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FUNDAMENTAL PRINCIPLES OF Rh

The Rh factor received ifs mymefrmmthe investigations car-
ried out by Landsteiner and Wiener (1.2), who vproduced antisera by in-
Jeeting blood of Rhesus monkeys into rabbits and guinea pigs. These
antisera, after suitable absorption, were found to agglutinate the
bloods of 85 per cent of the white population. By using these antisera
it was possible to divide human beings inte two groups. Those indivie
duals whose red cells were clumped by the sera were said to be Rh~positive
and those whose celle feiled %o clump were said to be Bh~negative. The
original animal antisera are no longer used for Rh testing because anti-
sera of human origin having the same specificity are now available.
Shortly thereafter other antisera, also of human origin, were found.
These antisera detect blood factors closely related, both serclogically
and genetically, to the original rhesus factor. These blood factors,
together with original Rh factor, are now collectively known as Rh-Hr
blood factors. Eight Rh types can be distinguished by usimg the three
principal anti-Bh sera, and these can be further subdivided by the use
of the two known anti-Er sera (Wiemer, 3). The factor Rh,, whether
it occurs alone or in combination, is the most antigenic, and accounts
for the majority of instances of isosensitization. However, in rare
susceptible individuals any of the component Rh-Er factors may give
rise to sensitization.

Genetically, each of the Rh~Hr factors behaves as & simple
Mendelian dominant. With regard to Rh, taken alone, Rhy=positive
individuals are of two types, namely, those who are genetically "pure"
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(homozygous), and those who are genetically "impure" (heterozygous).

A homozygous Rh-positive husband and an Rh-negative wife will produce
children, all of whom are Rh-positive (and heterozygous), while a het-
erozygous Rh-positive man and an Rb-negative women will produce children,
half of whom are Rh-negptive like the mother, and the other half of whom
are heterozygous Rh-positive like the father.

With the aid of anti~Hr sera the distinction between hetero-and
homozygosity can be made with a high degree of probability, and this is
of considerable importance in its clinical application. A severely
sensitized Rbh-negative woman with & heterozygous husband has a 50 per
cent chance of having an Rh-negative child who would not be harmed by
the materral antibodies, while with & homozygous husband there is no

chance at all (Wiener and Wexler, 4).
SENSITIZATION TO THE Rh FACTOR

Isoimmnization by the Rh factor occurs in two groups of
cases, namely, (1) Rh-negative individuals after transfusions of Rh~
positive blood, and (2) Rh~negative women immunized by Rh~positive
fetal blood. The deliberate or accidental injection of Rh~positive
blood into an Rh-negative individual will sensitize as many as 80 per
cent of such persons dependihg upon the quantity of blood injected and
the timing of the injection (Wiener, 5). It is now generally accepted
that 92 per cent of all cases of erythroblastosis fetalis result from
immunization of the Rh=negative mother by Rh-positive fetal blood and
subsequent action of the maternal anti-Bh antibodies (agglutinins and

blocking antibodies) on the Rh~positive fetal blood (Levine and Waller,6).



According to Levine (7), Rh~isosensitization by pregnancy
occurs as the result of the passage of minute quantities of the in-
fant's Rh-positive blood into the mrternal circulation. This is most
apt to occur during parturition, though it may occur at any time dur-
ing pregnancy. It has been calculated by Levine (6) that the passage
of as little as 0.13 cc. of fetel blood is reg-ired to immunize the
Bh~regative mother.

Although immune antibodies (anti-Rh agglutinins or blocking
antibodies), in contrast to normal iso-antibodies, have a comparatively
short duration in the blood plasma - l.e., from several weeks to one or
more years after pregnancy - the R. E. cells responsible for antibody
production orobably retain the sensitized state for a long time, if not

permanently (Levine, 8).
INCIDENCE OF FRYTHROBLASIMSIS FETALIS

Brythroblastosis fetalis is not 2 leading csuse of fetal or
neonatal morbidity or mortality. Its incidence is directly proportional
to the frequency of Rh-negative individuals in any populationi in 2 pop~
ulation with 15 per cent Rhenagative individuals it will occur about
once in every 150 to 200 full term pregpnancies. About one fetal or neon-—
atal death per 400 deliveries is caused by erythroblastosis fetalis
(Levine, 9). Potter and Adair (10) report the incidence of erythro-
blastosis among the children of Fh-nszative mothers at Chicago Lying-In
Hospital as being 1:37, with the incidence of the fatal form being 1356,

O0f 221 stillbirths occurring at the same hospital, 8.1 per cent were



due to erythroblastosis fetalis. Allen et al. (11 )states that hemo-
lytic disease, due to maternal iso-immunization by the Rh factor oceurs
in about 0.66 per cent of newborn infants.
CORRELATION BETWEEN ANTIBODY TITER AND
THE SEVERITY OF THE DISFASE

Since the cause of erythroblastosis is the interaction of the
infant's Rh-~positive cells and Rh antibodies, it is to be expected that
& correlation should exist between the concentration of antibodies in
tre maternal serum and the severity of the disease in the infant. Un~
fortunately, the severity of the disease in the infant is difficult to
assess, and examples of severe disease with low antibody titers have
been published in the literature. In addition, titrations done in diff-
erent laboratories enpear to vary widely.

Primrose et al. (12) believe that both the degree and dura=
tion of sensitization can be plotted gravhically in such a manner as
to make reasonably accurate predictions. Sacks and his associates (13)
have been able to show that the stillbirth rate from erythroblastosis
fetalis increases directly with the level of maternal antibody titer
prior to delivery. King and King (14) state thzt women showing blocke
ing antibodies early in preghancy are very likely to deliver affected
children, especially if the titer rises in the late months. Holmstrom
(15) insists that the level of the meternal antibody titer is a poor
index of how severely the infant will be involved. Zelenik et al. (16)
found that there was no correlation between the severity of the disease

in the newborn and the saline antibodies, a fairly close correlation with
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the albumin antibodies, and a much more direct correlation with the
anti-human globulin serum antibodies if the titer was 1:4 or more.

Page et al.(1l7) believe that so long as the antibodies exist
to any significant degree, there is only a moderate relationship between
the actual quantity present and the fetal outcome ~ a rapid rise or fall
in the titer during the last month is not necessarily of significance.

It has been pointed out by Page, Hunt and Lucia (18) that the
length of time the antibodies existed before birth was of prognostic im-
portance, and that the critical period of time was about ten weeks, This
has been confirmed by Murray and Taylor (19) who found that in twenty-two
cases where antibodies existed in the first half of pregnancy, all babies
were affected and only five survived; whereas in eleven cases in which
antibodies were not present at sixteen weeks, but appeared after the
thirtieth week, all babies survived.

Wiener and Wexler (4) believe that no absolute statement can
be made regarding the prognosis based on the antenatal maternal Rh anti-~
body titer alone in specific instances. But in general it may be stated
that the more severely affected infante are usually born to mothers whose
sera show the highest antibody titers, and that with low antibody titers
the fe=tal morbidity and mortality tend to be lower. In & series of cages
reported by Wiener and Wexler (4) the total mortality rate was 12.2 per-
cent when the maternal titer was four units or less by the albumin-
vlasma method, while the total mortality rate was as high as 72,2 per-
cent with titers up to 256 units.

Potter (20) believes that in her hands the previous maternal



history has been of more value in prognosticating the fate of an infant
born to an immunized BRh~negative woman than have changes in meternal
antibody titer or differences in the wvariety of antibodies present, If
the antibody titer is zero, with a negative past history, the outlook

is almost 100 per cent good; and prognosis is most dependably established
in these cases on the basis of such a history plus a negative titer. If
the titer is vositive, less definite conclusions can be drawn and in
that case, if a woman has had a previous erythroblastotiec child, and

if her husband is homozygous, the outlook is grave.
REVIEY OF PROPHYLAXIS IN ERYTHROBLASTOSIS

With maternsl immunization established as the cause of hemoly-
tic disease of the newborn, it is not unreasonsble to believe that some
means might be found by which the disease could be prevented. Two main
lines of avproach are possible: (1) the prevention of immunization of
the mother, and (2) the prevention of fetal injury after maternal immmn-
jzation has been established (Potter, 21).

It has been shown that immunization is ordinarily initiated
at some time before the beginning of the pregnancy during the course
of which the fetus is injured. Consequently, attention must be dire
ected toward the elimination of the situations which may be conducive
to the production of immunization.

Yo Bh-negative female should ever be transfused with Rh-pos-
itive blood. All those found to be Rh-negative must receive Rh~negative

blood. One or more transfusions of Rh-positive blood may prevent a



woman, many years later, from having one or more normal Rh-positive
infants. The simple procedure of checking Rh before transfusion and
using Rh compatible blood showld reduce the incidence of erythroblase
tosis fetalis, especially in its most severe forms. Levine (22) states
that the incidence of erythroblastosis fetalis is almost twice as com-
mon in Rh-negative women previously immunized by transfusions, with a
high incidence of fetal death in the first born of the transfused group.

The conduct of labor in Rh~negative women should be such that
as little opportunity as possible is afforded for immunization. Cesar-
ean section may permit entrance of fetal cells into the maternal cire
culation if the placeﬁta is on the anterior wall and is incised when
the uterus is opened. On the other hand, & long labor increases the
pogsibility of injury to placental villi which may allow fetal blood
to escape. Manual removal of the placenta also increases the liklihood
of escape of fetal cells into the maternal circulation (Potter, 21).

If immunization has once been produced, there is no known
way of preventing the entrance of antibodies into the fetal circula=-
tion or of preventing the union of the antibodies with the Rh~-positive
fetal cells. Various procedures have been recommended, tut none have
vroven effective.

Burnham (23), believing that a lack of vitamin C might be
responsible for a decrease in capillary integrity and a consequent
leakage of cells from the vessels in the villi, suggested that giving
large amounts of this vitamin tc women who have deiivered erythroblas-

totic infants would lower the incidence in subsequent pregnancies, If



vitamin C were %o be of wvalue, however, it would have to be given to
all vregnant Rh-negative women. After the disease has occurred there
is little reason to expect that vitamin C could prevent its repeti-
tion. Potter (21), used vitamin C in two cases in which it failed to
prevent hemolytic disease.

In 1946 Wiener and Sonn (24) gave injesctions of typhoid and
pertussis vaccine during pregnancy in the hope that the administration
of a strong antigen might interfere with the development of antibodiés
in response to the weaker (Rh) antigen. They found, however, that such
a procedure was of no value after immunization had once been established,
a fact which would completely invalidate its therapeutic usefulness.
Moloney (25) stated that the use of pertussis wvaccine during pregnancy
was not only useless but may be harmful.

In 1947 Kariker (26), acting upon reports that ethylene disul=
fonate was of wvalue in allerglic conditions, administered this chemical
in minute amounts to pregnant women who had previously given birth to
erythroblastotic infants. His results in three patients suggested
that such treatment might have some effect in lowering the antibody
titer in maternal gerum. However, the dosage of ethylene disulfonate
used by Kariher was so low (two trillionths of & milligram) that he
himself suggested that any effect may have been due to distilled water
rather than to the chemical agent. Moloney (25), in & series of twelve
cases could determine no benefit from the use of ethylene disulfonate.
Barglow (27) in a report of one case, expressed doubt that the lowered

antibody titer in that one case could definitely be atiributed to



ethylene disulfonate.

The possibility that a specific Rh hapten derived from Rhe
positive red blood cells might be effective in neutralizing Rh anti-
bodies was first suggested by Belkin and Wiener (28) in 1944. 1In
1947 and 1949 Carter (29, 30) claimed to have isolated from human Rh-
positive red blood cells a fraction containing an Rh haptens. She re-
ported that injections of this frection into Rh sensitized pregnant
women resulted in a fall in circiilating antibody titer. Goldsmith (31)
in 1950 reported three cases in which he had used Rh hapten. He de~
scribed beneficial results in two of the cases., Most other workers
have been unable to reproduce the findings of Carter, and their con-
clusion is that Rh hapten is not of clinical wvalue in altering the
fetal prognosis. Unger (32), Wolf et al. (33), Greenwalt (34), Ham~
ilton and Brockland (35), Spurling et al. (38), and Marsters, Schmidt
and Black (37) all reported unsuccessful efforts to inhibit antibody
formation by the use of Rh hapten. Levine (9) in 1952 stated that
ithere is no evidence that any true hapten has been isolated from hu~
man Rh-positive blood, nor has there been any counfirmation of reports
on the value of a presumed hapten in the prevention of hemolytic dis-
ease."

The artificial insemination of an immunized woman with sperm
cells from an BEh~nezgptive man is one method of obieining & child free
from erythroblastosis. All Bh~regative children will be unaffected
regardless of the degree of maternsl immunization (Diamond, 38).

Potter and Willson (39) have reported the birth of normal children



to women who have been artificially inseminated after having given
birth to infants with hemolytic disease previously.

Homburger (40) in 1946 reported a study on guinea pigs and
rabbits in which the formation of anti-Bh agglutinins following the
injection of rhesus monkey blood cells appeared to be diminished when
sodium salicylate had been admiristered three days prior to and dur-
ing the period of immunization. McLennan et al. (41) reported on the
use of salicylates in one case which resulted in a macerated stillborn
fetus.

Hoffman and Edwards (42) in 1950 revorted a series of cases
in which they had used Pranone (Schering), 10 mgm. per day orally, and
vitemin X, 4 to 8 mgm. I.M. weekly, in an attempt to prevent erythro-
blagtosis fetalis. In the three patients in the series who had anti~-
body titers before treatment, the titers fell during treatment. In
the patients who had no demonstrable titers, no titers developed dur—
ing tresatment. Three untreated pvatients developed antibodies during
vregnancy. The fact that all the patients who started their pregnan—
cies without antibodies failed to develop antibodies while taking
Pranone is dubious evidence of its effectiveness, for it is known
that, without any treatment, only about five per cent of Rh-negative
women will become sensitized, even though they are mated tc Rh-pesi-
tive men and are subjectcd to repeated pregnancies (Holmstrom, 15).
Holmstrom, ir an attempt to confirm the observations of Hoifman and
Edwards, administered Pranone to a group of 35 pregnant, Rh-gensie-

tized patients. The dosage averaged 100 mgm. daily for 12 weeks.
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He discovered no evidence to inmicate that Pranone will influence
the outcome of a pregnancy complicated by Rh sensitizabion.

The underlying retionale of administering ACTH and/or cor—
tisone to Rh~negntive pregnant women is explained on the following
grounds by Anderson, Barr and Slessor (43). These men voint out that
among the numercus trials of ACTH and cortisone in human disease, those
which seem most relevant to the present question c-ncern the condition
of idiopathic acquired hemolytic anemia in which the hemolytic process
is associated with a positive direct Coombs reaction. Here, it seems
reasonable to assume thrt the patient develops auto-antibody, which,
attaching itself to the red blood cells, is responsible for the in-

- creased rate of their destruction. There hsve been many reports of
favoreble effects of ACTH and cortisone in these cases. There is thus
evidence that ACTH may heve a beneficial effect in cases of hemolytic
anemig in which there is auto-antibody attached to the red blood cells.
In the single case history reported by Anderson, Barr and Slessor (43),
in whiech 100 mgm. of cortisone was given daily from the thirty-third

to the thirty-seventh weeks, the beby had to have an exchange trang
fusion despite the prenstal cortisone. 1In nine out of the ten surviv-
ing infants of treated sensitized mothers reported by Hunter and Ross
(44), transfusions were also necessaery. They gave 100 mgn of cortisone
daily from the time the mother entered the hospital for delivery. Chris-
tensen, Margulis and Stewart (45) used dosages of 75 to 100 mgn. of
either ACTH or cortisone given three to sixz times each week for periods

varying from three days to six months. Two of the eight Rh~pesitive
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babies in this series succumbed to erythroblastosis although no trans-
fusions were deemed necessary. Holmstrom (15), who reported a series
of four cases in which 100 mgm. ACTH was given daily for seven to ten
days, found no change in antibody titer and all four patients ultimately
delivered stillborn erythroblastotic infants. Harkins (46) revorted
one case in which he felt he had obtained beneficial results from the
use of ACTH in 100 mgm. daily doses for three weeks prior to delivery.
ACTH and cortisone may prove to be of some benefit in the prevention
of erythroblastosis, but at this time, as Christensen et al. (45) have
pointed out, '"no significant clinical interpretation can be drawn from
so few cases."

Premature delivery has been widely used as a prophylactic
measure during the past few years. By reducing the duration of time
that the maternzl antibodies have to act on the fetal red blood cells,
it is felt that the infant, even though premature, has a better chance
for survival. Wiener and Wexler (4) state that a premature erythro-
blastotie infant who can be given the advantage of exchange transfusion
has a better chance of survival than a more mature baby in whom the
disease has progressed and who, as a result, might die in utero before
term. They feel thet Cesarean section should not be resorted to unless
there is a maternal indication or a fetal indication other than erythro-
blastosis. Potter (Z1) concurs in this viewpoint for the reason stated
previously, i.e., Cesarean section mey permit entrance of fetal cells
inte the maternal circulation if the placenta is on the anterior wall
and is incised when the uberus is ovened. Wiener and Wexler (4) feel
that a history of the birth of a previous erythroblastotic infant who

12



did not survive is a more important indication for early delivery
than is the height of the univalent antibody titer. On the other hand,
Vogel and Rosenfield (47) suggest induction between the thirty-seventh
and thirty-eighth weeks if there is a significant rise in titer late
in pregnancy. Philpott et al. (48) considers interuption of pregnancy
in the thirty~sixth week if the case history denotes repeated fetal
mishaps, and if the husband is not established as heterozygous.
PRINCIPLE OF THE USE OF METHIONINE IN ERYTHROBLASTOSIS
FETALIS

Erythroblastosis fetalis occurs in one of three forms: (1)
Congenital hydrops in which effusiong occur in the serous cavities,
with severe edema of the organs; (2) Icterus gravis, in which jaundice,
occurring within the first day or two, dominates the clinical picture;
and (3) anemie of the newborn, in which there is severe anemia with
erythroblastosis. In addition to the edema and serous effusions the
main lesions are extramedullary hematovoiesis and damage to the liver
(Richter, 49). Potter (21) states that the liver ordinarily appears
to be more profoundly and cconstently affected than any other organ
in the body, except the spleen., In the liver there are oftehr numer-
ous foci of developing blood cells associated with degenerative
changes in the liver cells, and diffuse fibrosis. The liver cells
occasionally show a mild degree of fatty metemorphosis and infrequent-
ly large amounts of fat may be found. The increase in intralobular
connective tissue, which occasionally apvears, was described by

Henderson (50) and Harrison and Meacock (51). Hawksley and Lightwood
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(52) found an increase in intralobular connective tissue in three

of five infents who survived more than five weeks. The damage to

the liver, when once sustained, is thought to be very long lasting,
as shown by the follow~up on the cases of Philpott et al. (53) and
by the work of Drummond and Watkins (54) in England. The latter two
showed thzt the liver damege in young persons who were thought to be
suffering from idiopathic congenital cirrhosis of the liver was in
fact due to the late effects of erythroblastosis due to Bh incompati-
bility.

Taking these facts into consideration, it seemed reasonable
to Philpott and his associates (53) to "attempt the vrotection of such
fetal livers by the use of methionine whose action as a liver protector
had been the subject of so much recent investigational work." Nommel
liver and kidney functions can be maintained only when there is ade-
quate protein intake (Miller, 55), and as has been shown by Sims (56),
there is a significantly higher excretion of methionine in pregnent
women than in non pregnant women. The excretion of methionine falls
of f somewhat in the last trimester and this Sims attributes to some
degree of methionine depletion of the maternal organism at this time.

Although, while increasing the methionine level in the
mother and the fetus, the antibody development occurs as usual in the
mother, and hemolyslis of the red blood cells occurs in the fetus, the
resulting anemia can be treated. But a severely damaged liver can-

not adequately be treated.
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RFPORTS CF THZ USE OF METHIONINE
' I¥ THE LITH¥RATURE

Reports in the literature concerning the use of methion=-
ine as a prophylactic measure in erythroblastosis fetalis are not
numerous. A totasl of only nineteen cases have been described. Six-
teen 0f these 2re conteined in the originsl report by Philpott et al.
(53), in which the principle on which he based his treatment is ex~
prlained. Xing and King (14) used methionine, as suggested by Phil-
pott, in three pregnant women. One of these delivered an Rh-pesitive
baby so0 severely affected by erythroblastosis that it did not survive,
and the other two were Rh-negntive.

Philpott used a daily dosage of five grams of crystalline
methionine, and this was bepun as soon as the first signs of immuniza-
tion to the Bh factor were detected. He reasoned that such a dosage
would provide a therapeutic systemic concentration to deal with mod-
erate liver damage, Any methionine obtained in foodstuffs was re-
garded merely as a supplement.

It was assumed that in the normal course of fetal develop-
ment, as the need for methionine wes manifested in the fetus, then
the vositive balance available in the maternsl organism would be
drawn across the plecenta of the fetus. This is in accord with the
generally accepted and wroved theory of fetzl demand and maternal
supply. Since methionine is an essential amino acid, its passage

across the placenta would be uninhibited.
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Excepting three vatients who had been severely immunized
by recent blood transfusions, all others had had experience of pre-
vious erythroblastotic infants. On the basis of duration and height
of materpal antibody titers the patients were divided into five groups
(Primrose et al., 12). In each group were methionine treated patients
and controls. In the three groups in which the prognosis was most
serious, as shown by the ccntrols, the difference could be seen. In
these three groups, nineteen ccntrol cases had one surviver equaling
5.25 per cent survival. Of twelve cases receiving methionine, ten
bavies were born alive, and eight survived, giving a gross survival
rate of 66.6 per cent.

Vhile it is true that no significant clinical interpreta-~
tion can be drawn from so few cases, the results appear to warrant

further trial of this method of treatment.
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REPORT OF TWELVE PREGVAVCIES IN WHICH METHICNINE WAS USED
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METHCDS

The cases reported in this paper are from the private prac—
tise of Dr. L. S. McGoogan and represent all patients treated with
methionine between 1947 and 1952, The methionine used was furnished
through the courtesy of the Eli Lilly Company.

In eveluating any method »f prophylactic treatment ir ery=—
throblastosis fetalis, it is considered essential by most authors to
include cnly theose petients whoe hove had previous erythroblastotic
infants (Lioloney, 25, Anderson et al.,43, Marsters et al., 37), and
who show a maternal antibedy titer (Wiener, 4). Potter (20) feels
that a history of previous erythroblastotic infants is of greatest
importance.

All patients in this series had experience of previous ery-
throblastotic babies, or babies bron dead as a result of the disease.
Ten of the pregnancies had been preceded by erythroblastosis which re=
sulted in death of the infant. TFour of these were stillborn.

0f the ten husbends in the group, seven were ypresumably Rh-
positive homozygous while three were heterozygous. These determing-
tions, as well as most of the antibody titrations, were done in the
laboratory of Dr. Philip Levine at the Ortho Laboratories in Raritan,
e Jo In the first pregnancy of Case 3 and in Case 4 the antibody
determinations were made in the Nebraska State Laboratories in Lincoln.

The antibody titers were determined at the initial vigit to
the office, and after the twenty-eighth to thirtieth weeks the titre~

tions were done at approximately two to four week intervals.
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Methionine was given in daily amounts varying between 1.5
and six grams and for veriods of seven to 28 weeks. Total dosages
varied between 147 grams and a maximum of 840 grams. XNo case of
idiosynerasy to the drug was noted. Constant check was made on the
mothers! consumption of the drug.

Semples of cord blood from the liveborn group were examined,
and thre presence of hemolytic disease of the newborn was confirmed by
the pediatrician. The dezdborn group was subjected to careful path-
clogic examination and the nature of their disease studied.

The grading system used by Primrose, Van Dorsser and Philpott
(12) is included in the table for better comparison with the results of

the series reported by Fhilpott et al. (53).






CASE HISTORIXES

Case 1 - Mre. M. ¥. had two normal Rh-negative girls in 1944
and 1946 by her first husband. During her first labor, in 1944, she
was given a blood transfausion of unknown Rh type. In 1950, after
marrying an Rh-positive homozygous man, she delivered a stillborn ery-
throblastotic child. 1In 19850, she was seen in the oifice in the twelfth
week of her fourth pregnancy with a blocking antibody titer of 1:256.
At twenty-four werks she was started on three grams of methionline daily
wnich was coantinued to term. In the twenty-eighth week the antivody
titer was 1:54 ard in the thirty=fourth week it was 1:32. She was
delivered by cesarean section at term of an Bh-positive erythroblas-~
totic girl who was given an exchange transfusion and survived. The
cennalin~cholesterol flocculation was one plus at twenty-four hours
and negative at forty~sight hours with no enlargement of liver or
suleen.

In 1951 the patient was seen in the thirteenth week of her
fifth pregnancy when she was agaln started on three grams of methione
ine daily. Her Tlocking antibody titer in the twenty-eighth, thirty-
second and thirty-sixth weeks were 13164, 1:128, and 1:128 respectively.
She was delivered by cesarean section in the thirty-seventh week. The
Rh-positive erythroblastotic infant was given an exchenge transfusion
and survived. The cevhalin-cholesterol flocculation was negative in

24 hours with a trace at 48 hours. The liver and spleen were merkedly

enlarged.
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Case 2 - Mrs. H., ¥. had a2 normal Rh-positive child in 1944,
an erythroblastotic stillborn child in January of 1946 and an erythro=-
blastotic stillborn in December of 1946, Her husband was Rh-positive
homozygous. In 1950, in the seventh week of her fourth pregnancy,
her blocking antibody titer was 1:4. In the thirtieth, thirty-third
and thirty-fifth weeks the blocking antibody titer was 1:512. In
the eleventh week of pregnancy she was started on three grams of meth-
ionine daily. She was delivered by cesarean section in the thirty=
seventh week. The Rh~positive erythroblastotic baby was given two
small transfusions and survived. The liver and spleen were not ab-
normal in size.

Case 3 - Mrs. XK. D, had s normal Rh-positive child in 1944,
and an Rh~vogitive erythroblastotic child who died four days after
birth in 1946. Her husband was Rh~positive homozygous. In 1947 she
was seen in the eleventh wedt of her third pregnancy with no Rh anti-
body titer. She was started on five grams of methionine per day. The
blocking antibody titers in the twenty-ninth, thirty-second, thirty-
third and thirty~-fourth weeks were negative, 1:l, 1:1 and 1:8 respec~
tively. ©3he was delivered by cesarean section in the thirty-seventh
week. The infant was Rh-positive and erythroblastotic, but survived
with thirteen small transfusions.

The patient was seen again in 1950 in the twelfth weck of
her fourth pregnancy. Her blocking antibody titer was 1:512 at that
time. She was started on five grams of methionine daily in the

twelfth weeks The blocking antibody titers in the twenty~sixth,
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thirty~second and thirty-fourth weeks were 1:64, 1:32 and 1332 respec-
tively. She was delivered by cesarean section in the thirty-seventh
week. The infant was Rh~positive and erythroblastotic but survived
with exchange transfusion. The cephalin-.cholesterol flocculation was
nezative at 24 and 48 hours,

Case 4 ~ Mrs, Z. 0. had a normal Rh-positive boy in 1938
and an abortion at three months in 1938, 1In 1939 she was delivered
of a stillborn erythroblastotic infant with msrked hepatosplenomegaly.
Her husband was Rb=-pogitive heterozygous.e In 1948 she was seen in
the twenty-ninth week of her fourth pregnancy with a negative Rh
antibody titer. She was started on three grams of methionine daily
in the twenty-ninth week, The blocking antibody titer was again nege
ative in the thirty-second week. In the thirty-fourth week the block—
inz antibody titer was 1:2. She was delivered by cesarean section in
the thirty-seventh week, The condiftion of the Rh-positive infant was
good at birth, but jaundice developned rapidly and she died before a
transfusion could be started. Autonsy showed typical erythroblastosis
fetalis.

Case b - Mrs. R, S. had & normal Rh=nositive child in 1948
and an Rh~nositive erythroblastotic infant in 1950 who died during
exchange transfusion, shortly after birth. Her husband was BRh-pogi-
tive heterozygous. In 1951 her blocking antibody titers varied be~
tween 1:1000 and 1:512. VWhen seen in the elghteenth week of her
third pregnancy in 1952 the blocking antibody titer was 1:32. She

was started on two grams of methionine in the eighteenth week and
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this dosage was increased to six grams in the twenty-second week. In
the thirty~first week of pregnancy she delivered spontaneously & stille
born macerated fetus which appeared grossly to be erythroblastotic.
Extreme maceration prevented & definite microscopic diagnosis of ery-
throblastosis fetalis,

Case 6 = Mrs, 3. B. had a normal Rh~positive girl in 1948,
and an erythroblastotic infant in 1949 who died 48 hours =fter birth
in spite of transfusion. Her husband was Rh-positive homozygous. She
was seen in 1951 in the tenth week of her third pregnancy with a blocke
ing antibody titer of 1l:16. She was started on & daily dose of 1.5
grams of methionine. In the twenty~fourth and thirty-fourth weeks
her antibody titer was 1:256. She went into spontaneous labor in the
thirty-eighth week and delivered a macerated stillborn infant. The
placenta showed marked degenerative changes similar to those seen in
erythroblastosis fetaliss Definite microscopic diagnosis was not voss-
itle at auvtopsy due to extreme maceration.

Case 7 = Mrs. B. S. had two normal Rh=positive boys in 1938
and 1941, In 1944 she had an Rh-positive erythroblastotic boy who
lived 24 hours. In 1946 she had Rh~positive erythroblastotic twin
boys who lived only four hours in spite of transfusion. Her husband
was Rh-o0o8itive homozygous. In 1949 she was seen ia the twentieth
week of her fifth pregnancy with & blocking antibody titer of lié4.
Her blocking antibody titers in the twenty-sixth, twenty-ninth, thirty-
third and thirty-fifth weeks were 1:16, 1:54, 1:32 and 13128 respec-

tively. She was started on five grams of methionine deily in the
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twentieth week. Labor was induced in the thirty-sixth week, and an
Rh-positive erythroblastotic girl was deiivered. An exchange trans-—
fusion was started, but the infent became cyanotic and died. The ceph-
alinecholesterol flocculation was negaetive at 24 and 48 hours. The
liver and spleen were both enlarzed and a diagnosis of erythroblastosis
fetalis was established at autopsy.

Case 8 = Mrs. C. C. bhad a normal Rh~positive child in 1942.
In 1947 she hed an Rh=positive erythroblastotic infant who survived
with transfusions. Her husband was Rh-positive homozygous. She was
sterted on three gnams ofhmethionine daily in the ninth week of her
third preznancy. In the fifteenth week she had a weak antibody titer
and in the twenty-sixth week the blocking antibody titer was negptive.
In the thirtieth and thirty-eighth weeks the blocking antibody titers
were 1:2 and 1318 resvectively. The daily methionine dosage was in =
creased to five grams in the twenty=fourth week. She delivered snone-
taneously in the thirty-ninth week. The Rh~-positive infant showed
no signs of erythroblastosis and did well without transfusion.

Case 9 -~ Mrs. K. O. had a normal Rh-positive girl in 1939
and Rh=-nositive erythroblastotic childrenrin 1944 and 1946. Both of
the latter survived with amall trensfusions. Her husband was Rh-pos—~
itive homozygous. In 1950 she was seen in the twenty~seventh week of
her fourth pregnancy with a negative Rh antibody titere In the thirty-
first week the blocking antibody titer was 1:128., She was put on three
grams of methionine daily in the nineteenth week, four grams daily in

the twenty=-third week and five grams daily in the twenty-seventh week.
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She went into labor in the thirty=-first week and delivered a stille
born, erythroblastotic infant with marked edema. The liver and spleen
were both enlarged and autonsy established the diagnosis of erythro-
blastosis fetalis.

Cage 10 = Mrs. P. M. had a history of I. M, iniections of
blood of unknown Rh type a&s a child. She had an abortion in 1943, an
Rh~negative normal child in 1944 and an Rh-positive erythroblastotic
infant in 1945 who died three days after birth. In 1948 she delivered
a stillborn infant in the 8ixth month. In 1947 she had an Rh~positive
erythroblastotic boy who survived. In 195l she had a premature separe~
tion of the vplacenta at tive months with snother fetal death. She was
seen in 1952 in the eleventh week of her seventh pregnancy and was
started on two grams of methionine daily., 1Iun the thirtieth wesk her
blocikzing antibody titer was 1332, In the thirtieth week she began
bleeding from a central placenta praevia. A cesarean section was
done and a living, extremely edematous erythroblastotic infant was
delivered. The liver and soleen were both markedly enlarged. The in-
fant died 30 minutes after delivery. The haby weighed 2470 grams and

the placenta weighed 1020 grams.
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DISCUSSION

In this series of twelve pregnancies in ten natients, meth-
ionine was given in daily doses of from 1.5 to six grams over periods
of seven to 28 wecks. (Three additional vatients with histories of
erythroblastotic children were also given methionine, but these del-
ivered Rh~negative normal infants, and are merely mentioned in passing.
It is interesting to note, however, that one of these patients had a
blocking antibody titer of 1:64 in the seventh wesk which rose to 1:128
in the thirtieth week. Yet she delivered a normal Rh~negative child.)

0f the twelve pregnancies reported, three resulted in erythro-
blastotic stillborn infants. All nine of those born alive were erythro-
blastotic, and of these nine six survived. Two bables died during ez~
change transfusion, probably due to errors in technigue, while the
extremely hydropic infant in Case 10 died almost immediately after
birth. This gives a gross survival rete of 850 per cent.

Potter (20) in 1948 reported on 179 pregnancies in 95 women
which followed the birth of an infant with erythroblastosis. These
resulted in three Rh~negative, 144 Hh-positive infants with erythro-
blastosis and 32 abortions. Of the Rh~positive infants, 69 were still-
bron, 63 died and only 12 survived. This represents less than 10 per
cent survivel as compared with B0 per cent in this series.

Nine of the pregnancies were placed in groups III to V (Phil=-
pott et al. 12) on the basis of height and duration of antibody titer.
0f these nine pregnancies, three rosulted in erythroblastotic still-

births, Cf the six erythroblastotic infants born alive, four survived,



This gives a 44.4 vper cent survival as comvared with 66,6 per cent in
Philvott's twelve cases in the seame groups. It is to be noted that
there was only one survivor out of nineteen in Philpott's control
group ir grades III to V (53).

It should be pointed out that early cdelivery is an important
factor which must be considered in the end results when one is evaluat-
ing a method of trestment. However, in comparing the resuvlts of dif-
ferent series of cases in which early delivery is routine, the method
of delivery becomes more important, Early delivery is quite generslly
employed. But it is important to note whether the early delivery is
via induction or cesarean section. It hzs been mentioned previously
that many workers feel that cesarean section is not justified unless
there is a maternal or fetal indication other than erythroblastosis.
Five of the six surviving infants irn this series were delivered by
cesarean section in the thirty~seventh week of pregnancy. It was
felt that the chances of survival of the baby were better at this
time than if the pregnancy were allowed to continue to term. Induc-
tion of labor ir these cases was thought to be contraindicated be
cavse of lack of effacement and dilatation of the cerviz. Two moth-
ers, each of whom had experience of previous fetal erythroblastotic
deaths, were delivered by cesarean section in four pregnancies, and

all four babies survived.
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SUMMARY

1. The fundamental prirciples of Eh and their develop-
ment are discussed briefly. The genetic basis for homo - and heter-
czygosity is mentioned.

2. The two groups of cases in which isoimmunization by
the Rh factor occurs are menticned, The importence of Kh compatible
transfusions of blood is stressed. By far the greatest number of
cases of isoimmunization by the Rh factor occur durhg pregnancy.

3. The incidence of erythroblastosis fetalis is not great,
but the individual sensitized mother who repeatedly produces erythroe
blestotic infants presents & serious anéd challenging problem.

4, The correlation which exists between antibody titer and
the severity of the disease in the infant is at best a general one
end cannot be relied on absolutely ir the individuvel csse. Grester
emphasis is placed by some authors on the previous erythroblastotic
history and the zygosity of the father in the matter of prognosis
for the infant.

5. A brief review of the literature as regards wvarious
methods of prophylaxis in erythroblastosis is presented. The use of
Bh compatible blood for transfusions is of prime importance. The
ides that early delivery is beneficial is generally accepted, but
the method of delivery -~ i.e. induction or cesarean - still is dig~
ruted by various workers. The use of drugs of various kinds has
been generally unsuccessful, The use of ACTH and cortisone should

rrobably be given further trial before final judsgment is passed on
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its efficacy.

6. The principle of the use of methionine as a liver pro=-
tector in ervthroblastosis fetelis is discussed.

7. Review of the literature concerning the use of methion-
ine in erythroblastosis fetalis. A total of only nineteen cases have
been reported.

8. Twelve cases in which methionine was used are presented.
The methods of selection of vatients on the basis of previous erythro=-
tlastotic history is emphasized. The amounte of methionine used, and
the results, ere tabulated, The individual case histories are given,
with elaboration on the informmation contained in the table., The gross
survival rate was 50% of all babies, and 66.6% survival of those born

alive. The method and time of delivery are considered.
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CONCLUSIONS

1. It is generally accepted that attempts to reduce the
antibody titers in Rh-regative pregnant women theuse of various
drugs have so far been unsuccessful.

2¢ Eh comvatible blood for transfusions is mandatory.

3. ZIXarly delivery is generally accepted as a valuable adjunct
in the handling of Rh~negotive pregnant women who present a history of
erythroblastotic infants.

4, The supposition that cesarean section results in an in-
creased mortality rate in erythroblestosis fetalis would apwnear to
be fallacious on the basis of the cases presented.

5. Thile it is difficult to draw any significant conclu-
sions from the few cases nresented, the survival of 50 per cent of
the infants who were treated with methionine and delivered early by
ceserean section compares favorably with the survival of erythroblas—
totic infants in comparsble sitvations where methionine was not used.

6. The results apvear to warrant further trial of methion=-

ine as a prophylactic measure in erythroblastosis fetalis.
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