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Abstract

Hemolytic disease of the newborn is an alloimmune condition that
develops in a fetus, when the IgG molecules produced by the mother
pass through the placenta. The underlying cause of hemolytic
disease of the newborn is incompatibility between the maternal
and fetal blood. This incompatibility results in the formation of
antibodies in the maternal blood, which attacks the fetal Red Blood
Cells (RBCs). During pregnancy, maternal antibodies are transported
across the placenta and enter the fetal circulation and attack the
red blood cells in the fetal circulation; the red cells are broken down
and the fetus can develop reticulocytosis, hyperbilirubinemia and
anemia. This fetal disease ranges from mild to very severe and
fetal death from heart failure (hydrops fetalis) can occur. When the
disease is moderate or severe, many erythroblasts are present in the
fetal blood and so these forms of the disease can be called erythro-
blastosis fetalis. Hemolytic disease of the newborn can also due to
non-immune conditions such as red blood cells membrane disorders
like hereditary spherocytosis, hereditary elliptocytosis; red blood
cells enzymes defects like Glucose-6-Phosphate Dehydrogenase
deficiency (G6PD deficiency) and haemoglobinopathies like thalas-
semia, sickle cell. The diagnosis, acute management, and follow-up
of neonates with hemolytic disease of the newborn still represent an
important area of activity for maternity/neonatal services.
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Introduction

Hemolytic disease of the newborn, also known as Hemolytic
Disease of the Fetus and Newborn, (HDN, HDEN), or erythroblasto-
sis fetalis, is an alloimmune condition that develops in a fetus, when
the IgG molecules produced by the mother pass through the placenta.
Red blood cell (RBCs) sensitization occurs in some women in response
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to exposure to paternally derived RBC antigens during pregnancy or
to non-self antigens on transfused RBCs during their lifetime. Once
sensitized, future pregnancies may be at risk for hemolytic disease of
the fetus and newborn [1]. The underlying cause of hemolytic disease
of the newborn is incompatibility between the maternal and fetal
blood. This incompatibility results in the formation of antibodies in
the maternal blood, which attacks the fetal Red Blood Cells (RBCs)
[2]. During pregnancy, maternal antibodies are transported across the
placenta and enter the fetal circulation and attack the red blood cells
in the fetal circulation; the red cells are broken down and the fetus
can develop reticulocytosis, hyperbilirubinemia and anemia. This
fetal disease ranges from mild to very severe and fetal death from heart
failure (hydrops fetalis) can occur. When the disease is moderate or
severe, many erythroblasts are present in the fetal blood and so these
forms of the disease can be called erythroblastosis fetalis [3]. There are
approximately 40 antibodies to red blood cells that have been reported
to cause Hemolytic Disease of the Newborn (HDFN) but many are
infrequent and do not cause severe disease. Three antibodies-Rhesus
(Rh) D antibodies (anti-D), Kell antibodies, and antibodies to Rhc-are
the main players that cause significant problems in the great majority
of cases of Hemolytic Disease of the Newborn (HDFN). In particular,
anti-D is the most common cause of severe Hemolytic Disease
of the Newborn (HDFN) [4,5]. In the majority of cases, the risk of
Hemolytic Disease of the Newborn (HDFN) arises when a Rhesus
D-negative mother becomes pregnant with a Rhesus D-positive child.
This can occur when the child inherits the D antigen from the father.
The maternal immune response to the fetal D antigen is to form anti-D
antibodies against it. These antibodies are usually of the Immuno-
globin G (IgG) type, which traverse the placental barrier, and hence
delivered to the fetal circulation. Maternal anti-D antibodies in
the fetal circulation attach to Rhesus antigen on fetal Red Blood
Cells (RBCs). Lysosomal enzymes released by macrophages and
natural killer lymphocytes attack the antibody-coated Red Blood Cells
(RBCs) [6].

Historical overview

Thirty years ago, Hemolytic Disease of the Newborn (HDFN)
was almost synonymous with Rhesus D alloimmunization and was a
common neonatal problem. The introduction of postnatal immuno-
prophylaxis in 1970 reduced the incidence of maternal D alloimmuni-
zation from 14% to 2%. Subsequently, antenatal immunoprophylaxis
was also started which further reduced Rhesus D alloimmunization
to 0.1%. In the western world, ABO incompatibility is now the single
largest cause of Hemolytic Disease of the Newborn (HDFN).
However in many developing nations, anti D is still one of the
common antibodies found in pregnant women. Besides the anti D
alloantibody, moderate-severe Hemolytic Disease of the Newborn
(HDFN) cases attributed to other alloantibodies has been described
from Asian countries in the last decade. In addition, new treatment
modalities particularly improved phototherapy and use of Intravenous
Immunoglobulin (IVIG) have altered the clinical course of the disease
[7]. Although Hippocrates may have described fetal hemolytic disease
(erythroblastosis fetalis, hemolytic disease of the newborn), the first
recorded report is that of a French midwife in 1609, who reported the
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birth of twins: the first was grossly edematous (hydrops fetalis)
and died promptly; the second, in good condition at birth, became
deeply jaundiced (icterus gravis) and died a few days later [8].
Diamond and co-workers, in 1932, were the first to show that hydrops
fetalis, icterus gravis, and severe anemia of the newborn were the same
disease albeit of differing severity, characterized by hemolysis of the
Red Blood Cells (RBCs) of the fetus and newborn and an outpouring
of immature nucleated Red Blood Cells (RBCs) (erythroblasts).
Darrow theorized that the hemolysis was due to the transplacental
passage of a maternal antibody, anti-fetal hemoglobin, into the fetal
circulation. Her theory was correct, but her postulated antigen (fetal
hemoglobin) and antibody were untenable. The epoch-making
experiments of Landsteiner and Wiener in 1940 revealed the true state
of affairs. They produced a rhesus monkey red blood cell antiserum
in rabbits and guinea pigs. The Rhesus (Rh) antisera produced ag-
glutination of the red blood cells of 85% of a group of white subjects
(Rhesus positive) but not of the remaining 15% (Rhesus negative).
This experiment laid the foundation for safe blood transfusion, the
determination of the cause of Rhesus hemolytic disease, and the
development of the science of human anthropology. Although the
rhesus monkey antigen, now named LW, is not exactly the same
as the human Rhesus antigen (Rhesus negative people usually are
weakly LW positive), this in no way diminishes the importance of
Landsteiner and Wiener’s work. In the same year, Wiener and Peters
demonstrated that most transfusion reactions were due to transfusion
of Rhesus-negative patients with Rhesus-positive blood. In the
following year, Levine and associates showed that the presence of
Rhesus antibodies in Rhesus-negative pregnant women was the cause
of erythroblastosis. Since this work in the 1940s, the complexities of the
Rhesus blood group system have been unraveled. There are more than
40 antigens in the system. Other blood group systems, some of clinical
importance, have been discovered. Sensitive methods of screening for
blood group antibodies and of measuring their strength are available,
and the pathogenesis of maternal blood group immunization and of
erythroblastosis fetalis is now known. The severity of erythroblastosis
can be assessed accurately in utero. Methods of treatment of both
fetus and newborn are now available, and since 1967, there has been a
method of preventing Rhesus D immunization, which has reduced its
incidence greatly in the past 30 years.

Mortality/Morbidity

Almost 50 different red cell surface antigens have been found to
be responsible for hemolytic disease of fetus and newborn. Only 3
antibodies are associated with severe fetal disease: anti-RhD, anti-Rhc,
and anti-Kell (K1). Nearly 50% of the affected newborns do not
require treatment, have mild anemia and hyperbilirubinemia at birth,
and survive and develop normally. Approximately 25% are born near
term but become extremely jaundiced without treatment and either
die (90%) or become severely affected by kernicterus (10%). The
remaining 25% of affected newborns are severely affected in utero and
become hydropic; about half of newborns are affected before 34 weeks’
gestation and the other half are affected between 34 weeks’ gestation
and term [9]. Before any interventions were available, the perinatal
mortality rate was 50%. Wallerstein introduced exchange transfusion
in 1945 and reduced the perinatal mortality rate to 25%. Later, Chown
suggested the early delivery of those severely affected nonhydropic
fetuses by 34 weeks’ gestation followed by prompt exchange transfusion
helped improve survival. The introduction of intraperitoneal transfu-
sion by William Liley in 1963 and Intravascular Transfusion (IVT) by
Rodeck in 1981 reduced the perinatal morbidity and the mortality rate

was further reduced to the current rate of 16%. Mortality rises to 30%
with any degree of fetal hydrops. Most fetuses who are able to reverse
fetal hydrops after IVT survive, compared with 25% of those in whom
fetal hydrops was severe and persisted despite treatment. The overall
rate of neurodevelopmental impairment is 10%, which is comparable
to that found in the general population, but hearing loss is increased
5-10 fold over the general population in those infants who require
in utero therapy for hemolytic disease of the newborn. The LOTUS
study in a Dutch population reported neurodevelopmental outcomes
in 281 children with hemolytic disease of the fetus treated with IVT
at 8 years, showing normal outcome in 94%, cerebral palsy in 2.1%,
severe developmental delay in 3.1%, and bilateral deafness in 1% [10].
Severe hydrops fetal is the only independent risk factor identified
for poor outcome. No relationship was noted between global
developmental scores and the severity of hemolytic disease of the
newborn (as evidenced by such factors as the number of Intrauterine
Transfusions [IUTs], the lowest Hematocrit [Hct] level, or the
presence of hydrops). Normal neurological outcome is noted in more
than 90% of infants even if fetal hydrops noted at the time of the first
IUT [11].

Clinical presentation

An infant born to an all immunized mother shows clinical signs
based on the severity of the disease. The typical diagnostic findings
are jaundice, pallor, hepatosplenomegaly, and fetal hydrops in severe
cases. The jaundice typically manifests at birth or in the first 24 hours
after birth with rapidly rising unconjugated bilirubin level. Occasion-
ally, conjugated hyperbilirubinemia is present because of placental or
hepatic dysfunction in those infants with severe hemolytic disease.
Anemia is most often due to destruction of antibody-coated RBCs
by the reticuloendothelial system, and, in some infants, anemia is
due to intravascular destruction. The suppression of erythropoiesis
by Intravascular Transfusion (IVT) of adult Hb to an anemic fetus
can also cause anemia. Extramedullary hematopoiesis can lead to
hepatosplenomegaly, portal hypertension, and ascites. Anemia is
not the only cause of hydrops. Excessive hepatic extramedullary
hematopoiesis causes portal and umbilical venous obstruction and
diminished placental perfusion because of edema. Increased placental
weight and edema of chorionic villi interfere with placental transport.
Fetal hydrops results from fetal hypoxia, anemia, congestive cardiac
failure, and hypoproteinemia secondary to hepatic dysfunction.
Commonly, hydrops is not observed until the Hb level drops below
approximately 4 g/dL (Hct <15%) [12]. Clinically significant jaundice
occurs in as many as 20% of ABO-incompatible infants.

Classifications of Hemolytic Disease of the Newborn

The differential diagnosis of hemolytic disease of the fetus and
newborn is broad and can be subdivided into iso-immune and
non-immune categories. There are various diseases condition
that can result in fetal and neonatal hemolysis, along with recent
improvements in diagnosis and management. Iso-immune
haemolysis includes: ABO incompatibility, Rhesus Iso-immuniza-
tion and antibody-mediated hemolysis due to minor antigens like
Kell, Duffy, Kidd, MNS, E, C, ¢, e [13]. The non-immune categories
are: Red blood cells membrane disorders like hereditary spherocy-
tosis, hereditary elliptocytosis; Red blood cells enzymes defects like
Glucose-6-Phosphate Dehydrogenase deficiency (G6PD deficiency),
Haemoglobinopathies like Thalassemia, Sickle cell [12,14].
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Iso-Immune haemolysis

Abo Hdn incompatibility: ABO incompatibility is now the single
largest cause of hemolytic disease of the newborn in the western
world. ABO hemolytic disease occurs almost exclusively in infants of
blood group A or B born to O group mothers, because Ig G anti A,
anti B, occur more commonly in group O than group A or B individ-
uals. However, rare cases of ABO incompatibility have been reported
in group A, mothers with high titer anti B [15]. In general, 15-25%
of all maternal/fetal pairs are ABO-incompatible, but ABO hemolytic
disease of the newborn is confined to the roughly 1% of such group O
women who have antenatal high-titre IgG antibodies. Hemolysis due
to anti-A is more common (1 in 150 births) than that to anti-B [16].
Affected neonates will usually be direct coomb’s test positive, but, in
contrast with the clinical picture with anti-Rhesus antibodies, both
anti-A and anti-B hemolytic disease of the newborn usually result
predominantly in hyperbilirubinaemia without significant neonatal
anaemia. This is mainly because of the relatively few group A or B
antigenic sites on neonatal Red Blood Cells (RBCs), allowing the
antibody-coated cells to remain in the circulation for a longer period
than in Rhesus D disease. As a reflection of this, the blood film in
ABO hemolytic disease characteristically shows very large numbers
of spherocytes, with little or no increase in nucleated Red Blood Cells
(nRBCs), whereas in Rhesus hemolytic disease of the newborn there
are few spherocytes and large numbers of circulating nucleated red
blood cells [17,18]. Management of ABO hemolytic disease of the
newborn is usually successful with phototherapy alone provided by
modern equipment is used. However, close monitoring of the affected
neonate is essential, and exchange transfusion is occasionally required.
This is particularly the case in ABO Hemolytic disease of the newborn
due to anti-B IgG where racial differences in disease severity exist,
severe cases being prevalent in mothers and neonates of black African
origin. In such cases, severe anaemia as well as hyperbilirubinaemia
can occur and rarely antenatal hydrops fetalis has been described [19].

Reasons why ABO hemolytic disease of the newborn is generally
less severe than Rhesus Hemolytic Disease of the Newborn HDN
when ABO antibodies are consider to be more dangerous than rhesus
antibodies;

o Severe ABO hemolytic disease of the newborn is much less
frequent than severe rhesus hemolytic disease of the newborn,
partially because ABH antigens are widely distributed throughout
the body whereas the Rhesus antigens are found only on the red
cells, hence, a smaller proportion of ABO antibodies is available
to selectively destroy the baby’s red blood cells whereas the rhesus
antibodies are concentrated on the red blood cell

« IgG anti-A and anti-B usually is IgG2 which is biologically
inactive whereas rhesus antibodies involved in hemolytic disease
of the newborn usually are IgG1 and IgG3

« Red blood cells sensitized by antibodies to the ABO-system are
removed from the circulation by the liver, because liver is not
immunologically competent and the baby’s liver is not fully
developed, less damage is done to the red blood cells than in rhesus
hemolytic disease of the newborn [20].

o Antibodies to the ABO-system bind complement because
complement is developed in the liver and the baby’s liver is not
mature, less complement is available to sensitized the baby’s red
blood cells however, red blood cells that are sensitized by rhesus
antigens are removed by the mother’s spleen which is highly
immunogenic, as a result, the mother produces antibodies
frequently with higher titer

o ABH antigens are farther from the red blood cells membrane than
rhesus antigens; hence, the sensitized cells are returned to the
baby’s circulation as spherocytes instead of being lysed by comple-
ment as would occur in rhesus HDN

o ABH antigens are not fully developed at birth and give weaker
agglutination whereas rhesus antigens are well developed before
birth [21]

Rhesus HDN: The incidence of Hemolytic Disease of the Newborn
(HDN) depends on the proportion of the population who are RhD
negative. This varies within ethnic minorities but, in the UK, it is
highest in the Caucasian population (approximately 16%). Before
immunoprophylaxis was available, HDN affected 1% of all newborns
and was responsible for the death of one baby in every 2,200 births.
Anti-D prophylaxis (mostly administered postnatally) and advances
in neonatal care have reduced the frequency of HDN by almost a
factor of 10 to 1 in 21,000 births. Deaths attributed to RhD
alloimmunization fell from 46/100,000 births before 1969, to
1.6/100,000 in 1990 [22]. This may not be entirely attributable to
immunoglobulin; changes in abortion rates and racial composition
may also play a part. One American study quoted a prevalence of RhD
alloimmunization of 6 in 1,000 births and suggests that this should
now be considered a rare condition. The Rhesus blood group system
is still the most important factor in erythroblastosis fetalis. It is made
up of a family of inherited antigens. There are three pairs of Rhesus
antigens, commonly Dd, Cc, and Ee. The presence of D indicates a
Rhesus (D)-positive person. The absence of D, not the presence of d,
which has never been proved to exist, denotes a Rhesus (D)-negative
person. The production of anti-D in Rhesus (D)-negative women
causes erythroblastosis fetalis in Rhesus (D)-positive fetuses [23]. The
antigens are inherited in two sets of three, one set from each parent.
CDe (R}Y), ¢ (d) e (r), and cDE (R?) are the most common sets. CDE
(R?) is uncommon in whites but not rare in native Americans. C (d)
E (1) is exceedingly rare. Slightly fewer than half of Rhesus-positive
people are homozygous for D (i.e., they have inherited a set of antigens
containing D from both sets of parents). The remainder are heterozy-
gous for D (i.e., they have inherited a D-containing set from only one
parent). The D zygosity of a Rhesus-positive mate of a Rhesus-negative
woman is important. If he is homozygous, all of his children will be
Rhesus-positive; if he is heterozygous, there is an equal chance that the
fetus will be Rhesus-negative or Rhesus-positive. Only Rhesus-posi-
tive fetuses can cause Rhesus immunization, and only Rhesus-positive
fetuses are affected by the Rhesus antibody produced [24].

Other antigens that causes hemolytic disease of the newborn: The
antigens are Kell, Kidd, Duffy, MNS, C, E, ¢, e, Ge, C" unexpected
immune antibodies other than anti-D-k, K, Fy, S, etc. Uncommon,
occurs in ~0.8% of pregnant women [25,26]. Immune alloantibodies
usually due to anti-E, -c, -Kell, -Kidd or -Dufty.

Anti-K is the second most common form of severe HDN disease
ranges from mild to severe over half of the cases are caused by
multiple blood transfusions Anti-M very rare [27].

Non-Immune mediated hemohysis

RBC membrane disorders: The main clues that a neonate with
early onset or rapidly progressive hyperbilirubinaemia has a red blood
cell membrane disorder are a family history, non immune (Direct
Coomb Test negative) haemolysis and an abnormal blood film.
Indeed, neonatal red blood cell membrane disorders can nearly always
be recognized by the characteristic shape of red blood cells on a blood
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film. However, the identification of the exact type of membrane
abnormality is more complex and requires specialized investigations
on both the neonate and the parents with a hematologist. Red blood
cell membrane electrophoresis is the definitive investigation if the
clinical pattern and appearance of the family blood films suggest a
membrane disorder, as the osmotic fragility test is of limited value
in neonates. Pre-transfusion blood samples should be collected to
minimize diagnostic confusion resulting from transfused cells [28].

Hereditary spherocytosis: This is the most common red blood cell
membrane defect. It occurs in 1 in 5000 live births to parents of
Northern European extraction, but is less often seen in other ethnic
groups. The usual presentation of hereditary spherocytosis in the
neonate is with unconjugated hyperbilirubinaemia. Most affected
neonates are not anaemic, but a small number develop anaemia severe
enough to require transfusion. Hereditary spherocytosis is inherited
as an autosomal dominant trait, but around 25% of cases occur as the
result of new mutations. The blood film shows moderate numbers of
spherocytes with an appearance identical with that of ABO hemolyt-
ic disease of the newborn. However, disorders are distinguishable by
the negative direct coomb test in hereditary spherocytosis. Where-
as some babies will require one or two transfusions during the first
1-2 months of life, very few remain transfusion-dependent after this
time. In the on-going assessment of such neonates, it is important
to pause “top-up” of a red blood cell transfusion programme to
evaluate if steady-state clinical and Hemoglobin (Hb) concentrations
have been reached. All babies with hereditary spherocytosis should
receive folic acid supplementation in the first year of life [28].

Hereditary elliptocytosis: This is a more complex disorder, the
autosomal dominant form of hereditary elliptocytosis, (the heterozy-
gotes) have no clinical manifestations (no anaemia and no jaundice)
apart from elliptocytes on the blood film. No treatment is required
and folic acid supplementation is not necessary. However, neonates
who are homozygous or compound heterozygote for hereditary
elliptocytosis mutations have severe hemolytic anaemia; the most
important form is Hereditary Pyropoikilocytosis (HPP) [28].

Hereditary pyropoikilocytosis: Neonates with hereditary pyropoi-
kilocytosis have more than one mutation in a red blood cell membrane
protein (they may be homozygous or compound heterozygotes).
Although hereditary pyropoikilocytosis is not common, it is
clinically important, as it leads to severe, transfusion-dependent,
haemolytic anaemia in affected neonates and infants. The diagnosis of
hereditary pyropoikilocytosis can be made definitively by examining
blood films from the neonate that show a high proportion of bizarre
fragmented red blood cells and microspherocytes. A further useful
diagnostic clue is the low mean corpuscular volume at birth (MCV
<60 fl). Parental blood films normally show that one or both parents
have red blood cell elliptocytosis. Red blood cell transfusion is usually
necessary until the child is old enough to undergo splenectomy, to
which there is an excellent response [28].

Red blood cell enzyme defects: The main red blood cell enzyme
defects that present in the neonatal period are Glucose-6-Phosphate
Dehydrogenase (G6PD) deficiency and pyruvate kinase deficiency.
They usually present with early-onset unconjugated hyperbilirubinae-
mia and can be distinguished from red blood cell membrane disorders
in that there are usually no diagnostic changes on the blood film and
by their inheritance pattern (G6PD deficiency being X-linked so rare
in female neonates) [29].

Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency: Glu-
cose-6-Phosphate Dehydrogenase (G6PD) deficiency is seen in all
ethnic groups but has a high prevalence in people from central Africa
(20%) and the Mediterranean (10%). In neonatal Glucose-6-Phos-
phate Dehydrogenase (G6PD) deficiency, jaundice usually presents
within the first few days of life and is often severe. In contrast, anaemia
is extremely rare and the blood film is completely normal. So the
diagnosis must be made by assaying Glucose-6-Phosphate
Dehydrogenase (G6PD) on a peripheral blood sample. Severe
hyperbilirubinaemia is common, close monitoring of the bilirubin
concentration is essential, particularly when interactions with other
risk factors for neonatal hyperbilirubinaemia are present, such as
hereditary spherocytosis or Gilberts syndrome, as kernicterus has
been reported in this setting [29]. Counseling for parents of neonates
with Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency about
which medicines, chemicals and foods may precipitate hemolysis is
also an essential follow-up activity in such families. Certain
uncommon variants of Glucose-6-Phosphate Dehydrogenase (G6PD)
deficiency are associated with chronic hemolysis, and for these
children folic acid supplements should be given [30].

Pyruvate kinase deficiency: Pyruvate kinase deficiency is the second
most common red blood cell enzymopathy in neonates. It is
autosomal recessive and clinically heterogeneous, with presentation
varying from hydrops fetalis, through severe early-onset neonatal
hyperbilirubinaemia requiring exchange transfusion, to a mild
unconjugated hyperbilirubinaemia mimicking physiological jaundice.
The diagnosis is made by measuring pre-transfusion red blood cell
pyruvate kinase activity. In mild cases, the pyruvate kinase activity
may be relatively modestly reduced; making the diagnosis difficult
and it is often useful to assay levels in the parents for confirmation.
The blood film is sometimes distinctive, but more often shows
non-specific changes of non-spherocytic hemolysis, and therefore it is
good practice to assay pyruvate kinase in all babies with unexplained
hemolysis after the common causes have been excluded. After the
neonatal period, some, but not all, children are transfusion-depen-
dent, and folic acid supplements should be given to prevent deficiency
due to chronic hemolysis [31].

Neonatal hemolysis due to haemoglobinopathies: The haemoglob-
inopathies, except for a-thalassaemia major, do not usually present
in the neonatal period. Occasional non-thalassaemic, structural
a-globin and y-globin gene mutations, which are clinically complete-
ly silent in adults and children, cause transient hemolytic anaemia in
the neonate. Symptoms and signs of the major B-globin haemoglob-
inopathies (sickle cell disease and B-thalassaemia major) are rare in
neonates, although modern techniques (High-Performance Liquid
Chromatography (HPLC), isoelectric focusing) allow the diagnosis to
be made on neonatal blood samples where family studies indicate that
both parents are carriers.

a-Thalassaemia major: a-Thalassaemia major occurs when all four
a-globin genes on chromosome 16 are deleted. It predominantly
affects families of south east Asian origin and presents with mid-tri-
mester fetal anaemia or hydrops fetalis, which is fatal within hours of
delivery (occasionally babies have lived a few days). It can occasionally
cause diagnostic confusion if a fetus developing the marked anaemia
and hydrops characteristic of the condition is delivered preterm and
then rapidly develops hyperbilirubinaemia [32,33]. Therefore, the
diagnosis of a-thalassaemia major should be suspected in any case of
severe fetal anaemia presenting in the second trimester and any case
of hydrops fetalis with severe anaemia in which the parents come from
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South East Asia (it is also seen occasionally in families who originate
from India, the Middle East or the Mediterranean). Checking the
blood counts of the parents will immediately identify whether they
are at risk of having a child with a-thalassaemia major: both parents
will be carriers of a chromosome 16 in which both of the two a-globin
genes are deleted and so they will have hypochromic, microcytic RBC
indices (Mean Corpuscular Volume (MCV) usually <74 fl and Mean
Corpuscular Hemoglobin (MCH) usually <24 pg). The diagnosis of
a-thalassaemia major is confirmed by haemoglobin electrophoresis
or High-Performance Liquid Chromatography (HPLC) (which shows
only Hb Barts and Hb Portland; HbF and HbA are absent). The blood
film shows hypochromic, microcytic red blood cells with vast
numbers of circulating nucleated red blood cells. Neonatal manage-
ment of a-thalassaemia major has no impact on survival unless the
baby has received a planned programme of intrauterine transfusions.
For fetuses/neonates treated in this way, postnatal management is the
same as for B-thalassaemia-that is, life-long red blood cell transfusions
or bone marrow transplantation after the age of 2 years [32,33].

a-Globin and y-globin chain structural abnormalities: Most
a-globin and y-globin gene variants are clinically silent. Occasional
a-globin gene variants may cause haemolytic anaemia in the newborn
because, when the abnormal a-globin associates with y-globin, the
resultant haemoglobin is unstable, whereas, when the variant a-globin
associates with B-globin, the resultant hemoglobin is stable. An
example of this is hemoglobin Hasharon: a*'*A*>#s-y is unstable,
but, as y-globin chain production is physiologically switched off and
B-globin chain production predominates, the o?'*4*>"-8 produced
is stable and the haemolytic anaemia completely resolves. A similar
principle occurs in the y-globin variant Hemoglobin F (HbF)-Poole
which causes neonatal hemolytic anaemia, which resolves as the
switch from y-globin to B-globin occurs. These variants can be
identified by hemoglobin High-Performance Liquid Chromatography
(HPLC) and are worth considering when more common causes of
unexplained hemolysis have been excluded [32,33].

Genetics of Iso-Immune Haemolysis in Hemolytic
Disease of the Newborn

Although the Rh antibody was and still is the most common
cause of severe hemolytic disease of the newborn, other alloimmune
antibodies belonging to Kell (K and k), Duffy (Fya), Kidd (Jka and
Jkb), and MNSs (M, N, S, and s) systems do cause severe hemolytic
disease of the newborn [34]. The Rh blood group system uses
Fisher-Race nomenclature, and the Rh gene complex consists of three
genetic loci each with two major alleles. They code for five major
antigens denoted by letters, C, ¢, E, e, and D. Rh blood group antigens
are inherited as determined by at least two homologous but distinct
membrane-associated proteins. Two separate genes (RhCE and RhD),
located on the short arm of chromosome 1, encode Rh proteins. Each
gene is 10 exons in length, and a 96% homology between these genes
is observed. Production of two distinct proteins from the RHCE gene
is due to alternative splicing of messenger RNA. Rh gene complex
is described by three loci, and, therefore, eight gene complexes are
possible. These complexes are as follows (listed in decreasing order
of frequency among whites): CDe, cde, CDE, cDe, Cde, cdE, CDE,
and CdE. Expression is limited to RBCs, with an increasing density
during their maturation, unlike the ABH system, which exists in a
wide variety of tissues. Rh antigen is not expressed on RBC
progenitors. Individuals who are Rh positive, 45% are homozygous
(CDe/CDe), and 55% are heterozygous (CDe/cde) for the RhD gene.

The Rh-negative phenotype represents absence of D protein on RBCs
and most commonly results from deletion of the RHD gene on both
chromosomes. However, the RHD gene has significant heterogeneity,
and several inherited mutations and rearrangements in its structure
can result in a lack of expressions of the RhD phenotype as well.
Important examples of such mutations include the RHD pseudogene
and RHD-CE-D hybrid gene. The former leads to a stop codon in
RHD gene and results in a lack of transcription product despite all
intact exons. It is found in 70% of South African blacks and in 25%
of African Americans. The RHD-CE-D (Ccde) gene is also found in
22% of D-negative African Americans. It also results in an Rh positive
genotype but a negative phenotype. Most Caucasians who are RhD
negative have a complete deletion of RHD gene whereas only 18% of
African blacks and 54% of African Americans who are RhD negative
have complete deletion of the gene; the rest have above nonfunctional
variants of the RHD gene [35]. Beyond the five major antigens, more
than 100 antigenic variants of Rh group system have been identified.
Individuals with these weak-D phenotypes comprise of 2 populations:
first group (90%) that expresses normal but reduced quantities of D
antigen on the RBC surface and most cannot be sensitized to produce
anti-D. However, the second group (remaining 10%) known as
partial-D (e.g., Cw, Du) that express partial D epitopes on RBC
surface and can make anti-D and rarely experience fatal hemolytic
disease of the newborn. The partial D phenotype results from amino
acid sunstitution in the active RhD epitope [36]. Most women with
partial-D phenotype are classified as Rh negative on routine testing
and are candidates for Rh Immune Globulin (RhIG). Currently,
testing of all Rh-negative women for weak expression of D is not
recommended. However, Rh-negative infants born to Rh-negative
women should undergo testing to detect the partial-D phenotype
so that RhIG can be administered in the event of weak expression.
Frequency of Rh negativity is higher in whites (15%) than in blacks
(5%) and Hispanics (8%) and is rare in Eskimos, Native Americans,
Japanese, and Asians, especially in Chinese individuals. The paternal
heterozygosity determines the likelihood of an Rh-positive child
being born to an Rh-negative mother.

Pathophysiology of iso-immune haemolysis in hemolytic
disease of the newborn

The exposure of the Rh-negative mother to Rh-positive red
cells occurs as a result of asymptomatic fetomaternal hemorrhage
during pregnancy. The Kleihauer-Betke acid elution technique that
determines the proportion of fetal RBCs in maternal circulation has
shown the incidence of fetomaternal hemorrhage to be 75% of all
pregnancies. Incidence and degree of such hemorrhage appears to
increase with gestation. Fetomaternal hemorrhage has been
documented in 7%, 16%, and 29% of mothers during their first,
second and third trimesters, respectively. Risk is also increased in
pregnancies complicated by placental abruption, spontaneous or
therapeutic abortion, and toxemia, as well as after cesarean delivery
and ectopic pregnancy.

Procedures such as amniocentesis, chorionic villus sampling, and
cordocentesis also increase the risk of alloimmunization. Because the
transplacental hemorrhage is less than 0.1 ml in most pregnancies,
most women are sensitized as a result of small, undetectable
fetomaternal hemorrhage. After the initial exposure to a foreign
antigen, B-lymphocyte clones that recognize the RBC antigen are
established. The maternal immune system initially produces
antibodies of the Immunoglobulin M (IgM) isotype that do not cross
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the placenta and later produces antibodies of the IgG isotype that
traverse the placental barrier. Predominant antibody subclass appears
to be IgG1 in one third of individuals whereas a combination of IgG1
and IgG3 subclasses are found in the remaining individuals. IgG3
is more efficient in binding to reticuloendothelial cells and causing
hemolysis because of its longer hinge region. This is termed the
primary response and is dose dependent (documented in 15% of
pregnancies with 1 ml of Rh-positive cells in an Rh-negative
individual compared with 70% of pregnancies after 250 ml). A repeat
exposure to the same antigen rapidly induces the production of IgG.
This secondary immune response can be induced with as little as
0.03 ml of Rh-positive RBCs. The risk of Rh immunization after the
delivery of the first child to a nulliparous Rh-negative mother is 16%
if the Rh-positive fetus is ABO compatible with its mother, 2% if the
fetus is ABO incompatible, and 2-5% after an abortion. The ABO-in-
compatible RBCs are rapidly destroyed in the maternal circulation,
reducing the likelihood of exposure to the immune system. The degree
of Rh sensitization of the mother is directly related to the amount of
fetomaternal hemorrhage (i.e., 3% with <0.1 ml compared with 22%
with >0.1 ml).

After sensitization, maternal anti-D antibodies cross the placenta
into fetal circulation and attach to Rh antigen on fetal RBCs, which
form rosettes on macrophages in the reticuloendothelial system,
especially in the spleen. These antibody-coated RBCs are lysed by
lysosomal enzymes released by macrophages and natural Kkiller
lymphocytes and are independent of the activation of the complement
system. Reticulocytosis is noted when fetal Hb deficit exceeds
2 gm/dl compared with gestational age norms. Tissue hypoxia
develops as fetal anemia becomes severe. When the Hemoglobin (Hb)
level drops below 8 g/dL, a rise in umbilical arterial lactate occurs.
When the Hb level drops below 4 g/dL, increased venous lactate is
noted. Hydrops fetalis occurs when fetal Hb deficit exceeds 7 g/dL
and starts as fetal ascites and evolves into pleural effusions and
generalized edema. The various mechanisms responsible for hydrops
are hypoalbuminemia secondary to depressed liver function,
increased capillary permeability, iron overload secondary to
hemolysis, and increased venous pressures due to poor cardiac
function [37]. Prolonged hemolysis leads to severe anemia, which
stimulates fetal erythropoiesis in the liver, spleen, bone marrow, and
extramedullary sites, such as the skin and placenta. In severe cases,
this can lead to displacement and destruction of hepatic parenchy-
ma by erythroid cells, resulting in dysfunction and hypoproteinemia.
Destruction of RBCs releases heme that is converted to unconjugated
bilirubin. Hyperbilirubinemia becomes apparent only in the delivered
newborn because the placenta effectively metabolizes bilirubin.
Hemolytic disease of the newborn due to Kell sensitization results in
hemolysis and suppression of erythropoiesis because the Kell antigen
is expressed on the surface of erythroid progenitors. This leads to
severe fetal disease at a lower maternal antibody titer than in Rhesus
disease. Hemolysis associated with ABO incompatibility exclusive-
ly occurs in type-O mothers with fetuses who have type A or type
B blood, although it has rarely been documented in type-A mothers
with type-B infants with a high titer of anti-B IgG. In mothers with
type A or type B, naturally occurring antibodies are of the IgM class
and do not cross the placenta, whereas 1% of type-O mothers have a
high titer of the antibodies of IgG class against both A and B. They
cross the placenta and cause hemolysis in fetus. Hemolysis due to
anti-A is more common than hemolysis due to anti-B, and affected
neonates usually have positive direct Coombs test results. However,
hemolysis due to anti-B IgG can be severe and can lead to exchange

transfusion. Because A and B antigens are widely expressed in
various tissues besides RBCs, only a small portion of antibodies
crossing the placenta are available to bind to fetal RBCs. Recent
analysis of IgG subclass in ABO incompatible direct coombs positive
neonates showed IgG2 was predominent antibody which is
poorly transferred across placenta and less efficient in causing
hemolysis while IgG1 was noted in 22% of neonates and as a group
had similar rate of hemolysis and severity of hyperbilirubinemia [38].
In addition, fetal RBCs appear to have less surface expression of A or B
antigen, resulting in few reactive sites; hence the low incidence of
significant hemolysis in affected neonates. This results in hyper-
bilirubinemia as a predominant manifestation of incompatibility
(rather than anemia), and peripheral blood film frequently reveals
a large number of spherocytes and few erythroblasts, unlike what is
seen in Rh incompatibility (erythroblastosis fetalis), in which blood
film reveals a large number of nucleated RBCs and few spherocytes
[39].

Pathogenesis of hemolytic disease of the newborn: In hemolytic
disease, fetal red blood cells are coated with maternal antibody. These
cells are removed from the baby’s circulation by the baby’s reticulo-
endothelial system and destroyed. The result of hemoglobin catabo-
lism is the production of indirect bilirubin, therefore, an increased
amount of indirect bilirubin is produced, which crosses the placental
and is removed by the mother’s liver. Anaemia that results from the
destruction of red blood cells causes the baby’s hematopoietic tissue
to produce more red blood cells and to release them prematurely. This
results in an increased number of reticulocytes and nucleated red
blood cells, an enlarged spleen and liver [21].

Hydrops fetalis: Hydrops fetalis is a generalized edema that affects all
tissues including lungs. This condition is fatal before or after delivery.
When the anaemia suffered by the fetus is severe, it causes anoxia,
which causes the heart to pump harder until it fails. The heart failure is
the evidence by an increase in blood volume, venous pressure, sodium
chloride retention and edema. Anoxia is increased by inflammation,
histamines (the release of which can be caused by complement
factors C3a and C5a); and bile salts. Increase in anoxia causes
increase in endothelia permeability which causes a decrease in
osmotic pressure. Osmotic pressure keeps the fluids in the vessels,
when the osmotic pressure decreases; it no longer counteracts the
hydrostatic pressure which draws fluids into tissue [21].

Neonatal jaundice: Neonatal jaundice is jaundice that begins within
the first few days after birth. Jaundice is the second greatest danger
to hemolytic disease of the newborn, affected babies is from icterus
gravis neonatorun (severe jaundice of the new born). These children
have yellow amniotic fluid but the bilirubin is transported across the
placenta to the mother’s circulation therefore the bilirubin levels are
slightly reduced at birth: however, once the baby no longer has the
benefit of the mother’s liver, the bilirubin begins to rise. Normally,
unconjugated bilirubin is bound to albumin while being transported
to the liver where it is conjugated with glucuronic acid to become
conjugated or indirect bilirubin, however the baby’s gucuronosyl
transferase does not start to function until approximately the third
day after delivery. Consequently, the conjugated or indirect bilirubin
accumulate in the baby’s system. Once the unconjugated bilirubin
exceeds the ability of the albumin to bind it, it circulates as free or
unbound bilirubin, unlike the water soluble direct bilirubin this
unbound unconjugated bilirubin is lipid soluble and has a high
affinity for central nervous system tissue. As a result of the bilirubin
precipitate in the brain cells particularly in the ganglia. This condition
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is called kernicterus [21]. The kernicterus is often thought to occur
when the indirect bilirubin is approximately 20 mg/dl or higher.
Bilirubin can reach 20 to 40 mg/dl in as little as 36 hours after
delivery. Although it usually takes 48 to 96 hours after delivery, if the
cord blood bilirubin is 4 to 7 mg/dl, the baby is already in trouble
because the bilirubin will continue to climb without the mother’s liver
to conjugate it [40]. Children who are acidotic, hypoxic or premature
or who have low serum albumin levels have a greater risk for
unconjugated bilirubin. The symptoms of kernicterus are jaundice,
lethargy, a reluctant to feed, rolling of the eyes, the high pitched
cry, extending of the arm and opisthotonos (the condition in which
the muscles draw the body into a bow shape). 70% of children with
kerniterus develop irregular respiration a bloody froth from nose and
death within 5 days. The remaining 30% may survive for months or
even years, the latter the brain damage appears; the more likely the
child is to live: however, death may come months later. If the child
survives, brain damage may not be evident for years. This damage is
permanent and irregular and manifests itself as mental retardation,
deafness or possibly cerebral palsy. The severity of kerniterus is
directly proportional to the bilirubin concentration. Albumin binds
the unconjugated bilirubin and transports it to liver. The unbound
unconjugated bilirubin increase when plasma albumin decrease or
when sulphonamides or salicylates compete with the bilirubin for
binding sites on the albumin. About 15 g/dl of the newborn’s albumin
is available to bind bilirubin. At a pH of 7.4, approximately 22 mg/dl of
bilirubin is bound. This is why kernicterus is rare when the bilirubin
is less than 20 mg/dl. If the plasma direct bilirubin is greater than
3 mg/dl, a hemolytic process has taken place, if the cord blood
hemoglobin is less than 10 g/dl and the cord blood bilirubin is greater
than 3.5 mg/dl, the conjugating enzymes may become activated earlier
than usual [21]. An increase in bilirubin that exceeds 5 mg/dl in
24 hours in a full term baby is an indication of a hemolytic process.
The onset of jaundice in the first 24 hours after delivery also suggests
the existence of a hemolytic process. Hemolysis is not always the
result of haemolytic disease of newborn it can be caused by a number
of conditions. Regardless of the cause of the hemolysis, an increase in
bilirubin will ensue with hemolysis. The ability to excrete bilirubin is
independent of the hemolytic process. Therefore, the intensity of the
jaundice does not correlate with severity of the disease [21].
However, many babies suffer from, physiologic jaundice as a result
of this immature livers. In this condition, the bilirubin generally
increases during the first few days as a result of the decreased amount
of glucuronosyl-transferase, which conjugates the bilirubin to form
the water soluble bilirubin. The cause of normal, physiological
jaundice is well understood. During life in the uterus, the red blood
cells of the fetus contain a type of hemoglobin that is different than
the hemoglobin that is present after birth. When an infant is born, the
infant’s body begins to rapidly destroy the red blood cells containing
the fetal-type hemoglobin and replaces them with red blood cells
containing the adult-type hemoglobin. This flood the liver with
bilirubin derived from the fetal hemoglobin from the destroyed red
blood cells. The liver in a newborn infant is not mature, and its ability
to process and eliminate bilirubin is limited. As a result of both the
influx of large amounts of bilirubin and the immaturity of the liver,
bilirubin accumulates in the blood. Within two or three weeks, the
destruction of red blood cells ends, the liver matures, and the bilirubin
levels return to normal [21].

Anaemia: It is normal for an infant’s hemoglobin to decrease during
first two months and even longer in premature infants. The decrease
hemoglobin is presumably caused by a depression of erythropoiesis as
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a result of the rise in the percentage of oxygen saturation of the blood
following the onset of respiration. The decrease in the hemoglobin is
even more rapid in hemolytic disease of newborn, partially because
of the increased red blood cell destruction and partially because
erythropoiesis is suppressed as long as the hemoglobin is greater than
10 g/dl [21] (Figure 1).
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Figure 1: Hydrops fetalis and kernicturus.

Rhesus Immune Response

Primary immune response: The primary immune response develops
slowly. In experimental Rhesus immunization of male volunteers,
8 to 9 weeks elapsed before the response was apparent; indeed, it may
not be detectable for 6 months. The primary response usually is weak
and predominantly Immunoglobulin M (IgM). IgM anti-D does not
cross the placenta and does not cause fetal red blood cell hemolysis.
Most Rhesus-negative women convert to IgG anti-D production. IgG
anti-D traverses the placenta and does produce fetal red blood cell
hemolysis.

Secondary immune response: Once the primary response has
occurred, a second exposure to Rhesus-positive red blood cells
produces a rapid (within days) increase in anti-D, which is for the
most part IgG. Subsequent exposure may produce even higher levels.
If the intervals between antigen exposure are long, the subsequent
exposure commonly is associated with a marked increase in
Rhesus-antibody titer and increased avidity (binding ability) of the
antibody for Rhesus antigen. The greater the avidity of the Rhesus
antibody for Rhesus antigen (binding constant), the greater is the
severity of Rhesus hemolytic disease.

Degree of severity of hemolytic disease of newborn

Degree of severity of hemolytic disease of the newborn
(erythroblastosis) is determined by the amount of maternal anti-D
IgG present, its avidity for the D antigen (binding constant), and the
ability of the erythroblastotic fetus to replace the hemolyzed red blood
cells without developing hepatic damage, portal obstruction, and
hydrops fetalis.

Classification of severity of hemolytic disease of newborn
(Erythroblastosis)

See Classification of severity of hemolytic disease of newborn
(Erythroblastosis) in table 1.

Mild: About half of the affected infants are mildly or not anemic at
birth (cord hemoglobin exceeds 12 g/dL). They are not dangerous-
ly hyperbilirubinemic (cord bilirubin levels are less than 3.5 mg/dL).
Their red blood cells, however, are coated with anti-D, making them
direct antiglobulin (Coombs’ test) positive; the hallmark of all types of
alloimmune hemolytic disease other than ABO [41]. In these infants,
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Degree of Severity Incidence (%)
Mild: No treatment is required. Indirect bilirubin does not 45-50
exceed 16-20 mg/dl. Anemia is minimal.
Moderate: Fetal hydrops will not develop. Anemia is moderate.
There is severe jaundice and risk of kernicterus unless infant is 25-30
treated after birth.
Severe: Fetal hydrops will develop in utero. 20-25
Before 34 weeks gestation 10-12
After 34 weeks gestation 10-12

Table 1: Classification of severity of hemolytic disease of newborn (Erythro-
blastosis).

significant anemia (less than 10 g/dL) does not develop, nor does
significant hyperbilirubinemia (more than 20 mg/dL in mature
infants, 15 to 18 mg/dL in premature infants). They require no
treatment and survive intact, as they did 60 years ago before the
Rhesus blood group system was known and before any treatment was
available [41].

Moderate: In about 25% of affected infants, the disease is more
severe. Erythropoiesis is adequate to prevent severe anemia but not so
great that hepatic hypertrophy and circulatory obstruction occur. The
fetus is delivered in good condition at or near term. Before birth, the
products of fetal red blood cell hemolysis are transported across the
placenta and metabolized by the mother. After delivery, infants must
rely on their own resources to metabolize and excrete the products of
red blood cell destruction [25].

When red blood cell is destroyed, globin is split from hemoglo-
bin, leaving the prosthetic pigment heme. Heme is rapidly converted
to indirect bilirubin, which is neurotoxic. With increased red blood
cell destruction, there is increased production of indirect bilirubin.
At birth, an infant’s ability to metabolize indirect bilirubin is severely
limited. Infants’ livers are deficient in the transport protein and the
microsomal enzyme uridine diphosphoglucuronyl transferase, which
are responsible for the transfer of indirect bilirubin across the liver
cell membrane into the cytoplasm and then for the conjugation into
water-soluble, nontoxic bilirubin diglucuronide (direct bilirubin),
which is then excreted by way of the biliary canaliculi down the bile
ducts into the small intestine [14].

Indirect bilirubin is water insoluble and lipid soluble and can
circulate only if it is bound to the plasma protein carrier albumin.
When the bilirubin-binding sites on albumin are saturated, unbound
free indirect bilirubin appears. It cannot remain in a watery medium
such as plasma and diffuses into high lipid content tissues. Free
indirect bilirubin diffuses across the lipid-containing neuron
membrane and interferes with vital metabolic processes, causing
ballooning of the neural mitochondria. The neuron dies. Bilirubin
accumulates within the dead neurons, producing the characteristic
yellow color found at autopsy (kernicterus). Infants who develop
bilirubin encephalopathy (kernicterus) are deeply jaundiced. Signs of
brain dysfunction appear on the third to the fifth day. They become
lethargic and hypertonic. Their necks are extended, and their wrists,
elbows, and knees are flexed. They are rigid and suck poorly and they
may convulse. Death occurs in 90% of such infants. In the remaining
10% of infants, jaundice lessens, and hypertonicity diminishes.
Initially, the neonates appear well. As they grow older, signs of severe
neurologic damage inevitably appear. Most are profoundly deaf. Most
have cerebral palsy of the spastic choreoathetoid type. Intellectual
retardation is variable and may be severe. Even when retardation is
mild, learning and functioning are impeded by the severe deafness
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and abnormal movements produced by the spastic choreoathetosis
[14].

Severe: The remaining 20% to 25% of erythroblastotic fetuses are
so severely affected that they develop ascites and generalized edema
(hydrops fetalis). Hydrops develops in half of these fetuses between
18 and 34 weeks’ gestation and in the other half between 34 and 40
weeks’ gestation.

The earlier belief that hydrops was due to hypervolemic heart
failure may not be correct. Although treatment measures carried out
to keep hydropic neonates alive inevitably precipitate heart failure,
at birth, most hydropic infants are not hypervolemic, nor are they
in heart failure. Hepatic hypertrophy with portal hypertension and
hepatocellular damage is a more likely cause of hydrops fetalis [24].

With severe red blood cell destruction, hepatic erythropoiesis
and hepatic enlargement become extreme. Hepatic cords and hepatic
circulation are distorted by erythropoietic tissue. Portal and umbilical
venous hypertension develops. The placenta becomes thick and
edematous; cytotrophoblast persists. Placental perfusion is reduced,
and ascites appears. As progressively greater distortion of hepatic
cords by islets of erythropoiesis occurs, hepatic circulation and
hepatocyte function are reduced. Hypoalbuminemia develops and
produces generalized anasarca. Pleural and pericardial effusions
appear. Death in utero usually occurs. If a hydropic fetus is born alive,
ventilation usually is impossible because of pulmonary edema and
compression hypoplasia of the lungs [24,25].

Symptoms of Hemolytic Disease of the Newborn

During pregnancy symptoms may include

« With amniocentesis, the amniotic fluid may have a yellow coloring
and contain bilirubin

o Ultrasound of the fetus shows enlarged liver, spleen, or heart and
fluid buildup in the fetus’ abdomen

After birth, symptoms may include
o A pale coloring may be evident, due to anemia

o Jaundice or yellow coloring of amniotic fluid, umbilical cord, skin,
and eyes may be present. The baby may not look yellow immedi-
ately after birth, but jaundice can develop quickly, usually within
24 to 36 hours

+ The newborn may have an enlarged liver and spleen

o Babies with hydrops fetalis have severe edema (swelling) of the
entire body and are extremely pale

« They often have difficulty breathing [4]

« Complications of hemolytic disease of the newborn (symptoms)
can range from mild to severe.

The following are some of the problems that can result:

During pregnancy

o Mild anemia, hyper-bilirubinemia, and jaundice: The placenta
helps rid some of the bilirubin, but not all.

o Severe anemia with enlargement of the liver and spleen: When
these organs and the bone marrow cannot compensate for the fast
destruction of red blood cells, severe anemia results and other or-
gans are affected.
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+ Hydrops fetalis: This occurs as the baby’s organs are unable to
handle the anemia. The heart begins to fail and large amounts of
fluid buildup in the baby’s tissues and organs. A fetus with hydrops
is at great risk of being stillborn [40].

After birth

« Severe hyperbilirubinemia and jaundice: The baby’s liver is unable
to handle the large amount of bilirubin that results from red blood
cell breakdown. The baby’s liver is enlarged and anemia continues.

o Kernicterus: Kernicterus is the most severe form of hyperbiliru-
binemia and results from the buildup of bilirubin in the brain. This
can cause seizures, brain damage, deafness, and death [40].

Laboratory diagnosis of hemolytic disease of the newborn

Because anemia, hyperbilirubinemia, and hydrops fetalis can
occur with other diseases and conditions, the accurate diagnosis of
hemolytic disease of the newborn depends on determining if there is
a blood group incompatibility [42].

Prenatal testing

o To detect the presence of any IgG antibody that could cause hemo-
lytic disease of the newborn in order to identify, monitor, and treat
the infant as soon as possible

o To determine which women are candidates for Rhesus Immune
Globin (Rhlg) in order to prevent the production of anti-D [43]

« Maternal antibody titer is a good indicator of severity of hemolytic
disease of the newborn

o Ultrasound - to detect organ enlargement or fluid buildup in the
fetus. Ultrasound is used to view internal organs as they function,
and to assess blood flow through various vessels

« Amniocentesis - to measure the amount of bilirubin in the amni-
otic fluid

« Sampling of some of the blood from the fetal umbilical cord during
pregnancy to check for antibodies, bilirubin, and anemia in the
fetus [44]

Father testing

« Investigative tests on the father depend on which maternal anti-
bodies are present. Mother has anti-D ABO and Rhesus typing
with anti-D, -C, -E, -c,-e to determine probable Rhesus genotype
to predict the chance the fetus has of being Rhesus positive and
affected by hemolytic disease of the newborn

o Test for weak D if initial Rhesus typing appears to be D-nega-
tive. For D positive fathers, the probable Rhesus genotype can be
determined using serologic tests, i.e., DCEce typing to determine if
the father is probably homozygous or heterozygous for D

o Other maternal clinically significant antibodies phenotype father
for the corresponding antigen and its antithetical antigen (e.g., K
and k)

Molecular genotyping: Molecular methods exist for typing Rhesus
(RHD and RHCE), Kell (K & k), Dufty (Fya & Fyb), and Kidd (Jka
& Jkb) loci [45]. In prenatal testing programs, molecular typing can
determine the Rhesus type of the mother, father, and fetus and may
be done if the mother has anti-D or another antibody known to cause
hemolytic disease of the newborn. DNA methods are typically used in
these circumstances:
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o For women who type as weak D in serologic tests, to determine
the Rhesus genotype of the mother to identify if she is partial D
or weak D

o For women who have made anti-D, to determine the Rhesus geno-
type of the father to see if fetal monitoring is needed

o For women who have made anti-D, to determine the Rhesus type
of the fetus if the father is heterozygous for Rhesus D or unavail-
able for testing [46]

o Fetal blood typing can be done using fetal DNA from cells
obtained by amniocentesis or by testing cell-free, fetal-derived
DNA present in maternal plasma at 5 weeks gestation and later

In the case of a mother with anti-D and a father who is D positive
using serologic methods, molecular typing can determine the father’s
Rhesus D heterozygosity or homozygosity. If the father is homozygous
for the Rhesus D allele, all of his offspring will be Rhesus positive,
negating the need for fetal D testing, but indicating that the fetus
should be monitored for hemolytic disease of the newborn. If the
father is heterozygous for Rhesus D, the Rhesus type of the fetus
should be determined to see if hemolytic disease of the newborn is
possible [45].

Postnatal testing: Once a baby is born, diagnostic tests for hemolytic
disease of the newborn may include the following:

o Testing of the baby’s umbilical cord blood for blood group, Rhesus
factor, red blood cell count, and antibodies

« ABO blood group system (anti-A and anti-B)

o Rhesus system (Rhesus D, E, e, C and antibody combinations
(i.e., anti-Rhc and anti-RhE antibodies occurring together) - can
be severe

o Kell system (anti-Kell , anti-K 1 antibodies - common and also
anti-K 2, anti-K 3 and anti-K 4 antibodies - rare

o Other blood group antibodies (Kidd, Lewis, Duffy, MN, P and
others). Test on fetal blood (or umbilical cord blood)

o The Direct Antiglobulin Test (DAT) is an important tool for
identification of Hemolytic Disease of the Newborn (HDN) caused
by erythrocyte immunization [47]. The direct Coombs test is used
to confirm that the fetus or neonate has an immune mediated
hemolytic anemia

o Full blood count - the hemoglobin level and platelet count are
important

o Peripheral blood morphology shows increased reticulocytes.
Erythroblasts (also known as nucleated red blood cells) occur in
moderate and severe disease

o Biochemistry tests for jaundice: Bilirubin (total and indirect) [48]
Test on maternal blood

o The Acid elution technique of Kleihauer-Betke test or flow cytom-
etry on a postnatal maternal blood sample can confirm that fetal
blood has passed into the maternal circulation and can also be
used to estimate the amount of fetal blood that has passed into the
maternal circulation

o The indirect Coombs test is used to screen blood from antenatal
women for IgG antibodies that may pass through the placenta and
cause hemolytic disease of the newborn (Figure 2)
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Figure 2: Blood bank testing.

Laboratory studies

The following findings may be noted in Hemolytic Disease of the
Newborn (HDN): Hemolytic disease of the newborn is characterized
by one or more of the following clinical presentations:

« Rapidly progressive severe hyperbilirubinemia or prolonged
hyperbilirubinemia

« Positive maternal antenatal antibody findings and/or diagnosis of
anemia or fetal hydrops

« Positive neonatal direct Coombs test (direct antiglobulin test)

« Hemolysis on blood film findings [49]

o The severity of hematologic abnormalities is directly proportional
to the severity of hemolysis and the extent of hematopoiesis.
The following abnormalities are observed on complete blood cell

count findings:

+ Anemia: Measurements are more accurate using central venous or
arterial samples rather than capillary blood.

 Increased nucleated RBCs, reticulocytosis, polychromasia, aniso-
cytosis, spherocytes, and cell fragmentation

+ The reticulocyte count can be as high as 40% in patients without
intrauterine intervention.

« The nucleated RBC count is elevated and falsely elevates the leuko-
cyte count, reflecting a state of erythropoiesis.

 Spherocytes (<40%) are more commonly observed in cases of
ABO incompatibility. Glucose does not correct the autohemolysis
in ABO incompatibility unlike hereditary spherocytosis.

« Insevere hemolytic disease, schistocytes and burr cells may be ob-
served, reflecting ongoing disseminated intravascular coagulation.

+ A low reticulocyte count is observed in fetuses provided with in-
travascular transfusion in utero and with Kell alloimmunization.

o Abnormally elevated Mean Cell Hemoglobin Concentration
(MCHC) and Red Cell Distribution Width (RDW) values should
prompt a diagnosis of hereditary spherocytosis [50]
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can be observed after intrauterine transfusion because of an

increase in circulating cytokines (granulocyte-macrophage

colony-stimulating factor)

o Thrombocytopenia: This condition is common, especially after
intrauterine or exchange transfusions because of platelet-poor
blood product and suppression of platelet production in favor of
erythropoiesis

» Hypoglycemia is common and is due to islet cell hyperplasia and
hyperinsulinism. The abnormality is thought to be secondary to
release of metabolic byproducts such as glutathione from lysed
RBCs.
commonly observed during and after exchange transfusion.

Hypokalemia, hyperkalemia, and hypocalcemia are

Serologic test findings include the following:

o Indirect Coombs test and direct antibody test results are positive
in the mother and affected newborn. Unlike Rh alloimmunization,
direct antibody test results are positive in only 20-40% of infants
with ABO incompatibility. In a recent study [51], positive direct
antibody test findings have a positive predictive value of only 23%
and a sensitivity of only 86% in predicting significant hemolysis
and need for phototherapy, unless the findings are strongly
positive (4+). This is because fetal RBCs have less surface

expression of type-specific antigen compared with adult cells.

A prospective study has shown that the titers of maternal

Immunoglobulin G (IgG) anti-A or anti-B may be more helpful

in predicting severe hemolysis and hyperbilirubinemia. The

sensitivity and specificity of IgG titers of 512 or higher in

predicting need for invasive intervention was 90% and 73%,

respectively [52]. Although the indirect Coombs test result

(neonate’s serum with adult A or B RBCs) is more commonly

positive in neonates with ABO incompatibility, it also has poor

predictive value for hemolysis. This is because of the differences in
binding of IgG subtypes to the Fc receptor of phagocytic cells and,
in turn, in their ability to cause hemolysis.

o IgG2 is more commonly found in maternal serum but has
weak lytic activity, which leads to the observation of little or no
hemolysis with a positive direct antibody test result. On the other
hand, significant hemolysis is associated with a negative direct
antibody test result when IgGl and IgG3 are predominant
antibodies, which are in low concentration but have strong lytic
activity, crossing to neonatal circulation.

« In newborns with hemolytic disease due to anti-c or anti-C
antibodies, direct antibody test results may be negative, and the
diagnosis is established after indirect Coombs testing.

Treatment for Hemolytic Disease of the Fetus and
Newborn

Once hemolytic disease of the newborn is diagnosed, treatment
may be needed. Specific treatment for hemolytic disease of the
newborn will be determined based on: Baby’s gestational age, overall
health, and medical history, extent and expectations of the disease,
baby’s tolerance for specific medications, procedures, or therapies
[53].
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Antenatal (during pregnancy), treatment for hemolytic
disease of the newborn may include

Serial Ultrasound and Doppler examinations - to detect signs
of fetal anemia such as increased blood flow velocities and monitor
hydrops fetalis [54].

o Quantitative analysis of maternal anti-RhD antibodies - an in-
creasing level is a sign of fetal Rhesus disease Intrauterine blood
transfusion

« This is done by placing a needle through the mother’s uterus and
into the abdominal cavity of the fetus or directly into the vein in
the umbilical cord. Intraperitoneal transfusion - blood transfused
into fetal abdomen

« Intravascular transfusion - blood transfused into fetal umbilical
vein [55]

« Early delivery (usually after about 36 wks gestation) If the fetus
has mature lungs, labor and delivery may be induced to prevent
worsening of hemolytic disease of the newborn

Ultrasonography in biophysical profile: Biophysical Profile (BPP)
is a prenatal ultrasound evaluation of fetal well-being involving a
scoring system. BPP has become a standard tool for providing
antepartum fetal surveillance [56]. The Biophysical Profile (BPP)
is a noninvasive test that predicts the presence or absence of fetal
asphyxia and ultimately the risk of fetal death in the antenatal period
[57]. When the BPP identifies a compromised fetus, measures can
be taken to intervene before progressive metabolic acidosis leads to
fetal death. BPP combines data from 2 sources (ultrasonographic
imaging and fetal heart rate monitoring). Dynamic realtime B-mode
ultrasonography is used to measure the Amniotic Fluid Volume
(AFV) and to observe several types of fetal movement [58,59]. Fetal
heart rate is obtained using a pulsed Doppler transducer integrated
with a high-speed microprocessor, which provides a continuously
updated reading BPP integrates 5 parameters to yield a Biophysical
Profile Score (BPS) and includes

» Nonstress Test (NST)
« Ultrasonographic measurement of the AFV

o Observation of the presence or absence of fetal breathing
movements

« Gross body movements

o Tone [60]

The BPP allows 2 points for each parameter that is present, yielding
a maximum score of 10; however, if all of the ultrasonographic
variable findings are normal, the FHR variable may be excluded,
because no change is made in the predicative accuracy of the BPP by
including the FHR. If 1 or more ultrasonographic variable findings are
abnormal, the NST should be performed [60] (Table 2).

Physiologic basis of biophysical monitoring: All biophysical
activities are regulated and controlled by discrete centers in the brain
that are sensitive to both local factors and feedback from peripheral
sensors. The presence of normal biophysical activity is presumptive
evidence that these regulatory centers are intact, while the loss of
normal biophysical activity can be a sign of pathologic neuronal
suppression from hypoxemia, acidemia, and ischemia. However, the
absence or diminution of a given biophysical activity is not always
pathologic. Normal suppression of a regulatory center can occur from
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Abnormal
(Score =0)

Normal
(Score =2)

Biophysical
Variable

Fetal breathing | 1 or more episodes of 220s Absent or no episode of

movements within 30 min 220s within 30 min
2 or more discrete body/ limb
Gross body ;T;O\i':on;2?;‘2'&'\'[163302::“0% <2 episodes of body/limb
movements P! . movements within 30 min
movement considered as a
single movement)
1 or more episodes of active Slow extensit_)n With.
extension with return to flexion return to partla_l ﬂe>_<|on,
Fetal tone of fetal limb(s) or trunk (opening movement of limb in full

extension, absent fetal
movement, or partially
open fetal hand

and closing of hand considered
normal tone)

2 or more episodes of acceler-
ation of 215 Beats Per Minute

(BPM) and of >15s associated
with fetal movement within 20

min

1 or more episodes of
acceleration of fetal heart
rate or acceleration of <15
bpm within 20 min

Reactive fhr

Either no pockets or
largest pocket <2 cm in
vertical axis

1 or more pockets of fluid mea-

litative afv ) : N "
Qualitative a suring 22 cm in vertical axis

Table 2: Criteria for coding fetal biophysical variables as normal or abnormal.

J

intrinsic fetal rhythms, such as the deep stage of quiet sleep, or from
transplacental passage of drugs that cause general suppression of the
brain, such as sedatives and opiates (Table 3).

Application of the biophysical profile: Antepartum testing using
the Biophysical Profile (BPP) or any other method should not be
performed earlier than the gestational age at which extrauterine
survival or active intervention for fetal compromise is possible.
Furthermore, no indications exist for testing in a fetus at term when
likelihood of successful induction is high or when vaginal delivery
is contraindicated for obstetric reasons. For patients with a low
probability of successful induction, the BPP is a useful tool that can
be used while waiting for cervical ripening. In these patients, the
purpose of the BPP is to avoid the maternal morbidity resulting from
failed induction followed by cesarean delivery [61]. In most high-risk
pregnancies, testing plans start with weekly testing, although
twice-weekly testing is the standard for pregnancies beyond 42 weeks
and for patients with insulin-dependent diabetes. Frequency of
testing increases in direct proportion to the severity of the maternal or
fetal condition. In unstable pregnancies with progressive deterioration
of the fetal condition, abnormal umbilical cord blood flow patterns
occur first. Subsequently, FHR variation is reduced, followed by loss
of breathing movements, while general fetal movements and tone are
the last parameters to demonstrate abnormal results. Frequent
assessment of fetal BPP movements may help prolong the pregnancy
in fetuses with a marginally reduced FHR variation. An abnormal BPS
should prompt further evaluation or intervention depending on the
circumstances. If an abnormal score occurs in a term fetus, prepara-
tion should be made for delivery. An abnormal score in a fetus remote
from term requires conservative management, since the risk of fetal
death is similar to the neonatal mortality rate resulting from prematu-
rity. In these patients, daily testing often is performed [60,62].

Postnatal (after birth), treatment may include
« Blood transfusions (for severe anemia)
 Intravenous fluids (for low blood pressure)

o Help for respiratory distress using oxygen or a mechanical breath-
ing machine
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Activity FHR Accelerations Tone Gross Movement Fetal Breathing AFV
Fetal sleep U U U 0
Early gestational age (<33 wk) U 4
Late gestational age (>42 wk) U 4 4 4
Maternal glucose ingestion — — T
Maternal alcohol ingestion U/— n—
Maternal magnesium administration U 4
Artificial rupture of membranes U 4
Premature rupture of membranes U
Labor 0
Table 3: Factors affecting the biophysical profile.
* Ablank box indicates that no data are available for that parameter
+ Horizontal lines indicate that the parameter has been studied and that no change is demonstrated
» Arrows indicate that the parameter has been studied and that it increases or decreases as shown [60]

Phototherapy: Intensive phototherapy has also been used to
treat moderate and severe hemolytic disease of the newborn and
decrease the need for exchange transfusion. The newborn is placed
under a “blue light” which chemically alters the bilirubin in the
surface capillaries to a harmless substance [63,64]

Exchange transfusion to replace the baby’s damaged blood with
fresh blood: The exchange transfusion helps increase the red blood
cell count and lower the levels of bilirubin. An exchange transfu-
sion is done by alternating giving and withdrawing blood in small
amounts through a vein or artery

Human Serum Albumin: Human serum albumin can also be
transfused, either separately or as part of an exchange transfusion
in place of Fresh Frozen Plasma (FFP). Albumin binds unconju-
gated bilirubin, thus preventing its deposition in the fat-rich brain
cells. Albumin must be used judiciously, because it can aggravate
congestive heart failure

Intrauterine transfusion

Intrauterine transfusion is the only hope that babies who are
severely affected before 34 weeks gestation have for survival
(Figure 3)

It provides rhesus negative cells to correct anaemia, anoxia, to
prevent hydrops fetalis and fetal death.

It can be done as early as 17 weeks, although preferable to wait
until 20 weeks [55]

Severely affected fetus, transfusions is done every 1 to 4 weeks until
the fetus is mature enough to be delivered safely. Amniocentesis
may be done to determine the maturity of the fetus’s lungs before
delivery is scheduled

After multiple intrauterine transfusions, most of the baby’s blood
will be Rhesus D negative donor blood, therefore, the direct
antiglobulin test will be negative, but the indirect antiglobulin test
will be positive.

After intrauterine transfusions, the cord bilirubin is not an
accurate indicator of rate of hemolysis or of the likelihood of the
need for post-natal exchange transfusion

The mother is usually given antibiotics to prevent infection. She
may also be given tocolytic medication to prevent labor from
beginning, though this is unusual
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Increasingly common and relatively safe procedure since the
development of high resolution ultrasound particularly with
colour doppler capability (Figure 4)

MCA doppler velocity as a reliable non-invasive screening tool to
detect fetal anemia

The vessel can be easily visualized with color flow Doppler as early
as 18 weeks’ gestation

In cases of fetal anemia, an increase in the fetal cardiac output and
a decrease in blood viscosity contribute to an increased blood flow
velocity [54]

Titer greater than 32 for anti-D and 8 for anti-K OR fourfold
increase in titer indicates need for analysis of amniotic fluid

Amniocentesis

Perform at 28 wks if HDN in previous child

Perform at 22 wks if previous child severely affected
Perform if maternal antibody increases before 34th wk.

High values of bilirubin in amniotic fluid analyses by the Liley
method or a hemoglobin concentration of cord blood below
10.0 g/ml

Values remain in the bottom zone from Liley graph indicate that
the baby will probably be unaffected or mild affected, values in the
mid zone indicate that the baby will be moderately affected and is
a candidate for early delivery and an exchange transfusion hence,
values greater than 0.3 or tending from mid zone to the top zone
require immediate attention (Figure 5)

After 32 to 34 weeks gestation, delivery and exchange transfusion
on the baby should be considered, before 32 weeks gestation an
intrauterine transfusion is probably the best

Type fetus -recent development in fetal RhD typing involves
the isolation of free fetal DNA in maternal serum. In the United
Kingdom, this technique has virtually replaced amniocentesis for
fetal RhD determination in the case of a heterozygous paternal

phenotype

Maternal plasma exchange may be instituted if the fetus is too
young for intrauterine transfusion
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it cases is to correct the anaemia and increase the amount of oxygen
anshuton available to the tissue without overloading the circulation. Those who

L die in 36-96 hours after delivery die from kernecterus but kernecterus

is less likely to occur if the infant is transfused during the first few

— hours of life [21]. Exchange transfusion removes part of the
Atatisinny et bilirubin already circulating in the plasma and provides additional
A albumin to help build the bilirubin. Exchange transfusion should

Nelnuin tie;placents equal twice the infant’s blood volume. The formula recommended

in the AABB assumes that the blood volume of a full term infant is
85 ml/kg. The RBC’s and plasma should be used in equal proportions
giving a haematocrit of 0.050. The average haematocrit of a unit of
RBC'’s is 0.70. Therefore the amount of blood needed for the exchange
SYONEY O & G ULTRASOUND is as follows:

FADAM.
Figure 3: Intrauterine transfusion.

 Infant weight in kilograms x 85 x Two exchanges = Total volume
of blood needed

o Volume of blood needed for the exchange + Two = Volume of
RBC’s needed for a haematocrit of 0.50

PLACENTA - « Volume of RBC’s needed for a haematocrit of 0.50 + 0.70 = Volume
of original RBC component needed with haematocrit of 0.70

o Volume of fresh frozen plasma needed = Total volume needed -

ure ILEEAL " Volume of RBC component needed
BARD

o The RBC-plasma combination should be mixed during the proce-
dure to maintain the haematocrit

Haematocrit and a bilirubin should be performed on a sam-
ple the last aliquot removed to monitor the procedure. Hazards
associated with exchange transfusion are numerous. The danger
of air emboli and perforation of the umbilical vein are obvious, ex-
change also may disturb the acid-base balance, thereby causing a
decrease in the pH. This is more of a problem in babies with
inadequate ventilation by a high pCO2 but for most babies, a
p disturbed pH may be less of a problem because of the use of citrate
1.00 ; s . ’ phosphate dextrose adenine anticoagulant, on the other hand severe
hypoglycemia has become more of a problem because of citrate
Intraritaring phosphate dextrose. Sugar in anticoagulant increase the plasma
Trangiusion TapizaihE glucose which causes insulin to increase and act on the glucose,

causing the glucose level to drop. Heparin is not recommended

— \ i because it increases the risk of bleeding and because it increases the

plasma free fatty acids which increase the unconjugated bilirubin.

Citrate toxicity is a potential problem that has not been substantiated.

This can be diminished by infusing packed RBC’s instead of whole

blood. Potassium toxicity can be avoided by using fresh blood. The
uses of packed RBCs also help to prevent this problem [21].

Figure 4: Ultrasound.
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s Objective for performing exchange transfusion

0.02}- 7 o To decrease the level of bilirubin and prevent kernicterus

Bottom Zone « To remove baby’s sensitized red blood cells
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Figure 5: Liley graph. o To decrease the level of the incompatible antibody in the baby

Exchange transfusion Criteria for selection of donors for exchange transfusion

Exchange transfusion removes part of the babys blood and Donor blood
replaces it with donor blood. It serves multiple purpose; Deaths from
HDN occur in several stages. Infant who die in the first 12-14 hours
after delivery die from respiratory failure resulting from anaemia with
or without hydrops. The purpose of exchange transfusion in these e« Mustlack hemolytic anti-A, anti-B and anti-AB

o Must lack RBCs antigens corresponding to the mother’s immuno-
globulin G antibody
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o Must lack unexpected antibodies active at 37°C
o Must be less than 7 day old

o Must be cross matched initially with mother’s or baby’s sermon or
plasma if antibodies are present or if the donor is not group O

+ Should lack hemoglobin S if the baby is acidotic or hypoxic:
Testing is usually necessary only if haemoglobin S is common in
the community

« Should be negative for Cytomegalovirus (CMV) if cytomegalovi-
rus is a problem in the area and if the baby weighs less than 1200 g
at birth and if the baby or mother lacks cytomegalovirus antibod-
ies or if this information is unknown [21]

Cases of ABO HND usually group O mothers and group A babies,
for the reason and because group O lack ABO antigens, group O is
usually the blood group of choice for these children. The donor can be
the same Rh type as the baby as long there is no rhesus involvement. In
cases of rhesus HDN, the baby can be transfused with his or her own
ABO group provided that the baby’s own blood group is compatible
with the mother’s blood group. If the baby’s blood group is not
compatible with the mother’s blood group, then group O should be
used. Obviously, these children should be given rhesus negative blood.
In the other categories, if HDN or when additional IgG antibodies are
present, the blood should lack the antigens corresponding to those
antibodies. Blood intended for an exchange transfusion must be less
than 7 days old and must lack hemolytic anti-A, B and anti-AB and all
unexpected antibodies active at 37°C. For this reason, packed RBCs
or glycerolized RBCs generally are used. If whole blood is desired,
it is best to use RBCs plus compatible fresh frozen plasma or fresh
platelet-rich plasma instead of whole blood. AB plasma is the blood
group of choice because it lacks antibodies to the antigens in the ABO
systems but any blood group compatible with the baby, the mother and
the RBCs being transfused can be used. The reason for these choices
is that fresh whole blood and fresh frozen plasma or fresh plasma
provides products with a minimum amount of hemolytic and
metabolic by-products maintain the pH and provide coagulation
faction. Older blood especially whole blood, would have increased
amounts of hemolytic and metabolic byproducts because an affected
baby already has an excess of hemolytic byproducts and is in a
debilitated state, passive infusion if these products would only
complicate the baby’s problem. Older blood may be used if washed to
remove these products [21] (Figure 6).

Figure 6: Exchange transfusion.

Simple transfusion

Occasionally, a child with HDN will require a simple transfusion
as opposed to an exchange transfusion. A child with positive DCT
and cord hemoglobin greater than 15 g/dl may not need an exchange
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transfusion. However, 5% of these children need simple transfusion
2 to 3 weeks after delivery. Rhesus antibodies can persist up to
3 months after delivery and will continue to destroy the baby’s RBCs
even after DCT is negative, for this reason, baby suffering from Rhesus
HDN should continue to receive single transfusion of Rhesus negative
blood for at least the first 3 months Rhesus negative cells will survive
as well in a child with the disease as in child without the disease [21].

Phototherapy

Babies are simply exposed to blue-violet or yellow-green light. The
light slowly decomposes the bilirubin into non toxic products called
photo bilirubin which are rapidly excreted by the liver into the bile in
an unconjugated form [21] (Figures 7 and 8).
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Figure 7: Bilirubin degradation by phototherapy.

Figure 8: Phototherapy.

Transcutaneous monitoring

o Transcutaneous bilirubinometry can be adopted as the first-line
screening tool for jaundice in well, full-term babies

o This leads to about 50% decrease in blood testing (Figure 9)

Figure 9: Transcutaneous monitoring.
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Immunomodulators

Intravenous Immunoglobulin (IVIG) (Gamimune, Gammagard,
Sandoglobulin, Gammar-P) normalize antibody levels in patients
with primary defective antibody synthesis and reduce the im-
mune-mediated hemolysis. Several studies have reported success in
minimizing the need for exchange blood transfusion and decreased
hemolysis in severe HDN after administration of IVIG using carboxy-
hemoglobin levels. Administration in doses of 500-1000 mg/kg in the
first few hours of life to a newborn with severe hemolysis should be
considered. However, efficacy depends on timing of administration,
duration of treatment, and severity of hemolysis. Mechanism of action
appears to be related to blockage of Fc receptors in the neonatal
reticuloendothelial system [65].

Management of Hemolytic Disease of the Newborn

The diagnosis and management of pregnant women with HDFN
is based on laboratory and radiographic monitoring [66]. Antenatal
diagnosis and postnatal management of fetuses/neonates affected by
red blood cell allo-immunisation continues to require close cooper-
ation between obstetric, neonatal and hematology teams. Notwith-
standing the results of antenatal investigations and management, all
neonates at risk should have cord blood taken for measurement of
hemoglobin, direct comb test, and bilirubin (to confirm diagnosis,
assess the effectiveness of any antenatal treatment, and predict the
likely need for postnatal treatment) [67]. All potentially affected
neonates should remain in hospital until hyperbilirubinaemia and/or
anaemia have been properly assessed and managed and appropriate
follow-up arranged. Trial evidence is lacking to support the use of
prophylactic phototherapy in affected neonates, but in busy postnatal
wards this approach at least ensures that those who require effective
phototherapy receive it in a timely manner and this may avoid
exchange transfusion in a small number of neonates [68,69].
Appropriate guidelines for exchange transfusion in neonates with
hemolytic disease of the newborn are becoming a more difficult area.
Traditional guidelines suggest that exchange transfusion in hemolytic
disease of the newborn is required for:

o Severe anaemia: Hb <10 g/dl at birth (with the possible exception
of anti-Kell, can cause considerable anaemia without appreciable
hyperbilirubinaemia)

« Severe hyperbilirubinaemia (total serum bilirubin >350 umol/l)
in the first 48 h of life or rapidly increasing hyperbilirubinaemia
(total serum bilirubin increasing >10 umol/l per hour)

However, these values are derived from clinical experience in
preventing the development of kernicterus in sick neonates with
untreated Rhesus D hemolytic disease of the newborn, the “typical”
presentation of hemolytic disease of the newborn is now the well term
neonate with ABO incompatibility who presents with a total serum
bilirubin already in excess of 300 pmol/l (sometimes as a re-admission
from home) without clinically significant anaemia. Intensive
phototherapy during the 4-6 h it normally takes to organize an
exchange transfusion almost always results in a considerable fall in the
total serum bilirubin and thereby almost always removes the clinical
indication for exchange transfusion. This represents a modern clinical
dilemma in neonatal practice, as blood products used for exchange
transfusion in the UK are derived from highly restricted donors, they
are in short supply, and potential wastage of these products represents
an important issue for both the National Blood Service and Neonatal
Pediatricians. Therefore, although the guidelines for exchange
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transfusion remain pertinent for untreated hemolytic disease of
the newborn associated with defined antenatal detected maternal
antibodies, most cases must now be assessed on their individual
merits, with particular attention paid to the general condition of the
neonate (state of hydration, gestational and postnatal age), family
history, rapid achievement of an accurate clinical/laboratory
diagnosis, and initial response to modern intensive phototherapy [70].
Following this approach, most large maternity/neonatal services now
perform only a handful of exchange transfusions per year without
apparent detriment to the long-term health of neonates affected by
hemolytic disease of the newborn.

Management of the sensitized neonate

Mild hemolytic disease accounts for 50% of newborns with
positive direct antibody test results. Most of these newborns are
not anemic (cord hemoglobin [Hb] >14 g/dL) and have minimal
hemolysis (cord bilirubin <4 mg/dL). Apart from early phototherapy,
they require no transfusions. However, these newborns are at risk
of developing severe late anemia by 3-6 weeks of life. Therefore,
monitoring their Hb levels after hospital discharge is important.
Moderate hemolytic disease accounts for approximately 25% of
affected neonates. Moderate hemolytic disease of newborn is
characterized by moderate anemia and increased cord bilirubin levels.
These infants are not clinically jaundiced at birth but rapidly develop
unconjugated hyperbilirubinemia in the first 24 hours of life.
Peripheral smear shows numerous nucleated RBCs, decreased
platelets, and, occasionally, a large number of immature granulocytes.
These newborns often have hepatosplenomegaly and are at risk of
developing bilirubin encephalopathy without adequate treatment.
Early exchange transfusion with type-O Rh-negative fresh RBCs
with intensive phototherapy is usually required. Use of IVIG in doses
of 0.5-1 g/kg in a single or multiple dose regimen have been able to
effectively reduce need for exchange transfusion [71]. A prospective
randomized controlled study has shown early high-dose IVIG 1 g/kg
at 12 hours of age to reduce duration of phototherapy and hospital stay
and to prevent exchange transfusion in neonates with moderate-to-se-
vere Rh isoimmunization [72]. These newborns are also at risk of
developing late hypo regenerative anemia of infancy at 4-6 weeks
of life. However, one randomized double-blind placebo-controlled
trial failed to show the benefit of prophylactic IVIG therapy 0.75 g/kg
within 4 hours of age in severely affected neonates who were treated
with intrauterine transfusion for Rh isoimmunization [73]. Severe
hemolytic disease accounts for the remaining 25% of the alloimmu-
nized newborns who are either stillborn or hydropic at birth. The
fetal hydrops is predominantly caused by a capillary leak syndrome
due to tissue hypoxia, hypoalbuminemia secondary to hepatic dys-
function, and high-output cardiac failure from anemia. About half
of these fetuses become hydropic before 34 weeks gestation and need
intensive monitoring and management of alloimmunized gestation as
described earlier. Mild hydrops involving ascites reverses with IVTs in
only 88% of cases with improved survival but severe hydrops causing
scalp edema and severe ascites and pleural effusions reverse in 39% of
cases and are associated with poor survival.

Management of ABO incompatibility

Management of hyperbilirubinemia is a major concern in
newborns with ABO incompatibility. The criteria for exchange
transfusion and phototherapy are similar to those used in Rh all
immunization. IVIG has also been very effective when administered
early in the course. Tin (Sn) porphyrin a potent inhibitor of heme
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oxygenase, the enzyme that catalyzes the rate-limiting step in the
production of bilirubin from heme, has been shown to reduce the
production of bilirubin and reduce the need for exchange transfusion
and the duration of phototherapy in neonates with ABO incompati-
bility.

Tin or zinc protoporphyrin or mesoporphyrins have been studied
in newborns. They must be administered intramuscularly in a dose
based on body weight, and their effectiveness appears to be dose
related in all gestations [74]. Their possible toxic effects include skin
photosensitization, iron deficiency, and possible inhibition of carbon
monoxide production. Their use in Rh hemolytic disease of newborn
has not been reported. Their routine use cannot be recommended yet
because of lack of long-term safety data.

Prevention of hemolytic disease of the newborn

As part of routine prenatal or antenatal care, the blood type of
the mother (ABO and Rhesus) is determined by a blood test. A test
for the presence of atypical antibodies in the mother’s serum is also
performed. If the mother is not sensitized, reduce the risk of future
sensitization. To find out whether a pregnant Rhesus D-negative
mother has been sensitized to the Rhesus D antigen, an indirect
Coombs test is done. If anti-D is not found in the mother’s serum,
it is likely that she has not been sensitized to the Rhesus D antigen.
The risk of future sensitization can be greatly reduced by giving all
unsensitized mothers anti-D Ig, which “mops up” any fetal red blood
cells that may have leaked into the maternal circulation, reducing the
risk of first-time exposure to the D antigen. Usually, Rhesus D-nega-
tive mothers given a drug called Rhesus Immunoglobulin (RhIg), also
known as RhoGAM [53]. This is a specially developed blood product
that can prevent Rhesus negative mother’s antibodies from being able
to react to Rhesus positive cells. This anti-D Ig is given at about
28 weeks gestation at minimum dose of 20 ug/ml, which is about the
time when fetal red blood cells start to express the D antigen, and
mothers receive another dose at about 34 weeks, a few weeks before
labor begins during which the risk of feto-maternal hemorrhage
is high. A final dose of anti-D Ig is given after the baby has been
delivered within 72 hours. If the mother is sensitized, determine
whether the fetus is at risk and monitor accordingly [53,75]. Once the
presence of maternal anti-D has been confirmed, the next step is to
determine whether the fetal red blood cells are a target, i.e., confirm
the Rhesus status of the fetus. If the father is homozygous for the D
allele (D/D), the fetus will be D positive. If however the father is
heterozygous (D/d), there is a 50:50 chance that the fetus is D positive,
and the only way to know the blood type for sure is to test a sample of
fetal cells taken from the amniotic fluid or umbilical cord. If the fetus
is Rhesus D-positive, the pregnancy is carefully monitored for signs
of hemolytic disease of the newborn. Monitoring includes regular
ultrasound scans of the fetus and monitoring of the amount of anti-D
in the mother’s serum. Active hemolysis is indicated by a rise in
anti-D. If a fetal blood test confirms fetal anemia, depending upon
its severity, a blood transfusion can be done in utero to replace the
lysed fetal red blood cells. RhIG remains the treatment of choice
for the prevention of hemolytic disease of the newborn. Its use,
prophylactically, has dramatically reduced the incidence of hemolytic
disease of the newborn, particularly severe cases that were
responsible for stillbirth and neonatal death. However, there is still
an unmet need for patients who are already sensitized, where RhIG
is no longer effective. If patient does become sensitized, clinicians
have a battery of diagnostic tools to follow these pregnancies. But
procedures, such as amniocentesis and intrauterine transfusions, still
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carry a level of risk [75,76], and a number of new approaches look
promising for the future. One such approach is the regulation of
the maternal immune system, whereby a therapeutic vaccine could
be used to down-regulate the immune system in sensitized patients,
which potentially will stop production of anti-D antibodies. In that
scenario, intrauterine transfusions would not be necessary.

Furthermore, Molecular methods exist for typing Rhesus (RHD
and RHCE), Kell (K & k), Dufty (Fya & Fyb), and Kidd (Jka & Jkb)
loci. In prenatal testing programs, molecular typing can determine
the Rhesus type of the mother, father, and fetus and may be done if
the mother has anti-D or another antibody known to cause hemolytic
disease of the newborn. Fetal blood typing can be done using free fetal
DNA from cells obtained by amniocentesis or by testing cell-free,
fetal-derived DNA present in maternal plasma at 5 weeks gestation
and later [45,46].

Conclusion

The spectrum of hemolytic disease of the newborn has changed
over the last few decades; however, the diagnosis, acute management,
and follow-up of neonates with hemolytic disease of the newborn
still represent an important area of activity for maternity/neonatal
services. Following the introduction of prophylactic Rhesus IG in
Rhesus D negative women, the incidence of Rhesus D alloimmuniza-
tion in pregnancy has decreased. Consequently, hemolytic disease due
to ABO incompatibility and other alloantibodies have now emerged
as the major causes of hemolytic disease of the newborn. However,
with increasing knowledge at the molecular level, and closer liaison
between neonatal pediatricians and hematologists, the diagnosis of
non-immune causes of hemolytic disease of the newborn is increas-
ing, as these conditions have an inherited basis and therefore have
implications for other family members (or future children), it must
remain a high priority for all neonatal pediatricians to achieve an
accurate diagnosis in all cases of hemolytic disease of the newborn
and emphasizes the point that patients with persistent neonatal
hemolysis should always be fully investigated and followed up
appropriately.
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