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Abstract: - Hemolytic disease of the Newborn (HDN), 

also known as Erythroblastosis fetalis, is a hemolytic 

condition that generally affects rhesus-positive fetuses 

and babies born to rhesus-negative mothers. The 

pathophysiology of HDN begins with motherly 

antibodies attacking fetal red blood cells following 

alloimmunization due to rhesus or ABO 

incompatibility between the motherly and fetal blood. 

Preliminarily, HDN was known to cause death in 1 of 

all pregnancies, but with the arrival of 

immunoprophylactic therapies condition can be 

presently fairly well managed with smaller 

complications if diagnosed beforehand. To help the 

disease, before intravenous immunoglobulin (IVIG) 

should be given to pregnant Rh- women who haven't 

sensitized. The diagnosis and management of pregnant 

women with HDN is premised on laboratory and 

radiographic monitoring. This review covers the 

disorder’s etiology, pathophysiology, and 

administration, as well as treatment and their 

management to help in unborn investigation and 

confirmation-based medical practice.  
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INTRODUCTION 

 

Hemolytic disorder of the Newborn (HDN), also 

known as Erythroblastosis fetalis, is a hemolytic 

condition that generally affects rhesus-positive 

fetuses and babies born to rhesus-negative mothers 

[1]. The most common cause of HDN is ABO 

incompatibility, in which cases the haemolysis is 

generally mild. More severe cases of HDN can be 

caused by anti-D, anti-C and anti-K. Anti-K 

suppresses neonatal red cell production as the K 

antigen is one of the first antigens to be expressed on 

the red cells during red cell production [2].  

During pregnancy, motherly antibodies are 

transported across the placenta and enter the fetal 

distribution and attack the red blood cells in the fetal 

distribution; the red cells are broken down and the 

fetus can develop reticulocytosis, 

hyperbilirubinemia and anemia [3]. Preliminarily, 

HDN was known to produce fetal death in one 

percent of all pregnancies, but with the arrival of 

immunoprophylactic remedies, the condition can be 

presently fairly well managed with smaller 

complications if diagnosed beforehand [1]. Through 

early discovery, administration, and prevention of 

this disease, the appearance, and prevalence of 

HDFN have exponentially reduced in the once 50 

years [4].   

The first pregnancies generally aren't affected. 

Women generally develop anti-Rh-D antibodies 

after delivery or loss of an Rh D-positive neonate, 

placing their posterior pregnancies at trouble for 

transplacental antibody transfer and disease. The 

anti-Rh D antibodies are generally of IgG or IgG 

isotypes, and IgG is more pathogenic to the fetus 

than IgG [2]  

HDN has been estimated to affect 3 to 8 for every 1 

00,000 cases yearly. Before developing anti-D 

prophylaxis, it was responsible for fetal loss in 1 of 

all pregnancies. The circumstance of HDN is 

directly identified with the inheritance pattern in 

women that results in antibody isotype switching, 

cross the placenta and enter the fetal circulation or 

through (fetomaternal hemorrhage) FMH [1] 

Fig.1 Hemolytic Disease of Newborn. 

 

Causes: -  

During pregnancy, RBCs from the coming baby can 

cross into the mother's blood through the placenta. 

HDN occurs when the immune system of the mother 

sees a baby's RBCs as foreign. Antibodies also 

develop against the baby's RBCs. These antibodies 

attack the RBCs in the baby's blood and make them 

to break down too prematurely [5]. Generally, the 

cross-over occurs through the placenta during 
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gestation or delivery. This leads to severe 

complications in the baby’s system, which may 

indeed lead to the ultimate demise of the baby. still, 

the immune system of the mother doesn't get relieve 

of the antibodies. Still, it develops immunological 

memory, which can generate the secretion of further 

antibodies upon re-exposure to the antigen. As a 

result, HDN is likely to come in the alternate and the 

posterior pregnancies, indeed after a contraction or 

abortion [6]. 

 

Epidemiology: - 

Hemolytic disorder of the fetus and infant was first 

described by Dr. Louis K. Diamond in 1932 when he 

wrote about erythroblastosis fetalis in the infant 

grounded on supplemental smears [7]. Rhesus D-

negative (RhD) immunoprophylaxis was first 

introduced in 1968, which dropped the occurrence 

of HDFN from 1 of all infants worldwide (with 50 

mortality) to 0.5 [4]. The occurrence of HDFN 

dropped truly further to 0.1 with the administration 

of antepartum RhD immunoprophylaxis [8]. still, 

despite acceptable RhD immunoprophylaxis, an 

estimated 1 to 3 in 1000 Rh-negative women still 

develop alloimmunization moment. therefore, it's 

important to stay watchful for the development of 

HDFN [4].  There are an estimated 3/100 000 to 

80/100000 cases of HDFN per time in the United 

States [9]. The motherly blood group antibodies that 

induce HDFN can be naturally coming ABO 

antibodies (isohemagglutinins) or develop after 

exposure to foreign RBC; the ultimate is called 

blood group alloantibodies. For HDFN to do, the 

fetus must be antigen positive (paternally inherited), 

and the mother must be antigen negative. Several 

studies have researched the frequencies of red cell 

sensitization. In a large series of 22 102 women in 

the US, 254 (1.15) of the women were set up to have 

a red cell alloantibody, of whom 18 had further than 

one alloantibody [10]. In the Netherlands, the 

frequencies of red cell alloantibodies detected in the 

first trimester was 1.2 %.[9] 

 

Pathophysiology: - 

There are two mechanisms causing hemolytic 

disorder of the fetus and infant. First, the 

fetomaternal match can have essential ABO 

incompatibility, which occurs in 15 to 25 of 

pregnancies. Only about 1 of those matches, those 

with high IgG twitters, will develop HDFN due to 

ABO incompatibility.[11] In ABO incompatibility, 

naturally being antigens against A or B blood types 

are present in mothers with O blood type. However, 

motherly anti-A and / or anti-B antibodies, 

individually, If the mother's fetus has an A or B (or 

AB) blood type. The anti-A and anti-B antibodies are 

IgG, which can cross the placenta and affect the 

developing fetus. [9] Compared with FMH, ABO 

incompatibility generally causes a less severe form 

of HDFN. Supposed propositions for this include 

fetal RBCs express lower ABO blood group antigens 

than adult situations and that ABO blood group 

antigens are expressed by numerous apkins, which 

reduces the chance that antibodies specifically target 

the antigens on fetal RBCs. [12]   

The alternate medium most generally causing 

HDFN is through fetomaternal hemorrhage (FMH), 

where motherly antibodies develop after exposure to 

fetal blood. When fetal RBCs enter the motherly 

blood circulation, motherly antibodies can elaborate 

to an antigen carried on the fetal RBC surface. The 

most common antigen involved in this medium is the 

Rhesus D antigen. [13] Antigens in fetal blood that 

are foreign to motherly blood are inherited from 

paternal genes. For case, a Rh-negative woman can 

have a Rh-positive fetus due to her partner being Rh-

positive. Antibodies that elaborate due to FMH put 

posterior pregnancies at danger for HDFN as the 

first antibodies to develop are of IgM type, which 

cannot cross the placenta. In posterior encounters 

with the Rh-D antigen, motherly antibodies quickly 

develop IgG antibodies, which serve cross the 

placenta [14].  

After delivery, the unresistant blood group antibody 

can continue to affect neonatal red cells causing 

ongoing anemia until the motherly antibody is no 

longer present, which can be weeks to months after 

birth. In early neonatal anemia, bilirubin from red 

cell extinction can rise rapidly because the fetal liver 

metabolic organ isn't well developed. High degrees 

of unconjugated bilirubin can lead to bilirubin 

encephalopathy, which clinically presents acutely as 

languor, and can include neurological and muscular 

incorporations, similar as hypotonia, hypertonia, a 

weak suck, seizures, and / or coma, habitual and 

endless belongings of kernicterus, which is endless 

neuronal damage from hyperbilirubinemia, includes 

cerebral paralysis, audile dysfunction, intellectual, 

or other strikes.[9] 

 

Signs and Symptoms: - The most common symptoms 

of HDN are -  
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Fig. 2 Symptoms of HDN 

During gestation, it is achievable for symptoms to 

include: 

• Mild anemia: When the child’s red blood cell count 

is deficient, his blood cannot carry enough oxygen 

from the lungs to all region of his body, causing his 

organs and apkins to struggle.   

• Hyperbilirubinemia and jaundice: The breakdown 

of red blood cells produces bilirubin, a brownish 

yellowish substance that is delicate for a baby to 

discharge and can raise up in his blood 

(hyperbilirubinemia) and make his skin appear 

yellowish.  

 • Severe anemia with expansion of the liver and 

spleen: The baby’s body tries to compensate for the 

breakdown of red blood cells by making further of 

them very speedily in the liver and spleen, which 

causes the organs to get bigger. These new red blood 

cells are frequently immature and unfit to work 

comprehensively, leading to severe anemia.  

 • Hydrops fetalis: When the baby’s body cannot 

manage with the anemia, his heart begins to fail and 

large quantities of fluid buildup in his apkins and 

organs.   

After birth, possible symptoms include:   

• Severe hyperbilirubinemia and jaundice: 

Inordinate buildup of bilirubin in the baby’s blood 

causes his liver to come enlarged. 

• Kernicterus: Buildup of bilirubin in the blood is so 

high that it spills over into the brain, which can lead 

to endless brain damage. [15]  

Diagnosis: - 

• Laboratory studies –  

To diagnose and manage pregnant women with 

HDN, expansive laboratory and imaging practice is 

needed. HDN is clinically indicated by-  

1. Rapid and severe hyper- bilirubinemia or patient 

hyperbilirubinemia 

2. Hemolysis on blood film results. [16] 

It should also be remarked that the extent of 

haematopoiesis affects the inflexibility of the 

diseases. [1]   

Also, clinical conditions similar as anemia, 

thrombocytopenia, and neutropenia are frequently 

observed in cases. The anemia can be directly 

estimated using arteriole samples rather of capillary 

blood. Thrombocytopenia generally accompanies 

exchange transfusions. It results from poor blood 

platelets conformation and when the product is 

suppressed in favor of erythropoiesis. Neutropenia is 

mainly observed after intrauterine transfusion. It's 

generally associated with increased circulating 

cytokines (similar as granulocyte- macrophage 

colony- stimulating factor) and reticulocytosis, i.e., 

increased nucleated RBCs and cell fragmentation. 

[17,18]   

In addition, Rh- HDN supplemental blood smears 

generally show polychromasia, anisocytosis, 

erythroblasts, and no spherocytes. [19]   

likewise, a serological test requirement to be done to 

certify the positivity of the HDN. The results of this 

test may show that the baby is either directly or 

laterally impacted by the variation in the mother’s 

Coombs and antibodies. According to a recent study, 

the positive impact of the natural antibody test 

finding is related to a prophetic value of 23 and a 

perceptivity of 86. [20] If the neonatal hemolytic 

cycle is caused by antic, the direct antibody test may 

be negative. As a result, it's suggested that a 

conclusion be made only when the circular Coombs 

test has shown certainty. Table 1 summarizes the 

laboratory tests employed in the conclusion of HDN 

and their anticipated results. [1]  

Table No.1 

Laboratory tests and Results for HDN- 

Note – Data from [1]  

 

• Imaging studies –  

Ultrasound- To determine organ expansion or fluid 

buildup in the fetus. Ultrasound is a distinct imaging 

method which uses high- frequence sound waves 

and a computer to produce images of blood vessels, 

apkins, and organs. Ultrasound is used to view 

Mother’s 

sample Test 

 

Result 

Baby’s 

sample 

Test 

 

Result 

ABO/Rh 

Determination  

A (Rh D 

positive) 

ABO/Rh 

Determination  

A (Rh D 

positive) 

Antibody 

Screening  

Positive Poly specific 

DAT 

Positive 

Antibody 

Identification 

Anti-c 

testing  

IgG/C3 

Coombs  

IgG 

positive/C

3d-

negative 

Antigen 

Typing  

Negative 

for ‘c’ 

antigen 

Elution Positive  
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internal organs as they work, and to assess blood 

inflow through varied vessels. [21] 

 

• Laboratory tests after birth –  

Once a baby is born, typical tests for HDN may 

include the following –  

• Testing of the baby's umbilical cord blood for 

blood group, Rh factor, red blood cell count, and 

antibodies. 

• Testing of the baby's blood for bilirubin situations. 

[21] 

To enhance health care results, a solid clinician- 

patient connection is needed. Collaboration among 

members of an interprofessional squad, which 

basically consists of an obstetrician, a primary 

physician, and nursers, is also demanded. Because 

this condition is avoidable, doctors must directly 

examine and screen both mother and father during 

the first trimester and nearly cover antibody titers in 

Rh- women. These antibody statuses should be 

lower than 1:16, and if they're advanced, invasive 

testing is performed to treat them correctly. Critical 

monitoring of the fetus using MCA Doppler 

provides an accurate picture of fetal anemia, 

determining if an intrauterine transfusion is needed 

or not. [22] 

 

Treatment: - 

Once HDN is diagnosed, treatment may be required. 

Specific treatment for hemolytic disorder of the 

infant will be determined by your baby's doctor 

predicated on: 

• Your baby's prenatal age, overall health, and 

medical history 

• Extent of the disorder 

• Your baby’s sufferance for specific medicines, 

procedures, or remedies 

• prospects for the course of the disorder 

• Your opinion or preference 

During pregnancy, treatment for HDN may include: 

 

• Intrauterine blood transfusion of red blood cells 

into the baby's rotation. This is done by placing a 

needle through the mother's uterus and into the 

abdominal hollow of the fetus or directly into the 

vein in the umbilical cord. It may be mandatory to 

give a tranquilizing drug to keep the baby from 

moving. Intrauterine transfusions may need to be 

repeated.  

• Early delivery if the fetus develops complications. 

However, labor and delivery may be prevailed to 

help worsening of HDN, If the fetus has mature 

lungs.  After birth, treatment may include.   

• Blood transfusions (for severe anemia)   

• Intravenous fluids (for low blood pressure)   

• Help for respiratory pain using oxygen, surfactant, 

or a mechanical breathing machine   

• 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 positions of bilirubin. An exchange 

transfusion is done by alternating presenting and 

withdrawing blood in small quantities through a vein 

or artery. Exchange transfusions may need to be 

repeated if the bilirubin positions remain high. [21]   

• Intravenous immunoglobin (IVIG). IVIG is a result 

made from blood plasma that contains antibodies to 

help the baby's vulnerable system. IVIG may help 

reduce the breakdown of red blood cells and lower 

bilirubin positions.   

Adverse effects – Adverse effects can include 

headache, fever, nausea and rare serious responses 

like thrombosis or renal impairment. [23]  

• Rh Immunoglobulin (RhIg) – RhIg, also known 

as Rhogam, an administered to Rh-negative 

pregnant women at specific times during 

pregnancy to prevent the formation of 

antibodies against Rh-positive blood cells. 

RhIg is usually given around 28 weeks of pregnancy 

and within 72 hours after delivery or any event that 

may cause mixing of the mothers and baby’s blood, 

such as a miscarriage or invasive prenatal testing.  

Adverse effects – RhIg is generally well tolerated. 

Side effects are rare but can include local reaction at 

the injection such as pain, swelling or redness. [24] 

• Phototherapy - Phototherapy is frequently used to 

treat hyperbilirubinemia, a common consequence of 

HDN, by converting bilirubin into a form that can be 

excreted more smoothly.   

 

Adverse effects – Possible adverse effects of 

phototherapy include dehydration, skin rash, loose 

excreta. [25] 
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Prevention: -  

Hemolytic disorder of the infant is preventable. 

Now, nearly all women with Rh-negative blood are 

identified in early pregnancy through blood tests. 

However, she's generally given a medicine called Rh 

immunoglobulin, or RhoGAM, if a mother is Rh-

negative and has not been sensitized. This especially 

developed blood product prevents a Rh-negative 

mother's antibodies from responding to her baby’s 

Rh-positive red blood cells. Mothers are generally 

given RhoGAM around the 28th week of gestation 

and again within 72 hours of giving birth. [15] 

 

CONCLUSION 

HDN is a complex multidimensional condition with 

unique specialized issues during multiple vital trial 

stages of the antenatal and neonatal eras. Advances 

in motherly- fetal drug, including the development 

of IVIG, IUT, and non-invasive fetal hereditary 

testing, have responded in significant enhancements 

in HDN conclusions and the avoidance of motherly 

allosensitization. Future advancements in blood 

typing and non-invasive testing will help women 

and their children with blood group incompatibility. 

Also, further attention should be given to the 

ethnical groups and races that are more at trouble. 
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