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ABSTRACT: When an infant has a high level of bilirubin in the blood, it develops newborn jaundice. The body produces 

bilirubin, a yellow material, as it replaces worn-out red blood cells. The material is broken down by the liver so that it can be 

eliminated from the body through stools. Because of physiological jaundice or breastfeeding, neonatal jaundice is frequent and 

typically harmless. 80% of healthy newborns have some degree of hyperbilirubinemia at birth, although only 5–10% of them need 

treatment to avoid harm or address the underlying cause of jaundice. Neonatal jaundice can be classified as conjugated and 

unconjugated and can have several causes such as breast milk feeding, blood group incompatibility, hemolysis, or genetic defects 

of enzymes in the bilirubin metabolism pathway. Although in some severe situations, long-term effects can become severe and 

irreversible. Early diagnosis and treatment are so crucial. Phototherapy, intravenous immunoglobulins, and exchange transfusions 

can all be used to treat severe cases of neonatal jaundice. This activity reviews the etiology, epidemiology, pathophysiology, 

diagnosis, and management of neonatal jaundice. 

Keywords: Neonatal Jaundice, Phototherapy, Bilirubinometer  

 

INTRODUCTION:  

Neonatal jaundice or neonatal hyperbilirubinemia results from elevated total serum bilirubin (TSB) and clinically 

manifests as yellowish discoloration of the skin, sclera, and mucous membrane. The term jaundice derives from the French 

word "Jaune," which means yellow. It is the most commonly encountered medical problem in the first two weeks of life and a 

common cause of readmission to the hospital after birth[1]. In most infants, an increase in bilirubin production (e.g., due to 

hemolysis) is the primary cause of severe hyperbilirubinemia, and thus reducing bilirubin production is a rational approach for 

its management[2]. Approximately 60% of term and 80% of preterm newborns develop clinical jaundice in the first week after 

birth[3]. The situation can become critical in infants with an associated impaired bilirubin elimination mechanism as a result 

of a genetic deficiency and/or polymorphism[2]. According to National Neonatal-Perinatal Database (NNPD), the incidence of 

neonatal hyperbilirubinemia in in-house live births is 3.3%, while in extramural admissions morbidity due to 

hyperbilirubinemia accounted for 22.1%[4].  

In 2010, the inability to treat jaundice resulted in 114,000 avoidable infant deaths. Moreover, 75,000 children around 

the world are suffering from brain dysfunction due to jaundice complications. Hyperbilirubinemia is one of the top three 

causes of death among newborns, according to studies[5]. As bilirubin is toxic to the brain cells, acute bilirubin 

encephalopathy can occur in cases of extreme jaundice. This condition can result in brain trauma and lead to kernicterus, 

which causes repetitive and uncontrolled movements, a permanent upward look, and hearing loss. However, timely treatment 

can help in preventing long-term damage[6]. Neonatal jaundice is categorized into two groups: conjugated and unconjugated. 

A bilirubin level of more than 85 μmol/l (5mg/dL) leads to a jaundiced appearance in neonates whereas in adults a level of 34 

μmol/l (2 mg/dL) is needed for this to occur. In newborns, jaundice is detected by blanching the skin with pressure applied by 

a finger so that it reveals underlying skin and subcutaneous tissue[7]. Infants whose palms and soles are yellow have serum 

bilirubin levels over 255 μmol/l (15 mg/dL) (more serious level)[8]. Diagnosis is often by measuring the serum bilirubin level 

in the blood. In those who are born after 35 weeks and are more than a day old transcutaneous bilirubinometer may also be 

used[9]. Jaundice can be treated with phototherapy, which can be further split into conventional, intense and exchange 

transfusions, as well as pharmacological treatment, which can be further divided into phenobarbitone, intravenous 

immunoglobulins (IVIG), metalloporphyrins, and follow-up medications[10]. However, any newborn with total serum 

bilirubin greater than 359 μmol/l (21 mg/dL) should receive phototherapy[11].  
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Jaundice in Newborns 

 

Fig.1 Jaundice in Newborns[78] 

ETIOLOGY: 

There are two distinct types of Neonatal hyperbilirubinemia: 

     Unconjugated Hyperbilirubinemia (UHB) or Indirect Hyperbilirubinemia 

Unconjugated hyperbilirubinemia is the more common type and is either physiological or pathological. 75% of 

neonatal hyperbilirubinemia is caused by physiological jaundice, which is caused by a change in the way that newborn 

bilirubin is processed physiologically. In contrast to newborns, who have biologically higher TSB levels, healthy adults often 

have TSB levels of less than 1mg/dl[12]. Physiological jaundice typically appears after 24 hours of age, peaks at around 48-96 

hours, and resolves by two to three weeks in full-term infants[13]. 

 Jaundice is deemed pathological if it appears on the first day of birth, TSB is higher than the 95th percentile for age 

based on age-specific bilirubin nomograms, levels rise by more than 5 mg/dL/day or more than 0.2 mg/hr, or jaundice 

continues for longer than 2 to 3 weeks in full-term infants[11].  

The etiology of unconjugated hyperbilirubinemia can be classified into the following three groups based on the 

mechanism of bilirubin elevation: 

Classification of Unconjugated Hyperbilirubinemia 

 

Classification of Unconjugated Hyperbilirubinemia 

1: Increased Bilirubin Production 

Immune-mediated hemolysis -   Includes blood group incompatibilities such as ABO and Rhesus incompatibility. 
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Non-immune mediated hemolysis is caused by conditions such as polycythemia, sepsis, and RBC membrane defects 

such as hereditary spherocytosis and elliptocytosis, as well as RBC enzyme deficiencies such as glucose-6-phosphate 

dehydrogenase (G6PD) deficiency and pyruvate kinase deficiency[14]. 

2: Decreased Bilirubin Clearance 

Crigler-Najjar type I & II, and Gilbert syndrome[14]. 

3: Miscellaneous Causes 

Other diverse etiologies include the infant of a diabetic mother, congenital hypothyroidism, medications such as 

ceftriaxone, penicillins, and sulfa medicines, intestinal blockage, pyloric stenosis, breast milk jaundice, and breastfeeding 

jaundice[14]. 

Increased Bilirubin Production: 

Immune-mediated hemolysis 

Exaggerated hemolysis:  

The most frequent cause of pathological hyperbilirubinemia in infants is exaggerated hemolysis, whether 

immunological or non-immune caused. Newborn hemolytic illness is caused by immune-mediated hemolysis, which is found 

with blood type incompatibility such as ABO/RH incompatibility (HDN). Preformed maternal anti-A and anti-B antibodies of 

the immunoglobulin (Ig) G subclass enter the placenta in HDN due to ABO incompatibility, resulting in hemolysis and UHB 

in babies with blood types A, B, or AB. The direct Coombs test is used to aid in the diagnosis, but it has a limited positive 

predictive value and sensitivity for severe UHB[15]. ABO incompatibility between mother and fetus exists in about 15% of 

pregnancies, but HDN due to ABO incompatibility is seen only in 4% of newborns with ABO incompatibility[16].  

Rhesus (Rh) incompatibility: 

Rhesus (Rh) incompatibility occurs when an Rh-negative mother, who has previously been exposed to Rh-positive 

RBCs, typically from a prior pregnancy or miscarriage, gets sensitized and produces antibodies against the Rh antigen. Initia l 

IgM antibodies produced by sensitization are unable to cross the placenta. But in later pregnancies, the transition in antibody 

class results in IgG antibodies that can cross the placenta and cause RBC hemolysis in the fetus with Rh-positive blood. As a 

result of the Rh antigen's high immunogenicity, HDN that results from it is typically severe and frequently causes hydrops in 

fetuses or severe UHB in neonates. The American College of Obstetricians and Gynecologists (ACOG) has advised that all 

Rh-negative expectant mothers get anti-D immune globulin at 28 weeks of pregnancy and once more after delivery if the baby 

is Rh-positive or undetermined[17]. 

Non-immune causes of UHB:  

Non-immune causes of UHB include RBC enzyme defects, RBC membrane defects, hemoglobinopathies, sepsis, 

sequestration, and polycythemia. 

 RBC enzyme defects 

The most prevalent RBC enzyme defect is the glucose-6 phosphatase dehydrogenase (G6PD) enzyme deficit, 

which is passed on as an X-linked recessive condition. By converting NADP into NADPH (nicotinamide adenine 

dinucleotide phosphate hydrogenase), G6PD guards RBCs against oxidative damage (nicotinamide adenine dinucleotide 

phosphate). G6PD-deficient RBCs are hemolyzed and lead to anemia and hyperbilirubinemia when exposed to oxidant 

stressors like disease, certain drugs, colors, and foods like fava beans. It is known that more than 200 different kinds of 

mutations can result in G6PD deficiency[18]. 

Pyruvate kinase deficiency (PKD) is another enzyme deficiency that causes hemolysis and may present as UHB 

in newborns. It is an autosomal recessive (AR) condition brought on by a problem with the machinery that produces 

ATP. RBCs, particularly youthful RBCs, have a shorter life span in PKD, which causes anemia and UHB[19]. 

 UHB due to RBC membrane defects 

UHB due to RBC membrane defects includes hereditary spherocytosis (HS) and hereditary elliptocytosis (HE). 

HS, also known as Minkowski Chauffard disease, is the most common RBC membrane defect caused by mutations in 

RBC membrane proteins[20]. Most cases are transmitted as an autosomal dominant (AD) trait and can present in the 

neonatal period with UHB[21]. 

Hereditary elliptocytosis is another type of RBC membrane defect that is mostly asymptomatic but rarely does 

cause UHB in the neonatal period[22]. 

 RBC sequestrations 

Due to increased bilirubin burden, RBC sequestrations from cephalohematoma, subgaleal hemorrhage, and 

intracranial hemorrhage are all significant causes or risk factors for UHB in the neonatal period. Another condition 

linked to a higher risk of UHB in newborns is polycythemia[23]. 

Decreased Bilirubin Clearance: 

 Gilbert syndrome 

Gilbert syndrome is the most common of these and results from a mutation in the UGT1A1 gene resulting in 

decreased UGT production leading to unconjugated hyperbilirubinemia[24]. When under stress and without hemolysis or 

liver damage, Gilbert syndrome often manifests as moderate jaundice[25]. 

 Crigler-Najjar syndrome 
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A total lack of UGT activity causes Crigler-Najjar syndrome type 1, an AR disease. Patients with the condition 

commonly develop bilirubin encephalopathy after presenting with significant hyperbilirubinemia in the first few days of 

life. Some of the activity of UGT enzymes is still present in people with Crigler-Najjar syndrome type 2. Due to this, 

TSB levels are not excessive and bilirubin encephalopathy in patients is uncommon[26]. 

Miscellaneous Causes: 

 Breastfeeding jaundice 

Breastfeeding jaundice (or "lack of breastfeeding jaundice") is caused by insufficient breast milk intake[27]. 

This results in inadequate quantities of bowel movements to remove bilirubin from the body. This leads to 

increased enterohepatic circulation, resulting in increased reabsorption of bilirubin from the intestines[28]. Most cases 

can be alleviated by regular nursing sessions that are long enough to induce enough milk supply, which typically occurs 

in the first week of life[29]. 

 Breast milk jaundice 

Jaundice brought on by breast milk starts late in the first week, peaks in the second, and normally goes away by 

two weeks of age. It is believed that the primary causes are the inhibition of the UGT enzyme by pregnanediol and the 

intestinal deconjugation of conjugated bilirubin by the beta-glucuronidase found in breast milk[30]. 

 Other miscellaneous causes of UHB 

It includes IDM, gastrointestinal obstruction, congenital hypothyroidism, and certain medications[14]. 

 

Conjugated Hyperbilirubinemia (CHB) or Direct Hyperbilirubinemia 

Conjugated hyperbilirubinemia, also referred to as neonatal cholestasis, is characterized by the elevation of serum 

conjugated/direct) bilirubin (> 1.0 mg/dL) and is due to impaired hepatobiliary function[14]. 

The etiology of conjugated hyperbilirubinemia can be classified into the following four groups based on the 

mechanism of bilirubin elevation: 

Classification of Conjugated Hyperbilirubinemia

 

Classification of Conjugated Hyperbilirubinemia 

 

1. Obstruction of biliary flow: 

Biliary atresia, choledochal cysts, neonatal sclerosing cholangitis, neonatal cholelithiasis. 

2. Infections: 

 CMV, HIV, rubella, herpes virus, syphilis, toxoplasmosis, urinary tract infection (UTI), septicemia 

3. Genetic causes:  

Alagille syndrome, alpha-1 antitrypsin deficiency, galactosemia, fructosemia, Tyrosinemia type 1, cystic fibrosis, 

progressive familial intrahepatic cholestasis (PFIC), Aagenaes syndrome, Dubin-Johnson syndrome, Bile acid synthesis 

disorders(BSAD) 

4. Miscellaneous:  

Idiopathic neonatal hepatitis, parenteral nutrition-induced cholestasis, gestational alloimmune liver disease/neonatal 

hemochromatosis, hypotension[14]. 

Obstruction of biliary flow: 

 Biliary atresia (BA) 

Biliary atresia (BA) is the most common cause of conjugated hyperbilirubinemia in infants[31]. The etiology of 

BA is not well understood, but genetic factors along with viral infection, toxins, chronic inflammatory and autoimmune 
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injury to bile ducts seem to play a role in its pathogenesis. The disease involves both intra-hepatic and extra-hepatic bile 

ducts and classically presents around 2 to 4 weeks of life with pale stools and jaundice[32]. 

 Choledochal cysts 

Choledochal cysts involve dilation of the intrahepatic and extra-hepatic bile ducts. Unlike sclerosed ducts in 

biliary atresia, cysts with normal or dilated intrahepatic bile ducts can be found by ultrasound. Cystic biliary atresia, 

however, resembles choledochal cysts in some cases[33] 

Infections: 

 Cytomegalovirus (CMV) 

Cytomegalovirus (CMV) is the most common congenital infection that manifests in various ways. The majority 

of infected neonates are asymptomatic, although the most obvious signs of hepatic involvement are hepatomegaly and 

CHB[34]. 

Genetic causes: 

Galactosemia, fructosemia, and tyrosinemia type 1 are a few of the inborn errors of metabolism known to cause 

cholestasis in neonates. 

 Galactose-1-phosphate uridyl transferase (GALT) 

A lack of galactose-1-phosphate uridyl transferase (GALT) causes harmful galactose metabolites to build up in 

many organs. Galactosemia is diagnosed based on the presence of reducing chemicals in the urine and GALT activity in 

the liver or erythrocytes[14]. 

 Bile acid synthesis disorder (BASD) 

A lack of one of the enzymes necessary to produce bile acids from cholesterol causes bile acid synthesis 

disorder (BASD). Although BASDs is a rare cause of cholestasis, many of them can be treated with just medical 

care[14]. 

Miscellaneous: 

 Parenteral nutrition-associated cholestasis (PNAC)  

Most frequently seen in premature infants receiving parenteral nourishment, parenteral nutrition-associated 

cholestasis (PNAC) is a significant iatrogenic cause of cholestasis (PN). Twenty percent of newborns who have received 

PN for longer than two weeks develop PNAC[35].  

 Gestational alloimmune liver disease (GALD) 

Almost all cases of newborn hemochromatosis are caused by gestational alloimmune liver disease (GALD), a 

fulminant alloimmune illness that leads to liver failure from intra- and extra-hepatic iron accumulation[36]. 

 

EPIDEMIOLOGY: 

Neonatal jaundice affects 60% of full-term infants and 80% of preterm infants in the first three days after birth. 

Although transient, the condition accounts for up to 75% of hospital readmissions in the first week after birth[37]. 
Geographical location and ethnicity affect incidence. Africans have a lower incidence than East Asians and American Indians. 

Greeks who reside in Greece are more common than Greeks of Greek heritage who reside outside of Greece. Incidence is 

higher in populations living at high altitudes. In 1984, 32.7% of infants with serum bilirubin levels of more than 205 µmol/L 

(12 mg/dL) at 3100 m of altitude[38]. Neonatal jaundice is more common in infants of American Indian, East Asian, and 

Greek ethnicity, however, the latter appears to solely apply to children born in Greece and may thus have environmental rather 

than ethnic roots. Compared to non-African infants, African infants are less frequently afflicted. Due to this, severe jaundice 

in a newborn from an African country justifies a closer examination of the causes, including G-6-PD deficiency. In 1985, Linn 

et al reported on a series in which 49% of East Asian, 20% of white, and 12% of black infants had serum bilirubin levels of 

more than 170 µmol/L (10 mg/dL)[39]. The risk of developing significant neonatal jaundice is higher in male infants. This 

does not appear to be related to bilirubin production rates, which are similar to those in female infants. The risk of significant 

neonatal jaundice is inversely proportional to gestational age[40]. While chronic bilirubin encephalopathy is less common, 

with an estimated incidence of 1 in 50,000 to 100,000 live births, acute bilirubin encephalopathy is reported at a rate of about 

1 in 10,000 live births[41]. Compared to UCH, conjugated hyperbilirubinemia is far less frequent, occurring in about 1 in 

2500 term newborns[42]. It is estimated that 60% to 70% of patients with biliary atresia (BA) will eventually require liver 

transplantation in childhood, and BA remains the most common indication for a pediatric liver transplant[43].  

PATHOPHYSIOLOGY: 

Jaundice is the yellow discoloration of skin, sclera, and mucous membrane which occurs due to the accumulation of 

unconjugated, lipid-soluble bilirubin pigment in the skin. It occurs in newborns because fetal erythrocytes are breaking down 

more often, shortening life expectancy. Additionally, newborns have a limited hepatic excretory capacity. These are more 

common in preterm infants than in term infants. Another often encountered type is breast milk jaundice, which develops when 

a mother's breast milk has specific components that boost enterohepatic circulation and, as a result, boost bilirubin production. 

In addition to these factors, blood type incompatibility and sepsis frequently result in jaundice becoming more severe because 

they enhance hemolysis, which in turn increases bilirubin production[44]. 

Neonatal jaundice may be a result of physiological or pathological mechanisms. The different mechanisms for the 

development of jaundice may be concluded into either an increase in bilirubin production, an increase in enterohepatic 

circulation, or a decrease in bilirubin elimination[45]. 
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Bilirubin formation and metabolism: 

As the byproduct of heme catabolism, bilirubin is created in the reticuloendothelial system and is created by 

oxidation-reduction reactions. The breakdown of myoglobin, cytochromes, and catalase are also involved in the production of 

bilirubin, which is obtained in around 75% of cases from hemoglobin[40]. Bilirubin is formed as a breakdown product of 

haem. In phagocytic cells of the reticuloendothelial system, the action of haem oxygenase opens up the tetrapyrrole ring of 

haem to produce biliverdin and carbon monoxide. Biliverdin is then reduced to bilirubin by biliverdin reductase[46].  

Metabolism of haem to form bilirubin 

 

 Fig.2 Metabolism of haem to form bilirubin[46] 

Unconjugated bilirubin is hydrophobic and is carried to the liver in the bloodstream attached to albumin. There, it is 

converted to conjugated bilirubin by the enzyme uridine diphosphate-glucuronosyltransferase in the smooth endoplasmic 

reticulum (UGT). 

Conjugated bilirubin is water-soluble, and after being broken down by intestinal bacterial flora, it is subsequently 

expelled in bile and into the GI tract, where it is primarily eliminated in feces. With the help of beta-glucuronidase, some 

conjugated bilirubin is partially deconjugated in the GI tract and reabsorbed via the enterohepatic circulation [47].  

Increased understanding of the biochemical pathways involved has brought out not only the identification of the 

precise defect in the rare inherited hyperbilirubinemias but also the realization that certain groups of infants are more likely to 

suffer from neonatal jaundice than others [46].  

 

DIAGNOSIS: 

Diagnosis is often by measuring the serum bilirubin level in the blood. Transcutaneous bilirubinometers may also be 

used on newborns who were born beyond 35 weeks and were greater than a day old. It is not advised to use an icterometer, 

which is a transparent plastic piece painted with five transverse strips of graduated yellow lines [48]. 

The baby will be checked for jaundice within 72 hours of being born during the newborn physical examination [49]. 

Tests to detect jaundice and measure bilirubin includes: 

 Visual examination 

 Bilirubin test 

 Further test 

Visual examination: 

A visual examination will be performed on your infant to check for jaundice symptoms. They must take off their 

clothes during this so that their skin may be examined in well-lit conditions, ideally natural light. Additional items that could 

be examined include: 

 The pupil of your infant's eyes 

 Gums of your infant 

 The color of your infant's feces or pee[49] 
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Bilirubin test: 

The amount of bilirubin in your baby's blood will need to be examined if it is suspected that they have jaundice. You 

can accomplish this by using: 

 a tiny instrument known as a bilirubinometer shines a light on your infant's skin (it calculates the level of bilirubin by 

analyzing how the light reflects off or is absorbed by the skin) 

 a blood examination using a sample of blood drawn by puncturing your infant's heel with a needle (the level of bilirubin 

in the liquid part of the blood called the serum is then measured) 

A bilirubinometer is typically used to test for jaundice in infants. 

Blood tests are often only required if your infant acquired jaundice within 24 hours of birth or the reading is 

unusually high. Whether or whether your infant needs treatment depends on the amount of bilirubin found in their blood[49]. 

Bilirubinometer- Jaundice meter 

 

Fig.3 Bilirubinometer- Jaundice meter[50] 

 

 

Further test: 

Further blood tests may be needed if your baby's jaundice lasts longer than 2 weeks or if treatment is needed. The 

blood is examined to establish: 

 The blood type of the infant (to determine whether it is incompatible with the mother) 

 If the baby's red blood cells have any antibodies (infection-fighting proteins) bound to them 

 The number of cells in the baby's blood 

 If there is an infection 

 Whether there's an enzyme deficiency 

 These tests assist in identifying any underlying conditions that may be causing elevated bilirubin levels[49]. 

When treating newborn cholestasis, radiology is frequently required. Gallstones, inspissated bile, choledochal cysts, 

and sludge in the biliary tree may all be detectable using hepatic ultrasonography. On hepatic ultrasound, the triangular cord 

sign has high sensitivity and a nearly perfect specificity for biliary atresia[51]. 

Additional tests like TORCH titers, urine cultures, viral cultures, serologic titers, Newborn screening results, specific 

tests for inborn errors of metabolism,  alpha-1 antitrypsin phenotype, and specific genetics tests may be needed depending on 

the scenario[14]. It has been demonstrated that phenobarbitone therapy beforehand increases the sensitivity of this imaging.  
And finally, liver biopsy is typically regarded as the gold standard for cholestasis in newborns. In 90% to 95% of cases, a 

competent pathologist's interpretation of the histopathology will aid in making an accurate diagnosis and may help patients 

with intrahepatic cholestasis avoid needless procedures[52]. 

TREATMENTS: 

Tests must be performed to determine whether your infant has excessive amounts of a substance called bilirubin in 

their blood, as treatment is typically only required if this is the case. The majority of infants with jaundice do not require 

treatment since their blood bilirubin levels are reported to be low. In these situations, the problem often improves within 10 to 

14 days and won't harm your kid[49]. 
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Unconjugated hyperbilirubinemia 

The two mainstays of treatment for patients with unconjugated hyperbilirubinemia are phototherapy and exchange 

transfusion[14]. 

1. Phototherapy: 

Phototherapy is considered the safest intervention approach used in the treatment of neonatal jaundice. 

Regardless of the underlying reason, phototherapy was effective in reducing the amount of total serum bilirubin in all 

patients with newborn jaundice[53][54]. The amount of surface area exposed to phototherapy affects its effectiveness: 

Potentially more effective than single-surface phototherapy is double-surface phototherapy[55]. 

(a) Conventional Phototherapy  

One can use conventional or fiber-optic phototherapy units provided jaundice is non-hemolytic or its 

progression is slow. 

(b) Intensive Phototherapy 

Utilizing intensive phototherapy is justified under conditions such as hemolytic jaundice, quickly rising 

bilirubin, or when a regular unit is ineffective. Two important treatments involve putting the infant on the bili-

blanket, utilizing additional overhead phototherapy units that have blue lights, and reducing the phototherapy 

devices to a distance of 15-20 cm[56]. 

(c) Exchange Transfusion 

Hemolytic antibodies and bilirubin are eliminated during exchange transfusions[57]. 

This can be accomplished by using light energy to alter the form and structure of bilirubin, allowing it to be 

transformed into molecules that can be excreted even when regular conjugation is inadequate[58]. A portion of the pigment is 

subjected to a succession of photochemical processes as a result of light absorption by dermal and subcutaneous bilirubin, 

each of which happens at a different rate. Bilirubin absorbs light most significantly in the blue region of the spectrum (near 

460 nm). Light penetration through tissue in this region increases dramatically as the wavelength increases[59]. The amount 

and kind of light utilized have a big impact on how quickly bilirubin photoproducts form since only the wavelengths that are 

absorbed by bilirubin and penetrate tissue have a phototherapeutic effect. A light source that emits light in the 460–490 nm 

region of the spectrum is the most effective for treating hyperbilirubinemia when all of these criteria are taken into account 

(blue)[60]. Phototherapy as a treatment method for jaundice is safe, comfortable, and reliable. However, more invasive and 

dangerous treatments, such as exchange transfusion, are used to treat jaundiced children who do not react to phototherapy or 

who have high hyperbilirubinemia at the time of diagnosis. This is done to prevent or lessen bilirubin-induced brain 

damage[61]. The total serum bilirubin level increases after phototherapy are stopped, and this increase is referred to as 

"rebound bilirubin". Most of the time, the "rebound bilirubin" level is lower than the level at the phototherapy's start and does 

not necessitate restarting the treatment[62]. Few studies have also reported an increased incidence of solid organ tumors and 

non-lymphocytic leukemias in children treated with phototherapy[63][64]. Another frequently discussed phototherapy-related 

condition called the bronze infant syndrome causes uneven coloring of the skin, mucous membranes, and urine. It is 

frequently observed in newborns with increased serum levels of conjugated bilirubin. The exact mechanism is unknown, 

however, it seems to be connected to the deposition of biliverdin and photoisomers of bilirubin[65][66]. 

Phototherapy for Neonatal Jaundice 

Fig.4 Phototherapy for Neonatal Jaundice[79] 

2. Exchange Transfusion:  

 Exchange transfusion became the second-line treatment when phototherapy failed to control serum bilirubin levels. 
However, research has shown that IVIG therapy can considerably lower the requirement for exchange transfusions in 
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newborns with Rh or ABO isoimmunization[67][68]. A complete blood transfusion sometimes referred to as an 

exchange transfusion, may be necessary if your infant has a very high blood bilirubin level or if phototherapy has not 

been successful[49]. The purpose of exchange transfusion is to remove bilirubin from the blood, particularly in infant 

patients who have acute bilirubin encephalopathy or kernicterus problems[69]. Exchange transfusion may have the 

following complications: 

o Hemolytic reactions 

o Infections 

o Portal vein thrombosis 

o Electrolyte disturbances 

o Increase blood volume 

o Iron overload[70] 

Anemia (cord hemoglobin 11 g/dL), an increased cord bilirubin level (>70 mol/L or 4.5 mg/dL), or both are the most 

common reasons for early exchange transfusion. A moderate rate of increase (>8-10 mol/L/h or 0.5 mg/dL/h) in the presence 

of moderate anemia (11-13 g/dL), as well as a rapid rate of increase in the serum bilirubin level (>15-20 mol/L /h or 1 

mg/dL/h), were both indicators for exchange transfusion. Infants with hemolytic jaundice required an exchange transfusion 

when their serum bilirubin levels reached 350 mol/L (20 mg/dL) or increased at a rate that suggested they would reach this 

level or greater. The majority of medical professionals now advocate an individualized approach, acknowledging that 

exchange transfusion is not a risk-free procedure, that effective phototherapy converts 15–25% of bilirubin to nontoxic 

isomers, and that transfusion of a small volume of packed red blood cells may treat anemia[40]. 

Exchange Transfusion for Neonatal Jaundice 

 

Fig5. Exchange Transfusion for Neonatal Jaundice[71] 

 

3. Intravenous immunoglobulin: 

Evidence-based, IVIG therapy for hemolytic disorders can reduce the requirement for exchange transfusions[73]. 

Intravenous gamma globulin has been shown to significantly reduce the need for exchange transfusion in ABO and Rh 

hemolytic disease[74]. The healing of the main condition and liver functioning will often have an impact on metabolic causes of 

cholestasis. IVIG and double-volume exchange transfusions seem to work effectively for patients with GALD. In this age 

group, liver transplantation is technically difficult yet curative when it is available[75]. 

Conjugated Hyperbilirubinemia:  

Conjugated hyperbilirubinemia is treated according to the underlying cause. For the best results, patients with biliary 

atresia should have a Kasai procedure (hepatic portoenterostomy) as soon as possible after their diagnosis[72].  The Kasai 

operation involves removing the fibrous plate and atretic biliary channels, followed by Roux-en-Y anastomosis of the jejunum 

with the remaining ducts to create a different route for biliary drainage[76]. While treatment with cholic acid and 

chenodeoxycholic acid is frequently curative for many BASDs, treatment for infectious causes of cholestasis would be treated 

with particular anti-microbials. Typically, metabolic reasons for cholestasis would improve when the underlying condition and 

liver functioning did. IVIG and double-volume exchange transfusions seem to be effective treatments for GALD patients. 

When accessible, liver transplantation is curative but technically difficult in this age group[77]. Cyclical parenteral nutrition 

(PN) is used to treat cholestasis brought on by parenteral nutrition by shortening the exposure time and starting enteral feeds 

as soon as possible. To lessen liver damage, PN should have less manganese and copper[14]. 
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CONCLUSION: 

Neonatal Jaundice still contributes significantly to neonatal morbidity, mortality, and long-term handicap, especially 

in developing countries. This is made worse by ignorance on the part of parents and health workers which contributes to 

delays in seeking proper medical care. However, education at the Primary Health Care level, prompt diagnosis, and treatments 

include Phototherapy, Exchange Transfusion, Intravenous immunoglobulin, etc. from which Phototherapy is the most 

effective one. Referral to the appropriate specialist will go a long way to prevent jaundice-associated problems early so that 

death is averted and the child will have a good quality of life. 

 

REFERENCE:  

1) Gale R,Seidman DS,Stevenson DK, Hyperbilirubinemia and early discharge. Journal of perinatology: official journal of 

the California Perinatal Association. 2001 Jan-Feb     [PubMed PMID: 11268867] 

2) Cohen, R. S., Wong, R. J., & Stevenson, D. K. (2010, June). Understanding Neonatal Jaundice: A Perspective on 

Causation. Pediatrics &Amp; Neonatology, 51(3), 143–148. https://doi.org/10.1016/s1875-9572(10)60027-7 

3) Mitra S,Rennie J, Neonatal jaundice: aetiology, diagnosis and treatment. British journal of hospital medicine (London, 

England: 2005). 2017 Dec 2;     [PubMed PMID: 29240507] 

4) Schneider AP. (1986). Breast milk jaundice in the newborn: A real entity. JAMA, 255 ( 23): 3270– 74. 

[PubMed] [Google Scholar] 

5) Bhutani, V.K.; Zipursky, A.; Blencowe, H.; Khanna, R.; Sgro, M.; Ebbesen, F.; Bell, J.; Mori, R.; Slusher, T.M.; Fahmy, 

N. Neonatal hyperbilirubinemia and Rhesus disease of the newborn: Incidence and impairment estimates for 2010 at 

regional and global levels. Pediatric Res. 2013, 74, 86–100. [Google Scholar] [CrossRef] [PubMed][Green Version] 

6) Vodret, S. Neonatal Hyperbilirubinemia: In Vivo Characterization of Mechanisms of Bilirubin Neurotoxicity and 

Pharmacological Treatments; International Centre for Genetic Engineering and Biotechnology: New Delhi, India, 2016. 

[Google Scholar] 

7) Click, R; Dahl-Smith, J; Fowler, L; DuBose, J; Deneau- Saxton, M; Herbert, J (January 2013). "An osteopathic approach 

to reduction of readmissions for neonatal jaundice". Osteopathic Family Physician 5 (1). 

8) Madlon-Kay, Diane J. Recognition of the Presence and Severity of Newborn Jaundice by Parents, Nurses, Physicians, 

and Icterometer Pediatrics 1997 100: e3 

9) "Jaundice in newborn babies under 28 days". NICE. October 2016. Retrieved 11 December 2017. 

10) Ennever JF. (1990). Blue light, green light, white light, more light: treatment of neonatal jaundice. Clin Perinatol, 17: 

467–81. [PubMed] [Google Scholar] [Ref list] 

11) American Academy of Pediatrics Subcommittee on Hyperbilirubinemia; 2004. "Management of hyperbilirubinemia in 

the newborn infant 35 or more weeks of gestation". Pediatrics 114 (1): 297–316. 

12) Leung AK,Sauve RS, Breastfeeding and breast milk jaundice. Journal of the Royal Society of Health. 1989 Dec   

  [PubMed PMID: 2513410] 

13) Mitra S,Rennie J, Neonatal jaundice: aetiology, diagnosis and treatment. British journal of hospital medicine (London, 

England: 2005). 2017 Dec 2;     [PubMed PMID: 29240507] 

14) shaha, sanket, Adnan, M., Ankola, P. A., & Ansong-Assoku, B. (2022, August 7). Neonatal Jaundice. Retrieved October 

6, 2022, from https://www.statpearls.com/ArticleLibrary/viewarticle/23803#ref_2029918 

15) Shahid R,Graba S, Outcome and cost analysis of implementing selective Coombs testing in the newborn nursery. Journal 

of perinatology: official journal of the California Perinatal Association. 2012 Dec     [PubMed PMID: 22441112] 

16) Desjardins L,Blajchman MA,Chintu C,Gent M,Zipursky A, The spectrum of ABO hemolytic disease of the newborn 

infant. The Journal of pediatrics. 1979 Sep     [PubMed PMID: 469673] 

17) ACOG practice bulletin. Prevention of Rh D alloimmunization. Number 4, May 1999 (replaces educational bulletin 

Number 147, October 1990). Clinical management guidelines for obstetrician-gynecologists. American College of 

Obstetrics and Gynecology.,, International journal of gynaecology and obstetrics: the official organ of the International 

Federation of Gynaecology and Obstetrics, 1999 Jul     [PubMed PMID: 10458556] 

18) Gómez-Manzo S,Marcial-Quino J,Vanoye-Carlo A,Serrano-Posada H,Ortega-Cuellar D,González-Valdez A,Castillo-

Rodríguez RA,Hernández-Ochoa B,Sierra-Palacios E,Rodríguez-Bustamante E,Arreguin-Espinosa R, Glucose-6-

Phosphate Dehydrogenase: Update and Analysis of New Mutations around the World. International journal of molecular 

sciences. 2016 Dec 9     [PubMed PMID: 27941691] 

19) Grace RF,Zanella A,Neufeld EJ,Morton DH,Eber S,Yaish H,Glader B, Erythrocyte pyruvate kinase deficiency: 2015 

status report. American journal of hematology. 2015 Sep     [PubMed PMID: 26087744] 

20) Da Costa L,Galimand J,Fenneteau O,Mohandas N, Hereditary spherocytosis, elliptocytosis, and other red cell membrane 

disorders. Blood reviews. 2013 Jul     [PubMed PMID: 23664421] 

21) Perrotta S,Gallagher PG,Mohandas N, Hereditary spherocytosis. Lancet (London, England). 2008 Oct 18     [PubMed 

PMID: 18940465] 

22) Gallagher PG,Weed SA,Tse WT,Benoit L,Morrow JS,Marchesi SL,Mohandas N,Forget BG, Recurrent fatal hydrops 

fetalis associated with a nucleotide substitution in the erythrocyte beta-spectrin gene. The Journal of clinical 

investigation. 1995 Mar     [PubMed PMID: 7883966] 

23) Fogarty M,Osborn DA,Askie L,Seidler AL,Hunter K,Lui K,Simes J,Tarnow-Mordi W, Delayed vs early umbilical cord 

clamping for preterm infants: a systematic review and meta-analysis. American journal of obstetrics and gynecology. 

2018 Jan     [PubMed PMID: 29097178] 

24) Bosma PJ,Chowdhury JR,Bakker C,Gantla S,de Boer A,Oostra BA,Lindhout D,Tytgat GN,Jansen PL,Oude Elferink RP, 

The genetic basis of the reduced expression of bilirubin UDP-glucuronosyltransferase 1 in Gilbert's syndrome. The New 

England journal of medicine. 1995 Nov 2     [PubMed PMID: 7565971] 

http://www.jetir.org/
http://www.ncbi.nlm.nih.gov/pubmed/11268867
http://www.ncbi.nlm.nih.gov/pubmed/29240507
https://pubmed.ncbi.nlm.nih.gov/3712679
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Breast+milk+jaundice+in+the+newborn:+A+real+entity&author=AP+Schneider&volume=255&issue=23&publication_year=1986&pages=3270-74&pmid=3712679&
https://scholar.google.com/scholar_lookup?title=Neonatal+hyperbilirubinemia+and+Rhesus+disease+of+the+newborn:+Incidence+and+impairment+estimates+for+2010+at+regional+and+global+levels&author=Bhutani,+V.K.&author=Zipursky,+A.&author=Blencowe,+H.&author=Khanna,+R.&author=Sgro,+M.&author=Ebbesen,+F.&author=Bell,+J.&author=Mori,+R.&author=Slusher,+T.M.&author=Fahmy,+N.&publication_year=2013&journal=Pediatric+Res.&volume=74&pages=86%E2%80%93100&doi=10.1038/pr.2013.208&pmid=24366465
https://doi.org/10.1038/pr.2013.208
https://www.ncbi.nlm.nih.gov/pubmed/24366465
https://www.nature.com/articles/pr2013208.pdf
https://scholar.google.com/scholar_lookup?title=Neonatal+Hyperbilirubinemia:+In+Vivo+Characterization+of+Mechanisms+of+Bilirubin+Neurotoxicity+and+Pharmacological+Treatments&author=Vodret,+S.&publication_year=2016
https://www.nice.org.uk/guidance/cg98/chapter/Recommendations
https://pubmed.ncbi.nlm.nih.gov/2196141
https://scholar.google.com/scholar_lookup?journal=Clin+Perinatol&title=Blue+light,+green+light,+white+light,+more+light:+treatment+of+neonatal+jaundice&author=JF+Ennever&volume=17&publication_year=1990&pages=467-81&pmid=2196141&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4935699/#B70
http://www.ncbi.nlm.nih.gov/pubmed/2513410
http://www.ncbi.nlm.nih.gov/pubmed/29240507
https://www.statpearls.com/ArticleLibrary/viewarticle/23803#ref_2029918
http://www.ncbi.nlm.nih.gov/pubmed/469673
http://www.ncbi.nlm.nih.gov/pubmed/10458556
http://www.ncbi.nlm.nih.gov/pubmed/27941691
http://www.ncbi.nlm.nih.gov/pubmed/26087744
http://www.ncbi.nlm.nih.gov/pubmed/23664421
http://www.ncbi.nlm.nih.gov/pubmed/18940465
http://www.ncbi.nlm.nih.gov/pubmed/18940465
http://www.ncbi.nlm.nih.gov/pubmed/7883966
http://www.ncbi.nlm.nih.gov/pubmed/29097178
http://www.ncbi.nlm.nih.gov/pubmed/7565971


© 2022 JETIR October 2022, Volume 9, Issue 10                                                     www.jetir.org (ISSN-2349-5162) 

JETIR2210141 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b259 
 

25) Anderson NB,Calkins KL, Neonatal Indirect Hyperbilirubinemia. NeoReviews. 2020 Nov     [PubMed PMID: 

33139512] 

26) Maruo Y,Nakahara S,Yanagi T,Nomura A,Mimura Y,Matsui K,Sato H,Takeuchi Y, Genotype of UGT1A1 and 

phenotype correlation between Crigler-Najjar syndrome type II and Gilbert syndrome. Journal of gastroenterology and 

hepatology. 2016 Feb     [PubMed PMID: 26250421] 

27) Lynn C. Garfunkel; Jeffrey; Cynthia Christy (2002). Mosby's pediatric clinical advisor: instant diagnosis and treatment. 

Elsevier Health Sciences. pp. 200–. ISBN 978-0-323-01049-8. Retrieved 14 June 2010. 

28) Leung, A. K.; Sauve, R. S. (1989-12-01). "Breastfeeding and breast milk jaundice". Journal of the Royal Society of 

Health. 109 (6): 213–217. doi:10.1177/146642408910900615. ISSN 0264-0325. PMID 2513410. S2CID 38974909 

29) CDC (2020-11-13). "Jaundice". Centers for Disease Control and Prevention. Retrieved 2021-07-12. 

30) Grunebaum E,Amir J,Merlob P,Mimouni M,Varsano I, Breast mild jaundice: natural history, familial incidence and late 

neurodevelopmental outcome of the infant. European journal of pediatrics. 1991 Feb     [PubMed PMID: 2029918] 

31) Pan DH,Rivas Y, Jaundice: Newborn to Age 2 Months. Pediatrics in review. 2017 Nov     [PubMed PMID: 29093118] 

32) Takamizawa S,Zaima A,Muraji T,Kanegawa K,Akasaka Y,Satoh S,Nishijima E, Can biliary atresia be diagnosed by 

ultrasonography alone? Journal of pediatric surgery. 2007 Dec     [PubMed PMID: 18082715] 

33) Soares KC,Arnaoutakis DJ,Kamel I,Rastegar N,Anders R,Maithel S,Pawlik TM, Choledochal cysts: presentation, 

clinical differentiation, and management. Journal of the American College of Surgeons. 2014 Dec     [PubMed PMID: 

25442379]) 

34) Plosa EJ,Esbenshade JC,Fuller MP,Weitkamp JH, Cytomegalovirus infection. Pediatrics in review. 2012 Apr;   

  [PubMed PMID: 22474112] 

35) Lauriti G,Zani A,Aufieri R,Cananzi M,Chiesa PL,Eaton S,Pierro A, Incidence, prevention, and treatment of parenteral 

nutrition-associated cholestasis and intestinal failure-associated liver disease in infants and children: a systematic review. 

JPEN. Journal of parenteral and enteral nutrition. 2014 Jan     [PubMed PMID: 23894170] 

36) Pan X,Kelly S,Melin-Aldana H,Malladi P,Whitington PF, Novel mechanism of fetal hepatocyte injury in congenital 

alloimmune hepatitis involves the terminal complement cascade. Hepatology (Baltimore, Md.). 2010 Jun     [PubMed 

PMID: 20512994] 

37) Britton JR, Britton HL, Beebe SA. Early discharge of the term newborn: a continued dilemma. Pediatrics 1994; 94: 291–

5 

38) Moore LG, Newberry MA, Freeby GM, Crnic LS. Increased incidence of neonatal hyperbilirubinemia at 3,100 m in 

Colorado. Am J Dis Child. 1984 Feb. 138(2):157-61. [QxMD MEDLINE Link]. 

39) Linn S, Schoenbaum SC, Monson RR, Rosner B, Stubblefield PG, Ryan KJ. Epidemiology of neonatal 

hyperbilirubinemia. Pediatrics. 1985 Apr. 75(4):770-4. [QxMD MEDLINE Link]. 

40) Hansen, T. W., MD PhD. (2019, November 13). Neonatal Jaundice: Background, Pathophysiology, Etiology. Retrieved 

October 6, 2022, from https://emedicine.medscape.com/article/974786-overview?icd=ssl_login_success_221006 

41) Guidelines for detection, management and prevention of hyperbilirubinemia in term and late preterm newborn infants 

(35 or more weeks' gestation) - Summary. Paediatrics     [PubMed PMID: 19030400] 

42) Dick MC,Mowat AP, Hepatitis syndrome in infancy--an epidemiological survey with 10 year follow up. Archives of 

disease in childhood. 1985 Jun     [PubMed PMID: 3874604] 

43) D'Alessandro AM,Knechtle SJ,Chin LT,Fernandez LA,Yagci G,Leverson G,Kalayoglu M, Liver transplantation in 

pediatric patients: twenty years of experience at the University of Wisconsin. Pediatric transplantation. 2007 Sep   

  [PubMed PMID: 17663691] 

44) Ambalavanan N, Carlo AW. Jaundice and Hyperbilirubinemia in the Newborn. Nelson Textbook of Pediatrics. First 

South Asia Edition. Elsevier. 2016 

45) Ullah S, Rahman K, Hedayati M (2016). "Hyperbilirubinemia in Neonates: Types, Causes, Clinical Examinations, 

Preventive Measures and Treatments: A Narrative Review Article". Iran J Public Health. 45 (5): 558–

68. PMC 4935699. PMID 27398328 

46) Kirk, J. M. (2008, September). Neonatal jaundice: a critical review of the role and practice of bilirubin analysis. Annals 

of Clinical Biochemistry: International Journal of Laboratory Medicine, 45(5), 452–462. 

https://doi.org/10.1258/acb.2008.008076 

47) Poland RL,Odell GB, Physiologic jaundice: the enterohepatic circulation of bilirubin. The New England journal of 

medicine. 1971 Jan 7     [PubMed PMID: 4922346] 

48) "Jaundice in newborn babies under 28 days". NICE. October 2016. Retrieved 11 December 2017. 

49) NHS website. (2022, February 10). Diagnosis. nhs.uk. Retrieved October 7, 2022, from 

https://www.nhs.uk/conditions/jaundice-newborn/diagnosis/ 

50) Drager Jaundice Meter Jm 103. (n.d.). indiamart.com. Retrieved October 7, 2022, from 

https://www.indiamart.com/proddetail/drager-jaundice-meter-jm-103-22507784473.html 

51) Benchimol EI,Walsh CM,Ling SC, Early diagnosis of neonatal cholestatic jaundice: test at 2 weeks. Canadian family 

physician Medecin de famille canadien. 2009 Dec     [PubMed PMID: 20008595] 

52) Morotti RA,Jain D, Pediatric Cholestatic Disorders: Approach to Pathologic Diagnosis. Surgical pathology clinics. 2013 

Jun     [PubMed PMID: 26838972] 

53) Amato M, Inaebnit D (1991). "Clinical usefulness of high intensity green light phototherapy in the treatment of neonatal 

jaundice". Eur. J. Pediatr. 150 (4): 274–6. doi:10.1007/BF01955530. PMID 2029920 

54) Ip S, Chung M, Kulig J, O'Brien R, Sege R, Glicken S; et al. (2004). "An evidence-based review of important issues 

concerning neonatal hyperbilirubinemia". Pediatrics. 114 (1): e130–53. PMID 15231986. 

55) Vecchi C, Donzelli GP, Migliorini MG, Sbrana G. (1983). Green light in phototherapy. Pediatr Res, 17: 461–3. 

[PubMed] [Google Scholar] 

56) American Academy of Pediatrics (2004a). Subcommittee on Hyperbilirubinemia. Management of hyperbilirubinemia in 

the newborn infant 35 or more week of gestation. Pediatrics, 114 ( 3): 297–316. [PubMed] [Google Scholar] 

http://www.jetir.org/
http://www.ncbi.nlm.nih.gov/pubmed/33139512
http://www.ncbi.nlm.nih.gov/pubmed/33139512
http://www.ncbi.nlm.nih.gov/pubmed/26250421
https://books.google.com/books?id=3m0JEvOQSlEC&pg=PA200
https://en.m.wikipedia.org/wiki/ISBN_(identifier)
https://en.m.wikipedia.org/wiki/Special:BookSources/978-0-323-01049-8
https://en.m.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1177%2F146642408910900615
https://en.m.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0264-0325
https://en.m.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/2513410
https://en.m.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:38974909
https://www.cdc.gov/breastfeeding/breastfeeding-special-circumstances/maternal-or-infant-illnesses/jaundice.html
http://www.ncbi.nlm.nih.gov/pubmed/2029918
http://www.ncbi.nlm.nih.gov/pubmed/29093118
http://www.ncbi.nlm.nih.gov/pubmed/18082715
http://www.ncbi.nlm.nih.gov/pubmed/25442379
http://www.ncbi.nlm.nih.gov/pubmed/25442379
http://www.ncbi.nlm.nih.gov/pubmed/22474112
http://www.ncbi.nlm.nih.gov/pubmed/23894170
http://www.ncbi.nlm.nih.gov/pubmed/20512994
http://www.ncbi.nlm.nih.gov/pubmed/20512994
https://www.qxmd.com/r/6695871
https://www.qxmd.com/r/3982909
http://www.ncbi.nlm.nih.gov/pubmed/19030400
http://www.ncbi.nlm.nih.gov/pubmed/3874604
http://www.ncbi.nlm.nih.gov/pubmed/17663691
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&tool=sumsearch.org/cite&retmode=ref&cmd=prlinks&id=27398328
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&tool=sumsearch.org/cite&retmode=ref&cmd=prlinks&id=27398328
https://www.wikidoc.org/index.php/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4935699
https://www.wikidoc.org/index.php?title=PubMed_Identifier&action=edit&redlink=1
https://www.ncbi.nlm.nih.gov/pubmed/27398328
http://www.ncbi.nlm.nih.gov/pubmed/4922346
https://www.nice.org.uk/guidance/cg98/chapter/Recommendations
https://www.nhs.uk/conditions/jaundice-newborn/diagnosis/
http://www.ncbi.nlm.nih.gov/pubmed/20008595
http://www.ncbi.nlm.nih.gov/pubmed/26838972
https://www.wikidoc.org/index.php/Digital_object_identifier
https://doi.org/10.1007%2FBF01955530
https://www.wikidoc.org/index.php?title=PubMed_Identifier&action=edit&redlink=1
https://www.ncbi.nlm.nih.gov/pubmed/2029920
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&tool=sumsearch.org/cite&retmode=ref&cmd=prlinks&id=15231986
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&tool=sumsearch.org/cite&retmode=ref&cmd=prlinks&id=15231986
https://www.wikidoc.org/index.php?title=PubMed_Identifier&action=edit&redlink=1
https://www.ncbi.nlm.nih.gov/pubmed/15231986
https://pubmed.ncbi.nlm.nih.gov/6877899
https://scholar.google.com/scholar_lookup?journal=Pediatr+Res&title=Green+light+in+phototherapy&author=C+Vecchi&author=GP+Donzelli&author=MG+Migliorini&author=G+Sbrana&volume=17&publication_year=1983&pages=461-3&pmid=6877899&
https://pubmed.ncbi.nlm.nih.gov/15231951
https://scholar.google.com/scholar_lookup?journal=Pediatrics&title=Subcommittee+on+Hyperbilirubinemia.+Management+of+hyperbilirubinemia+in+the+newborn+infant+35+or+more+week+of+gestation&volume=114&issue=3&publication_year=2004a&pages=297-316&pmid=15231951&


© 2022 JETIR October 2022, Volume 9, Issue 10                                                     www.jetir.org (ISSN-2349-5162) 

JETIR2210141 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b260 
 

57) Royal Prince Alfred Hospital (2006). Transcuteneous bilirubinometers. RPA Newbon care guidelines, Royal Prince 

Alfred Hospital, Sydney Australia. [Google Scholar] 

58) Mreihil, K.; Benth, J.Š.; Stensvold, H.J.; Nakstad, B.; Hansen, T.W.R.; Group, N.N.P.S.; Network, N.N.; Scheck, O.; 

Nordin, S.; Prytz, A. Phototherapy is commonly used for neonatal jaundice but greater control is needed to avoid toxicity 

in the most vulnerable infants. Acta Paediatr. 2018, 107, 611–619. [Google Scholar] [CrossRef][Green Version] 

59) Woodgate, P.; Jardine, L.A. Neonatal jaundice: Phototherapy. BMJ Clin. Evid. 2015, 2015. [Google Scholar] 

60) Donel, J. Bili blanket phototherapy. Int. J. Contemp. Pediatr. 2019, 6, 2231–2234. [Google Scholar] [CrossRef] 

61) Maisels, M.; Watchko, J.; Bhutani, V.; Stevenson, D. An approach to the management of hyperbilirubinemia in the 

preterm infant less than 35 weeks of gestation. J. Perinatol. 2012, 32, 660–664. [Google Scholar] [CrossRef] 

62) Yetman RJ,Parks DK,Huseby V,Mistry K,Garcia J, Rebound bilirubin levels in infants receiving phototherapy. The 

Journal of pediatrics. 1998 Nov     [PubMed PMID: 9821435] 

63) Newman TB,Wickremasinghe AC,Walsh EM,Grimes BA,McCulloch CE,Kuzniewicz MW, Retrospective Cohort Study 

of Phototherapy and Childhood Cancer in Northern California. Pediatrics. 2016 Jun     [PubMed PMID: 27217477] 

64) Auger N,Laverdière C,Ayoub A,Lo E,Luu TM, Neonatal phototherapy and future risk of childhood cancer. International 

journal of cancer. 2019 Oct 15     [PubMed PMID: 30684392] 

65) Itoh S,Okada H,Kuboi T,Kusaka T, Phototherapy for neonatal hyperbilirubinemia. Pediatrics international: official 

journal of the Japan Pediatric Society. 2017 Sep     [PubMed PMID: 28563973] 

66) Kar S,Mohankar A,Krishnan A, Bronze baby syndrome. Indian pediatrics. 2013 Jun 8     [PubMed PMID: 23942414]  

67) Gottstein R, Cooke RW. Systematic review of intravenous immunoglobulin in haemolytic disease of the newborn. Arch 

Dis Child Fetal Neonatal Ed. 2003 Jan. 88(1):F6-10. [QxMD MEDLINE Link]. [Full Text] 

68) Rubo J, Albrecht K, Lasch P, et al. High-dose intravenous immune globulin therapy for hyperbilirubinemia caused by Rh 

hemolytic disease. J Pediatr. 1992 Jul. 121(1):93-7. [QxMD MEDLINE Link]. 

69) Johnson L, Bhutani VK (2011). "The clinical syndrome of bilirubin-induced neurologic dysfunction". Semin 

Perinatol. 35 (3): 101–13. doi:10.1053/j.semperi.2011.02.003. PMID 21641482 

70) Neonatal jaundice medical therapy - wikidoc. (n.d.). Retrieved October 8, 2022, from 

https://www.wikidoc.org/index.php/Neonatal_jaundice_medical_therapy 

71) http://www.floridahealthfinder.gov/healthencyclopedia/Health%20Illustrated%20Enc yclopedia/3/100018.aspx. 

72) Serinet MO,Wildhaber BE,Broué P,Lachaux A,Sarles J,Jacquemin E,Gauthier F,Chardot C, Impact of age at Kasai 

operation on its results in late childhood and adolescence: a rational basis for biliary atresia screening. Pediatrics. 2009 

May;     [PubMed PMID: 19403492] 

73) Alcock GS, Liley H. Immunoglobin infusion for isoimmune hemolytic jaun-dice in neonates. Cochrane Database Syst 

Rev 2002;(3) 

74) National Collaborating Centre for Women‘s and Children‘s Health. Neonatal Jaundice. London: NICE, 2010. 

75) Feldman AG,Whitington PF, Neonatal hemochromatosis. Journal of clinical and experimental hepatology. 2013 Dec   

  [PubMed PMID: 25755519] 

76) Ohi R, Surgery for biliary atresia. Liver. 2001 Jun     [PubMed PMID: 11422780] 

77) Feldman AG,Whitington PF, Neonatal hemochromatosis. Journal of clinical and experimental hepatology. 2013 Dec   

  [PubMed PMID: 25755519] 

78) Jaundice in Newborns: Symptoms, Causes & Treatment. (n.d.). Cleveland Clinic. Retrieved October 8, 2022, from 

https://my.clevelandclinic.org/health/diseases/22263-jaundice-in-newborns 

79) Maisels, M. J., & McDonagh, A. F. (2008, February 28). Phototherapy for Neonatal Jaundice. New England Journal of 

Medicine, 358(9), 920–928. https://doi.org/10.1056/nejmct0708376 

 

 

 

 

 

 

 

 

 

http://www.jetir.org/
https://scholar.google.com/scholar_lookup?title=Transcuteneous+bilirubinometers&publication_year=2006&
https://scholar.google.com/scholar_lookup?title=Phototherapy+is+commonly+used+for+neonatal+jaundice+but+greater+control+is+needed+to+avoid+toxicity+in+the+most+vulnerable+infants&author=Mreihil,+K.&author=Benth,+J.%C5%A0.&author=Stensvold,+H.J.&author=Nakstad,+B.&author=Hansen,+T.W.R.&author=Group,+N.N.P.S.&author=Network,+N.N.&author=Scheck,+O.&author=Nordin,+S.&author=Prytz,+A.&publication_year=2018&journal=Acta+Paediatr.&volume=107&pages=611%E2%80%93619&doi=10.1111/apa.14141
https://doi.org/10.1111/apa.14141
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/apa.14141
https://scholar.google.com/scholar_lookup?title=Neonatal+jaundice:+Phototherapy&author=Woodgate,+P.&author=Jardine,+L.A.&publication_year=2015&journal=BMJ+Clin.+Evid.&volume=2015
https://scholar.google.com/scholar_lookup?title=Bili+blanket+phototherapy&author=Donel,+J.&publication_year=2019&journal=Int.+J.+Contemp.+Pediatr.&volume=6&pages=2231%E2%80%932234&doi=10.18203/2349-3291.ijcp20193760
https://doi.org/10.18203/2349-3291.ijcp20193760
https://scholar.google.com/scholar_lookup?title=An+approach+to+the+management+of+hyperbilirubinemia+in+the+preterm+infant+less+than+35+weeks+of+gestation&author=Maisels,+M.&author=Watchko,+J.&author=Bhutani,+V.&author=Stevenson,+D.&publication_year=2012&journal=J.+Perinatol.&volume=32&pages=660%E2%80%93664&doi=10.1038/jp.2012.71
https://doi.org/10.1038/jp.2012.71
http://www.ncbi.nlm.nih.gov/pubmed/9821435
http://www.ncbi.nlm.nih.gov/pubmed/27217477
http://www.ncbi.nlm.nih.gov/pubmed/30684392
http://www.ncbi.nlm.nih.gov/pubmed/28563973
http://www.ncbi.nlm.nih.gov/pubmed/23942414
https://www.qxmd.com/r/22383426
http://fn.bmjjournals.com/content/88/1/F6.full.pdf+html
https://www.qxmd.com/r/1306646
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&tool=sumsearch.org/cite&retmode=ref&cmd=prlinks&id=21641482
https://www.wikidoc.org/index.php/Digital_object_identifier
https://doi.org/10.1053%2Fj.semperi.2011.02.003
https://www.wikidoc.org/index.php?title=PubMed_Identifier&action=edit&redlink=1
https://www.ncbi.nlm.nih.gov/pubmed/21641482
https://www.wikidoc.org/index.php/Neonatal_jaundice_medical_therapy
http://www.ncbi.nlm.nih.gov/pubmed/19403492
http://www.ncbi.nlm.nih.gov/pubmed/25755519
http://www.ncbi.nlm.nih.gov/pubmed/11422780
http://www.ncbi.nlm.nih.gov/pubmed/25755519
https://my.clevelandclinic.org/health/diseases/22263-jaundice-in-newborns

