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INTRODUCTION 

His Infant jaundice has been recognized since ancient 

times. Hippocrates was the first to refer to newborns with 

yellow discoloration (Hansen, 2021). The present-day 

knowledge of bilirubin metabolism only took shape after 

the 20th century when phototherapy was discovered as a 

treatment method in the 1950s by Cremer et al., who 

found that sunlight helps in reducing jaundice in babies 

(Bhutani et al., 2011). From simply exposing infants to 

sunlight, the treatment of neonatal jaundice has seen a 

remarkable change to the present-day techniques of 

highly efficient LED phototherapy and non-invasive 

transcutaneous bilirubin measurement (Medscape, 2024; 

MDPI, 2023). Besides, the identification of bilirubin-

binding proteins and molecular pathways has further 

enlightened us on the disease process (Hansen, 2021). 

 

Bilirubin is a waste product formed when the body breaks 

down heme, mainly as a result of red blood cells being 

destroyed. 

 

Bilirubin Metabolism Pathway 

Production: Most (about 75%) of the bilirubin is derived 

from the breakdown of haemoglobin in red blood cells 

and the rest is from ineffective erythropoiesis and the 

destruction of other heme-containing proteins. 

(Hyperbilirubinaemia review, 2016). 

 

Transport: The unconjugated (indirect) bilirubin 

produced is a lipid-soluble molecule and so it is tightly 

bound by plasma albumin for safe transport through the 

blood plasma to the liver for processing (Medscape, 

2024). 

 

Conjugation: Once in the hepatocytes, the enzyme 

UDP-glucuronyl transferase transforms lipid-soluble 

unconjugated bilirubin into water-soluble conjugated 

bilirubin by coupling it with glucuronic acid, which 

makes its excretion easier (AAFP, 2023). 

 

Excretion: The conjugated bilirubin is exported with bile 

into the intestine, where it is broken down by the 
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ABSTRACT 

Neonatal jaundice is among the most common medical problems that babies in the neonatology department face. 

Basically, it is a condition that results from an excessive accumulation of bilirubin, which is a yellow pigment 

released by the breakdown of red blood cells in the baby's body. It has been reported that 60% of full-term and 80% 

of preterm neonates develop visible jaundice within the first week of their life (NeoReviews, 2020; Medscape, 

2024). Typically, this condition is the result of normal physiological changes during the transition after birth, and it 

normally goes away without any treatment (StatPearls, 2023). However, some infants with jaundice may develop 

very high levels of bilirubin leading to pathological jaundice that necessitates immediate medical treatment 

(Hansen, 2021). The study of neonatal jaundice is important due to its paradoxical nature — it can either be a 

normal physiological process or a potentially fatal disorder based on its etiology and severity (IJHMR, 2024). 

Hence, gaining knowledge about its pathophysiology, identification, and treatment is essential for promoting infant 

health and minimizing disease and death. 
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intestinal bacteria into urobilinogen and stercobilin 

which are eliminated in urine and feces respectively 

(IJHMR, 2024). 

 

 
 

The enzyme responsible for conjugation is immature in 

neonates, thus, unconjugated bilirubin keeps increasing, 

which is capable of crossing the blood–brain barrier and 

causing toxicity (NeoReviews, 2020). 

 

Neonatal jaundice causes can be classified into two main 

groups i.e., physiological and pathological jaundice with 

each having distinct characteristics like underlying cause, 

time of onset and severity. 

 

Physiological jaundice is essentially a normal 

phenomenon that most healthy newborns experience as a 

result of an immature liver and the rapid breakdown of 

fetal red blood cells. It generally occurs from the 2nd to 

4th day of life, reaches its peak on the 5th day, and goes 

away by the 10th to 14th day without treatment 

(StatPearls, 2023). On the other hand, pathological 

jaundice that either appears in the first 24 hours of life or 

lasts for more than two weeks usually is caused by 

haemolytic disease, infections or metabolic disorders and 

thus, requires medical treatment (AAFP, 2023). 

 

Physiological Jaundice 

It's a type of jaundice that happens when the liver of a 

newborn is not fully equipped to remove the bilirubin 

from the blood efficiently hence the buildup of the 

yellow pigment in the baby’s organs and body tissues. 

 

Physiological jaundice is normal and harmless but like 

with everything else, overdoing is harmful hence if the 

bilirubin levels go beyond 15 mg/dl, there can be a 

problem and this calls for more tests. It usually appears 

between days 2 and 4 after birth and disappears within 

two weeks without the need for medication or other 

interventions. The figure below shows a baby with 

physiological jaundice. 

 

Other types of neonatal jaundice include pathological 

causes, which result from underlying diseases and require 

prompt treatment. Some of the common causes are. 

● Haemolytic diseases (e.g., Rh or ABO 

incompatibility): This situation arises when an immune 

reaction happens between a mother’s and a baby’s blood 

types. In Rh incompatibility, an Rh-negative mother 

produces antibodies against the Rh-positive red blood 

cells of her baby thereby destroying them and releasing 

excessive bilirubin. ABO incompatibility occurs when a 

mother with blood group O carries with mother group A 

or B resulting in mild to moderate haemolysis. Both are 

associated with the rapid buildup of bilirubin shortly after 
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birth, usually within the first 24 hours (Medscape, 2024). 

● Infections (Sepsis or TORCH infections): Infection 

like sepsis (generalised bacterial infection) or TORCH 

infections (Toxoplasmosis, Others such as syphilis, 

Rubella, Cytomegalovirus, and Herpes simplex) can 

directly cause liver cell or red blood cell damage and 

thus bilirubin metabolism is impaired. Furthermore, the 

infections may lower liver enzyme activity leading to 

either conjugated or mixed hyperbilirubinemia. 

Clinically the patient would present with other signs such 

as fever, refusal to feed and lethargy (AAFP, 2023). 

● Prematurity (Immature liver function): A premature 

baby has immature liver enzyme systems and low 

albumin levels necessary to bind and process bilirubin. 

Therefore, only a slight increase in bilirubin production 

will result in a considerable increase in blood levels. As a 

result, premature babies have a higher risk of severe 

hyperbilirubinemia and kernicterus compared to term 

babies (StatPearls, 2023). 

● Genetic disorders (G6PD deficiency, Crigler–Najjar 

syndrome): Some hereditary diseases interfere with the 

normal process of bilirubin metabolism. For instance, 

G6PD deficiency mellows the red blood cells causing 

them to break more easily and thus overflow of bilirubin 

happens, this is more severe when there is also infection 

or certain drugs, Crigler-Najjar syndrome is an extremely 

rare inherited disorder in which the enzyme UDP-

glucuronyl transferase is absent or defective leading to 

impaired bilirubin conjugation and as a result, high 

unconjugated bilirubin levels are persistently present 

(Hansen, 2021). 

● Metabolic causes (Hypothyroidism, Galactosaemia): 

In congenital hypothyroidism, a decreased thyroid 

hormone level slows bilirubin conjugation and liver 

metabolism. Galactosaemia is a rare inherited disease 

that leads to the build-up of toxic substances in the liver 

which interfere with bilirubin excretion. Both conditions 

are associated with prolonged jaundice beyond the usual 

neonatal period (IJHMR, 2024). 

● Breast milk jaundice (due to inhibitory substances in 

breast milk): This condition comes in healthy breast-fed 

babies after the first week of life. Certain components in 

breast milk, such as β-glucuronidase or free fatty acids, 

inhibit bilirubin conjugation or facilitate intestinal 

reabsorption. Bilirubin levels might be still mildly 

elevated for several weeks, but the baby usually grows 

normally and no treatment is required except for 

monitoring and continued breastfeeding (Women, 

Midwives & Midwifery, 2023). 

 

 
 

Classification 

The classification of neonatal jaundice is based on its 

cause, time of onset, and duration. It helps differentiate 

between normal physiological processes and conditions 

that require medical attention. 
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The main types are summarised below. 

Type Timing of Onset Cause Duration Example 

Physiological 2–4 days after birth Normal adaptation ≤ 2 weeks Common in healthy newborns 

Pathological Within 24 hours Disease-related > 2 weeks Hemolytic jaundice 

Breastfeeding 

jaundice 
2–5 days Poor milk intake Variable Dehydration-related 

Breast milk 

jaundice 
1–2 weeks 

Breast milk 

substance 

May persist for 1–2 

months 
Benign 

 

Clinical Features 

A yellowish discoloration of the skin and the white part 

of the eyes (sclera) is the landmark sign of neonatal 

jaundice which results from an increase in bilirubin 

levels in the blood (NHS, 2024). This yellow tone 

usually first shows on the face and scalp, then slowly 

moves downward to the chest, tummy, arms and finally 

the legs and soles as the level of bilirubin gets higher — 

this is called the cephalocaudal progression (Hansen, 

2021). 

 

Along with the visible yellowing, a couple more 

symptoms may suggest that the jaundice is more than just 

the physiological. 

 Poor feeding: Babies with the condition might be 

reluctant to breastfeed or have a weak suction, 

resulting in dehydration and exacerbation of 

jaundice. 

 Lethargy: The infant can seem very sleepy, hard to 

wake or inactive — all of which can be signs of 

bilirubin toxicity to the brain. 

 High-pitched crying: A shrill or piercing cry might 

indicate bilirubin encephalopathy which is a severe 

neurological condition. 

 Dark urine and pale (clay-coloured) stools: In cases 

of cholestatic or obstructive jaundice, the passage of 

bilirubin into the intestine is blocked which causes 

dark urine (bilirubin in urine) and pale stools (due to 

the absence of bile pigment). 

 Signs of encephalopathy (in severe cases): 

Extremely high bilirubin levels can make it pass 

through the blood–brain barrier and have a 

degenerative effect on the brain tissue. These signs 

include low muscle tone (hypotonia), seizures, body 

backward arching (opisthotonus), and if not treated, 

coma (AAFP, 2023) 

 

Diagnosis 

Physical Examination 

The Kramer’s rule helps estimate bilirubin levels by observing the area of yellow discoloration. 

Zone Area Approx. Serum Bilirubin (mg/dL) 

1 Face and neck 5 

2 Chest and upper abdomen 5–8 

3 Lower abdomen and thighs 8–12 

4 Arms and lower legs 12–15 

 

Laboratory Tests 

1. – Serum bilirubin estimation (total and 

direct/conjugated). (Medscape, 2024) 

2. – Blood group and Coombs test (for haemolysis). 

(AAFP, 2023) 

3. – Complete blood count (CBC). (IJHMR, 2024) 

4. – Reticulocyte count. (Hyperbilirubinaemia review, 

2016) 

5. – Liver function tests. (Medscape, 2024) 

6. – Serum bilirubin estimation (total and 

direct/conjugated). (Medscape, 2024) 

7. – Blood group and Coombs test (for haemolysis). 

(AAFP, 2023) 

8. – Complete blood count (CBC). (IJHMR, 2024) 

9. – Reticulocyte count. (Hyperbilirubinaemia review, 

2016) 

10. – Liver function tests. (Medscape, 2024) 
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Pathophysiology of Hyperbilirubinemia 

 Newborns normally have two types of bilirubin: 

unconjugated (indirect) and conjugated (direct), each 

kind having distinct clinical significance 

(NeoReviews, 2020) 

 Unconjugated bilirubin is the component released 

after red cells were lysed. It remains unprocessed by 

liver and is still liposoluble. Liver enzymes in 

neonates, especially preterm babies, are still 

immature, thus, the capacity to transform this 

unconjugated bilirubin into a water-soluble form is 

very limited. Hence, unconjugated 

hyperbilirubinaemia (high level of unconjugated 

bilirubin) is very common in healthy neonates for 

the first 72 hours and is usually physiological 

(StatPearls, 2023). Nevertheless, if the level is 

extremely elevated, the condition might be critical 

(AAFP, 2023). Conversely, conjugated bilirubin is 

the one that yeast through UDP-glucuronyl 

transferase enzyme activity (a cofactor liver) which 

attaches gluturonic acid to bilirubin and converts it 

into a water- soluble form and hence excretion in 

bile. Hence, conjugated (direct) bilirubin levels are 

elevated inpathological conditions only, as it denotes 

a situation where the liver is synthesizing conjugated 

bilirubin but cannot eliminate it. 

 The frequently seen disorders of bile flow include 

biliary atresia, hepatitis, metabolic or genetic liver 

diseases, and obstruction of bile flow (Medscape, 

2024). 
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Treatment and Management of Neonatal Jaundice 

Neonatal jaundice treatment primarily aims to lower 

blood bilirubin levels and protect the brain from 

bilirubin-induced damage such as kernicterus. The 

appropriate therapy depends on the kind, severity, 

etiology, and age of the infant (AAFP, 2023). It may 

comprise mainly supportive care measures, 

phototherapy, exchange transfusion, and drug therapy. 

 

General Care 

Regardless of the etiology or intensity, basic supportive 

care is very important for all infants with jaundice. 

● Ensure feeding and hydration: Frequent 

breastfeeding (8-12 times a day) helps stimulate 

defecation, which promotes bilirubin elimination via 

feces. Inadequate feeding can lead to an increase in 

bilirubin reabsorption from the gut, thus worsening 

jaundice. If the infant does not take enough food by 

mouth, dehydration can be prevented by administering 

fluids intravenously (IJHMR, 2024). 

● Avoid using displacing bilirubin from albumin 

drugs: Some medicines (e.g., sulfa drugs, ceftriaxone, 

aspirin) may displace bilirubin from its albumin binding 

site resulting in an increase in free (unbound) bilirubin in 

the circulating blood. Such drugs should be avoided 

during the neonatal period to prevent bilirubin toxicity 

(Hyperbilirubinaemia review, 2016). 

These five simple general care measures assist the 

infant’s metabolism and thus, mild jaundice can resolve 

naturally without complications. 

 

Phototherapy 

● Phototherapy is the primary and a very widely used 

method for newborn jaundice. It is a non-invasive, safe, 

and quite effective method whereby light energy is used 

to convert the bilirubin into excretable forms (StatPearls, 

2023). 

● Mechanism: Blue light of 460 nm wavelength is 

used since it corresponds to the bilirubin absorption 

maximum. The light penetrates the skin and causes 

photo-isomerisation and structural isomerisation of 

bilirubin which is converted to lumirubin and other 

water-soluble products that can be eliminated via urine 

and bile even without the action of the liver (AAFP, 

2023). 

 

Phototherapy Unit Types 

1. Conventional fluorescent lamps: These were the first 

phototherapy devices but are more energy- consuming 

and generate more heat compared to modern devices. 

2. Compact fluorescent (CFL) lamps: Provide better 

light intensity and more uniform light distribution as 

compared to traditional tubes. 

3. LED phototherapy units: The newest, and most 

effectively energy-efficient, method is based on light- 

emitting diodes that provide precise blue lights, use less 

power, produce less heat and last longer (MDPI, 2023). 

 

Phototherapy Side Effects: Phototherapy is normally a 

safe therapeutic measure though it can sometimes cause 

minor side-effects such as. 

4. Loss of water through the skin resulting in 

dehydration. 

5. After light exposure, the skin might have slight 

redness or rashes. 

6. Depending on the ambient temperature and duration 
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of exposure, the infant may either become too hot or 

too cold. 

7. Bronze baby syndrome is a very rare disorder 

mainly affecting infants with conjugated 

hyperbilirubinemia, whereby skin color becomes 

grayish-brown during therapy (Spandidos 

Publications, 2021). 

 

Continuous monitoring of the baby’s temperature, 

hydration, and bilirubin levels is an essential strategy to 

prevent the development of complications during 

treatment. 

 

Exchange Transfusion 

Exchange transfusion is a drastic and potentially life-

saving step typically reserved for extremely high 

bilirubin levels, especially if total serum bilirubin is 

around 20 mg/dL (considering age and weight) or when 

jaundice is resistant even after using very intensive 

phototherapy (AAFP, 2023). 

 

Purpose This procedure quickly gets rid of the excess 

bilirubin, maternal antibodies and sensitised red blood 

cells in the baby's blood stream thus stopping haemolysis 

and lowering the risk of kernicterus (StatPearls, 2023). 

 

Procedure Steps 

● Blood group matching and cross-matching: In order 

to prevent transfusion reactions, donor blood that is 

compatible with both mother and baby is selected. 

● Umbilical vein catheterisation: For the purposes of 

blood removal and replacement, a catheter is inserted in 

the umbilical vein using sterile technique. 

● Sequential exchange: Small amounts of the baby’s 

blood are gradually removed and replaced with equal 

volumes of donor blood, usually totalling 160–180 mL 

per kilogram of body weight (AAFP, 2023). 

● Possible risks and complications: Besides its high 

effectiveness, exchange transfusion is not without risks, 

which include infection, electrolyte imbalance, 

hypocalcaemia, hypoglycaemia, air embolism, and 

cardiac arrhythmias. For this reason, it is used only when 

absolutely necessary (StatPearls, 2023). 

 

Complications 

The bilirubin pigment is a byproduct of the degradation 

of hemoglobin in red blood cells and is normally 

processed by the liver. High and untreated levels of 

neonatal jaundice may cause dangerous complications 

when the bilirubin builds up in the blood to the point 

where it starts affecting the brain and the nervous system. 

 

The most serious Complications of neonatal jaundice 

include acute bilirubin encephalopathy (ABE) and 

kernicterus, which are two different stages of brain 

damage caused by high levels of bilirubin (AAFP, 2023). 

● Acute Bilirubin Encephalopathy (ABE): This is the 

initial and potentially reversible stage of bilirubin 

toxicity in the brain. When unconjugated bilirubin levels 

go very high, the pigment crosses the immature blood–

brain barrier and accumulates in specific regions of the 

brain such as the basal ganglia, hippocampus and 

brainstem nuclei. At this stage, the baby may exhibit 

signs of illness such as poor feeding, extreme sleepiness 

(lethargy), a high‐pitched or shrill cry, irritability, and 

decreased muscle tone (hypotonia). With prompt and 

aggressive treatment (usually through intensive 

phototherapy or exchange transfusion) the effects of 

ABE can often be reversed, preventing permanent 

neurological damage (AAFP, 2023). 

● Kernicterus: Kernicterus is the long-term and 

irreversible form of bilirubin-induced brain injury that 

results when ABE is not treated in time. In this stage, 

bilirubin causes permanent damage to neurons in the 

brain, especially in the globus pallidus and subthalamic 

nuclei, resulting in long‐term neurological problems. 

Children who have this condition may have sensorineural 

hearing loss (deafness), cerebral palsy, abnormal muscle 

tone or movement disorders, impaired coordination, and 

developmental delays. 

Kernicterus is a preventable condition, but it is 

permanent and can severely affect the child’s quality of 

life once it is established (AAFP, 2023). 

● Seizures and Hypotonia: As bilirubin toxicity 

advances, the infant might start having seizures caused 

by inflammation and brain damage. The baby could also 

develop hypotonia (floppy or weak muscles) or 

sometimes hypertonia (stiff, rigid muscles). These 

symptoms point to severe central nervous system 

involvement and require immediate medical attention 

(StatPearls, 2023). 

● Death (in extreme cases): Death can occur if 

hyperbilirubinaemia is not treated and the brain is 

damaged by bilirubin to such an extent that the 

respiratory system is compromised, the patient falls into a 

coma, and eventually dies. However, this sad case is 

quite rare nowadays because neonatal jaundice is 

regularly checked and treated in good time (AAFP, 

2023). 

 

Prognosis 

The majority of physiological jaundice cases are 

completely resolved naturally. When conventional 

treatment is applied, the outcome is almost always good 

(StatPearls, 2023). However, if pathological jaundice is 

left untreated, it may cause serious brain damage or 

neurological sequelae (AAFP, 2023). A combination of 

neonatal screening, advancements in phototherapy 

technology, and greater awareness has led to a dramatic 

decrease in severe hyperbilirubinaemia and kernicterus 

cases worldwide (BMJ Paediatrics Open, 2017). 

 

Recent Advances and Research 

Over the past decade, several new technologies have 

enhanced neonatal jaundice diagnosis and treatment, thus 

making the methods safer, more accurate and broadly 

available. 

● LED-based Phototherapy Units: Traditional 

fluorescent lamps have been replaced by LED 

phototherapy. These LEDs emit specific blue wavelength 
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(~460 nm) which efficiently degrades bilirubin and at the 

same time generates less heat and uses less energy. 

Besides that, they are more rugged, small and very handy 

even in the under-equipped or remote area healthcare 

facilities (MDPI, 2023). 

● Transcutaneous Bilirubinometry (TcB): TcB is a 

device that uses light reflectance technology through the 

skin to measure bilirubin non-invasively. With this 

device, getting results is fast, easy and accurate, at the 

same time, it limits the need for frequent phlebotomy and 

helps in the early diagnosis of jaundice in infants 

(Hansen, 2021). 

● Genetic Research: By studying genes such as 

UGT1A1 and G6PD, scientists have lately recognized 

that these genes affect how bilirubin is metabolized in 

the body and that they can lead to severe jaundice. 

Determining these genetic components can be very 

helpful in the identification of newborns who are at risk 

of developing high levels of bilirubin and therefore, the 

intervention and monitoring can be done timely (IJHMR, 

2024). 

● Home Phototherapy Units: In cases of mild jaundice 

where there are no complications, the use of portable 

home phototherapy units which operate on LED lights is 

a good way of allowing the patients to be treated at home 

with medical supervision. Research indicates that, this 

method can lead to savings in costs and also be very 

convenient, besides it can be helpful in limiting the 

number of cases that require hospital admission 

especially in remote areas (MDPI, 2023). 

● Artificial Intelligence (AI) Models: It is a fact that 

AI and machine-learning algorithms are being devised to 

estimate the likelihood of severe jaundice using newborn 

information including birth weight, gestational age, and 

bilirubin levels. Apps running AI on smartphones are 

even capable of helping identify jaundice through visual 

means, thus facilitating early screening even at home or 

in local medical facilities (MDPI, 2023). 

 

CONCLUSION 

Neonatal jaundice is still very much a concern in 

newborn care due to its high frequency and the potential 

for serious complications if it is neglected or improperly 

managed. It may be a physiological process that occurs 

in the majority of infants normally, yet without proper 

monitoring and intervention, the danger is that bilirubin 

will still accumulate to levels high enough to cause 

neurological damage like kernicterus or even death. 

Hence, early detection, proper diagnosis, and expedient 

treatment play vital roles in averting disability in the long 

run and in lowering infant morbidity and mortality. The 

condition is a warning of how a seemingly innocuous 

and ordinary neonatal occurrence can rapidly change into 

a life-threatening emergency if it is ignored. 

 

Continuous advancements in medical technology, 

neonatal screening, and parental education have 

significantly contributed toward the high survival rate of 

infants with severe complications that are now almost 

non-existent. Research and technological breakthroughs 

such as LED phototherapy, non-invasive monitoring, and 

genetic screening are not only raising awareness but also 

helping to better the management of neonatal jaundice 

globally. 
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