Krieger (1955)
l

I did not believe that single estimations of the antibody
1 titre during pregnancy were of much value except as
]

i a warning or diagnostic sign. In an Annotation in the

Lancet (1958) the writer strongly recommended that

i antenatal testing for antibodies between the 32nd and

36th weeks in Rhesus negative patients became a routine

procedure.

The significance of the antibody titre in the

severity of haemolytic disease in the unborn child has

been the subject of much debate. It is agreed that
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 to be of prognostic value.

Vaughan (1959) suggested that the appearance of antibodies

during a pregnancy usually indicated that the infant

: was affected by haemolytic disease of the newborn, but

probably not severely, although there were exceptions.

Bou¥ke(l955), however, reported cases in which antibodies*

appeared during the last 4 weeks of pregnancy for the

first time and the infant was severely affected or even

dead at the time of delivery. Rigsby, Yerys, Copeland

and Ullery (1961) stated that if no antibodies were

| found during the first few months of pregnancy and
r i

developed later, it invariably meant that sensitization

had taken place during the pregnancy. This has not

been our exoerienee.

Krieger (1955) draw attention to the cry^tagglutinoid

antibodies in addition the saline and albumen types.

He suggested that there were 3 forms of univalent anti¬

body, the blocking antibody for saline antibody, i.e.,

albumen antibody, the non-blocking antibody which was

the crypta gglutinoid antibody, and a blecking antibody

for the ciypbagglutinoid antibody.

In 1958, Kelsall, Yos and Kirk in Australia wrote

that they were so certain of their antiglobulin method

of obtaining antibody titres that they induced labour

and performed exchange transfusions on the infant being

largely guided by the antenatal titre. They proposed
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a 'titre index' in which the titre values were given

a code number and this was multiplied by thw weeks of

gestation at which the value was obtained. The lower

the titre index, the lotrfer' the mortality. They did sa

however, that Rhesus negative infants could not be

predicted and that severe maternal oedema was often

associated with a falling titre and ah affected infant.

In two annotations in the Lancet (1958 and 1959) in

which the prevention of stillbirths due to haemolytic

disease was discussed, it was agreed that antibody

titres could not be correlated with the severity of the

disease, and the numerous exceptions in the behaviour

of the titre made it unreliable for prognosis in

a particular ease.

Wiener (1959) would not accept an anamnestic

reaction in which the antibody titre rose despite the

presence in utero of an unaffected Rhesus negative

foetus, and considered that this was solely due to

faulty laboratory technique. Wiener, Wexler and

Brancato (1956) had previously stated that they had

never seen a significant rise in antibody titre when

the foetus reached the blood factor to which the

mother was sensitized. Jacobs (1959c) agreed with

other writers that an anamnestic reaction did occur

and was misleading in prediction in this condition.

Predicting the severity of haemolytic disease

is of the utmost importance, particularly if induction

of labour before term is considered in the management
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management of the isoimmunised patient. Although

some workers believed that the antibody titre had
j

a place in deciding the management few were prepared to i
!

rely on it. completely. Kelsall and Vos (1955) were

prepared to induce labour if there was a 'harmful rise* j

in titre, particularly afterthe 36th week of pregnancy. j
t

Tovey and Valaes (1959) and Tovey (1961) found j

a definite relationship between the height of the j

anti-globulin titre and the severity of the j

haemolytic disease in a first affected pregnancy. j

In subsequent pregnancies the height of the titre
i

was of less help but could still be used in prognosis j
and they advocated the induction of labour three weeks j
before term. Townsend and his co-workers (1961) i

i
believed that the antibody titres were not completely j

reliable but, along with the colour of the liquor araniii

and the genotype ef the husband, they could be used in

the prediction of the severity of the condition and

also in deciding the optimum time for the induction of j
j

labour. Wiener et al (1956) relied on the value of th«

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 antenatally |

is rather academic in such circumstances. Stern (1958)

thought that serological tests were of value in prognosis

and Krieger (1955) found a correlation between a rise inj

titre and the severity of haemolytic disease in the

infant. Aarstrand and Hope (1960) found that a low
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titre which rose and then fell again indicated a bad

prognosis.

On the other hand, Davies and her co-workers
i
i

(1953) had not found that antibodies were helpful and
I

relied on the patient reporting less vigorous foetal j
movements, and the amount and colour of the liquor amnii !

when predicting the severity of the condition. Gainey

and his associates (1954) were not impressed with j

antibody titres as a method of prediction. Evans

(1954) thought that a rising titre in the last trimester

increased the likelihood of an affected baby, but

thought the past obstetric history and zygosity of the '■

patient's husband were more helpful than the antibody j
]

titres generally when the question of pre-term delivery

was being considered. Walker (1959) thought that

examination of the liquor might give mere reliable j
!

information than the antibody titre had done, and Jacobs j

(1959a) could only correlate titres with severity in j
first affected pregnancies.

Murray (1956) found that the genotype R0 (cJDE)

produced more severe haemolytic disease than the

genotype (CDe) and considered that this might influence

the management of the patient.

Kelsall, Ves and Kirk (1959) believed that

episodes of immunization take place during pregnancy and

that more than one of these might occur during a pregnancy.

They suggested that the foetus might be able to compensate

for a single episode by the production of red cells to
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replace those destroyed by the antibodies, but if there

was more than one episode, the foetus would show signs

of haemolytic disease.

The previous history was found by Davies and

her associates (1953) to be very important. They pointeld
S
i

out that the assumption that the severity of haemolytic i
i

disease increased in succeeding pregnancies was net

always correct. If the first affected infant had been j
only mildly affected, the prognosis for subsequent

infants was better than if there had been no previously :
i

affected infants. A severely affected infant, on the j
other hand, had a very much greater chance of being j
followed by another severely affected infant than !

|
I

by a mildly affected one, although this was not

impossible. The difficulty of assessing severity preselnts

a problem in this type of study. Evans (1954), !

however, stated that usually succeeding infants were j
I

more severely affected. Chewn (1948) had previously

shown that a severely affected infant might be followed

by a mddiily affected one. Talker and Murray (1956)

considered haemolytic disease of the newborn to be

a family problem and hoped to be able to predict the

outcome if the disease followed a pattern. They

found an incidence of 10 to 15 per cent for stillbirths

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 stillbirth, thus

disagreeing with the writer of the annotation in

the Lancet (1954) en this sibject, but that it increased j

the severity of the disease. They gave prognostic

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 longer the time interval

between pregnancies, the better the outcome after

an affected infant was not supported by Stratton (1955) ■

who believed that the longer the delay, the worse the

prognosis. Goperiid (1961) and Potter (1958) both
i

related the prognosis to the previous history and
I

agreed that the more severely affected the baby was,

the morse the prognosis in general. After a stillbirth

due to haemolytic disease the chance of a live infant
.!

was between 10 and 25 per cent despite active intervention
|

and exchange transfusion. Townsend and his colleagues j

(1961) reached similar conclusions having 'grouped' their

patients in a similar manner.

The routine genotyping of the blood of husbands of
j

Rhesus negative women has been advocated by Aaro (1959),;
I
I

and Boronew (1961) recommended this as a routine in

every pregnancy. Roy (1959) suggested that the

husband's genotype should be identified and proved

by examining the blood groups of other children in the

family. There is a small but definite error in the

determination of the genotype, because anti-d antisera

is not available for testing, and this may be of some
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importance as it is frequently information about the

zygosity of the Rhesus complex which is most required.
|

Also the genotype of the husband does not identify

the blood group of the foetus in uter© in a current i

pregnancy.
| i

Diamond, Vaughan and Allen (1950) found that j

male infants were more susceptible to severe haemolytic ;

disease of the newborn than females, and this was

particularly so if the infant was immature. Armitage

and Mollison (1953) agreed with this finding in their

analysis of the M. R. C. trial of management in Rhesus
i !

isoimmunisation. Knox, Murray and Valker (1961),

however, were unable to associate the sex of the infant i
i

with the severity of the condition in their large seriesi
i

The value of radiography in the diagnosis of
i

severely affected infants was referred to previously. !
-

Some other workers, notably Soperud" (1961), have j

attempted to diagnose an affected infant by x-rays '
with varying degrees of success,

i i

In the literature, reference has been made from

time to time to the apparent association between

pre-eclampsia and blood group incompatibility. More
; !

recently Campbell (1955) stressed the importance of

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 to do so when pre-eclarapsia
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was present and the patient gave a history of a previous !

stillbirth as a result of haemolytic disease. They

found that the risk of hydrops in these circumstances

was considerable. Knox, Murray and Walker (1961) found j
that the risk of Rhesus sensitization increased with the

severity of associated pre-eclampsia. Scott (1958)

found that pre-eclampsia was not more common in patients |
with Rhesus isoimmunisation than in a control group,

but that 50 per cent of patients with hydrops foetalis

developed pre-eclampsia. Generally the pre-eclampsia

was severe and developed comparatively early in

pregnancy. He postulated that this might be due to

over-distension of the uterus with an accompanying

alteration in placental function. He noted that in

hydrops foetalis the cytotropheblast cells persisted

in late pregnancy and this observation was confirmed

by Crawford (1959), The placenta was over-active

and an increase in the production of chorionic

genadotrophin had been found. Scott suggested that

the pre-eclampsia associated with these conditions might

bo the result or the cause of over-activity of the

genadttrephin-producing cells. Speck (i960) described j
I

a case in which the patient had had eclamptic fits at i

16 weeks gestation. She was known to have Rhesus antibejdies
as a result of a previous incompatible transfusion. j
Hy s te r otorywas performed and the placental tissue j

was vascular and ©edematous, but it did not resemble j



: a hydatid!form mole. Jaffcoate and Scott (1959) j
I had found that when the ratio of the placenta to the

| foetus by weight was over 0.7 (approximately lil-J- or j
j I
less) the incidence of toxaemia was 80 per cent. j

j . !
I Leirine (1944) had referred to toxic symptoms

developing in the mother when the foetus became

hydropic in utero. O'Driscoll and Lavalle (1955) and
!

| Goedlin (1957) have described a 'maternal hydrops
i i
| syndrome' in which a pregnant patient with Rhesus j
j antibodies in her circulation develops oedema, hypertension

j and albuminuria, along with hydraranios, skin irritation j
I

i and absence of foetal movements. These features usually;
j I
! occurred immediately prior to the death of the foetus in i
| i

I utero and persisted to a varying degree until delivery.
!

I The mechanism was not known but it was presumed that
!

| the placenta was being overwhelmed by bilirubin and oedema.,

as a result of the anaemia and foetal cardiac failure, and

when it failed, it poured fluid into the amniotic sac,

bilirubin into the maternal circulation and possibly

gonadotrophin also with resultant pre-eclampsia. Vaughan
|

(1959) also referred to the 'maternal hydrops syndrome' j
|

i and drew attention to the risk of hypofibrinogenaemias j
| |
j developing when «n intra-uterino death occurred.
'

i

It is logical to consider examining the amniotic
j

I fluid when an attenpt at predicting the severity of
; I

; haemolytic disease is made. The fluid and membranes are

'part of the foetus and are in close contact with

him, therefore products of metabolism, which are not
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rem*red from the circulation by the placenta, may be j
excreted Into it. |

In 1945, Yitebsky and Mohn reported that A and B

group-specific substances had been found in the liquor

(and in other body fluids) when the woman was a • secret®:?1,

a property which was inherited by a dominant gene. The

Rhesus factor, however, was thought to be limited to

the red cells and was insoluble in water. They had
i

found that the group of the child and not the mother
:

determined the group-specific substance in the liquor,
i
i

and the Rhesus substance could also be determined. !
j

.

|
They suggested that severely affected infants might be j
nen-secretors of Rh substance but this has not been j

|
confirmed. j

Westin, Lind and Teger - Nilsson (1960) examined j
the liquor in early pregnancy in legally induced i

abortions, and calculated the electrolyte and protein con¬
tent. Sodium and potassium were found to be present j
in the same concentration in liquor as in maternal |

nlasma but higher in foetal plasma. The concentrations! of
i

calcium and protein were lower in the liquor than in j
maternal or foetal blood.

Oram (i960) considered that liquor was a transudate
i

from the maternal vessels and from the foetal circulation,

and also a secretion by the amniotic epithelium. Oram

found that foetal urine contributed to the liquor and

that it was possible to calculate the electrolyte

concentrations and turnover. Hydramnios 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 liquor. 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.

Bewis (1956) published a report on blood pigments

in haemolytic 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 haemolytie disease.

The bilirubin found was mainly indirect-acting, but

up to 20 per cent direct-acting bilirubin had been

found. Bewis (1952) had previously described the

technique of obtaining liquor 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 plotted on

a logarithmic scale against the wavelength of light

transmitted through the liquor. The shape of the curve

produced on the graph was a qualitative identification

of the substances present, and the vertical height of th*

curve a quantitative indication of the concentration.

The concentration of bilirubin is measured as optical

density at 460 myu.

Walker (1957) used this method for the prediction

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 considerably,

(91 per cent). Prediction of the severity of

haemolytic disease was not mentioned in this report,

nor the management of patients after prediction.

Walker did state that the test was safe and fairly

simple and if bloo d 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 (i960) described his technique!

of amniocentesis and the complications he had
I

encountered during 200 tests. He had difficulty

in obtaining liquor when the placenta was anterior

and if the foetal back was anterior. He reported

premature spontaneous labour in 7 patients and 2 foetal

deaths from infection. Other investigators < (Carey (I960)),

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 Ehesus

isoimmunisation.

Macbeth and Robertson (1961) obtained liquor from

a point between the anterior shoulder and the occiput

of the foetus and performed two tests during a pregnancy

complicated by Rhesus isoimmunisation. This site differs

from the one used by Bevis and Talker and is rather near

the foetal head. Beryls *-n& Talker aspirated liquor

from the side of uterus opposite to that occupied by the

foetal spine, and at about the level of the umbilicus,

so 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

tests and commented that if he obtained blood on

paracentesis, this was examined to determine its origin -

foetal or maternal - and the blood group. His findings

on examination of the liquor were similar to Walker's

(1957) but he found it beneficial to carry out 2 or more

tests and fcasedhis prediction on the height of the optical

density at >4 50 a^u 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

4BQ tji 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 &S; predicted

was a 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-affected1

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 liquor when deciding

the optimum time of induction. Mackay pointed out
!

that there were other causes for the presence of j

bilirubin in the liquor, such as rarer blood group j

incompatibilities and chromic intra-uterine hypoxia. I
!

Walker and Jennison (1962) reported a further seriejs
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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-photometrie estimations in predicting the

severity of the infants.

A preliminary report on amniotic fluid studies in Rh

women was published by Beecham, Mo1than, Boutwell and

Bohrbeck (1962) but they were not impressed by the

results of these tests. They attempted to evaluate

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 arainopeptidase.

They did not carry out spectrophotometric analysis,

however.

Moncrieff (1960) condemned paracentesis as he felt

that a marked rise in antibody titre could occur following

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

frequently when no paracentesis was performed.

Mackay (1961) studied the protein content of the

esus sensitized
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liquor and found that this was increased when the infant

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 liquor

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

bilirubin was found by Wild to enter the liquor bound

to the serum albumen, and as the foetal bilirubin

was invariably found to be higher at btrlii than the

liquor bilirubin at 31 weeks, the liquor bilirubin and

protein were probably derived from the foetal serum.

Unlike Liley (1961) 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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haeraolytic disease. The antigen concerned was h?'

or c and although he considered that this was a weak

stimulus, Grundorfer felt that it was dangerous to give

'Rhesiis negative' blood to Rhesus positive patients.

Wiener, Wexler and Brancato (1956) considered that ht;'

or c was the most common antigen causing isoimmunisation

after Rh0 or D and the ABO groups. They pointed out

that anti-b antibodies might not be detected by the

Coombfc 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. ©oronow

(1961) reported 3 patients who had anti-C antibodies,

2 of whom had had previous transfusions. The third

patient had no transfusions but a previous infant had

required exchange transfusion.

Additional antigens were described by Uourant

(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 new, antigens, called f and V were in fact

C and e, and c and eS. 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.
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| 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*

These workers suggested that the antibody might have been

directed at the substance which forms the basis of all

the Rhesus antigens. In 1959, Duns ford 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

findings in the infant at bilth suggested a haeftolytic

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

j 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

claiming success for their Rhesus hapten therapy. This
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substance was extracted from B-hesus positive blood,

and administered intramuscularly, preferably before

the start of a pregnancy, and continued daily

throughout pregnancy. During pregnancy the dose was

increased 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 infant 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 antigens - Hackel, Smolker and

Fenske (1958) showed that anti-Rhesus sera (anti-D,

C and E) was specifically inhibited by a number of

ribonucleic acid derivatives, suggesting that

Rhesus antigens were partly nucleotide in

composition. Hackel and Spolyar (I960) further

showed inhibition of anti-c and anti-e antibodies 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 leas 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 antigens 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-mannoee and D-gulose*' weakly but

specifically inhibited agglutination of Rhesus

positive cells by anti-D serum. They concluded that

the D- receptor of Rhesus positive red cells contained,

as a terminal unit of the active portion, one of the

'unnatural*1 hexoses> or their derivatives. Anti-D

was also inhibited by streptomycin and rutinose.

Sialic acid had been suggested as an inhibitor by

Dodd, Higley and Geyer (1960) but this was not confirmed

(Springer et al (1961)). ®f possibly more practical

importance was the report by Boyd and Reeves (1961)

that colominic acid, produced by certain strains of

E. coli imhibited anti-D in relatively low concentration,

As this substance was reported to be non-toxic and non-

antigenic (Bariy (1958)), boyd and Raeves thought that

it might be of value 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 Jacobi;

(195G) that bioflavonoids might prevent this damaga

and the increased capillary fragility in the baby.

In 6 patients the results were encouraging and the

treatment was still being given in 1959 (Jacobs (1959A),

A novel approach was that suggested by Fipn 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 he transferred to a hospital which

has experience in exchange transfusion techniques if

haemolytio 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

expeoted date of delivery is that as the foetus is

affected by haemolytic disease and is in danger of

dying in utero from hydrops foetalls, it is safer to

deliver the baby when his maturity gives him a better

ohance of survival than the uterine environment does*

The difficulties are that one oan never be absolutely

sure that the infant is affected by haemolytio disease*

that the severity is such that death from hydrops

foetalis is likely and that the induction will be

completely safe and satisfactory*

Mollison and Walker (1952) reporting on the results

of the Medical Research Council trial showed that

induction reduced the number of stillbirths but

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 gravis

neonatorum.. 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 end 36 weeks gestation if
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a previous infant had heen very severely affected#

Early induction increased the risk to the infant of

kernicterua and vas condemned in an annotation in the

Lancet (1954)*

Evans (1954) was in favour of •preterm* induotion

of labour as opposed to premature induotion# because

in the latter the dangers of prematurity outweighed

the advantages of early delivery* He therefore

advised induction after the 36th week if a previous

infant had been stillborn or severely affected* If

the husband were heterozygous* Evans; considered that

medical induction only was justifiable* Watson#

Crosse and Hatchuel (1954) recommended premature

delivery if a previous infant had been severely

affected* but they felt that each case must be treated

individually on its merits*

In Australia* a policy of induotion in patients

with Rhesus isoimmunisation was being carried out in a

number of centres* Campbell (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

Valker (1952)* In the spontaneous groups the

mortality was the same - 24 per oent* while in the

induced group* the Australian mortality was 10 per cent

and the trial mortality was 36 per cent* The timing

of induction depended on the height of the antibody

titre*
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Walker, Murray & Russell (1957 a 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 prematurity* The

authors reoommended induction only to prevent a

stillbirth, and then only if the husband was

homozygous Rhesus positive* They had been unsuccess¬

ful in delivering more than one live-born child after

a stillbirth* Fisher (1957) induced labour for the
i

same reason as Walker et al - to reduce the foetal

mortality from haemolytio disease - and his results

showed that induction reduced the mortality despite

the fact that the severity of the disease was greater

in the induced group* He also emphasised that each

pregnancy should be oonsldered 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

i 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) induoed labour before term depending

on the antibody litres 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* Digue

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) reoommended 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 kemioterus 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/induction 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 diffioult to make,

but induotion was justifiable if stillbirth was expected*

Jacobs (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 (I960)

reported 3 cases in which planned early delivery with

multiple transfusions was suocessful in severe haemolytie

disease* They also stressed that each instance of

maternal Rhesus sensitization must be individually

considered for early 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 liquor amnii and the genotype of the

husband, as induction was only performed if a Rhesus

positive infant was anticipated* The authors

commented on the difficulty they had in some oases

in deciding the exact maturity because of the doubt

which some patients had as to the date of the commence¬

ment of their last menstrual period* This was

obviously of importance in deciding the optimum time

for induction*

Norman (i960) recommended the induotion of labour,

even early induction, and MoClure Browne (i960)

suggested that routine induction at 38 weeks was a

worthwhile practice as the foetus gained little in

size and a number of stillbirths and severely affected

infants would be avoided* Rlgbsy et al (1961)

favoured early 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 transfusion*

Gairdner (1961) was in favour of early induction

to lessen the time of exposure of the foetus to the

antibodies, while Goplerud (1961) advooated induction

at 38 to 39 weeks if there had been no previously

affected infant, and 37 to 38 weeks or even earlier

if a previous death had occurred.

Jouvenceaux, Brisard, Miehaud 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 Caeaarean 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

oases* 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* Vaugfaan

(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 oocurrenoe of kernicterus. Krieger

(1955) had also drawn attention to the possibility of

the foetal cells being coated with antibodies and being

unable to react with the testing serum, thus giving a

* false* Rhesus negative result, when the group is

Rhesus positive. Mque 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 was 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 important* Ho one method has been

generally accepted, and there are individual criteria

for the carrying out of exchange transfusions. Brody

(i960) based his assessment of foetal severity on the

level of bilirubin in mg. per cent at birth and after

exchange transfusion, and he also pointed out that the

plasma cholinesterase activity was depressed. Rieroe,

Rigor and Luken (1958) assessed severity at birth and

later by estimating the cord haemoglobin and the

Coomb's test, and relating this to the clinioal condition

of the infant, inoluding his colour and the time at

which jaundice appeared. Walker and Beligan (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 Jenniaon (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 weeks, and they tended to

assess the severity by the number of exchange trans¬

fusions required.

The indications for exchange transfusion were

stated by Walker (195&) to I"3 the treatment of anaemia

and the prevention of kemicterus. If the serum

indirect bilirubin concentration was seen to be rising

at the rate of 1 mg« per 100 per hour and was in

danger of reaching 20 mg. per 100 ml., kernicterus

would be likely to occur unless the concentration was

reduced by exchange transfusion* Repeated transfusions

were sometimes necessary to keep the bilirubin

concentration below the dJanger level* Claireaux et al

(1953) and Yogel (1953) bad shown that indirect

bilirubin could cross the blood-brain barrier and be

taken up by brain cells which had been damaged by anoxia

and anaemia* This gave rise to the yellow staining

seen on post mortem examination. Wiener (1959) also

quoted 20 mg. of bilirubin per 100 ml. of serum as the

accepted upper limit and performed exchange transfusion

to keep the bilirubin level below this* Simple

'top-up* transfusions were given when the haemoglobin

level reached 45 to 50 per cent (approx* 7 to 7*5 g*

per 100 ml*)* 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 ahout the value of

exchange transfusion as opposed to simple transfusion*

Exchange transfusion was advocate! by Allen et al

(1950b), and Mollison and Walker (1952) and Armi tags

and Mollison (1953) showed the definite advantages of

this procedure in the National 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 bilirubin* Campbell (1953) stressed

that a severe anaemia and a high bilirubin could both

be treated well by exchange transfusion* Kelsall and

Vos (1955) prefered to give a larger volume of blood

than the 80 ml* per pound of body weight recommended

by Walker and Meligan (1955)» and tried to avoid

repeating the prooedure* Wiener (1959) has always

carried out the transfusion by the saphenous vein and

radial artery* Most paediatricians, however, have

favoured the umbllioal vein for the procedure* Wiener

also recommended that blood be cross matched with the

mother's blood and administered to the infant without

cross-matching*

Wiener, Wexler and Branca to, (1956) considered that

two exohange 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 keep

the serum bilirubin below 20 mg. per 100 ml. Vaughan

(1959) also referred to the value of exchange transfusion

in keeping the bilirubin level low and thus preventing

kernioterus.

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

number remaining constant. This growth prooess took

place at the edge or fringe of the ootyledon 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. In 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 hypertrophy 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

haemolytic disease* They noted a decrease in the

average diameter of the chorionic villi) the largest

being found in the plaoenta of hydropic infants* while

the immunised women with normal infants unaffected by
-N-V.v.

haemolytio disease* had villi of normal sise* The

ratio of placenta to foetus by weight ranged from

ltl to li 3» 5 in hydrops foetal is »*Jfrom It 3»5

It 4*3 when the infant died as a result of haemolytio

jaundice, and from It 4*4 to 1* 5*4 in patients with

haemolytio disease with a favourable outoome* In the

clinically unaffected group the ratio was the same as in

the controlt group, ranging from It 5*8 to It7*

Goplerud (1961) found that in hii' series when the

plaoenta to foetus ratio was less than 1 in 4* the

infant died* Exceptionally- the infant was so immature

that the placenta to foetus ratio would normally have

been less than It4* whether haemolytio disease was

present or not*

Walker and Heligan (1955) laid down certain

criteria which they thought could be used as a basis

for comparison of the severity of haemolytic disease

in different series* 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 bom alive with haemolytio 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 Bhesus negative infants bom to

immunised mothers* To the obstetrician all these women

presented a problem of management* Be had a stillbirth

rate of 20 per cent in his series and accepted this as

inevitable^ while 5 per cent of infants were bom alive

but died within 24 hours*

Walker and Murray (1956) found a stillbirth rate

of 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 cent, but after a

stillbirth, the risk was 68 per cent* Walker, Murray

and Russell (195Tb) stressed that it was difficult to

calculate the incidence of stillbirths due to haemolytic

disease unless the overall incidence of haemolytio

disease was 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) Bad 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*

Potter (1958) studied a large number of case

records and ooncluded 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 he

improved by more vigorous and active treatment. In

1958 Valker went further than previously and stated

that, with adequate care, the neonatal mortality rate

should be as low as 6 per 1,000.

jTaoobs (1959®) calculated that, in'first affected'

infants, the survival rate should be 95 P*r 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 hopeless. Townsend et al (1961) divided their

cases into 3 groups, - 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 por cent of Rhesus positive infsuits.

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 explained. As regards the management of

immunised patients, the technique 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 - 10-13

per cent in most series, or 300 each year - England and

Vales (Lancet 1958) - and despite a number of promising

lines of research, 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 so that he is removed early from

exposure to antibodies and takes his 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

induced. Unfortunately the means of ensuring that a

stillbirth will oocur 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 oonsidered 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

spectrophotometrio and although there have been some
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false results reported, the prooedure has proved to he

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 circumstances

and without much hope for the infant, is induction

likely to be of value before 35 to 36 weeks gestation.

Routine induction at 37 &nd 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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Ill PRESENT INVESTIGATION - MATERIAL.

METHODS AND RESULTS.

The patients who have been studied in the present

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 19&2 and whose blood has

been examined for the presence of foetal red blood

cells* The second group is muoh larger and includes

all the women who have attended the Simpson Maternity

Hospital during the period 1956 to 1962* and in whom

Rhesus antibodies have been demonstrated or who have

given birth to an infant found to have haemolytic

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 195$* 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*

Routinely 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 Transfusion Centre for the presence of

immune antibodies* If an abnormal or unexpected

agglutination reaction occurs 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 Coombs' serum and red

blood cells have been carried out, giving a quantitative

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 in quantitative 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 patients at the 32nd and usually the

38th weeks of pregnancy* and are screened for antibodies

in the same way* 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 jaundice* If no antibodies are

detected in these patients* no further action is
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isoimmunisation, hut if the infant after delivery*

shows any sign of developing ioterus gravis neonatorum*

blood 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*M*M*P** and

arrangements are made for further investigation of the

patient* If the antibodies are detected early in

pregnancy* a further specimen of blood may be taken at

about the 20th week for antibody titre estimation*

Also a convenient date at about 34 weeks gestation is

arranged for performing a uterine paracentesis to

obtain amniotic fluid for spectrophotometric analysis*

If possible* arrangements are made to test blood from

the patient's husband* Blood is taken off at the

hospital or by the family general practitioner and is

sent to the Blood Transfusion Centre for ABO grouping

and Rhesus genotyping*

After analysis of the liquor* and after the previous

history of the patient with regard to Rhesus isoimmuniz¬

ation have been scrutinised* the Rhesus genotype of

the patient's husband and the level of and changes in

the antibody titres have been studied* the clinical

oondition of the mother and foetus has been ascertained

and the radiological appearance of the foetus and

placenta has been examined* a prediction i3 made by me

as to whether the infant is affected or unaffected by

haemolytic disease* the severity of the disease and the
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This prediction is then passed to the Unit under vhose

oare the patient is being confined and the management decided

upon after consultation between the members of the obstetric

and paediatrio staffs* The method of induction used and the

management of the patient*s labour are decided by the

obstetrioal unit concerned and the treatment of the infant by

the appropriate paediatricians* At birth cord blood is

obtained and sent to the Blood Transfusion Centre for ABO and

Rhesus grouping, direct Coombs' test and estimation of serum
(1937).

| bilirubin, by the method of Molloy and Evelyn (modified)* The

haemoglobin content of the blood is also determined* Blood is

made ready for exchange transfusion if this is indicated*

The S*M»M*P» receives patients from Edinburgh and the

surrounding distriots through its own Booking Ante Natal Clinic,

but patients with obstetric complications including Bhesus

isoimmunisation are also referred from the Eastern half of the

Scottish Borders area including Hawick, Galashiels, Jedburgh,

Duns and Berwick-on-Tweed* A oonsiderable number of patients

with Bhesus isoimraunlsation are to be found in Fife and

patients are referred to the S*H*M*P* from East Fife, because

| the Maternity Hospital in that region is not equipped to carry
j
out exchange transfusion in an emergency, should this be

necessary*

In the series of patients with Bhesus isoimmunisation

(Table I) approximately one-third of the patients live in Fife*

As occasionally patients with Bhesus isolmmuniBation 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

Tear
dumber of
Mothers

(a)

Number of
Abortions

(b)

Number of
Abortions
with haemo—

lytic disease

Number of
Twin

Pregnancies
(c)

Number of
Viable
Infants
(a-b + c)

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 6 3 1 77

TOTAL 550 30(5$) 16 12(2$) 532 (97$)

TABLE I Patients with Rhesus Isoiinmunisation delivered in

Siapson Memorial Maternity Pavilion, Edinburgh.
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or outside the area* the incidence of haemolytic disease in

this Region is diffioult 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 light on this*

During the 7 years under review* (Table I) the numbers

have been gradually increasing to an exceptional '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 clinio*

During the 1 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 selected group*

| In Table III the patients in the whole series are
j
| classified aooording to their age and parity and as migfct be

expected with a condition ooourring almost exclusively in

multiparous patients* the highest incidence was the 'Para I*

and'Para 2' groups) and in the age groups 25-29 and 30-34* In
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TABLE II

Primigravid
patients

Multiparous
patients

Total

1 y 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 —— 4.1/6 of parous admissions.

TABLE II Numbers of p^imigravid 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 •P\ra 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

25 - 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 6 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 'abortion1 is considered

a 'pregnancy' for calculation of parity.)
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fable IV are detailed the age and parity of women in whom

antibodies were detected for the first time, and 39 P®r 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 referred to again. The age group with the

maximum 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 the 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-eclampsia, the chance of the

patient having a healthy living infant in a subsequent

pregnancy is greatly reduced*

In presenting the results obtained in this series,^various
methods of grouping of the patients have been employed and these

require definition*

i* 'Booked* and 'Not Booked'•

As it is considered unlikely that an infant will survive

if delivered before 34 weeks gestation with haemolytio 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

pregnancy* Some of these patients had been attending the
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TABLK IV

Age Primigravida •Para 1' 'Para 2' 'Para 3' •Para 4' 'Over Para 4* Total

Under 20 1 0 0 0 0 0 1

20 - 24 3 33 18 G 1 0 61

25 - 29 1 49 34 8 5 6 103

30-34 3 31 22 17 6 10 89

35 - 39 0 7 10 a 6 11 42

Over 40 0 2 4 3 3 5 17

TOTAL a 122 88 42 21 32 313

TABLE IV Patients with no previous history of Rhesus Isoimmunization

by age and parity.

(Note:- In this table, an 'abortion* is considered a 'pregnancy*

for calculation of parity).
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TABLE V

Severity
of

Haemolytic
Disease

Primi gravida •Para 1' •Para 2' •Para 3' 'Para
•Over

4' Para 4' Total

Unaffected 1 14 13 6 3 13 50

Mildly
affected 2 31 16 16 7 3 80

Moderately
affected 2 49 43 12 7 8 121

Severely
affected 2 13 9 3 3 0 30

Stillbirths
and Neo-
Natal
Deaths -

due to

Haemolytic
Disease

1 10 4 5 1 1 22

Abortions
and
Infants
Not
Tested

0 5 3 0 0 2 10

TOTAL 8 122 88 42 21 32 313

TABLB Y 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).
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Hospital Clinios from early pregnancy, while others had

intended to he confined tinder the care of their own doctor or

a smaller hospital, and ante natal supervision had heen

undertaken elsewhere* When antibodies were detected, the

patient was referred to the S.M.M.P. In 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 hospital in

labour* In such cases, if maternal blood had not been tested

during the pregnancy, cord blood was sent for testing routinely*

ii, grouping by Previous History of Rhesus Isolmmunlsation*

group It- 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 blood*

Group II»~ Patients known to have had Rhesus isoimmunisa-

tion in one or more previous pregnancies, but

all the affected infants had survived*

Group Hit- Patients with Rhesus isoimmunisation in a

previous pregnancy, but on at least one occasion

the infant had been dost because of haemolytic

disease - either a stillbirth or neonatal

death* These patients were grouped together

because the numbers with previous stillbirths

and neonatal deaths is small*

The grouping suggested by Goplerud (196I) has been used,

his Groups III and IV being combined as Group III in this

classification* 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
i
i been stimulated by an incompatible transfusion is small#
i

! iii# Severity of Haemolytio Disease#
i ■

Unaffected!- The Rhesus group of the infant is the

same as that of the mother in all

respeots, or if different, the direot
i

| Coomb's test on the infant's blood is
I

negative, and the infant is clinically
|
| unaffected#
i Mildly affected!- The Rhesus group of the infant differs from

that of the mother and the direct Coomb's

test is positive or there is clinical

evidence of haemolytic disease, but no

treatment is required in the form of

exchange or * top-up' transfusions#

Severely affected!- The infant is serologically affected with

a very low cord haemoglobin - anaemia

group - or the indirect serum bilirubin j
J

rises rapidly - hyperbilirubinemia

group - usually more than once, to 20 mg#

per cent# or over, despite exchange
I

transfusions# The infant survives the j
i

neo-natal period#

Moderately affected!- The infant is affeoted by haeraolytic i

disease and requires treatment, but is not 1

i
as severely affected as the 'severe'

I

group#
i

Rhesus deaths!- The child is stillborn and haemolytic



Other deaths»-

Rhesus abortions!-

Othersi-

i1$.

disease confirmed "by post mortem

examination as the cause of death or a

very important contributory faotort or

the child dies in the neonatal period

from haemolytio disease or from a cause

directly associated with exchange

transfusion*

The infant is stillborn or dies in the

neonatal period as a result of a condition

unrelated to haemolytie disease or its

treatment, even although haemolytio

disease is present*

Post mortem examination of the abortus

shows definite evidence of gross

haemolytio 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

haemolytio disease*

This classification ice not ideal but is a practical one*
I

The distinction between •unaffected' and 'mildly affected' is
1

unimportant from the point of view of management 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

paediatrician regarding the indications for exchange transfusion*

In many tables ia this thesis} the two are grouped together*

There is also some dispute about the severely affected group*
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If the cord haemoglobin is very low, the infant is severely

affected, hut unless kernicterus develops, the 'high bilirubin*

group might not be considered to be severely affected* As the

aim of treatment, obstetrical and paediatric, is to deliver

living infants who survive the neonatal period, both 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

j
time of delivery, the foetal birth weight, the foetal |

I
haemoglobin at birth and subsequently and changes in the level !

I

of bilirubin* The treatment seems to be a fairly good guide j
and although it is of no value in comparing the results with

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 transfusion) any mechanism which might prevent a patient

being immunised, prediction of the severity of haemolytic

disease before the delivery of the infant, the advantages and

disadvantages of induotion 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 illustrating

difficulties in prognosis or treatment are quoted*

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

j
It has been established that foetal blood cells can be

; detected in the maternal circulation (Zipursky et al 1959)»
! !
i Finn et al (1961) and Wimhofer et al (1962)* Although j
! !
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Buoknagel and Chemoff (1955) suggested that foetal haemoglobin

deteoted in maternal hlood might he 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 faot 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(l954) Aaro (1959)# Kelsall, Vos and

Kirk (1959) Reilly (i960) and Kn'oz, Murray and Walker (1961)*

However, Lawrence et al (1956) and Hovel1 and Taylor (1961) were

unable to find such an association*

Zipursky et al (1959) described a modification of the

method of Kleihauer et al (1957) 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 circulation

during pregnancy*

a* Material and method*

Initially a few patients who had developed antibodies

during their pregnancy were selected and blood was examined from

them* More recently, a group of patients - any primigravida,

and also multipara who were known to be Bhesus negative and to
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I have no antibodies - were chosen at 'random' from

i

| Booking Ante Natal Clinic and blood was obtained at
| their first visit (before 20 weeks gestation), at 20
i

| weeks, at 28 weeks, 32 weeks and 36 weeks* Blood was
)

| also obtained during labour, after delivery, in the
I 1
| puerperium and in the post natal clinic, and umbilical j

; cord blood was obtained for ABO and Rhesus blood
!
! grouping.
I

Peripheral blood was obtained from an arm vein and
j

I

clotting prevented by potassium oxalate orystala
| " 1
in the tube. In the laboratory the blood was j

initially diluted by 3 times its own volume of normal

| saline, and a blood film made on a slide. After the
1 i
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 J
K2 HP04 and 0.18 M citric acid, PH 3.4 - 3.6 at 37°C.).

1

The film was then stained with May-Gruenwald stain and j

washed until all the visible stain had been removed. j
After drying, the slide was examined under the low j

i

power lens of the microscope. Foetal cells were seen j

as pink-staining refraetile cells among erythrocyte j
!

•ghosts', and the slide was scanned for 3 minutes, a
!

count being made of the number of foetal cells seen in

that time. At least two slides were made from each 1
1

patient. |
!

The technique was later modified so that the blood j

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

minutes* We found that it was unnecessary to stain

the slide, (Figure l), and that oounting of the cells

with refraetile(nuole;pwas easier under high power.

Counting was carried 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'8 'score'.

A third small group of patients have had hlood

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 'leakage' of foetal

cells into the maternal circulation, and these studies

are continuing.

b. Preliminary report on Results obtained.

The number of cases in which the investigation is

complete is very small and the only reason for the

inolusion of these results in this thesis is to indicate

a study which might in time yield some significant

information. Two interesting oases are also described.

In the small group of patients known to have Rhesus

isoimmunisation, foetal cells in any appreciable number

were only found in one patient (Mrs. G.A.). 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 circulation rapidly by the antibodies already
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present. The exception was a very interesting case.

Mrs. 0.A. was a primigravida aged 34 and was in

Australia when she became pregnant. Antibodies were

detected when she first attended the ante natal clinic

at 23 weeks gestation, the albumen titre being

recorded as 1 in 512. She was found to be Group 0,

Bhesus negative, while her husband and infant were

Group B, Bhesus positive. Foetal red cells were

recorded in the materhal circulation at 30 and 32 weeks

gestation, the 'scores* on both occasions being about

! 150 (148 and 15l)* 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 spontaneously

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 It 2.5* The cord haemoglobin was 10.2 g. per cent,

and the cord serum bilirubin 6.85 mg. per cent,

indicating that some haemolysis had occurred. No
i

other placental abnormality was noted.

This patient had had no injections or transfusions
; 1
of blood, but had received gamma globulin to prevent i

; j
Rubella infection. It is, therefore, likely that !

I j

; primary sensitization and immunisation ooourred during
j j

| the first pregnancy, and caused the infant to be j
i severely affected by haemolytic disease.



•31-

In the second group, studied during pregnancy,

15 patients have now heen delivered. Ten of these

were primigravida and were subsequently found to he

Rhesus positive. Although 4 patients were reputed to

have a score of 9 or 10 at their Booking Clinic visit

(8-14 weeks gestation) the soores were generally low in

early pregnancy* The highest soores obtained 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 was 0-«2 but in the last trimester

the number ranged from 6 to 136. These patients wore

all Rhesus negative 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 RhesuB

antibodies. One patient developed antibodies during

her pregnancy.

Mrs. E.W. was Group 0, Rhesus negative, and her

first infant, who weighed 11 pounds 10 ounces (5270 g.)

had been delivered by ventouse extraction 2 years

previously. This child was group 0, Rhesus positive,

and the direct Coomb*s test was negative. In her

second pregnancy, no antibodies or foetal cells were

detected at 6 weeks gestation 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 accidental haemorrhage at just over 30 weeks
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gestation, and immediately after this, antibodies were

found in her blood - the albumen tltre was 1 in 512

and the antiglobulin titre 1 in 80* At 32 weeks

gestation, no foetal cells oould be seen in the maternal

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.)* The

placenta weighed 2 pounds 3 ounces (990 g.), a placenta

to foetus ratio of 1»2*75« The antibody tihre

remained high after delivery, and no foetal blood cells

were found in the maternal circulation 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 0, Rhesus positive,

with a probable genotype of CDe/cDB» and the patient

had antibodies to C and D* A transplacental haemorr¬

hage seems likely in this case, possibly associated

with an undetected mild degree of accidental haemorrhage*

The 'clinical* accidental haemorrhage may have been the

result of isoimmunisation with hydropic changes oocurr-
to

ing in the placenta and predisposing/its separation*

After immunisation, foetal cells were removed from the

maternal blood*

It can be said from these few eases that foetal

cells certainly enter the maternal circulation during
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Figure 2. X-ray - hydropic intra-uterine death with
•halo1.
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pregnancy, and if the patient is Bhesus negative

antibody formation may result. The presence of foetal

cells in the maternal circulation in a Bhesus 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 occurs may he 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 priraigravid patients

and 6 multipara. Three patients were delivered by

forceps and 1 gave a score of 3 afterwards. One twin

delivery has been studied, the first infant being

delivered by forceps 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. In 1 of 3

patients delivered by Caesarean seotion, the 'score*

was high (76) before the operation oommenced, and rose

to 103 after the plaoenta had been delivered. The

patient was Bhesus positive and no antibodies were

detected. The results obtained 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

i
delivery and nay be related to the labour - normal or

•abnormal* - more than to the actual method of delivery.

The third stage of labour may also be very important*

2. Results obtained in Patients with Rhesus
Isoimmunization*

1

j
The overall results obtained in the series are |

presented in Table VI* The stillbirth rate among

viable infants in the series is 7*3 Per cent and among

affected viable infants (infants unaffected by haemolytic

disease and those not tested being excluded) it is 9 per

cent* 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 comparison is valid unless the number of

severely affected infants is also compared* 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

disease* Details of these 13 are given in

Table VII. !
I

!

| It is necessary to blame the management of the
I

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

j the patient was left for one week, before other measures
! I
were taken to bring about delivery* The infant was j

i

| moderately affeoted 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 (6) 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
disease

39 7.3 9.0

Percentage of
live births
(490)

Percentage of
affeeted
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 viable infants 532

TABLE VI Foetal results in the series.

(Note - figures in brackets = 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 ?36 weeks. Spontaneous onset.

1 'Anoxia' at 39 weeks. Spontaneous onset.

Neonatal deaths 10-3 Unaffected -

1 Prematurity; under 2 pounds. Spontaneous onset.

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

1 'Anoxia'.

3 Mildly affected -

1 Hydrocephalus.

Induction of labour*

Spontaneous onset.

1 Respiratory distress
syndrome.

Induction of labour
(for antepartum
haemorrhage).

1 Congenital diaphragmatic
hernia.

3 Moderately affected —

Induction of labour*

1 Lung abscesses. Induction of labour,
(delivered 7 days
after induction)

1 Congenital heart disease. Spontaneous onset.

1 Respiratory distress syndrome.Induction of labour.

1 Severely affected -
Hyperbilirubinemia,

Congenital abnormalities. Spontaneous onset.

TABLE TCI Deaths from causes other than haemolytic disease.
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pulmonary infeotion and lung abscesses. A second

patient was thought to have a moderately affected

infant and labour was induced at 38 weeks gestation.

>ln oxytocin drip was required after artificial rupture

of the membrane*,. and the baby died twelve hours after

delivery of 'anoxia*. The infant's blood group was

Rhesus negative and induction was unnecessary on this

ocoasion*

In neither case in which the infant died as a

result of the respiratory distress syndrome (Table VII)

was induction carried out because of Bhesus isoimmunis¬

ation.

3» Factors concerned with the Previous History of
the Patient.

It is very important to obtain as complete

information as possible about bloodr-tests, clinical

features and the foetal outcome in previous pregnancies*

when the patient is found to have Bhesus antibodies in

her blood. This was not always possible in the

present series* but if no information was available

about previous pregnancies it was neoessary 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 vlll. The fact that 50 patients had

unaffected infants in Group I is explained by the

assumption that the patients were sensitized in a

previous pregnancy (Knox et al (1961) and either that
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TABLE VIII

Severity of
Haemolytic
Disease

Group I Group II Group III Total
Other
deaths
(TableVlb)

Unaffected 50 (1)

Mildly affected 80 (3)

121 (1)
Moderately
affected

Severely
affected

Deaths due
to haemo¬
lytic
disease

Abortions and
infants not
tested

30

22

10

35 (4)

25

69 (2)

38 (1)

20

10

7 (1)
0

8

12

10

15

92

105

198

80

52

35

6

3

3

1

Total 313 (5) 197 (7) 92 (1) 562 13
taiIlk VI11 Foetai results by Groups.

(Group I - First 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 3

antigen, or that the husband (and foetus) does not

posess the antigen to which the patient has been

immunised in a previous marriage or by blood injection

or transfusion# Occassionally it was known that the

patient's husband was not the father of the child

concerned#

In Group 1, 30 infants (9*5 per cent) were

severely affected by haeraolytlc disease and 22 (7 per

cent) were lost because of it, a mortality rate of

8.7 per cent among affected infants, (fable IX)# fhis

loss occurred despite a more active policy of induction

during the last 5 years, and so it is never justifiable

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 III (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 haemolytio disease,

unaffected infants being included in these figures#

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

Mortality excluding
abortions

Mortality of infants affected
by haemolytic disease.

Group s Number of
infants

Poetal Percentage
deaths Mortality

FNumber of
j infants

Poetal
deaths

Percentage
Mortality

I 308 27 8.8 253 22 8.7

II 187 27 14.4 152 20 13.2

III 37 11 29.7 30 10 33.3

Tota i 532 65 12.2 435 52 12.0

TABLE IX Mortality rates by Groups.
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4» Blood group Incompatibility "between Foetus and
Mother In ABO system.

Levin* (1943 showed that Rhesus antibodies were

more likely to develop in women who lacked the natural

isoagglutinin for the red blood oells of their offspring

(homospecific pregnancies) than in others who have

isoantibodies (heterospecific pregnancies)* Seasons

for this were suggested by Wiener (1945)» Fisher (1954)

and Race and Sanger (1954) &s already stated previously*

The most favoured view - Race and Sanger - 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)*

Revanlinna and Vainia (1956) and Knox* Murray and

Walker (i960) considered that the important pregnancy

as far as ABO compatibility was concerned was the

'sensitizing* pregnancy - when the mother was sensitized

by foetal red cells - and that ABO incompatibility had

much less of a protective effect after sensitization

had occurred.

In the present series the compatibility of foetal

blood with the appropriate maternal blood (foetal cells

and maternal serum) is correlated with the foetal

result in Table X. 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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TABLE X

Group I
Total Unaffected

Mildly and
Moderately
affected

Severely
affected

Rhesus
deaths

Not
tested

Mother and baby groups
compatible

Mother and baby groups
incompatible

247

36

43

4

169

31

29

1

6

0

30

Total 283 47 200 30 6

Group II

Mother and baby groups
compatible

Mother and baby groups
incompatible

152

20

32

1

77

is

34

3

9

1

25

Total 172 33 92 37 10

Group III

Mother and baby groups
compatible

Mother and baby groups
incompatible

24

4

6

0

6

2

10

2

2

0

24

Total 28 6 8 12 2

Group Totals

Mother and baby groups
compatible

Mother and baby groups
incompatible

423

60

81

5

252

48

73

6

17

1

79

Grand Total 483 86 300 79 18

TABLE X Foetal results, by Groups, when mother and baby ABO blood groups
compatible and incompatible.
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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 group* In both Groups I and II, the

foetus is compatible with his mother in the severely

affected group many more times than might be expected,

suggesting that a» 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 muoh larger series

with less selection of cases to be statistically valid,

but a trend can be seen from the figures presented*
—

In Table Xl/ severity of haemolytic disease in each

case is correlated with the maternal ABO blood group*

The percentages in the different degrees of severity

for each group are compared with the known distribution

of blood groups in the whole population of this area of

Scotland (Mourant and Kopec (1958). It is seen that

in all degrees of severity there are more Group A

mothers and fewer Group 0 mothers, even in the unaffected

group, presumably reflecting the protection offered by

the mother's naturally-occurring antibodies in a

previous pregnancy# The differences were only

significant for the mild and moderately affected group

and for all the affected infants taken together.
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Maternal
blood

group

Percentage
distribution
for

Edinburgh

Percentage
distribution
for East and
North
Scotland

Unaffected
No.

Mild
and
Moderate
No.

Severe
and
Rhesus
deaths
No. 1°.

Total
affected
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 0 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
foetal haemolytic disease.
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5* Rhesus genotype of Patient*g Husband*

Whether the husband of the patient is homozygous

or heterozygous for the S antigen (or the antigen

against vhioh 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

D, 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 haemolytio 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 genotype is not accurate because there is no

anti«*d antiserum to permit identification of the *d'

antigen thus confirming heterozygosity. An intelligent

guess is all that can be made and with certain phenotypes

the chance of an incorrect genotype being reported is

quite high. In Table XII the foetal results by Groups

and genotypes is recorded. It will be noted that 12

patients had unaffected infants although their husbands

had been reported to be homozygous for the D antigen.



i tf 8.

TABLE XII

Severity of
haemolytic
disease

Homozygous
positive
husband.

Groups

Heterozygous
positive
husband.

Groups

Genotype of
husband not
known.
Groups

I II III Total I II III Total I II rn Total

Unaffected 4 6 2 12 20 20 4 44 26 9 1 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
disease
deaths -
Stillbirths 11 9 4 24 3 3 2 8 3 2 2 7

Neo-natal
deaths 2 3 2 7 1 2 0 3 2 1 0 3

Abortions and
not tested 2 3 10 15 2 3 2 7 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 Foetal Results by Groups.
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Proportionately more stillbirths and severely affected

infants were found in the homozygous group, "but the

results could be ohance findings*

In 1957 Murray reported that the genotype &2®2
(cDE/cDE) was assooiated with more severe haemolytic

disease than other genotypes, the inferenoe being that

foetal red cells with the genotype S^r (cDE/cde)
stimulated the production of antibodies in the mother

more readily than RjT, and a higher titre resulted with
more serious effects on the foetus in utero* In the

present series the expected fre^uenoy (Race and Sanger

(1962) of the common genotypes has been compared 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

reduotion in the percentage of heterozygotes when the

infant has been affected by haemolytic disease* As

regards severity associated with any one genotype,

there is no evidence in this small series that the

genotype Rg ia> a more powerful stimulus, or that the
| genotype in the foetus is more susceptible to

|

destruction by the anti-R antibody. (Table XIlJj).

6* Clinical Course of the Pregnancy*

A study of the clinical course of the pregnancy in
i

| oases of Rhesus isoimmunisation is not usually rewardingjj
| i

! as the diagnostio features only become apparent when it j
! \

is too late to obtain a live infant* It has been said

I that there is an association between pre-eolampsia and
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TABLE XIII

Rhesus Genotype
of husband

Expected
frequency

%

Unaffected
No. %.

Mildly and
Moderately
affected
No. JS.

Severely
affected and
Rhesus deaths
No. %.

Total
No.

affected
/Om

R1 R1 17 — — 57 31.5 3k 34.3 91 32.5

(CDe/CDe) (20.5)

R2 H2 2 - -

r
o 3.3 3 3.0 9 3.2

( cDE/cLE) (2.2+)

R1 K2
(CDe/cDS)

12

(1**5)
— — 36 30.9 2+0 40.4 96 34.3

ai v
(CDe/cde)

32
(38.6)

37 77.1 ui 26.0 13 13.1 60 21.4

R2 r
(cTM/ cde)

11

(13.3)
8 16.7 ik 7.7 6 6.1 20 7.1

Others 9
(10.8)

3 i 3 4

Total 83
(100)

48 181 99 280

TABLE XIII
Severity cf lis-i+vlytic clue; ao v-iLii corrected Rhesus genotype of patient's
huubuud ( di D antibodies) •

1 /, O-l ex cc. :.r d/d, 'expected, frequencies have been
: d justed in t■ Die 'viihia br' ckoLs.')
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hydrops foetalis (Scott 1958) and the same writer

showed acorrelation "between the severity of haemolytic I

disease and the amount of chorionic gonadotrophs
i

excreted in the urine. Unfortunately, the *normal !

j range' for urinary chorionic gonadotrophs in late
I

pregnancy is wide and only gross alterations in the |
amount excreted are likely to he significant.

I

Recognition of the 'maternal hydrops syndrome* j

j (O'Drisooll (1956), Goodlin (1957) is not usually of

; praotical help in management, as the foetus la already j
i ' i

dead in utero, or the stage of gestation precludes even

heroic intervention. In this condition, the patient

complains of feeling unwell and is found to have a

variable degree of hydramnios, hut it is usually quite

I marked. The foetal movements are reported as being j
! i
j violent and then ceasing and sometimes the patient |

complains that her skin is 'itchy* or that she has a j
: generalised irritation. There may or may not be signs j
I |
I of pre-eclampsia and these usually disappear soon after j
the death of the foetus, as does the skin irritation.

j . i

The foetus is stillborn and there is a risk of i
1 ;

j ' ■

hypofibrinogenaemia developing.

The results in patients with pre-eclampsia and the

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

7. Radiological examination of the Foetus in Utero.

As long 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 oedematous. Prom this the 'halo'
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TABLE XI¥

Number of cases

of pre-eclampsia:
by Group s j

i
i

Foetal Results I II III Total

Unaffected 110 2 Maternal •hydrops*

Mildly affected 4 2 0 6
syndrome

Group III
Moderately affected 10 4 0 14

Rhesus abortions 2

Severely affected 12 0 3

Rhesus stillbirths 3
Stillbirth due to 2 0 3 5

haemolytic Total 5
disease

Total 18 9 3 30

TABLE XIV Number of patients who developed pre-eclampsia
and maternal hydrops syndrome, with foetal
outcome.



effect was developed in hydrops foetalis* The Buddha

| position,in which the femora are externally rotated at

| the hips to appear in the directly antero-posterior
I
!

: view of the foetus as if the foetus was sitting on his
i

_

j femora, was not entirely reliable, and the halo sign

I was not always associated with the death of the foetus
j
| from hydrops foetalis* Samuel and Cohen (1950)
j |

i described an abnormally straight spine which was thoughtj
to be due to the protuberant abdomen, and the large

liver and spleen which were invariably found. For

j the same reasons, the ribs may be elevated and horizontal*
i !

j Because of suboutaneous oedema, the legs and arms are
i. ;

I displaced from the body and in appropriate views the
| ;
scapulae are seen to be some distance from the rib

I

cage* A large 'placental space' may sometimes be seen

j and, if any of these findings are present and the

j patient has circulating Hhesus antibodies, it may be

; indicative of a severely affected infant* Figure 3
I l
I shows an X-ray of a severely affected foetus, with a
I

protuberant abdomen, elevation of the ribs and a

; Buddha position of the legs* The scapulae are some

| distance from the thoracic cage and the fat line is

clearly seen* A large placenta is also present.

Figure 4 shows a severely 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 'space* (Figure 5)*

Figure 6 is an X-ray of a severely 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 hydraranios.



Figure 5. X-ray - severely affected foetus, with
elevation of ribs.

Large placental •space*.



that died of haemolytio disease during the neonatal

| period* A large placental 'space* is seen and also

a straight spine and prominent abdomen*

In Figure 7* a large placental space is seen and

also a protuberant abdomen but the infant is completely

unaffected by haemolytio disease* Although 'false
i

positives' may be reported in unaffected infants* an

x*ray, taken between 34 end 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

! anti-D and this antibody was found in over 75 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 10 per oent of

! patients who had isoimmunisation* The actual anti¬

bodies found are shown in Table XV

In the series 102 patients (l8*5 per oent) 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 Branoati

(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

Ant i b o d i e s f o u n d Patients Trans¬
fusion
Known
to be
Ineon-
patible

Tear Anti-D Anti C+D
including
Anti-6

Anti K Anti-c. Anti +E. Anti
D+E

Anti-
C+D+E

Others
p r<?T-
iously
Trans¬
fused

1956 56 — 1 2 0 0 0 2 8 1

1957 60 - 2 1 0 0 0 1 11 1

1958 62 3 1 2 1 0 0 0 14 2

1959 72 8 2 0 0 0 0 0 15 2

1960 60 17 2 1 2 0 0 0 16 2

1961 67 33 6 0 2 1 1 0 24 3

1962 55 22 2 0 0 1 1 1 14 2

Total 432 83 16 6 5 2 2 4 102 13

78.5% 15.1%. 18.5%. 12.7% of
trans¬
fusions.

TABUS 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 lsast 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
!
i ,

infant's haemolytic disease# The findings in'first
!
j !

immunized' pregnancies and after previously affected

i 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 generalt in Group I, if the A.G. titre
i i

! was high, the infant was more severely affected) there !

i are some exceptions) 4 of the patients with titres of

up to l/lO 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

oocasions 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 affected

foetuses,the exceptions are numerous. In this series

9 patients with titres of over l/40 had unaffected

infants) while 7 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 to be made with complete confidence.

This applies particularly in Groups II and III, but
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TABLE XVI

Group I F o e t a 1 R e s u 1 t

Anti-globulin titres Unaffected
Mild and
Moderate Severe

Rhesus
deaths Abortions Total

Titre rising (2 tubes •

or more)

2 16 1 4 0 23

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 7 0 100

Grout)s II and III

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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I

also occasionally in Group 1« '

b. Albumen titres*

In Table XVII the foetal results are presented

depending on whether antibodies were detected before

20 weeks gestation or not* It will be seen that in j

11 oases in Group I, antibodies were not detected

i before 20 weeks gestation but developed later, and yet
i I

the infant was Rhesus negative and unaffected by
i '
I .

haemolytic disease* In 6 second pregnancies, i.e.
|

first immunised pregnancies, no antibodies were

| detected before the 20th week, but were found later
I . I

and the infant was Rhesus negative and unaffeoted*

There is little doubt that these patients were
! ;

1 sensitized during their first pregnancies and although
j ■ j
i antibodies developed, the titre was so low in the
! I

j early weeks of the second pregnancy that no antibodies |
could be deteoted* An anamnestic reaction must then j

have occurred and a recordable titre was later
i
! obtained. The serological findings are exactly the
! . ;

same as would be expeoted in a ease of 'primary*
! ' ;

immunisation in a seoond pregnancy, a prior stimulus

j having been given in the first pregnancy*

! In Table XVIII the foetal results are recorded in i

the 3 groups based on previous history depending on
i

any change which may have occurred in the albumen
i :

titre level during the pregnancy* In Group I a

rising titre is reoorded in 11 patients with unaffected

infants and in Group II, 13 deaths and abortions

occurred along with a fall in titre. In 7 second
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TABLE XVII

Group I Group II Group III

Foetal Results
Anti¬
bodies
Absent

Ant i—
bodies
Present

Not
Known

Anti-
bodie
Absen

Anti-
s bodies
t Present

Not
Known

Anti¬
bodies
Absent

Anti¬
bodies
Present

Not
Known

Unaffected 11 17 22 1 22 1 oJ- C- 0 6 1

Mild ard
Moderate

80 W-j- 77 15 56 23 0 3 5

Severe 11 5 Ik k 17 16 0 8 h

Rhesus deaths
and AbortionS k 10 8 1 16 9 0 17 3

Total 106 76 121 21 111 50 0 3k 13

TABLE XVII Foetal results, by Groups, depending on antibody detection test""

before 20 weeks gestation.

Number of second pregnancies ('first affected*) where no antibodies
detected before 20 weeks gestation but found later and infant
Rhesus negative and unaffected - 6.

Number of apparently first affected pregnancies with rising titre,
but infant Rhesus negative and unaffected - 7»
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pregnancies (first-immunized) the titre level reset tout j
|

the infant was Rhesus negative and unaffected* This

again could give rise to confusiont and is another

example of the anamnestic reaction reported Levins

I (1944) and denied hy Wiener (1959)*
The severity of the haemolytic disease is tabulated!

j

with the highest albumen titre obtained during the

pregnancy in Table XIX- and the results show that the

albumen titre is of even less prognostic value than the

antiglobulin titre* A number of women (30) who had

severely affected infants* h§£ titres which did not rise 1

above 1/16, while a few patients with titres over I/64

had unaffected infants*
i

The antibody titre found is of some prognostic

value but there are so many individual exceptions that

in a particular patient* the information obtained from

the titre is unreliable* The acouracy of titres in

predicting severity depends very much on the effioacy of

the techniques used in their determination and the

efficiency of the technicians ooncerned* In some

centres all antibody titre estimations are carried out

by one person* It is* however* the routine rather than

the researoh procedures with which we are concerned in

practioe* and the results obtained by a routine procedure
i

; have to be utilised if no other results are available*

!9* Examination of the Amniotio Fluid*
i

When it is necessary to obtain 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 XVIII

Group I Group XI Group III
Titre Titre Titre Titre Titre Titre

Foetal Results Rising Falling Rising Falling Rising Falling

Unaffected 11 23 5 20 2 4

Mild and Moderate 93 50 41 36 2 2

Sewsre ie 4 16 15 6 5

'Rhesus*deaths and
abortions 14 1 6 13 8 5

Totals 134 78 68 84 18 16

TABLE XVIII Foetal results, in Groups, with changes in albuaen titre.

TABLE UX

,— Foetal Results Under
1/16

Group I

1/16-1/64 Over
1/64

Under
1/16

Group II

1/16-1/64 Over
1/64

Group III
Under 1/16-1/C4.0vex
1/16 1/64

Unaffected 31 10 4 18 12 2 3 3 0

Mild and Moderate 96 55 24 47 29 5 3 4 0

Severe 13 7 7 12 16 6 5 6 1

_ 'Rhesus' deaths and
abortions 3 6 10 5 13 5 3 10 7

Totals 143 78 45 82 70 18 14 23 8

TABLE XIX Foetal results, in Groups, with highest albuisen titre obtained*
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j an examination of the * foetal tissues1 rather than an
i :

| examination of the 'maternal tissues'* 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
| :
I j
amniotic fluid should reveal the presence of excretion |

| product., and in Eh..u. i«,i*»u.i..tiou, ar.
| concerned with the presence of excessive amounts of
i !
bilirubin in the liquor*

i A simplified diagram (Figure 8) shows the

| mechanism involved in the light of our present
i '

| knowledge*
| a* Paracentesis uteri or Amnionoentesls*
! i

Liquor amnii is obtained by the insertion of a

| needle through the anterior abdominal wall* The
i I

procedure is carried out with full aseptio precautions

and it is explained fully to the patient* She is an

I out patient and is allowed to return home immediately
|
after the procedure* Ho sedation 13 given to the

patient* as it has been found that a simple explanation !

| immediately prior to the procedure is quite sufficient*
t j

| The instruments used are shown in Figure 9* After;
j I
j the patient has emptied her bladder* the anterior
I

abdominal wall is fully exposed and uterine palpation

j 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

observer* A point is selected at a level just below
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Preg no n c y. I.

Foet u s

in

Utero
(Rh +ve)

Foetal/ red \cells.

Placenta

Maternal blood
— (Rh-ve)

I
Production of anti-Rhesus

antibodies.

Titres and Coobs test.

Pregnancy. 2.

Foetu s

in

U te ro

(Rh-ve)
1

Flaemolysi s

1
Excretion of bilirubin

1
Amniotic fluid

Anti-Rhesus antibodies.
■- <-

PI ac e n la

Maternal blood
with anti-Rhesus
antibodies.

I
Titres and

Coobs test.

Figure 8. Diagramatic representation of development of
Rhesus Isoimmunisation and Haemolytic
Disease of Newborn.



Figure 9. Instruments required for paracentesis uteri
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the umbilicus on the side opposite to the foetal hack

on palpation (Figure 10)•

The operator then fully * scrubs up' and, after

drying the hands, applies methylated spirit or ether

to the anterior abdominal wall* At the proposed site

of aspiration, a small skin wheal is raised with Vfc

xylooaine solution and some more of this local anasthetic

is injected into the deeper tissues of the anterior

abdominal wall* (Figure 11)* A lumber punoture

needle is then inserted through the skin and anterior

abdominal wall and can be felt penetrating the parietal

peritoneum and uterine wall* Usually penetration of

the uterine wall is accompanied by a definite f giving

way1 as the needle advanoes, but occasionally when the

placenta is anterior, the needle*s advance meets with

some resistance* Eventually the resistance lessens as

the amniotic cavity is entered* (Figure 12)* The

stilette of the lumber puncture needle is then removed

and a syringe attached* Two aspirations of 10 ml* of

amniotic fluid are sufficient* Sometimes no fluid

can be obtained and it is advisable to reinsert the

stilette as the needle may be blocked with vemix* At

times it is helpful to rotate the needle through 90 or

l80 degrees, and if this prooedure is not successful it

is neoessary 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 liquor amnii has been obtained,



Figure 10. Outline of fetus (cephalic presentation)
point of insertion of needle.

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 he applied or the

puncture wound treated with 'Collodion*. The foetal

heart is again listened to and checked hy 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 carried

out on 350 occasions between 1958 and 1962 and no

complications developed. 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 weekA gestation as recommended by Walker

(1957)* A further test was carried out at about 38

weeks if the patient had not been delivered. The

seoond test usually confirmed Walker's observation

that the amount of bilirubin in the liquor 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 oooled, 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 was centrifuged

at 3000 r.p.m. for 20 minutes*

After oentrifuging, the supernatant fluid was

transferred initially to a 10 m*m* cuvette for

speotrophotometrlc analysis* In I960, because a

number of 'false positive' results were being 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*

Reagents!

1* 'Diazo' substance, a. Sulphanilic acid

1 g./lOOO ml.

Hydrochloric acid

15 ml/1000 ml*

Water.

b* Sodium nitrite 0*5g*/
100 ml. with water*

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 si, and this

is prepared daily.

ii« Methyl alcohol.

Method!

After the amniotic fluid has been centrifuged, the

following solutions are added to a test tube marked

"total"!-

2 ml* amniotic fluid.

1 ml. diazo solution*

2 ml* methyl alcohol*
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After mixing, the solution is allowed to stand

for 10 minutes*

To a seoond 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*

£pe c trophotometry.

Spectrophotometry analysis is carried out in a

Unicam SP 600 Spectrophotometer (Figure 14)# the

optical density being plotted on semilogarithmio (2

cycles) graph paper at wavelengths from 360 m.u. to

700 m«u* Readings of the optical density are taken

at 10 m*u. for almost the whole of the wavelength

range from 360 m.u. to 600 m.u. 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)i-

Untreated amniotio fluid.

Amniotic fluid and diazo solution - direct

bilirubin*

Amniotic fluid and hydrochlorio acid - control*

Amniotio fluid and diazo solution and methyl

aloohol - total bilirubin.

Amniotic fluid and hydrochloric acid and

methyl alcohol - control*

If the untreated liq.uor graph is nearly a'straight

line ourve' (Figure 15)» a prediction of an 'unaffected'

1

XL

in
xz

?



Figure 14. Unicam spectrophotometer SP 500
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Mrs. M. S.

Wavelength in mjj.

"Unaffected"

Figure 15. •Unaffected' or 'mildly affected' liquor
curve.
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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 as the management is similar -

delivery at or within a few days of the expected date

of delivery, - for practical purposes no distinction

is required* In a •moderately affected' foetus, a

'bulge* is seen between 400 and 900 ra.u. on the graph,

as in Figure 16* The 'bulge' in this region is seen

to be greater still in Figure 17, and the foetus is

predicted as being severely affeoted* If the 'bulge'

is still further above the base line (Figure 18) then

the infant is very severely affected and heroic

measures are usually called for to" obtain a living

infant*

As will be seen in Tables XX and XXI* a number of

incorrect predictions have been made, many of these

'false positives'* An infant was predicted as being

moderately affected as a result of a liquor examination

but, at delivery, was found to be direot 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 IV

(Figure 19) as compared with Curve V, there is no

indirect bilirubin present and the infant will be

unaffooted* On the other hand, the untreated liquor

curve may not give a true picture of the severity of

the oondition and the diazo test may indicate that the

amount of indirect bilirubin present is greater than
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Mrs. A. H.

Wavelength in mjj.

Moderately affected"

Figure 16. 'Moderately affected' liquor curve.
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Figure 17. "Severely affected' liquor curve.
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TaBLS XX.

Paracentesis before 35 woeks #

Paracentesis
35 weeks.

after

Foetal Results*
Corro

[ 11
ct
111

Almost
Correct

1 11 111 I
Incorrect

11 ill

Correct
k almost
Correct

I 11 111 I
Incorrect

11 111

Prediction
Correct
with Diazo.
1 11 111

Unaffected or

raildly affected 24 12 1 5 8 0 9 11 5 12 3 0 1 0 0 9 10 2

Moderately
affected 29 31 1 4 7 1 5 1 1 7 3 2 3 0 0 2 1 0

Severely
affected 5 ? 6 8 2 1 1 0 0 1 1 2 0 0 0 1 1 0

Death from
haemolytic
disease*

2 1 3 2 5 0 1 0 0 1 1 1 0 0 0 0 1 0

Total*
SO 66 11 19 2? 2 lb 12 6 21 8 5 4 0 0 L2 13 2

Grand Total. 137 43 34 34 4 27

TaBLE XX. Results of liquor examinations correlated with foetal results,

in Groups, and corrected results with Diazo.
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t.ablf y.n.

Almost Correct# Incorrect#

Foetal Results# Group i#
Number Prediction#

Group ii#
Number Prediction#

Group III#
Number Prediction#

Group i#
Number Prediction#

Group ii#
Number Prediction#

Group III,
Number Prediction#

Unaffected or

mildly affected# 8 - 8 Moderate 8 - 8 Moderate 0 10 - ® Moderate
2 Severe

_ 10 Moderate
1 Severe

r
_ 4 Moderate

1 Severe

Moderately affected# 4 _ 3 Mild
1 Severe

6 5
""

1
Mild
Severe

2 - 2 Mild 8-8 Unaffected 1-1 Unaffec¬
ted

1 - 1 Unaffected

Severely affected# 9 - 9 Moderate 2 - 2 Moderate 1 - 1 Moderate 1-1 Unaffected 0 0

Deaths from

Haemolytio disease# 2 - 2 Moderate 6 3
~

3
Moderate
Severe

0 1-1 Moderate 0 0

Total# 23
3 Mild

-19 Moderate
1 Severe

22
3

- 13
4

Mild
Moderate
Severe

,

_ 2 Mild
1 Moderate

9 Unaffected
20-9 Moderate

2 Severe

1 Unaff.
12 - 10 Moderate

1 Severe

1 unaffected
6 - 4 Moderate

1 Severe#

T/'BLS XXI« Details of 'Almost correct* and 'Incorrect* predictions following liquor examination*



Mrs. H.F.

Wavelength in mjj

'Unaffected*

19. Graph showing curves after treatment of
liquor with 'diazo' — 'unaffected'•
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is suggested by the untreated liquor curve (Figure 20).

The 'diazo' test has been of great value in

predicting 'unaffected1 infants and also 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 m.u., 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 m*u* to the birth haemoglobin 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 there are wide variations* Generally in

the severely affected groups and 'Rhesus deaths' group,

the difference in optical densities is greater than

0*05 but may be as much 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

correctness of the method of prediction*

With the 'diazo' curves, calculation of the height



Mrs. M.P.

Wavelength in mjj.

"Severely affected"

Figure 20. (Jraph showing
liquor with

curves after treatment of
'diazo* - * severely affected*•
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of the hulge between 300 m.u. and 600 m.u. above the

control at 2 points was originally thought to be of

prognostio value, but again no satisfactory numerical

correlation could be obtained when delivery took plaoe

4 or 3 weeks after paracentesis*

c* Results obtained*

After a prediction has been made, in terms of

severity, it is necessary to decide on the management

of the patient* Thus, for practical purposes, the

prediction based on the liquor analysis oan be related

to the gestation which has been recommended for

induotion, and this offers a practical method for

comparing the prediction with the degree of haemolytic

disease found in the infant*

In view of the difficulty sometimes found in the

interpretation of the liquor graphs when the test is

carried out 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*,

♦partially correct1 - where the observed severity

differed slightly from the predicted severity- and

•incorrect' when they were totally different* The

results obtained are shown in Table XX> while details

of the 'almost correct' and 'incorrect' predictions and

results Sre given in Table XXI*

In Table XXII are detailed the explanations for
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TABLE ml.

False positives 27 -

False negatives 11 -

TABLE XXII. Reasons for

TABLE XXIII.

Stillbirths.

Intrauterine deaths

Deaths during labour
Affected severely and
breech delivery

Unaffected, •anoxia'

Total.

TABLE XXIII. Causes of fo<
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some of the incorrect results found* Eleven, out of

27 who had false positive results, were correctly

predicted after the 'diazo* test had been used* One

'false negative' result occurred after the diazo test

had predioted an 'unaffected? infant* The infant was

'severely affected'* The usual explanation for 'false

negative' predictions was found to he that the period

of gestation at the time of the test was in doubt and

the test was in fact performed at about 33 weeks

gestation*

Twenty-eight infants were lost in the paracentesis

i series, 19 being stillborn and 9 dying in the neonatal

period* This figure includes 1 hydropic 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 XXIII*

Since the introduction of the diazo test the

number of correct predictions has increased as is shown

in Table XXIV. During 1958-1960, 85 per cent of the

predictions made were correct or almost correct* 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 were correct*

The overall percentage of correct predictions was 85

per cent, and with the addition of the diazo corrections,

this was increased to 88 per cent*

d. Complications of paracentesis uteri*

It is possible, when carrying out paracentesis

uteri, to damage a placental blood vessel or to damage
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TABLE XXIV.
TOTAL.

liction
Foetal results. rect and Prediction %

>st Correct. Incorrect. Total. Correot.

Unaffected and 65 26 91 71.4
mildly affected. (72) (19) (79.1)

Moderately 85 10 95 89.5
affected. (86) (9) (90.5)

Severely
64 66 96.9affected. 2

Rhesus deaths. 16 1 17

Total. 214 38 252 84.9

222) (30) (88.1)

i were used frequently.
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the umbilical cord* A heavily blood-stained liquor
!

may be impossible to analyse* although a little blood-

' staining does not seem to make any difference*

; provided gentle centrifuging is performed initially.
i

j If no liquor amnii oan be obtained* another site

on the abdominal wall may be used* Sometimes no liquor

| oan be aspirated but blood is withdrawn* Foetal blood
oan be identified by blood grouping and if the blood

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

at least induction oan be performed without the fear

that the infant will be Rhesus negative* This blood

| is either obtained from a vessel on the foetal surface
j

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

foetus himself* This has not been carried out as a

deliberate procedure but any blood obtained is grouped*

It hae been suggested (Honorieff (i960) that

paracentesis of the uterus produces a brisk rise in

antibody titre, but others* Kelsall et al (i960) and

Walker and Jennison (1962) have denied that this is

: necessarily due to the paracentesis* During 1956 and

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.

®* Comparison of antibody titres and amniotic fluid
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•• Comparison of antibody titres and amniotio fluid
in prediction of >the severity of haemolytio disease*

On 60 oocasions the severity of the haemolytio

disease as predicted hy the liquor analysis was found

to he 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 significance because

retrospectively it is difficult to assess the severity

which might have been predieted 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 liquor amnii obtained from
patients with severely affected infants.

In an attempt to detect any significant or

diagnostic feature in the 'liquor curves* of severely

affeoted infants, the graphs of all the severely

affected infants and of those dying 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.u. was high, or

both. In addition, in many of the curves studied a

•plateau* was seen between 410-420 m.u. and 450-460 m.u.

In the severely affeoted 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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Figure 21, ♦Severely affected* graph shoving ♦plateau*
between 420 and 460 m u, - 'hyperbilirubinj-
anaemia*. j
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'plateau* at 420 m.u. After 46O m.u. it falls until

At 530 m.u. it has returned to the baseline. This

patient, a para 3, with previous neonatal death due to

haemolytic disease, was induced at 35 weeks gestation

and was delivered of a male infant weighing 5 pounds

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

transfusions and one top-up transfusion. The second

case illustrated (Figure 22) was that of a primigravida

who was Bhesus negative and had previously received a

blood transfusion. The liquor graph showed a rise

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

420 m.u. The plateau ceased at 4&0 m.u. and the curve

rejoined the baseline at 330 m.u. again.

In 9 of the graphs studied, a *hump-peak* at 410

m.u. was found as well as a 'plateau*. This is

illustrated in Figure 23. The plateau is less marked

and the curve falls to the baseline between 460 m.u.

and about 323 m.u. Labour was induced in this

patient at 38 weeks and the infart required 3 exohange

transfusions.

In the very anaemic group of severely affected

Infants, 17 graphs out of 22 show the plateau between

410 and 4^0 m.u. to a varying degree, but there were no

'hump-peaks*• Figure 24 shows a definite plateau, the

curve leaving the baseline at 380 m.u. and returning

at 323 m.u. 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 23 the

curve is seen to rise further from the baseline and the
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Figure 22, 'Severely affected* foetus with hyperbilirubip-
aemia - plateau on graph. (Primigravida.
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Mrs.K.C.
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Figure 23. 'Severely affected' graph - 'hump' at 410 m
then 'plateau' - hyperbilirubinaemia.
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US.

Mrs. A.B.

—i 1 1 1—
700 600 500 400

Wavelength in mp.

Figure 25* 'Severely affected' foetus with anaemia -
large 'bulge' and high optical density.



| optical density at 430 m.u. is higher than in the
previous case. Again the hulge is between 370 m.u.

and 520 m.u. At birth, the infant's haemoglobin was
i !

6.6 per cent 100 ml. but she made satisfactory progress
1 |
after 2 exchange transfusions and 1 'top-up* transfusion.

I In Pigure 26, the optical density at 430 m.u. is 0.6

and the bulge is very marked. Again there is a less

definite plateau but the curve tends to level off after

420 m.u. This patient had 2 living ohildren after

7 pregnancies. Her third child died soon after

delivery, probably as a result of haemolytic disease,

j while her next 3 children were stillborn and hydropic*

I The 7th 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 gestation and a male infant

| weighing 4 pounds 11 ounces (2125 ££♦) *a» delivered.

; The haemoglobin at birth was 3*6 P*? cent but the

I infant survived after 1 exchange and 2 'top-up'

transfusions.

The graphs of 13 infants who were lost as a

: result of haemolytic disease revealed 9 with plateaux,

I or 'humps'. A typical curve is illustrated in

Pigure 27 with the plateau between 420 and 46O m.u.

: Ho foetal heart was heard when the patient was admitted

at 36 weeks and although the foetus had died as a

result of haemolytio disease, there was no evidence of

hydrops foetalis. This may have been similar to the

cases described by Henderson (1942 a. and b.).
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Figure 26, Very severely affected foetus with severe
anaemia - pronounced ♦bulge'.
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Mrs. A.R.
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Figure 27 Intra-uterine death - 'plateau* seen on graph,
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Figure 28 illustrates the typical curve of an

imminent intra-uterine death, the liquor requiring

dilution hy twice its own volume so that the ourve oan

he plotted* A peak at 403 m*u* was thought hy Bevis

(1956) and Walker (1957) "to he a 'premortal* rise due

to the presence of methaemalhumin* When diazo and

methyl alcohol are mixed with the liquor, a large

'hulge* is seen between 475 b»u. and 675 ®»u., indicat¬

ing the presence of a very large amount of 'total

bilirubin*• The direct bilirubin bulge is much less

prominent* 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 that 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

serum bilirubin* Pre and post natal haemolysis or

hyperbilirubinaemia may be due to sulphonamide therapy,

salicylates, cytomegalic inclusion disease, toxoplasmosis,

and other less common diseases* Examination of the

liquor detects the presence of bilirubin only and

cannot determine the reasons for excessive haemolysis*

10* Management of Patients with Rhesus Isoimrounisation*

The two alternatives in the management of patients

with Rhesus isoimmunisation are to allow labour to
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Figure 28. Imminent intra-uterine death - 'premortal*
peak at 405 m a.
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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* e.g. antepartum haemorrhage* pre-eclampsia, or

beoause 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 bom

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 empirical induotion at 37 or 38

weeks or earlier* a number of stillbirths will still

occur but not as many as in the 'spontaneous onset'

group. It is* of course* impossible to state the number

of deaths which would have been avoided by earlier

induction but in every series there will be instances

of stillbirths which one knows oould probably have been

avoided by earlier intervention. One patient who had

had 2 children without antibodies being detected was

tested 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-eoogulant therapy was oommenoed*

Two days before term labour commenced spontaneously and

she was delivered of a stillborn infant with the

typioal findings of haemolytic disease of the newborn*

The foetal heart was definitely heard at 33 weeks

gestation and for a week 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, the obstetrician is prepared to

carxy out Caesarean section* In this hospital, labour

is usually induced by artificial rupture of the membranes

followed when necessary by an oxytocic 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, oxytocin was not always

used, , or if it was given, administration started

after 48 hours* The drip rate and concentration of

oxytocin are dependant on the response of the patient.

The concentration and rate per minute are increased

slowly but steadily until the patient's labour

approaohee normal labour. The rate is then maintained

until delivery unless the contractions become too

prolonged, in which case the drip rate is reduoed or

the drip stopped altogether*



If the time of induction can he determined by the

severity of the disease it only remains to decide the

earliest gestation at 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 only likely to be

considered in exceptional circumstances. The object

of antibody studies and analysis of the liquor amnii

is to determine the severity of the haemolytic disease.

In the present series, during 1956 and 1958,

induction of labour because of Rhesus isoimmunisation

was not commonly carried out. It was used more during

1958 to i960, and very frequently during 1961 and 1962.

The results of spontaneous delivery and induction for

Rhesus isoimmunisation are oompared, in Groups, in

these 3 time-intervals, and related to the severity of

haemolytic disease in the infant. (Tables XXV. XXVI

an<* XXVII* If "the foetus has died in the uterus before

35 weeks gestation, the onset of labour, whether

spontaneous or induced, was counted as 'other onset'•

If an intra-uterine death oocurred after 35 weeks in an

'unbooked' patient, this was usually included under

'other onset', as these deaths were considered to be

beyond the control of the hospital. 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.
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TABLE Hf.

Foetal Result*
Spontan¬
eous

Onset*
Rhesus

Induction*
Other
Onset*

Spontan¬
eous

Onset*
Rhesus

Induction*
Other
Onset*

Spontan¬
eous

Onset*
Rhesus

Induction*
Other
Onset.

Onaffeotod* 9 1 5 4 11 1 1 17 O

Mildly affected* 10 4 2 U 23 2 5 19 1

Moderately affected* 15 8 18 40 1 9 21 0

Severely affoeted
— anaasda* ? 0 0 4 2 0 1 4 0

- hyperbllirublnassda* 3 1 2 2 4 0 0 5 0

Haeeolytla disease -
Stillbirth. 2 0 1 3 3 1 2 1 4

Neonatal death* 3 0 0 0 0 2 0 0 0

Other deaths
(affected or sot) 0 1 0 1 i 0 0 0 2

Abortions* (3) (1) (1)

hot tssted* a 0 0 2 0 0 1 1 1

Total* 4? 15 14 45 84 7 19 74 S

ftunber of
Patients in
Tiae Period*

74 157 102

T'BIS 5W. Sod# of onset of Labour and foetal Results la Qiovp X*
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FAIL'S m. ofnvp n,

1958-60.

Foetal Xosalt.
Spontan¬
eous Shesus
Onset* Infliction*

Other
Onset.

Spontan¬
eous
Onset*

Shesua
Induction*

Other
Onset*

Spontan¬
eous

Onset*
Piteous

Xnduotl-m*
Other
Onset*

Unaffeoiad* 4 I ? ? 10 0 3 9 0

Mildly affeotad* 0 5 0 5 3 1 0 11 0

Moderately &ffeefeed* a 3 1 12 20 0 4 19 0

SerareJy affected
3 1 0 e 6 0 1 8 0

- hyperbilirubina«r<ia* 5 1 0 0 4 0 0 8 0

Haanolytie diaeas* -
Stillbirth# 1 0 0 2 4 5 a 1 1

Maon&tal death* 1 0 0 0 3 i 0 0 1

Other deaths
(affected or not). 4 0 I 0 0 © o 0 2

Abortions* (?) (?) (6)

Total* 26 JUL 4 21 50 7 8 56 4

limber of
Patients im
Tina Period*

43 80 74

TftBLS xm. Mods of ousi't. of Labour «ad Fooial Seoul ta in droop II •
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TABLE XXVII. GP0UP III.

1956-57. 1958-60®
,

1961—62#

Foetal Results®
Spontan¬
eous Rhesus
Onset® Induction®

Other
Onset.

Spontan¬
eous

Onset®
Rhesus

Induction®
Other
Onset®

Spontan¬
eous

Onset®
Rhesus

Induction®
Other
Onset.

Unaffected® 0 1 0 0 2 0 0 3 0

Mildly affected. 0 0 0 0 0 0 0 0 0

Moderately affected. 1 1 0 2 2 1 0 1 0

Severely affected
- anaemia 0 0 0 0 5 0 1 3 0

- hyperbilirubinaemia. 0 0 0 0 0 0 0 3 0

Haemolytic disease -
Stillbirth. 0 0 5 1 0 1 0 0 1

Neonatal deaths. 1 0 0 0 0 0 0 0 1

Other deaths
(affected or not)® 0 0 0 0 0 0 0 0 1

Abortions. (2) (75 (6)

Total. 2 2 5 3 9 2 1 10 3

Number of
Patients in
Time Period.

11 21 20

TABLE XXVII. Mode of onset of L. bour and Foetal Re3ults in Oroup III®
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Before attempting any comparison between the 3

time-groups, the percentage of severe cases and Rhesus

death was oaloulated for each group and was found to

he 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 XXIX* It will be

seen that in each time-group, the percentage of deaths

after 'Rhesus' induction is less than with spontaneous

onset, and this also applies to the 3 'previous history'

groups* For this selected series, the foetal loss

rate from haemolytic disease is 6 per cent, while in

labours whioh commenced spontaneously, 10 per cent were

lost* The difference between these proportions is

0.057 and this Is 2£ 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 infants*

As it has been suggested that induction of labour

causes a number of immature infants to be delivered,

the birth weight under or over 2500 g. has been correlated

with the mode of onset of iabour and the foetal outoome*

(Table XXX)* In fact proportionately more small babies

were delivered after labour commenced spontaneously

(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 XIVIII

Year groups
Total deliveries

in series

excluding
abortions

Severe and
Rhesus
deaths

Percentage
of 'severe'

cases

1956 - 57 121 32 26

1958 - 60 228 53 23

1961 - 62 183 46 25

Total 532 131 25

TABLE XXVIII Comparison of 'Time Periods' by numbers of

'severely affected' infants and deaths from

haemolytic disease.
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mode of onset
1956-60. 1361-62

oi xdoour«
Total Total Rhesus Total Total Rhesus Total Total Tlhesus Total Total Rhesus

Group I# No. (Deaths# Deaths# No. Deaths# Deaths# No. Deaths# Dt s 0 /u No. Deaths# Deaths#

Spontan. onset# 42 45 4 > 19 p 106 11 10 .O
-LU t,

Rhesus induction. 15 a. 3 84 74 X 1 173 6 4 2

Total# 57 5 -; 129 ft O 93 * i
i 279 1/ 6 14, 5.0

Group II.

Spantan. onset# 26 z 21 8 c 55 ft 15 7

Rhesus induction. 11 w c 50 56 i ft
j- 117 3 7

" ' ' ' "ll1 '

ft- 7

Total. 37 6 2 71 p. 64 n 1 17? 16 9 12 7.0

Group III#

Soontan. onset# 2 ft "I

3 -t. - 1 C c 6 ? 33 2 33

Rhesus induction. o
i- u

*

> 10 o 21 G 0 0 0

Total# 4 - 12
-

11 G 0 27 2 7 ft 7

Totals#

S ontan. onset# 70 1. 17 ft 11 69 10 9 28 2 7 2 7 167 11 13 16 10

Rhesus induction# 28 4 v o 143 l: 8 1ft 7 140 2 1 2 1 311 14 5 12 4

Grand. Total# 98 13 & 8 212 8 l:t 8 168 4 2 ft. 2 478 35 7 28 6

Totals#

Selected Foetal aiortality, in Groups, de ending on mode of onset of labour
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TABLE XXX.

1Mildly- Moderately Severely Affected* Kaemolrtic Disease*
1
Other i

Birth Weight* Unaffected. Affected* Affeoted. Anaemia Hyperbilirubinaemia. Stillbirths Neonatal Deaths* Deaths* Abortions* Not Tested* Total*

Under 2500 «•

Spontaneous* 1 0 11 5 2 3 2 1 - - 25

Rhesus Induotion. 5 1 9 10 2 1 1 1 - - 30

Other* 0 0 2 0 0 11 1 5 30 - 49

Total* 6 1 22 15 4 15 4 7 30 - 104

Over 2500 g.

Spontaneous* 22 31 56 7 8 8 3 4 - 3 142

Rhesus Induction* 50 64 112 19 24 8 2 1 - 1 281

Other. 8 6 5 0 2 8 4 1 - 1 35

Total* 80 101 173 26 34 24 9 6 - 5 458

Totals.

Spontaneous• 23 31 67 12 10 11 5 5 - 3 167

Rhesus Induction. 55 65 121 29 26 9 3 2 - 1 311

Other* 8 6 17 0 2 19 5 6 30 1 84

Grand Total. 86 102 195 a 38 39 13 13 30 5 562

TABLE XXX. Birth weights ana severity of haemolytic disease with mode of onset of labour*
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n
1956 1957

0 ^Su^vivo^s

1958 1957 I960

I jo Indue lions

1961 1962 Averaqe

Excluding abortions

Figure 29. Percentage of inductions of labour 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 he

called premature or even 'preterm' inductions. Prom

the graph it appears that a 58 per oent induction rate

results in an infant survival rate of 88 per cent* A
i

rise in the induction rate from 10 per cent to 75 per

oent, however, only increased the survival rate hy 13

per cent from 78 per oent to 91 per oent.

The problem appears to he 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 haemolytio disease* A patient who has no living

children is quoted later as an example of the importance ;

of considering each patient aooording to the circumstances

of the case, and not by applying striot rules*

Is induotion harmful? Provided the infant

survives and is healthy, and provided any hyperbilirubin-

aemia of prematurity is treated by exchange blood

transfusion, there should be no harmful effects* If

the method of induction is satisfactory and the labour

is not prolonged, the maternal morbidity should not be

increased* 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
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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 difficulty was experienced in controlling the

labour with am oxytooin 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 dent of the patients (Table XXXII) and 6 per

cent of all the inductions performed because of Rhesus

isoimmunisation failed and Caesarean section was

necessary 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 exchange transfusion vary a

little from year to year among different paediatrioians.
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TA13LE XXXI.

duration of Labour
(Including Oxytocin Drip)

Number of Patients Percentage of Total

Under 24 hours 461 84

Over 24 hours 33 6

Not known (including
abortions and
•elective'
Caesarean Section)

56 -

550 -

TABLE XXXI Duration of Labour (including patients
requiring Caesarean Section).
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TABLE XXXII

Method of delivery Number of infants

delivered

Percentage of Total

Abortions (including

2 Hysterotomies)

30 5

Spontaneous 430 78

Forceps or Breech 62 11

Caesarean Section 40 7

C&esarean Section

for failed

induction 19
6f* of 311 Rhesus

inductions

Total 562

TABLE mil Methods of delivery.



2.19.

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
I

high, an exchange transfusion soon after birth is again

usually indicated. If the serum bilirubin is low, it

is neoessary to repeat the extimation frequently and to i

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 paediatricians 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.

In assessing the results achieved in any series of

this kind, it is necessary to consider the infants who

were lost and those severely affected. The mildly and

moderately affected infants are unlikely to develop

complications, and the unaffected infants should behave
;

very normally, provided immaturity and the hazards of

induction can be avoided.

•• Foetal Deaths in Series.

In Table XXXIII the deaths occurring in the series

as a result of haemolytic disease of the newborn are

recorded# It will be seen that 52 affected infants

died from haemolytic disease, a mortality rate of 9*8

per cent. This includes 39 stillbirths and of these

13 (33 per cent) occurred 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



Table mm. ds t- m ,j e-- u n .... clytic

Total deaths in affected infanta

Haemoiytic disease - stillbirths

- neonatal deaths

Deaths as result of exchange
transfusion

Total.
"Exchange transfusion" deaths.
Moderately affected - 3 (incl. 1 septicaemia)

Severely affected (anaemia)- 2, (incl. 1 ruptur -4 spleen). 33> of Stillbirths
occur before 35/5?*

Abortions with evidence of haemolytic disease - 16.

TABLE XXXIV. SK .WS IN S'-II 3 FhOM CaUA:3 0T1: B THJJ
HAEM YTIC DISEASE,

Deaths from fther causes - 13.

Stillbirths from anoxia - 3 - 3 Unaffoetid.

Neonatal deaths - congenital - 4 - 2 Mild.
abnormalities.

1 Moderate.

1 Severe anaemia

Respiratory distress syndrome - 3 - 1 Unaffected.

- 1 Mild.

- i Moderate.

Prematurity - 1 - l Unaffp ted.

Neonatal deaths following - 2 - 1 Unaffected - anoxia and

induction of labour pulm. atelectasis.
— 1 Mod rately affected - empyema

_____ and lung abscesses.
TOTaL.

Abortions with no evidence of huemolytic disease « 14.

- 52.
- 39 ) (20 - 1st pregnancy in which antibodies

) ( detected.
- 8 x # 21 - Previous infant had haemolytic

j | disease.
) (11 - Previous stillbirth or neonatal

- 5 ) ( death from haemolytic disease.



disease, 5 were the result of exchange transfusion,

including 1 infant with septicaemia and 1 with a

ruptured spleen*

In Table XXXIV the deaths in the series which

were not due to haemolytic disease are shown* (Also

Table VII)* These number 13, of which 3 were still¬

births from anoxia in infants found at post mortem to

be unaffected by haemolytio disease* The 2 neonatal

deaths occurring after labour had been induced were due

to 'anoxia* and lung abscesses respectively* These

were avoidable but 4 of the others had congenital

abnormalities incompatible with life*

In Table XXXV the deaths due to Rhesus isoimmunisa-

tion (including two following the induction of labour)

are studied in more detail* Seventeen deaths 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

predicting the severity of the haemolytio disease had

been known*

In 18 patients of the 54, a paracentesis uteri was

carried out at the correct time, while in. 7 others it

was either performed after 35 weeks or before 33 weeks

gestation* In the remainder (29) no paracentesis was

performed, 14 being delivered during 1956 and 1957*

b* 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 infants with a haemoglobin at
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TABLB XXXf.

Number of haemolytic disease deaths • 47

Number of deaths following exchange transfusion «• 5

Number of deaths as result of induction because
of Rhesus isoimmunisation - 2

54

•Haemolytie' deaths before 35 weeks gestation ■ 17 (3*2J& of 532 (excluding abortions)*

•Haemolytio* deaths after 35 weeks gestation ■ 37 (7*0% of 532 (excluding abortions)*

Booked oases (seen before 34/52) — 23

Unbooked cases - 14

•Haemolytic* deaths after 36 weeks gestation = 34 (6*4% of 532 (exluding abortions)*

Paracentesis at correct time * 18

Paracentesis too late or very early = 7

No paracentesis « 2£
54

TABLE XXXY* Deaths due to Rhesus isoimmunisation, with possible factors in
the prevention of foetal loss*



birth of below 9*6 g. per cent, and the seoond of

infanta who had very high serum bilirubin levels during

the first 5 days of life* 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

spontaneously* in the other two time-periods many more

were induoed than allowed to commence labour themselves*:

This undoubtedly saved lives in the anaemic group but

may have contributed to the hazards 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 levels^

below 7*4 g* >er oent had been induced* 5 at under 36

weeks gestation* Fine of the patients had had liquor

examination carried out* The lowest haemoglobin

recorded in an infant in the series who survived the

neonatal period was 2*9 g* per oent*

In Table XXXVIII the number of exchange transfusions

given to infants in the hyperbilirubinemia group and

their gestation on admission are recorded* The



table xxxvi.

Tear
Groups.

Infants
with Birth
Hb. tinder

65^.

Booked
Not

Booked

Anti¬
bodies
first
time.

Prev.
affected

Prev. Rh.
SB or NED.

Spont.
onset.

Induction.

1956-57. 13 8 5 7 5 1 9 i 4

1958-60. 16 12 4 9 2 5 9 7

1961-62. 21 18 3 7 10 4 4 17

TOTvL. 50 38 12 23 17 10 22 28

Tear
Groups.

Other

severely
affected
infants.
(Hyperbili-
rubinaemia).

Booked
Not

Booked

anti¬
bodies

£?rst
time.

Prov.
affected Prev. Rh.

SB or NND
Spont.
onset.

Induction

1956-57. 13 6 7 6 7 0 9 4

1958-60. 14 12 2 6 8 0 2 12

1961-62. 16 14 2 5 8 3 0 16

TOTL. 43 32 11 17 23 3 11 32

table xxxvi. Details of patients with Rhesus Isoimmunisation whose infants
had a severe degree of haemolytic disease of the newborn.

(Includes some "moderately affected" .s well as "severely
affected").

Table xxxvii.

Number of surviving infants with birth haemoglobin under (7«4 g» %) ■ 18.
Number of these infants delivered after induction of 1 .hour ■ 13*

labours
Number of these/induced after paracentesis uteri = 9.

Gestation on induction - 34 weeks - 1
35 " - 4
36 " - 4
37 " - 2
33 " - 1
39 " - _i

11

Lowest birth haemoglobin recorded in live infant « 20$> (2.9 g. '£>)•

Table XXXVII. Results in severely anaemic patients.
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table xxxviii.

Number of repeat exchange
transfusions given.

2 exchanges • 30

3 exchanges ■ 12

4 exchanges - 3

5 exchanges • 2

6 exchanges - 1

Qeetation on induction in
hyperbilirubin group*

35 weeks — 4

36 weeks - 14

37 weeks — 6

38 seeks — 7

39 weeks - 1

32

Highest card bilirubin recorded ■ 16*6 mg. per cent*

TA3LB XXXVIII. Results in patients with hyperbilirubinemia*



2.X&.

The largest number of sxobange transfusions given was

6, with 1 simple transfusion for anaemia 4 weeks after

birth* Labour was induced in this patient at 36 weeks

gestation, and the bilirubin reaohed 30*4 mg* per oent*

The baby thrived and on disoharge was well*

Two infants are known to have developed an

'inspissated bile syndrome' and, with exchange

transfusion and conservative treatment, have made

satisfactory recoveries,

c* 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

XXXIX and perhaps the most interesting finding is the

large number of unaffected female infants found in the

series* There were more severely affected male infants

and more deaths from haemolytic disease in male infants,

and these differences are of some statistioal signifi-

cance (x - 9*8, n • 3, p « 0.02)*

If the marked discrepancy between the sexes in the

'unaffected group was found to persist when a very much

larger series of oases was studied, it might suggest

that in heterozygous fathers, the d antigen was carried

on the X-chromosome*

13* The Placenta*

Studies of the placenta are extremely difficult to
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TABLE XXXIX.

Sex of foetus. Unaffected.
Mildly and
moderately
affected.

Severely
affected.

Deaths from
haemolytic
disease.

Others. Total.

Male 30 137 43 28 — 238

Female 62 166 37 24 - 289

Not recorded — — - — 35 35

Total. 92 303 80 52 35 562

T iBLK XXXIX Sex distribution of infants and severity of haemolytic disease.



XX*.

Undertake because although it can be obtained • fresh* ,

it cannot readily be studied in situ without jeopardiz¬

ing the foetus* Studies on plaoental 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 plaoental

ootyledons* He noted that there was a reduction in

the number of small and medium-sized cotyledons, but

hypertrophyof those whioh remained increased the size

of the placenta*

a. Ratio of Placenta to Poetus by Height*

Cherayak and Rabtsevich (1959) and Jeffooate and

Scott (1959) studied the relationship of the ratio of

the placenta to the foetus by weight to the severity

of the haemolytic disease found in the infant*

Ooplerud (I96I) observed that if the ratio of placenta

to foetus was less than 1 in 4, and if the infant

survived, the small ratio was the one expeoted for

that gestation*

In Table XL the ratio of the plaoental weight to

the foetal weight at birth is related to the severity

of the haemolytic disease which occurred* 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 ltl to It3 It will be

seen that about half of the affected infants survived*

"b* Histochemistry of Placenta*

Twenty placentae have been studied histologically

and histoohemioally by the methods described by



Table xl.

Ratio 1*1-1i3 Ratio 1*4--1*6
Ratio 1*7
and over.

Total.

Foetal results. Ho.
Under

35/52
Under

51b. No.
Under Under

35/52 51b. HO.
Under Under
35/52 51b.

Ratio
not
Known. Ho.

Under Undo
35/52 51b

Unaffected 11 1 2 78 2 4 2 1 1 1 92 4 7

Mild 4 0 1 92 0 3 8 0 0 1 105 0 4

Moderate 15 2 2 170 3 11 5 0 0 8 198 5 13

Severe 17 2 4 58 2 6 0 0 0 5 80 4 10

Death from
haemo lytic
disease.

?9 15 9 18 0 4 1 0 0 4 52 15 13

Dot known - - - _ - - - - - 35 35 - -

TOT&L. 76 20 18 416 7 28 16 1 1 54 562 28 47

Ratio of placental weight to foetal hirth weight related to
severity of haemolytic disease and "immaturity". (5 pounds m 2270 g.)
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Ismail C 3-959)• Portions of the placentae delivered

from women who were known to have Rhesus iaoimmunisa¬

tion were fixed and stained, and after examination the

findings were correlated with the degree of haemolytie

disease developed in their infants*

The plaoental blocks were stained and mounted in

the Department of Obstetrics and Gynaecology, University

of Edinburgh* In each case 2 slides of plaoental

tissue stained by haematoxylin and eosin were examined

to determine the general histological appearance* In

addition a number of other stained sections were

examined* These were as follows*—

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

Azo-Dye Method (Pearse 1953).

ii. Acid Phosphatase - by the Lead Phosphate Method

(Lillie 1952) and the Coup!ing-Azo Method (Burton

1954).

iii* nonspecific Esterase - a - JTaphthyl Acetate Azo

Coupling Method (Pearse 1953)*

Qlyeogon - Chromic Acid Schiff Method (Lillie

1952).

v. Calcium - Von Kossa Method (Pearse 1953)*
v** Lipoids - Sudan IV Method for neutral fat (Ismail

1959).

Mallory^ modification of Schultz Test

(Lillie 1952) for cholesterol*

Polarised light (Dempsey and Wislocki

1944)» Lillie (1952) for examination of fat*
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Group 1. 'Control* and 'Pnaffected*» (4 placentae).

These plaoentae showed some oedema of the villi*

some hyalinisation of villi and also the extravasation

of normal and nucleated red hlood cells (Figure 30)*
Acid and alkaline phosphatase were marked in the

syncytium* and sometimes alkaline phosphatase was seen

in the stroma*

Kon-specifio esterase was marked in the syncytium

hut scanty in the villous stroma* Fat was seen in the

stroma* and some cholesterol was present in the

syncytium* Glycogen and calcium were only found in

the stroma*

Group 2* *Mild* and *Moderate'« (4 placentae)*

Humerous small (normal) villi were found with

hyaline change in some and a few showing slight oedema*

Extravasation of nucleated hlood cells was <juite marked*

(Figure 31)*

Variable amounts of acid and alkaline phosphatase

were seen in the syncytium* and non-specific esterase was

found in the syncytium*

The amount of fat present in the villi and stroma

was small hut rather variable* Cholesterol was also

present in varying amounts in the syncytium and stroma*

Fo calcium was seen and glycogen was only found in the

stroma*

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.
H and E X 185.



marked hyaline change than previously and accompanied

hy extravasation of nucleated red cells# (Figure 32).

More alkaline phosphatase than acid phosphatase

was found, and non-specific esterase was seen in the

syncytium# Fat was usually minimal in amount or absent

and no oalcium was found# The amount of cholesterol

found was very variable, but it was never very marked#

Some glyoogen was seen in the stroma of villi and

around blood vessels but the amount present was small#

Group 4# Alive at birth but died in neo-natal period#
(2 placentae)#
Alive in labour but died before delivery#
(l plaoenta)#

Extravasated nucleated cells were prominent, with

hyaline change in some villi and a dense stroma in some

others# (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 syncytium# An excessive amount of

fat was seen in one section in the stroma of the

chorionic villi, but may have been due to degeneration#

Non-specific esterase was very prominent in the

syncytium# (Figure 34)*

Group 5. Hydrops foetalis# (5 plaoentae)#

Oedema and hyaline changes in the chorionic villi

were marked, and numerous small villi were present with

extravasation of nuoleated red cells and occasionally a

definite Langerhan's layer was seen# (Figures 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.

H and E X 185.

Figure 33. Neonatal death - hyaline change and dense
stroma in some villi. H. and E. X 185.



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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extent acid phosphatase were found in the syncytium,

and variable amounts of non-specific esterase were

present in the syncytium 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

(Figure 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 plaoentae

show oedema of the villi and persistence of Langerhan's

layer or oytotrophoblast.

Acid and alkaline phosphatases are found in the

syncytium in varying amounts and are concerned, as

enzymes, in the phosphorylation process necessary for

the exchange of nutriments. Their presence in the

syncytium of chorionic villi in hydropic plaoentae

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 plaoentae is very variable,

however. Dempsey and Vislocki (1944) thought that

glyoogen storage in the placentae might be for the

purpose of aiding anaerobic respiration of oells

deprived of adequate oxygenation. The glycogen
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Figure 39. Cholesterol - in stroma of villi.
Frozen section. Polarised 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 prinoipal store of

the foetal glycogen reserves*

Pat was found "by Ismail (1959) in normal placentae

in the following sites*- in the syncytium* in the

stroma of some healthy chorionic villi* and in

degenerating villi* The syncytial fat decreased

during pregnancy* and stromal fat was present in

varying amounts* Fat can he seen in some villi near

term and is an indication of physiological ageing*

Its presence in the stroma and in the trophoblast may

he related to the production of steroid hormones and

the presence of fat in Langerhan's layer in an hydropio

placenta may he related in some way to the inorease in

chorionic gonadotrophin reported hy Scott (1958)*

Non-specific esterase was found in the syncytium

of the chorionic villi in some placentae* hut not in

them all* In the normal placenta* Ismail (1959)

believed that the amount of non-specific esterase was

directly related to the amount of syncytial fat* In

this study fat was rarely seen in the syncytium hut

non-specific esterase was found in the synoytium in

nearly every case and also in the stroma* Ismail

thought that the enzyme was closely concerned with fat

metabolism* hut it may have other funotinns 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

oaloium absorbed from the maternal blood stream* on

the way to the foetal circulation* In the placentae

studied in this series* no calcium deposits in

hyalinised areas were seen*

In conclusion* it would appear that while the

naked eye appearance of the placenta (Figure 41)

resembles 'wool which has poured from the woolsack'

(jakesch 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*

Histochemieally there is evidence that the

hydropic placenta is still active and functioning, with

a good supply of enzymes in the syncytium* The other j
changes are related to the processes involved in ageing*!

apart from the presence of a 'fat' in the cytotropho-

blastic Langerhan's layer* It is possible that this

fat is concerned with the production of the chorionic

gonadotrophin which is said to be increased in this

condition*

Ho gradual histological or histochemioal change

could be detected among the placentae in the different '

severity groups* By the methods used it is clear that j
i

the placenta is functioning normally up until the time |

the foetus dies or is delivered. If the foetus dies ip
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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

newborn.

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.

A para 3» with 1 previous infant affected by

haemolytic disease 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

35 weeks the antiglobulin titre was 1 in 40, but after

induction at 37 weeks, the infant was mildly affected.

b. Mrs. B.C.

This patient had had 1 previous pregnancy and

was aged 24* At 8 weeks and again at 35 weeks

gestation blood was tested and the indirect Coomb's

test was negative on both ocoasions. 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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c. 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 60* At 36 weeks the albumen titre was

still 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 occurred without paracent¬

esis uteri being performed*

d*

This patient had had 1 previous pregnancy and her

husband was heterozygous positive* At 11 weeks

gestation the indirect Coomb's test was positive and

the albumen and antiglobulin tltres, tested on 3

occasions, rose to albumen 1 in 16 and antiglobulin

1 in 20 at 29 weeks* A liquor test suggested,

particularly with the diazo test,that the infant was
(Pig. 42).

unaffected./ Delivery during the 40th week of

pregnancy was normal and the infant was unaffected by

h&emolytic disease, an example of the anamnestic

reaction*

e* Kr8»_>W»B»

A patient, aged 33, with 5 previous viable

pregnanoies and 2 miscarriages* Her husband was

homozygous positive (but ABO compatible - group 0 - with

his wife)* Ho 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



Mrs. C. C-

Wavelength in mp.

Figure 42, Mrs. C. C, •Liquor* prediction
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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.

f. Mrs. S.M.

The patient*s first pregnanoy and infant were

normal. In the second pregnancy she was Coomb*s

negative at 10 and 26 weeks gestation, but had

developed antibodies by 35 weeks and had an albumen

titre of l/4 at 38 weeks. The child was unaffected

and the husband was heterozygous positive. Another

anamnestic reaction, but on this occasion the patient's

blood early in the pregnancy was Coomb* 3 negative and

it seemed as if stimulation and immunisation had

occurred during the pregnanoy.

g. Mrs. M.S.

This was a similar case to (f) with a patient

'developing' antibodies during a pregnancy but

delivering a Rhesus negative infant unaffected by

haemolytio disease. On this occasion 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 period 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.se. In her 6th pregnancy she had an intra-
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uterine death at 37 weeks and the infant 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 7th 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 unaffected but this was

disregarded and a Ceasarean section was performed at

35 weeks, the infant being unaffected*

i* Mrs* 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 33& weeks the foetus died in utero of

hydrops foetalis*

j. Mrs* S.H*

Patient's first baby delivered by Casearean section*

In 2nd pregnancy found -to have anti C + D antibodies,

but as the husband was homozygous fbr c, anti 0

antibody was present, along with D* Agglutination

tests were positive at 15 weeks and at 34 weeks the

antiglobulin titre was 1 in 80* A macerated foetus

was delivered at 35 weeks*

k. Mrs. D« KcO*

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 moderately affected* 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 an

exchange and one 'top-up' transfusion*

1• Mrs* I«B«

This patient had had 1 premature delivery at 34

weeks gestation 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 obtained and found to be

group 0, Rhesus positive and direct Coomb's positive*

As the mother's group was A-ve, this was foetal blood*

The antibody titre rose after the test, 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*

m. Mrs* C»0«

This patient's first pregnancy was uneventful*

In the second pregnancy - delivered at home - the

infant was found to have haemolytio disease and was

transferred to the Royal Hospital for Sick Children,

Edinbur#i, where exchange transfusion was performed.

In her 3rd pregnancy liquor was tested (Figure 45*) *nd

the infant was found to be moderately severely affected.

One year later she had her 4th child, the liquor this



Mrs.C.G.

Mrs.C.C.

-O9 -Oft -07 -O6 -05 -04 -002

600500 Wavelengthinmp.

—i— 600

! 400

Wavelengthinmp.

Figure45»MrsC.G. a.)'Liquor*prediction-b.)'Liquor'prediction- moderatelyseverelyaffectedlessseverelyaffected infant.than(a).
1

0-9 Oft 07 O6 05 04 03 02

Optical density
oI 009 O06 O-07 006 OOS O04 003 O02 O01

Mrs.C.C.

i

-09 -Oft -07 ■06 -0-5 -O4
-O02

Wavelengthinmp.
o.)'Liquor'prediction- veryseverelyaffectedinfant.



ISI.

time being less severely affeoted (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.

(Figure 45o) was obtained. The dates were in some

doubt, but at 36 weeks labour was induced. The infant

required 6 exchange transfusions during the first 4

days of life,

n. Mrs«_EvC«

First 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 gestation. He

required 1 exchange transfusion and 1 'top-up*

transfusion. The following 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' transfusions, the infant

made good progress.

o» Mrs. M. MoA.

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

By 29 weeks the albumen titre had risen to 1 in 128.

A liquor test was performed at 36 weeks and suggested

a severely affected infant* During this pregnancy

she had essential hypertension and superimposed pre¬

eclampsia and before labour was induced at 38 weeks,

the foetus had died (Figure 47a)* This patient had

no hydramnios and the foetal weight was just under

3k pounds (2500 g*)* 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 when diluted

liquor was tested no foetal heart could be heard

(Figure 4Tb) and the curve suggested a very severely

affected infant* The placenta to foetus ratio was 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*

p* Mrs* C*W»

This patient, aged 38, had a normal first

pregnancy, followed 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



Mrs.M.M

-003 -002

—1111— 700600500400 Wavelengthinmjj.
Figure47* MrsM.MaA. a)•Liquor'prediction-severelyaffected infant.

Mrs.M.M.

700600500 Wavelengthinmp.
400

1

0-9 O-B 0-7 O-6 OS 0-4 0-3 0-2

Optical density
CM

009 008 0-07 o06
-005 -004 -0-03 -0-02 OOI

lA
■P

b)'Liquor*prediction-intra-uterinedeath orveryseverelyaffectedinfant.



us.

30 weeks had a spontaneous delivery of a 'hydropic*

living infant weighing 6 pounds 4 ounces (2335 £>•}

with a placenta weiring 4 pounds 2 ounces (1870 g*)*

The hlood group of the infant was reported as 0 Rhesus

positive hut 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*

q* Mj^S*M*JKU

This patient's husband was heterozygous for the

D antigen and she already had had four pregnanoies,

the second infant requiring exchange transfusion* 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 affected (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 'haeraolytic disease of the

newborn*. However, on the 4th day after delivery,

the Infant's bilirubin level was 16*4 nig* per cent*

Ho further rise occurred and no definite cause for

haemolysis or jaundice was found* The mother and

infant were both Group A*
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r. Mrs. J.H,

This patisnt whan aged 36 had her 5th pregnancy.

The first infant was normal hut the second died as a

result of prolapse of the umhilioal cord. The 3rd

labour was induced at 33 weeks because of haemolytie

disease and the infant was affected and required 1

exchange transfusion. Ber 4th pregnancy ended in an

abortion. In the 5th, the albumen titre was 1 in 16

at 32 weeks, and labour was induced at 39 weeks, but

Caesarean section was required because of foetal

distress. The foetal haemoglobin at birth was 4*7 g»

per cent and immediate exchange transfusion was

performed. The serum bilirubin at birth was 7 mg.

per cent, but after a week it had risen to 30.6 mg. per

cent, 19*8 mg. per cent being 'direct1 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 g» 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 Caesarean section had been carried out in labour



because of foetal distress*

Liquor paracentesis was unsuccessful in this

patient hut mixed foetal and maternal blood was

obtained) the foetal blood being Group 3, Rhesus

negative and direct Coombs* test negative* In this

instance the haemolytic process may have 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*

t* Hrs*_P»£»

This patient was group A Rhesus positive) genotype

CDe/CPe) and her husband's blood group and genotype

were 0) CDe/cDE. She received a blood transfusion

after her first pregnancy which terminated at 12 weeks

by an incomplete abortion* She then had 2 normal

infants) neither being jaundiced* In her fourth

pregnancy she was found to have anti o and anti E

antibodies) the husband being heterozygous for these

antigens* The dates were unoertain but at 30 weeks

the albumen titre was only 1 in 1* A liquor test

suggested that the infant was moderately affected and

labour was induced at 37 weeks* The infant was group

0 positive) CDe/CDe and Coombs* positive) the haemo¬

globin at birth being 10*3 g* per oent. The baby



required 1 exchange and 1 'top-up' transfusion and

made good progress*

This oase illustrates one of the risks of

transfusing Bhesus positive women with blood compatible

for the T antigen only*

u«

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,

CDe/cde. 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 severely affected by haemolytic

disease and induotion 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 pounds

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 death* This must be acoepted as a death

following induotion and as the induotion was

unnecessary, the case is a tragic one* It is- to be

hoped that the abortion was unrelated to haemolytio

disease and that the next pregnancy will be successful

in producing a living child*
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XV. DISCUSSION AND CONCLUSIONS.

The obstetrical problems associated, with Rhesus

isoimmunisation can be considered in four groupsi—

causationy 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 seemed

that the only problem remaining was the one concerned

with the actual cause of the protein sensitization

reaction in the mother* At that time it was known

that haemolytic disease of the newborn oould present

in three way - hydrops foetalis, icterus gravis

neonatorum and congenital haemolytic anaemia. 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 Viener (1940) and the association by

Levine et al (1941) of haemolytio disease of the newborn

and antibody production by the infant's mother) a large

new serological field was opened up and also a hotter

understanding of haemolytio disease of the newborn) as

many hitherto unexplained findings oould now be simply

explained. Rot all the problems had been solved)

however) and further serological research revealed

that there were different types of antibodies, each
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having different effects* and tests for the detection

of these antibodies were devised* The management of

the pregnant woman was initially of less importance

than the treatment of the infant affected by haemolytic

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 births - more attention was paid

to the very large numbers of stillbirths ooourring each

year* It was reported (Lanoet 1954) that 30 per cent

of foetuses affected by haemolytic disease were still¬

born in England and Wales in 1952 and the number of

these stillbirths per year in England and Wales was

stated to be 300 (Lanoet 1958)*

Many attempts have been made to reduoe the still¬

birth rate and while some of these are concerned with

the obstetrical management of the patient* others are

more fundamental and involve immunology* serology*

lmmunoohemistry and pharmacology* While attempting

to reduce the number of stillbirths* it may be possible

to reduce the severity of the disease among live infants

also* and* 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 transfer 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 are probably not present in tissue fluids*

although Levine and Celano (1961) found the 2) antigen

in spermatozoa from Rhesus positive men* Whether

this finding is in any way oonneoted with the problem

of immunisation remains to be determined*

When the foetal red blood cells enter the maternal

ciroulation they are either destroyed by antibodies^in

the blood or* through ageing* by the reticulo¬

endothelial tissues of the mother* It has been

suggested that the cells are only capable 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 mother*s group is also Rhesus

positive (d), no antibodies are produced* If the

mother and foetus are both Rhesus negatives (d), no

antibodies are produced* A Rhesus negative foetus

will not stimulate antibody production in a Rhesus

positive mother - the indentification 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 been

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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Firstly, it may be that certain types of Rhesus

positive foetal cells are more capable of stimulating

the production of antibodies than others* The R^r
was thought by Murray (1957) to be a more powerful

antigen than the R^r but this was not confirmed by
Kirk et al (1959) or in the present series* It may

be that R2r cells are more sensitive than R^r 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 ABO groups - the foetal red cells being incompatible

with the maternal serum - there is very much less

chance of Rhesus isoimmunisation oocuring (Levine

(1943b), Bevanlinna and Vainla (1956), Levine (1958),

Finn et al (1961)$ Andersen et al (1961) and others.)

When the bio d groups of the parents are considered

alone, incompatibility between the father and mother

may not reflect incompatibility between the foetus and

mother, because of the possibility of heterozygosity

A/0 or B/O* However, Rhesus h&emolytic disease is

virtually unknown in families in which the mother is

group 0 and the father is group AB Levine (195®) and

Andersen et al (1961).

Two explanations have been put forward for the

finding of Rhesus isoimmunisation so rarely among

incompatible ABO matings* The first, by Wiener (1945),

suggested that if antibodies to the ABO antigen were

being made by the maternal tissues, these tissues would

be unable to produce Rhesus antibodies at the same
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time, as the A or 3 antigen was a more powerful

stimulus than the Rhesus complex* The second explana-
|
tion, by Race and Sanger (1930), was that the foetal

I cells entering the maternal circulation were destroyed

by the naturally oocurring anti-D antibodies, and so

were removed from the circulation 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 j
i
i

inactivated by the action of Anti-A or anti-B on the |
|

A or B antigens of the cell*

I If the foetus and mother are compatible 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 critical

amount of foetal red cells entering the maternal

circulation or on the duration for which the cells

!remain in the circulation* The suggestion that a

woman may have acquired tolerance for the D antigen

if her mother was Rhesus positive was offered by
j

Professor Rogers Bramwell and Mr* H* A. Mitchison (Race

and Sanger 1962)* Booth and others (1953) found that

the number of Rhesus negative grandmothers of Rhesus

[positive grandchildren with haemolytio disease was

exactly the number who were expected to have Rhesus

jnegative daughters. Owen and his co-workers (1954)

and Ward et al (1957) agreed with the findings of



Booth et al» hut when Owen'a group studied tha problem
s

in another way, they found that where there had been

three Rhesus positive ohildren without evidence of

isoimmunisation, there were more Rhesus positive

grandmothers than expected whereas if immunisation had

ooourred there were more Rhesus negative grandmothers*

Levine and Sturgeon (in Race 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 is©-

immunisation, not the lack of tolerance* The original

hypothesis was a most attractive one, hut the modern

view that immunological tolerance is not maintained in

extra-uterine life unless the subject continues to he

exposed to the antigen, means that it is not now

acceptable.

As antibodies are rarely present in the first

pregnancy (unless stimulated by a blood transfusion),

the mother is apparently sensitised at the time of the

first delivery or in a subsequent pregnancy* Attempts

to relate the disoovery of antibodies to operative

obstetrical procedures are not very satisfactory as

the procedure itself may not bring about the transfer

of foetal cells to the mother hut the reason for

carrying out the procedure may he the cause of the cell

transfer also* 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 haemorrhage is a very likely cause of

haemorrhage into the mother from the foetus* Pre¬

eclampsia is not frequently associated with haemolytio

disease as seen in this series, but hydrops foetalis

may predispose to pre-eclampsia with an inoreased

production of chorionic gonadotrophin (Scott 1958)*

It has been calculated that in 15 pax cent of

marriages a Rhesus positive man marries a Rhesus

negative woman* However, only 1 woman in 20 at risk

develops 1soimmunisation* 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 ohildren at all, a further reduction in the

number at risk will occur* The number remaining is

difficult to assess but some other factors, unknown and

unsuspeoted at the present time must be operating to

protect some women from isoImmunisation*

Prevention of Rhesus isoirnmunisation is the goal

but the solution is not yet apparent* Finn et al

(1961) suggested the injection of anti-3) antibodies to

women who had an excessive number of foetal cells in

their circulation after delivery* As only a very few

of the patients studied by Finn developed antibodies

and were at risk, it would mean the injeotion 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



with a very low oell score. Antibody obviously

cannot be given during pregnancy to destroy foetal cells

in the maternal circulation* otherwise it could cross

the placenta 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 is the work of the immunochemists

who have found chemical substances which are similar

to the Rhesus antigens and whioh compete for the anti-

Bhesus antibodies. Hackel and his co-workers (1953)

found that ribonucleic acid derivatives inhibited anti-

D* anti-C and anti-E antibodies* and also anti—c and

anti-e. They were attempting to identify the chemical

composition of the antigens and oonoluded that

ribonucleic aeid derivatives were included in the

antigen.

Boyd and his associates (1959) concluded from their

studies that the B-receptor of Rhesus positive red cells

oontained 'unnatural' hexoses or their derivatives.

Bodd et al (i960) suggested soialic acid as an

inhibitor of anti-B and Boyd and Beeves (1961) tried
colominio acid. As this was reputed to be non—toxio
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and non-antigenic,(Barry (1958), Boyd hoped to attempt

to inhibit antibody in vivo with colominic acid, but has

not been sucoessful so far* Obviously this line of

research is very important and it is neoessary to obtain

more information about the ohemical composition of the

Rhesus antigens so that their antibodies may be inhibited

more readily in vivo*

It does not seem practical to devise rules of
i ?

obstetric management for Rhesus negative 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*

From the immediate praotical point of view, the

diagnosis of Rhesus isoimmunisation is of the greatest

importance* Generally speaking blood is taken

routinely at hospital ante-natal clinics in every

pregnancy and repeated in Rhesus negative patients in

the last trimester* Unfortunately this is not the

case in general praetioe where sometimes blood is not

taken at all, or a specimen is taken in the first

pregnancy and not repeated in subsequent pregnancies,

regardless of the reported blood group* As Vaughan

(1959) stressed, clerical and technical errors are not

uncommon and on each occasion that the group is copied,

there is a chance of a mistake being made*

Routine testing in early pregnanoy sometimes

indicates whether antibodies from the last pregnancy

are present, althou^x there are exceptions*
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In some of the oases quoted antibodies were absent

in early pregnancy but appeared later although the

infant was unaffected by haemolytic disease. 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)* There may be

some other explanation* but this is not yet apparent.
I

If Rhesus antibodies are found in early pregnancy*

the diagnosis of Rhesus isoimmunisation is made. If

no antibodies eare detected and the patient is Rhesus

! negative* tests are repeated at 32 and 38 weeks.

Patients with no detectable antibodies at 32 weeks have

developed them after this* and it is possible for the

foetus to be stillborn at term although a blood test

at 36 weeks showed no antibodies. If the patient has

been transfused or if there are any occurrences in her

history to suggest that a previous infant may have had

haemolytic disease* a repeat test is advisable even if

the patient is Rhesus positive.

Patients who are Rhesus positive and 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 transfusion is

nearly always the cause unless anti-D antibody is also

present. Some patients with anti-G antibody were

encountered in the present series,(Allen and Tippett

(1938). If a transfusion of Rhesus positive blood
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is gives to a Rhesus negative woman and antibodies are

produced, a Rhesus positive infant is often severely

affected even in the first pregnancy* Here the

patient is receiving a large number of incompatible oells

in a very short time and the cells are often homozygous

for R| differing from the heterozygous positive foetal

cells*

Having established the diagnosis of Rhesus

isoimmunisation, it is necessary to oonsider each

patient individually* All the available information

about the patient should be collected and a decision

about her management t&ken by the obstetrician in

consultation with the paediatrician and serologist*

The final decision must be made by the obstetrician as

he is responsible for any induction of labour or

decisions regarding the method of delivery*

The decision regarding the management is difficult

because the controversy about induction of labour in

Rhesus isoimmunisation still oontinues* Zt is not made

easier hy the generally good results obtained both by

induotion and hy allowing labour to commence spontane¬

ously* The problem is not really concerned 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 kemioterus and the baby

should 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 disease* It is essential in

any series of cases of Bhesus isoimmunisation 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 know the severity of the

haemolytic disease while the foetus is still in utero*

If unaffected* no induction is theoretically necessary.

If a severely affected infant is predicted early

intervention may prevent the occurrence of a stillbirth*

Although am infant is moderately severely affected at

37 weeks gestation it is difficult to forecast how

severely affected he would h*ve been if labour had not

occurred until term* Thus it is reasonable to relate

the time of induction of labour to the predicted

severity of the haemolytio disease* Labour is not

induced if the infant is expected to be unaffected*

although in practice this group is difficult to

distinguish from the mildly affected infants* and

might be induced by term* The severely affected

infants are induoed 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* Six of these

infants died, one probably unnecessarily as a result of

induction* In order to predict that a patient with

Bhesus 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 genotype* The

genotype is based on probabilities and oan 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 unaffected infant from

the antibody titre reports* Examination of the liquor

amnii is helpful when an unaffected 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 particular 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 is

certainly not always the oase, and sometimes the titre

falls before an intra-uterus death occurs*

The maternal hydrops syndrome usually occurs 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 oases, the diagnostic features being the

straight foetal spine, the elevated ribs, the spaoe

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 utero in a ourrent pregnancy is to

examine the liquor amnii which is in Intimate contact

with the foetus during the whole pregnancy. Any

'excretion products' from the foetus are passed into

the liquor and by testing the liquor these produots

oan be identified and' measured quantitatively.

Obtaining liquor by paracentesis of the uterus is not

usually very difficult although sometimes it may be

contaminated by blood. The procedure is certainly a

safe one and no infection or haemorrhage has resulted

from it in this series. The patients are not unduly

disturbed by itt some in the series having had the

test repeated in 3 successive pregnancies.

The interpretation of the liquor curves after

speotrophotometric analysis is not difficult after a

little practice. There seemed to be no obvious

correlation between the findings on the graph and the

serum bilirubin and birth haemoglobin, but as the

liquor 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 occurs between 400 and 300 m.u. and is

due to the presence of bilirubin. The diazo test



produces a bulge between 500 and 600 m*u* and is of

definite value in distinguishing between unaffected

and moderately affected infants* It sometimes

indicates that the foetus is more severely affected

than the untreated liquor suggests*

Any test which is able to allow satisfactory

predictions to be made in about 90 per cent of oases

is of value* The reisons for incorrect predictions

are interesting, the foetus apparently producing and

'excreting' excessive amounts of bilirubin into the

liquor without definite evidence at birth of serious

haemolysis* Our knowledge of drugs which can harm

the foetus in utero is increasing and the interference

with foetal enzyme systems by commonly used drugs is

a finding of considerable importance* The uncertainty

of women with Bhesus isoimmunisation about the date of

their last menstrual period is a complicating factor,

also reported by Townsend and his co-workers (1-961)*

The finding that the 'bulge* is reduced when liquor

has been examined before and after 36 weeks makes

prediction difficult 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 33 weeks might

mean that the infant would be unaffeoted, or more

severely affected with a reduction in the bilirubin

bulge* This is the usual explanation for an affected

infant being delivered after an unaffected infant has

been predicted*
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Many attempts have been made to justify induction

of labour in Rhesus isoimmunisvtion and it is generally

agreed that when a stillbirth is expected, 'preterm'

delivery (within the last 3 or 4 weeks of pregnancy) is

justifiable# 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 early termination# Walker, Murray

and Russell (1937a and b) are against the induction of

labour because of the dangers of prematurity, but if a

stillbirth from haemolytie disease has ocourred, they

are prep-red to induce labour provided the husband is

homozygous# This would seem to be a rather negative

attitude, particularly as their exchange transfusion

technique is obviously very satisfactory and they have

a very efficient scheme for diagnosing and detecting

patients with Rhesus isoimmunization in their area#

Other writers have stressed the need for considering

each immunised patient as' an individual problem and

although they are against very early induotion 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 ?os (1957), Tovey and Valaes (1959), Wiener (1959),

Aaro (1959), Jacobs (19591>), Zlel and Smith (i960) and

Townsend et al (1961), Routine induotion empirically

has been suggested by Allen (1957) at 37 weeks when the

antibody titre was low, in case it rose suddenly.

MoClure Brown (i960) recommended routine induction at



38 weeks. Dique 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 hy 13 per cent when the 'induction* rate was

increased hy 65 per oent* Induction here* however,

does not necessarily mean induction before the 39th

week of pregnancy, and some inductions in unhooked

patients were 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 he compared other than in general

terms* In the present series the records of patients

delivered in 1956 and 1957 have heen studied retrospect¬

ively and although there was no definite induction-

policy during this time, the number of inductions in

1957 *as considerable (Figure 29)* Since 1958, many

of the 'hooked' patients have heen studied in an attempt

to predict the severity of the haemolytio disease, hut

the management of these patients has sometimes differed

from that suggested hy the prediction* This has often

heen of no serious consequence hut a small number of

foetal deaths in utero have occurred because of the

management carried out.

In an attempt to determine the number of infants

possibly saved hy induction of labour - either

'premature' or 'preterm*, those recorded as being

severely affected have heen studied* Those with low
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haemoglobin levels at birth - belov 7*4 mg. per oent -

were certainly in grave danger of death and have been

saved by induction* if the induction was performed

before 36 or 37 weeks. Goplerud (196I) considered

that the placenta to foetus ratio should be over 1 in

4 if the infant was to survive, apart from very

premature 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 critical ratio

found by Chemyak and Rabtsevieh (1959) 1 in 3*5

From the evidence obtained by histological and

histoohemical studies of the placenta it would seem

that the foetus died before the plaoenta and that the

changes associated with hydrops foetalis are secondary

and not a gradual change occurring as the severity of

the haemolytio disease increases. 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 can be given. Here

the skill and experience of the paediatrioian are of

the utmost importance and any successful results

obtained in this series are due equally to the efforts

of the attendant paediatricians.

Bhesus isoimmunisation is a family problem and as

such each family requires special consideration. The

finding that 7 to 8 per cent of apparently first

affected infants are stillborn as a result of haemolytio
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disease draws attention to the importance of prevent¬

ing Rhesus stillbirth in every pregnancy, and not

merely when a previous infant has been 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 abnormalities, the prognosis may be very

poor if the husband is homozygous Rhesus positive.

Even if he is heterozygous positive, there is no way

of knowing how many 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 stillbirth oocurring in the first affected

pregnancy, but it increased the severity of the

disease. In the present series, some rather heroic

induotions have been carried out in an attempt to

prevent a stillbirth after an incompatible blood

transfusion. It is, therefore, essential that young

girls and women in the child-bearing era reoeive as

few blood transfusions as possible, and if it is

necessary for them to be transfused, very oareful

grouping and cross-matching of the two bloods are

necessary.

It is interesting to remember that Rhesus

isoimmunisation is a form of natural seleotion while

attempting to delete the Rhesus negative antigen (d).

Affected infants are always Rhesus positive and

heterozygous, so their survival ensures that there will

he 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 increase as more heterosygous children are

saved by treatment. Whether these children are

completely normal is also of importance. It is hoped

that a follow-up study on the infants in this series

will be undertaken soon, in order to determine their

intelligence and to detect any sign of neurological

damage, including deafness.

As regards the future, the mo3t hopeful reaearoh

at the present time is concerned with the identification

of the structure of the Rhesus antigens. If substances

such as colominic acid can inhibit Rhesus antibodies

in the maternal blood without harming the patient or

foetus, the problem will be solved. The use of marrow

transplants from a Rhesus negative foetus to a Rhesus

positive foetus in the uterus of a patient with Rhesus

antibodies is of interest hut is unlikely to be very

generally successful. The procedure is quite difficult

(Lennon I960) MoClure Brown (i960) and the effsot on the

infant, should it survive, requires further study. If

a •tolerant' chimera develops, the infant may produce

both Rhesus positive and Rhesus negative cells but it

is possible that •auto-antibodies1 may develop with a

chronic form of haemolytic anaemia persisting throughout

life.

A detailed study of Rhesus negative women who have

Rhesus positive husbands hut do not develop antibodies

in pregnancy might help to solve some of the problems
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still outstanding* but as this must be prospective and

include a number of pregnancies, it is likely to take

a long time*

Until a chemical substance is ready for widespread

use* we* as obstetricians must continue to diagnose

Bhesus isoimmunisation as early as possible* we must

predict the severity of haemolytic disease as accurately

as possible and we must remove the affected infant from

the unhealthy maternal environment before the develop¬

ment of hydrops foetalis whenever practicable* Above

all* it is essential that the relevant findings are

considered for each patient in every pregnancy and that

a decision is made regarding the optimum management*

Our aim is to deliver all our patients of live infants

and for these to survive as normal and healthy children*

V7 SUMMARY.

The history of erythroblastosis foetalis and

Bhesus isoimmunisation is divided into three periods*

The first period is concerned with the syndromes which

make up 'erythroblastosis foetalis* or *haemolytic

disease of the newborn** while the second period

commences with the identification of the Bhesue factor

and includes some of the earlier views on management*

The third period commences arbitrarily with the

publication of the M*B*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 maternal circulation during



pregnancy and at the present time it can he stated

that small numbers of foetal cells are not infrequently '

seen in the maternal circulation during pregnancy*

Two cases are described in which Rhesus isoimmunis&tion

developed after foetal oells were seen to have entered

the maternal blood stream*

The results of a series of 550 women with Rhesus

isoimmunisation are presented, there being 532 viable

infants 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

previously affected infants the mortality rate is over

13 per cent* If an infant has previously been still¬

born or died from haemolytie disease , the mortality

rate is 33 per cent* The mortality rate from

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 1 times more

often than incompatibility in all the groups* There

is also a 'shift towards group A from group 0' in the

mothers of children with haemolytic disease* The

Rhesus genotype of the husbands of patients with

Rhesus isoimmunisation is correlated with the outoome



of the pregnancy and the severity of haemolytic disease

found in the infant, and it is shown that the Rg
genotype is no more liable to produoe severely affected

infants than the R^ genotype, and in fact the R^ is
possibly more potent than the Rg.

The incidence of pre-eclampsia in the series and

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

i are unreliable in prognosis because of the numerous

exceptions to the general rules established.

The most satisfactory and logical method of

predicting the severity of the foetus in utero was

found to be by analysing a specimen of amniotic fluid

at about M 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, satisfactory

predictions were made in 88 per cent of cases, while

in the last 2 years of the series, 92 per cent correct

predictions were made.

The management of the patient with Rhesus

isoimmunisation is concerned with the prevention of

stillbirths by the induction of labour before the

development of hydrops foetalis. It was considered



that a number of infants had been salvaged by this

policy of intervention. Induction of labour when the

infant is unaffected by haemolytic disease is

unnecessary and may be hazardous, 2 deaths in the series

out of 92 unaffected infants resulting.

A study of the placenta to foetus rates and the

histology and histochemistry of the placentae of

patients with Rhesus isoimmunisation is presented, and

also a number of observations have been made on severely

affected infants.

Twenty-one cases are briefly reported illustrating

certain aspects of diagnosis and management.



It gives me great pleasure to record my thanks

; to the followingj-

Professor R. J. Kellar, for his help and encouragement
I

during this study, and for allowing me to assume

the responsibility for determining the management

of Rhesus immunised patients in his Unit,
!

I The Consultant Obstetricians and Gynaecologists in the

South-Eastern Region of Scotland for permitting me

to test amniotic fluid from their patients,

, The Consultant^ Registrar, and Resident Paediatricians
in the Simpson Maternity Pavilion for their

assistance and co-operation in the management of

these women and their infants.

; Dr R. A. Cumming and the staff of the Regional Blood

Transfusion Centre for their advice and help,
I

and for access to their records,
I
Dr D. f. Lindsay and the Staff of the Simpson X-ray

Department for their help and for permission to

I use their x—rays in this thesis.
i 1

| Dr M, G, Kerr for obtaining liquor for me from patients, j

Dr J* C. H. Dunlop and the Staff of the Records Depart¬

ment of the Simpson Memorial Maternity Pavilion for

access to the records and for their assistance in

making the series complete.

Mr Leslie MaeKenzie of the Department of Obstetrics and

Gynaecology for preparing the microscopic sections

of the placentae and for his advice regarding

histology and photography.

Mr David Low of the Department of Obstetrics and



VSS.

Gynaecology for the trouble he has taken in

preparing the photographs included in this thesis.

The Staff of the Clinical Laboratory of the Simpson

Memorial Maternity Pavilion for treating and

testing the liquor and searching for foetal cells

in the maternal circulation.
:

Miss Wardle, Librarian of the Royal College of Surgeons !
i

of Edinburgh, for assistance in obtaining some of j

the early references.

The Staff of the Central Medical Library for their patiebce
■

and assistance in helping me to find references.
I

Miss Evelyn Harper for typing the manuscript.

Miss Jean Cameron, late of the Simpson Clinical Laboratory,
i

for helping to devise the Diazo test and for

performing many of the spectrophotometry analyses.!

Sister M. Staples,of the Simpson Memorial Maternity

Pavilion, for arranging for blood tests to be done|.
j

The patients, nurses and medical practitioners vho have j
assisted in this study.

Sister M. Isdale, University Departmental Sister in the j

Simpson Memorial Maternity Pavilion, for her many j
!

kindnesses during this study. The administrative j
i

organisation of the survey has been her |
responsibility and has been excellent. She has

assisted at all the paracentesis procedures and
!

her help and advice has been invaluable. Without

her willing co-operation, this project would

have been very much more difficult.



^ ' REFERENCES. 1
Aaro, L.A., (1959) Surg. Clin. N. Amer., 39*1125*

Aarstrand, T., and Hope L., (I960) Acta obstet. gynec.
Scand., 39*19*

Abt, A.F., (1932) Amer. J. Die. Child., 43*337.

Abt, I.A., (1917) Amer. J. Die. Child., 13*231.

1 Allen, F.H., (1957) Quart. Rev. Pediat., 12*1.

; Allen, F.H., Diamond, L.K., and Watrous, J.B., (1949)
Rev Engl. J. Med., 241*799*

! Allen, F.H., Diamond, L.K., and Vaughan, V.C., (1950a)
! Pediatries., 6*441*
j i

! Allen, F.H., Diamond L.K., and Vaughan, V.C., (1950b)
Amer. J. Die. Child., 80*779*

Allen, F.H., and Tippett, P.A., (1958) Vox Sang.
(Basel) 3*321.j

| Allott, E.N., and Holman, C.A., (1949) Lancet, it209*

i Andersen, J., Bentzon, M.W., and Larsen, S.O., (I96I)
Vox Sang. (Basel) 6s3*

Anderson, J.R., (1952) Brit. Med. J., 11*542.

Annotation (1954) Lancet, 1*692.

I Annotation (1957) Brit. Med. J., ii*457*

Annotation (1958) Lancet, 11*303.

Annotation (1959) Lancet, lit549*

Arkwright, J.A., (1902) Edinb. Med. J., 12*156.

Armitage, P., and Mollison, P.L., (1953)
J. Obstet. Gynaec. Brit. Emp., 60*605-

Ballantyne, J.W., (1892a) Edinb. Med. J., 38*57*

Ballantyne, J.W., (1892b) The Diseases and Deformities
of the Foetus, Vol. 1. Oliver and Boyd, Edinburgh.

Barry, G.T., (1958) J. exp. Med., 107*507*

Beecham, C.T., Mo1than, L*, Boutwell, J., and Rohrbeck,
C.W., (1962) Amer. J. Obstet. Gynec., 83*1053.

Belkin, R., and Wiener, A.S., (1944) Proc. Soc. exp.
Biol. (H.Y.)., 56*214*

Bevis, D.C.A., (1952) Lancet, it395*



**7.

Bevis, B.C.A., (1956) J. Obstet. Gynaec. Brit. Emp.,
63168.

Billingbam, R.E., Brent, L., and Medawar, P.B., (1993)
Hature, London. 172*603.

Bishop, P.A., (1961) Amer. J. Roentgenol., 861415.

| Bloomfield, J.E., (1901) Brit. Med. J., it 1142.
Bonar, B.E., (1927) Amer. J. Bis. Child., 33(226.

Boorman, K.E., Bodd, B.E., and Mollison, P.L., (1944)
«T. Obstet. Gynaeo. Brit. Emp., 51(1*

Boorman, K.E., and Bodd, B.E.j (1947) J* Path. Bact.,
59«95.

Boorman, K.E., Baley, B., and Bodd, B.B., (1947)
J. Obstet. Gynaee. Brit. Emp., 54(281.

Booth, P.B., Bunsford, I., Grant, J., and Murray, S.,
(1953) Brit. Med. J., ii»41.

Boronow, R.C., (I96I) Obstet. and Gyneo., 18(574*

Bourke, G.M., (1955) Med. J. Aust., ii(1095*

Boyd, H.C., (1962) Personal Communication.

Boyd, W.C., McMaster, M.H., and Waszozenko-Zacharcxenko,
E., (1959) Mature, London. 184(989*

i

Boyd, W.C., and Reeves, E., (1961) Hature, London.
191(511.

Bresler, J.B., (1961) Hum. Biol., 33(11.

Brody, S«, (i960) Acta, obstet. gyneo. Scand. 39*10.

Brody, S., and Engstrom, L., (i960) Acta. Paediatrica,
49*868.

Bromberg, Y.M., Salzberger, M., and Abrahamov, A., (1957)
Amer. J. Obstet. and Gynec., 74(674*

Buchan, A.H., and Comrie, J.B., (1909) J* Path. Bact.,
13*398.

Buhrman, W.L., and Sanford, H.N., (1931) Amer. J. Bis.
Child., 41*225.

Burton, J.P., (1954) J* Histochem. and Cytochem., 2t88»

Burton, J.M., (1861) Brit. Med. J., ii«530.

Burton, J.M., (1863) Brit. Med. J., it454*



7-F^-

Busfield, J., (1906) Brit. Med. J., i»20.

Calvin, M«, Evans, B.S., Behrendt, V., and Calvin, C.,
(1946) Pro. Soc. exp. Biol. (H.Y.). 61(416. ;

Campbell, K.I., (1955) Ned. J. Aust., lit 116.

Capon, N.B., (1922) J. Obstet. Gynaec. Brit. Emp., 291239.

Carey, V., (i960) Med. j. Aust., lit773*

Carter, B.B., (1947) Amer. J. Clin. Path., 17(646.

! Carter, B.B., (1949) 3» Immunol, 6li79*

Carter, B.B., Williamson, A.C., Lowghrey, J., and
Ingram, C.H., (1956) Amer. J. Obstet. Gynec., 72(655*

Caughey, A.P., (1960a) Amer. J* Obstet., Gynec., 80(577*

| Caughey, A.F., (1960b) Obstet. and Gynec., 15(284*

i Chernyak, A.A., and Rabtsevich, T.S., (1959) Akus i
Gin«k., 35(30.

Chown, B., (1948) Blood, Special Issue Ho. 2(155*
' ! i

Claireaux, A.E., Cole, P.G., and Lathe, G.H., (1953)
Lancet, ii(1226. j

| Clifford, S.H., and Hertig, I.T., (1932) Hew Engl. J.
Me#., 207(105.

! !

Coombs, R.R.A., (1950) Proc. Roy. Soc. Med., 43(347*
j ;

Coombs, R.R.A., and Mourant, A.E., (1947) J* Path. Bact.,|
59(105*

! Coombs, R.R.A., Mourant, A.E., and Race, R.R., (1945a) t
Brit. J. Exp. Path., 26(255* 1

Coombs, R.R.A., Mourant, A.E., and Race, R«R», (1945&)
Lancet, ii(15*

Coombs, R.R.A., Mourant, A.E., and Raoe, R.R., (1946)
Lancet, 1(264.

Crawford, J.M., (1959) 3* Obstet. Gynaec. Brit. E«p*,
661885.

Crozier, L>, (1913) Dissertation, Lyon, (quoted by Capon).

Danforth, D.H., and Hull, R.W., (1958) Amer. J. Obstet.
Gynec., 75(536.

Darrow, R.R., (1938) Aroh. Path., 25( 378.

Davies, B.S., Gerrard, J., and Waterhouse, J.A.H*,
(1953) Aroh. Dis. Childh., 28(466.



De Costa, E.J., Gerbie, A.B., and Potter, E.L., (1954)
Obstet. and Gyneo., 3*131. j

De Lange, C., and Aratzenius, A., (1929)
J. Kinderheilk, 124:1.

i

: Dempsey, E.W., and Wislocki, G.B., (1944)
Endocrinology, 35*405*

j j

| Diamond, L*K., (1946-47) Proc. Roy. Soc. Med., 40:546.

I Diamond, L.K., Blaokfan, K.D., and Baty, J.M., (1932) j-
i J. Pediat., it 269*

I Diamond, L.K., Vaughan, V.C., and Allen, F.H., (1950)
Pediatrics, 6:630.

i i

; Dienst, A., (1905) 261. Gynak., 29*353*

j Dique, J.C.A., and Wrench, D.L., (1959) J* Obstet. |
Gynaec. Brit. Emp., 66:251*

; i

j Dockeray, G.C., and Sachs, H., (1944) J* Immunol, 48:241*
'< • !

; Dodd, M.C., Bigley, H.J., and Geyer, V.B., (i960) I
Science, 132:1398* j

• Donnally, H.H., (1924) Amer. J. Dis. Child., 27:367* j

| Dunsford, I., and Stapleton, R.R., (1959) Vox Sang.,
(Basel), 4*406. |

■ * , j
I Dyggve, H., and Munk-Andersen, G*, (i960) Acta. |

paediat. (Uppsala), 49:249*
1

• I
; Ecklin, T., (1919) Mschr* Kinderheilk, 1^:425*

; Evans, T.H*, (1954) Obstet. and Oynec., 3:80. '
I i
; Ferguson, J.A., (1931) Amer. J. Path., 7*277* '
: Finn, R., Clarke, C*A*, Donohoe, W.T.A., McConnell, R.B.,

Sheppard, P.M., Lehane, D., and Kulke, W», (1961)
Brit. Med. J., it i486.

• 1

Fisher, O.D., (1957) Brit. Med. J., i:6l5*

Fisher, R.A., (1954) in Race, R.R., and Sanger, R.,
Blood Groups in Man, 2nd Edition, Blackwell
Scientific Publications, Ltd., Oxford.

Fitzgerald, G.M., Greenfield, J.G., and Kounine, B.,
(1939) Brain, 62:292*

Fordyce, A.D., and McAfee, W.G., (1924) Lancet, i:1151*



T-HO.

Gainey, H.L., Hicolay, K.S., Keeler, J.E., and Doyle,
M.E., (1954) Obstet. and Gynec., 3*141*

Gairdner, D., (1961) Practitioner, 186i212.

Gallagher, F.W., Danis, P.G., and Jones, L.R., (1943)
J. Pediat*, 22»171*

Gill, J.J., and Auld, I., (1930) Amer. J. Obstet.
Gynec., 20*834*

Gimson, J.D., (1943) Brit. Med. J., ii*293*

Goldsmith, K., (1955) Lancet, HJ6.

Gomori, G., (1946) Am* J. Clin* Path., 16, Tec. Sect.,
7*177*

Goodlin, R.C., (1957) Obstet. and Gynec., 10*299*

Goplerud, C.P., (1961) Obstet. and Gynec., 17*355*

Greenwald, H.M., and Messer, W., (1927) Amer. J. Med.
Sci., 174*793.

Greenwalt, T.J., (1949) J* Lab. Clin. Med., 34*1603*

Gregory, B.C., (1928) Proc. Roy. Soc. Med., 21il730.

Grundorfer, J., (1953) Blood, 8*609*

Guthrie, L., (1914) Proc. Roy. Soo. Med., 7*86.

Hackel, E., Smolker, R.E., and Fenske, S.A., (1958)
Vox Sang. (Basel), 3*402*

Rackel, E., and Spol^ar, K.S., (I960)
Vox Sang. (Basel), 5*517*

Halperin, J*, Jacob!, M., and Dubin, A., (1945) Amer.
J. Obstet. Gynec., 90*326.

Hampsonj A.C., (1929) Lancet, i*429*

Hart, A.P., (1925) Canad. Med. Ass. J., 19*1008.

Hawksley, J.C., and Lightwood, R., (I93$j) Quart. J.
Med., 27*195.

Henderson, J.L., (1942a) Arch. Bis. Childh., 17*49*

Henderson, J.L., (1942b) J. Obstet. Gynaec. Brit. Emp.,
49*499

Heuper, W.C., and Mullen, M.C., (1930) Amer. J. Obstet.
Gynec., 19*831.



V?/.

Hoeck, W., (1925) Zbl. Gynak., 49:145.

Howe, C., and Rustigian, R., (1950) J* Immunol., 64»505

Hunter, O.B., (1954) J* Amer. Ned* Ass., 154*905*

Ismail, S.H., (1959) A Histoohemioal Study of the
Human Endometrium and Placenta in Health and Disease.
Ph.D. Thesis, University of Edinburgh.

Jacobs, W.M., (1956) Surg. Gynec. Obstet., 103*233.

Jacobs, W.M., (1959a) Obstet. and Gynec., 13*96*

Jacobs, W.M., (1959"b) Obstet. and Gynec., 13*314*

Jacobs, W.M., (1959c) Surg. Gynec. Obstet., 108*485*

Jacobs, W.M., (1962) Obstet. and Gynec., 19*806.

Jakesch, ¥., (1878) Zbl. Gynak., 2:619.

Javert, C.T., (1942) Surg. Gynec. Obstet., 74*1.

Javert, C.T. (1955) Ann. N.T. Acad. Sci., 61:700.

Javert, C.T., and Reiss, C., (1952) Surg. Gynec. Obstet
94*257

Jeffcoate, T.R., and Scott, J.S., (1959) Amer. J.
Obstet. Gyneo.,77*475

Johnson, R.A., and Conway, J.P., (1933) Amer. J.
Obstet. Gynec., 21*255

Jouvenceauz, A., Brizard, C.P., Michaud, D., Revol, L.,
(1959) Brit. Med. J., ii*336.

Kariher, D.H., and Spindler, H.A., (1943) Amer. J. Med.
Sci., 205*369*

Kelsall, G.A., and Vos G.H., (1955) Lancet, ii:521.

Kelsall, G.A., Vos, G.H., and Kirk, R.L., (1958) Brit.
Med. J., ii*469*

Kelsall, G.A., Vos, G.H., and Kirk, R.L., (1959) Med.
J. Aust., i*488.

Kelsall, G.A., Watson, J.R.H., and Vos, G.H., (1957)
Lanoet, lit 1255*

Kirk, R.L., Vos, G.H., and Kelsall, G.A., (1959) Brit.
J. Haemat., 5*158.

Kleihauer, E., Hildegard, B., and Betke, K., (1957)
Klin. Wschr., 35*637*



"i.92.

Klemperer, P., (1924) Aroer. J. Dis. Child.) 28i212.

Knox, G«, Murray, S. and Walker, W., (i960) Brit. J.
Prev. Soc. Med,, 14s77.

Knox, G«, Murray, S., and Walker, W,, (1961) J. Ohstet.
Gynaec. Brit. Commonw., 68tll

Knox, G., and Walker, W., (1957) Brit, J. Prev. Soc.
Med., 11»126.

Krieger, V.I., (1955) Med. J. Aust., ii»ll8.

Landsteiner, K., Levine, P.H., and James, M.L., (1927-28)
Proo. Soc. Exp. Biol., (H.Y.), 251672. ;

Landsteiner, K., and Wiener, A.S., (1937) J. Immunol,
33sl9. i

Landsteiner, K., and Wiener, A.S., (1940)
Proc. Soc. Exp. Biol., (H.Y.), 43s223.

Landsteiner, K., and Wiener, A.S., (1941)
J. Exp. Med., 74s309.

Landsteiner, K., Wiener, A.S., and Matson, G.A., (1942) I
J. Exp. Med., 76s73.

Lawrence, W.D., Diefenbach, E.J., and Ehrenberg, C.J.,
(1956) Amer. J. Obstet. Gynec., 71s1062.

Lee, R.E., Goebel, D., and Fulton, T.A., (1955)
Ann. H.Y. Acad. Sci., 61s660.

Lennon, G.G., (i960) J. Obstet. Gynaec* Brit. Emp.,
67s746.

Levine, P., (1943a) J. Pediat., 231656.

Levine, P., (1943b) J. Hered., 34s71.

Levine, P., (1944) Arch. Path. (Chicago), 37*83.

Levine, P., (1958) Hum. Biol., 30»14«

Levine, P., Burnham, L., Ka^zin, E.M., and Vogel, P.,
(1941) Amer. J. Obstet. Gynec., 42*925.

Levine, P., and Celano, M.J., (1961) Vox Sang. (Basel),
6i720.

Levine, P., and Katzin, E.M., (1940) Proc. Soo. Exp.
Biol., (N.Y.), 45*343.

Levine, P., Katzin, E.M., and Burnham, L., (1940)
Proc. Soc. Exp. Biol. (N.Y.), 45*346.



V?3,

Levine, P., Katzin, E.K., and Burnham, L., (1941)
J. Amer. Red* Ass., Il6»825»

Levine, P. and Stetson, I.E., (1939)
J. Amer. Med. Ass., 113*126.

Levine, P., and Sturgeon, (1962) Personal Communication I
to Bace R.R., and Sanger, R., in Blood Groups in Man,
4th Edition, Blackwell Scientific Publications, Ltd., j
Oxford.

Levine, P. and Wong, H«, (1943) Amer. J. Obstet. Gynec.,
45*832.

Lewis, A.F., and Carter, B.B., (1958) Experientia,
(Basel), 14*281.

Liegner, B., (1919) Mschr. Geburtsh Gynak., 50*350.

Liley, A.W., (i960) N.Z. Med. J., 59*581.

Liley, A.W., (I96i) Amer. J. Obstet. Gynec., 82i1359»

Lillie, R.D.^Histopathologic Technic, The Blakiston
Co., Philadelphia and Toronto.

Longaker, Dr., (1889) Amer. J. Obstet., 22i639* !
i

Macbeth, R.D., and Robertson, S.B., (1961) Med. J. Aust.^
ii*573.

McBride, W.G., (1961) Med. J. Aust., it403.
i ;

! McClure Browne, J.C., (i960) J. Obstet. Gynaec. Brit. I
Emp., 67*746.

i :

; MoGibbon, J., (1912-13) Trans. Edinb. Obstet. Soc.,
381285.

Mackay, E.V., (1961) Aust. H.Z. J. Obstet. Gynaec., Is78i

McQuarrie, I., (1923) Bull. Johns Hopk. Hosp., 34*51» '

; Macklin, M.T. (1937) Amer. J. Dis. Child., 53*1245»
!

: Mengert, W.F., Rights, C.S., Batfts, C.R., Reid, A.F.,
Wolf, G.R., and Habors, G.C., (1955) Araer. J. Obstet.
Gynec., 69*678.

i

Mitchison, R.A., (1961) Brit. Med. Bull., 17*102.

Mollison, P.L., and Walker, W., (1952) Lancet, ii429»

Molloy, H.Y., and Evelyn, K.A., (1937) J. Biol. Chem.,
119*481.



Moncrieff, A., (i960) J. Obstet., Gynaec. Brit. Emp.,
67*740. j

Morley, C.W., Anderson, D.G., and Forsythe, W.R., (I96I)
Obstet. and Gynee., 18*294*

Morton, J*A., and Pickles, M.M., (1947) Nature, London,
, 159*779*:

i i

Mourant, A.E., (1957) Brit. Med. J., ii*46l.

I Mourant, A.E., and Kopec, A.C., (1958) The ABO Blood
i Groups, Blackwell Scientific Publications, Oxford*

i Murray, J. and Clark, E.C*, (1952) Nature, London,
| 169*886*

Murray, J., Lathe, G.H., Clark, E.C., Ruthven, C.R.J.,
and Levine, M., (1950) Brit. J. Exp. Path., 31*566.

Murray, J., and Taylor, M., (1949) J* Obstet. Gynaec.
Brit. Emp., 56*741*

i
1 Murray, S., (1957) Brit. J. Haemat., 3*143*

Nason, E.N., (1910) Brit. Med. J«, i*989.

i Neter, E., (1936) J. Immunol, 30*255*

Nevanlinna, H.R., and Vainia, T., (1956) Vox Sang.,
(Basel), 1*26.

\ !
■ Norman, A.P., (i960) J. Obstet. Gynaec. Brit. Emp.,

67*745* j

i Novell, H.A., and Taylor, P.W., (1961) Amer. J. Obstet.
Gynec., 82*1379*

| Nykoff, (1911) Zbl. Gynak., 49*145*
i i

i O'Driscoll, D.T., and Lavalle, 3.M., (1955) Lancet,
iit1169.

Opitz, H., (1922) Mschr. Kinderheilk, 113.

Oram, W.J., (i960), N.Z. Med. J., 59*255*

Orth, J. (1875) Virchows Arch. Path. Anat., 63*477*

Osbom, D.A., (1951) J* Clin. Path., 4*470.

Ottenberg, R., (1923) J* Amer. Med. Ass., 81*295*

Owen, R.D., Wood, H.R.. Foord, A.G., Sturgeon, P., and
Baldwin, L.G., (1954) Proc. Nat. Acad. Sci. (Wash.),
40*420.



3*5.
I ]

Parr, L.V., and Krlsehner, H., (1932) J. Amer. Med* Ass.,:
! 98i47* j
Parsons* L.G., (1932) Acta Paediat. (Uppsala), 13*378*

Parsons, L.G., Hawksley, J.C., and Gittins, R., (1933)
Arch. Ms. Childh., 8*159*

Pearse, G.E., (1953) Histochemistry, Theoretical and
Applied, 1st Edition, J. & A. Churohill, Ltd., London, j

Pfannensteil, J., (1912*13) Trans. Edinb. Obstet. Soc.,
; 38*285. I
1 ;

| Pickles, M.K., (1949) Haemolytic Disease of the Newborn, !
Blackwell Scientific Publications, Ltd., Oxford.

Pierce, M*, Rigor, E., and Luken, A., (1958)
Amer. J. Obstet. Gyneo., 75*357*

Pitfield (1912) Arch. Pediat., 29*761.

Plater, P., (1614) Observationum, Basle t 748. !

Plaut, G., Barrow, M.L., and Abbott, J.M., (1945)
Brit. Med. J., ii*273.

Potter, E.L., (1943) J. Pediat., 23*486.
I !

Potter, E.L., (1958) Amer. J. Obstet. Gynec., 75*348. !

Race, R.R., (1944) Mature, London, 153*771*

Race, R.R. and Sanger, R., (1950) Blood Groups in Man,
1st Edition, Blackwell Scientific Publications, Ltd.,
Oxford.

Race, R*R., and Sanger, R., (1954) Blood Groups in Man,
2nd Edition. '

1 :

Race, R.R.,, and Sanger, R., (1962) Blood Groups in Man,
4th Edition.

Race, R.R., Taylor, G.L., Cappell, D.F., and McParlane, j
M.N., (1943) Brit. Med. J., ii*289* !

Rautmann, H., (1912) Beitr. Path. Anat., 54*332.

Reilly, C.T., (i960) Amer. J. Obstet. Gynec., 80*391*

Rigsby, W.C., Vorys N., Copeland, W.E., and Ullery, J.C.,
(1961) Obstet. and Gynec., 18*579*

Robertson, S.E.J., (1961) Med. J. Aust., 1*398.

Rolleston, H.D., (1910) Brit. Med. J., i*864.

Rolleston, H.D., (1920) Practitioner, 104*1*



|

Rolleston, H.B., and Haynb, L.B., (1901) _

Brit. Ned* J.1 it?58.

Roy, R.B., (1959) Canad. J. Med. Technol., 21t2.

Ruoknagel, B.L., and Chemoff, A.I., (1955) Blood,
10»1092*

Samuel, E., and Cohen, J», (1950) Brit. J. Radiol.,
23i225.

| Sanford, H.N., (1925) Amer. J. Bis. Child., 30tl9.

Sohmorl, 0., (1904) Verh. dtsch. path. Ges., 61IO9.

Schridde, (1910) Munchen Med. Wschr., 57*397.

Schridde, (1911) Btseh. med. Wschr., 37*432.

Scott, J.S., (1958) J. Ohstet., Gynaec. Brit. Emp.,
63*689. I

Severin, M.A., (1643) Be Abscessuum Recondita Katura,
4*309. Lugduni, Batavorum Joannen a Kerckkhen, (1724).

Shelton, J.G., (1955) Med. J. Aust., iiill3. ;

Simpson, A.R., (1880) Edinb. Med. J., 26tl64*
' Simpson, J.T., (1838) Edinb. Med. Surg. J«, It390.

Smith, G.P., (1902) Lancet, ii»152.

Smith, Protheroe, (1875) Trans. Obstet. Soc., London,
17*303.

i i

Smyth, J.S., (1931) Med. J. Aust., iit268.

Snow, W., and Powell, C.B., (1934) Amer. J. Roentgenol,
3i*37.

; Speck, G., (i960) Obstet. and Gynec., 15*70.

Spiller, W.G., (1915) Amer. J. Med. Soi., 149*345.

Springer, G.P., Williamson, P., and Brandes, W.C., (I96I)
J. Exp. Med., 113*1077.

Stern, K., (1958) Amer. J. Obstet. Gyneo., 75*368.

Stern, K., Bavidsohn, I., and Masaitis, L., (1956)
Amer. J. Clin. Path., 26t833.

Stratton, P., (1953) Lancet, it 1169.

Stratton, P., (1955) Modern Trends in Blood Biseases,
by Wilkinson, J.P., Butterworth & Co., Ltd., London,
p.329.



1%7.

Stratton, P. and Kenton, P.H., (1950) Lancet, it 326*

Strutters, R»R., (1926) Canad. Med. Ass. J., 16*1221.

Tait, Lawson, (1875) Trans* Obstet. Soc* Lond*, 17t307* j

Tovey, G.H., (i960) J* Obstet. Oynaeo. Brit* Emp*, j
67*745* j

Tovey, G.H. (1961) Pracitioner, 187*819*

Tovey, O.H., and Valaes, T., (1959) Lancet, lit521*

Townsend, S.L., (I96I) Aust. N.Z. J* Obst. Gynaec., i
it 27*

Townsend, S*L*, Mackay, E.V., Shelton, J.G., Krieger,
V.I*, and Campbell, K.I*, (1961) J. Obstet*, Gynaec*
Brit. Commonw., 68t382.

Vaughan, V.C., (1959) J* Pediat*, 54*566*

Vaughan, V.C., Allen, P*H*, and Diamond, L.K., (1950)
Pediatrics, 6*173« |

i

Vogel, P., (1953) J* Exp* Med., 981509* !
Vogel, P., Rosenthal Bf., and Levine P., (1943)

Amer. J. Clin* Path*, 13*1* !
1

Von Haara, E., and Rosenfeld, I*, (1942) 3» Immunol,
43*109* |

Walker, A.H.C*, (1957) Brit. Med. J., ii*376. '
Walker, A.H.C., and Jennison, R*F», (1962)

Brit. Med. J., iitll52.

Walker, W., (I858) Brit. Med. J., 9*
!

Walker, W., (1958) Vox. Sang. (Basel), 3*225*

Walker, W. (1959) Brit. Med. Bull., 15*123* j
Walker, W., and Mollison, P.L., (1957) Lancet, i*1309»

Walker, W., and Murray, S*, (1956) Brit. Med. J., it 187*

Walker, W*, Murray, S*, and Russell, J.K*, (1957a).
Lancet, it348*

Walker, W., Murray, S., and Russell, J.K., (1957b),
J. Obste"ft£Urit. Emp., 64*573*

Walker W., and Neligan, G.A., (1955) Brit. Med. J.,
i*68l.



l^S-

Ward, H.K., Walsh, R.J., and Koptzoff, 0., (1957)
Nature, London, 179*1353.

i

Watson, H.B., Crosse, V.M., and Hatchuel, W.L.P., (1954)!
Brit. Med. J., it679. !

Westin, B., Lind, J., and Teger-Nilsson, A.C., (i960)
Acta, paediat., (Uppsala), 49*154.

Wiener, A.S., (1941) Arch. Path. (Chicago), 32»227« !
Wiener, A.S., (1943) Proc. Soc. Exp. Biol., (N.T.),

54*316.

Wiener, A.S., (1944) Proc. Soo. Exp. Biol., (N.Y.), I
56»173.

I

Wiener, A.S., (1945a) J., Lab. Clin. Med., 30*957.

Wiener, A.S. (1945*0 Proc. Soc. Exp. Biol., (N.Y.),
58*133.

Wiener, A.S. (1946a) Amer. J. Bis. Child., 71*14. j
Wiener, A.S., (1946b) Amer. J. Clin. Path., 16*477* '

|
Wiener, A.S.,(1946c) Amer. J. Clin. Path., 16*319*

Wiener, A.S., (1949) Proc. Soo. Exp. Biol., (N.Y.),
70*576. |

Wiener, A.S., (1959) Exp. Med. Surg., 17*15* j
j

Wiener, A.S., and Peters, H.R., (1940) Ann. Intern. Med^
13*2306^

Wiener, A.S., and Soon, E.B., (1943) J* Immunol, 47*461.

Wiener, A.S., and Soon, E.B., (1946) Amer. J. Ms. Child
71*25.!

j

Wiener, A.S., Wexler, I.B., and Brancato, G.J., (1956) j
3. Pediat., 49*381.

Wild, A.E., (1961) Clin. Sci., 21*221. j
Wimhofer, Von H«, Schneider, J., and Leitenberger, P., ,

(1962) Geburtsch U. Prauenheilk, 22*589.

Witebsky, E., and Mohn, J.P., (1945) 3» Exp. Med.,
82*143. !

Wolf, A.M., Schultz, C., Preundlich, M., and Levinson,
S.O., (1950) J. Amer. Med. Ass*, 144*88.

Woodruff, M.P.A., and Lennox, B., (1959) Lancet, ii*476.



Yippo, A., (1918) Munch. Med. Wschr., 85198.

Ziel, H.A., and Smith, A.G., (i960)
Obstet. and Gyneo., 151765.

Zimmerman, H.M., and Yannet, H., (1933)
Amer. J. Ms Child., 45*740.

Zipursky, A., Hull, A., White, F.D., and Israels, L.G.,
(1959) Lancet, i*451.


