
 

 “COMPARISON BETWEEN TRANSCUTANEOUS BILIRUBIN 

MEASUREMENTS AND SERUM TOTAL BILIRUBIN LEVELS IN 

NEONATES WITH CLINICAL JAUNDICE: AN OBSERVATIONAL 

STUDY” 

By 

Dr. SAHIL CHAUDHARY. 

 

 

 

DISSERTATION SUBMITTED TO  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

KOLAR, KARNATAKA 

In partial fulfilment of the requirements for the degree of 

DOCTOR OF MEDICINE 

IN 
PAEDIATRICS 

 

Under the Guidance of 

 
Dr. SUDHA REDDY V. R., MD, 

PROFESSOR & HOD, PAEDIATRICS 

 &  
 

Co Guidance of 

Dr. SUMATHI M. E., MD 

PROFESSOR & HOD, BIOCHEMISTRY 
 

 

 

 

DEPARTMENT OF PAEDIATRICS, 

SRI DEVARAJ URS MEDICAL COLLEGE,  

TAMAKA, KOLAR-563101 

2019 



 

 II 

 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

DECLARATION BY THE CANDIDATE 

 

I hereby declare that this dissertation entitled “COMPARISON 

BETWEEN TRANSCUTANEOUS BILIRUBIN MEASUREMENTS AND 

SERUM TOTAL BILIRUBIN LEVELS IN NEONATES WITH CLINICAL 

JAUNDICE: AN OBSERVATIONAL STUDY” is a bonafide and genuine 

research work carried out by me under the guidance of Dr. SUDHA REDDY V. R., 

Professor & Head, Department of Paediatrics, and co-guidance of Dr. SUMATHI 

M. E., Professor & Head, Department of Biochemistry, Sri Devaraj Urs Medical 

College, Kolar, in partial fulfilment of University regulation for the award of 

“M.D. DEGREE IN PAEDIATRICS”, the examination to be held in November, 

2019 by SDUAHER. This has not been submitted by me previously for the award of 

any degree or diploma from the university or any other university. 

 

Dr. SAHIL CHAUDHARY. 

Postgraduate in Paediatrics 

Sri Devaraj Urs Medical College, 

Tamaka, Kolar 

 

Date: 

Place: Kolar 



 

 III 

 

 

 

 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

CERTIFICATE BY THE GUIDE & HOD 

 

 This is to certify that the dissertation entitled “COMPARISON BETWEEN 

TRANSCUTANEOUS BILIRUBIN MEASUREMENTS AND SERUM 

TOTAL BILIRUBIN LEVELS IN NEONATES WITH CLINICAL 

JAUNDICE: AN OBSERVATIONAL STUDY” is a bonafide research work 

done by Dr. SAHIL CHAUDHARY, under my direct guidance and supervision at 

Sri Devaraj Urs Medical College, Kolar, in partial fulfilment of the requirement for 

the degree of “M.D. IN PAEDIATRICS”. 

 

 

 

Dr. SUDHA REDDY V. R., MD 

 Professor & HOD 

Department Of Paediatrics, 

Sri Devaraj Urs Medical College, 

Tamaka, Kolar 

 

Date: 

Place: Kolar 

 

 



 

 IV 

 

 

 

 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

CERTIFICATE BY THE CO-GUIDE  

 

 This is to certify that the dissertation entitled “COMPARISON BETWEEN 

TRANSCUTANEOUS BILIRUBIN MEASUREMENTS AND SERUM TOTAL 

BILIRUBIN LEVELS IN NEONATES WITH CLINICAL JAUNDICE: AN 

OBSERVATIONAL STUDY” is a bonafide research work done by Dr. SAHIL 

CHAUDHARY, under my direct co-guidance and supervision at Sri Devaraj Urs 

Medical College, Kolar, in partial fulfilment of the requirement for the degree of 

“M.D. IN PAEDIATRICS”. 

 

 

Dr. SUMATHI M. E.., MD 

 Professor & HOD 

Department Of Biochemistry, 

Sri Devaraj Urs Medical College, 

Tamaka, Kolar 

 

Date: 

Place: Kolar 

 



 

 V 

 

 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

ENDORSEMENT BY THE HEAD OF THE DEPARTMENT AND 

PRINCIPAL 

 

 This is to certify that the dissertation entitled “COMPARISON BETWEEN 

TRANSCUTANEOUS BILIRUBIN MEASUREMENTS AND SERUM 

TOTAL BILIRUBIN LEVELS IN NEONATES WITH CLINICAL 

JAUNDICE: AN OBSERVATIONAL STUDY” is a bonafide research work 

done by Dr. SAHIL CHAUDHARY under the direct guidance and supervision of 

Dr. SUDHA REDDY V. R., Professor & Head, Department of Paediatrics, Sri 

Devaraj Urs Medical College, Kolar, in partial fulfilment of University regulation 

for the award “M.D. DEGREE IN PAEDIATRICS”. 

 

 

Dr. SUDHA REDDY V. R. MD,  Dr. SREERAMULU P. N.  

Professor & HOD     Principal, 

Department Of Paediatrics,    Sri Devaraj Urs Medical College, 

Sri Devaraj Urs Medical College,   Tamaka, Kolar 

Tamaka, Kolar 

 

Date:      Date: 

Place: Kolar      Place: Kolar 



 

 VI 

 

   SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

ETHICAL COMMITTEE CERTIFICATE 

This is to certify that the Ethical committee of Sri Devaraj Urs Medical College, 

Tamaka, Kolar has unanimously approved 

Dr. SAHIL CHAUDHARY 

Post-Graduate student in the subject of 

Paediatrics at Sri Devaraj Urs Medical College, Kolar 

to take up the Dissertation work entitled 

“COMPARISON BETWEEN TRANSCUTANEOUS BILIRUBIN 

MEASUREMENTS AND SERUM TOTAL BILIRUBIN LEVELS IN NEONATES 

WITH CLINICAL JAUNDICE: AN OBSERVATIONAL STUDY” 

to be submitted to the 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA, 

 

Member Secretary 

Sri Devaraj Urs Medical College, 

Kolar–563101 

Date: 

Place: Kolar 

 



 

 VII 

 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

COPY RIGHT 

 

          I hereby declare that Sri Devaraj Urs Academy of Higher Education and 

Research, Kolar, Karnataka shall have the rights to preserve, use and disseminate 

this dissertation/thesis in print or electronic format for academic/research purpose. 

 

 

 

Dr. SAHIL CHAUDHARY. 

 

 

Date: 

Place: Kolar 

 

 

 

 

 

 



 

 VIII 

 

ACKNOWLEDGEMENT 

I owe debt and gratitude to my parents Sri H. L. Chaudhary and Smt. Sujata 

Chaudhary, along with my brother Siddharth Chaudhary for their moral support and 

constant encouragement during the study. 

 

With humble gratitude and great respect, I would like to thank my teacher, 

mentor and guide, Dr. SUDHA REDDY V. R., Professor and Head, Department of 

Paediatrics, Sri Devaraj Urs Medical College and Research Institute, Kolar, for her 

able guidance, constant encouragement, immense help and valuable advices which 

went a long way in moulding and enabling me to complete this work successfully. 

Without her initiative and constant encouragement this study would not have been 

possible. Her vast experience, knowledge, able supervision and valuable advices have 

served as a constant source of inspiration during the entire course of my study. I 

would like to express my sincere thanks to Dr. SUMATHI M.E, Professor, 

Department of BIOCHEMISTRY and Dr. SHIVAPRASAD SAVAGAVE, Assistant 

Professor, Department of Radiodiagnosis, Sri Devaraj Urs Medical College for their 

valuable support, guidance and encouragement throughout the study. 

 

I would like to thank Dr. K. N. V. Prasad, Dr. Krishanappa J., Dr. Beeregowda, Dr. 

Bhanuchand, Professors, Department of Paediatrics & Dr. Manasa, & Dr. Shrikant,  

 

 

 

 



 

 IX 

 

Assistant Professors, Department of Paediatrics and all my teachers of Department 

of Radio diagnosis, Sri Devaraj Urs Medical College, Kolar, for their constant guidance 

and encouragement during the study period. 

 

I am thankful to my fellow colleague, Dr. M. Madhukar, for having rendered all his 

co-operation and help to me during my study. 

 

I am extremely grateful to the patients who volunteered to this study, without them 

this study would just be a dream. 

 

 

 

My sincere thanks to Mr. Appegowda along with rest of the computer operators. 

 

 

 

 

 

 

 

 

 

                                   Dr. SAHIL CHAUDHARY 

 



 

 X 

 

LIST OF ABBREVIATIONS 

AAP – American Academy of Pediatrics 

AGA - Appropriate for Gestational age 

CPD - Cephalo Pelvic Dislocation   

CS - Caesarean Section   

FFP - Fresh Frozen Plasma  

G6PD  -  Glucose-6-Phosphate Dehydrogenase   

GA - Gestational Age   

Hb -  Haemoglobin  

HBR -  Hyperbilirubinemia  

HDN -  Haemolytic Disease of Newborn  

IAP NNF – Indian Academy of Pediatrics National Neonatolgy Forum 

IVIG - Intravenous Immunoglobulin   

LBW - Low Birth Weight   

NPV - Negative Predictive Value  

NVD – Normal vaginal delivery  

PDA - Patent Ductus Arteriosis  

PIH - Pregnancy Induced Hypertension  

PPV - Positive Predictive Value  

SBR  -   Serum Bilirubin    

T/ID - Total/ Indirect Bilirubin  

TcB   -  Transcutaneous Bilirubinometer  

TSB - Total Serum Bilirubin   

UDPGT - Uridine Di Phosphate Glucuronosyl Transferase



 

 XI 

 

ABSTRACT 

Background: Total serum bilirubin (TSB) estimation is traditionally done on serum 

sample drawn by venipuncture, which is invasive and painful to the neonate. This has 

led to search for non-invasive, reliable techniques for bilirubin estimation such as 

transcutaneous bilirubinometry (TcB). 

 

Aims and Objectives:. This study was performed to measure TSB by using lab 

method, to measure TcB by using JM 105 bilirubinometer, to compare the values of 

both methods and to establish cut off values using JM-105. 

 

Methodology: The cross sectional observational study was conducted for a period of 

one year in neonates with clinical jaundice. Study subjects were divided into 4 groups 

based on weight and gestational age as follows: term appropriate for gestational age 

(AGA), term small for gestational age (SGA), late preterm AGA and late preterm SGA. 

TcB measurements were made with a Tc bilirubinometer “JM-105” over forehead and 

sternum. TSB was estimated in the laboratory by diazotized sulfanilic test. Correlation 

between TSB values and TcB measurements at the two sites were performed. Cut-off 

points for “JM-105” with desirable sensitivity and specificity values for detecting need 

of treatment were determined. 

 

Results: The gestational age ranged from 35 to 42 weeks (mean 38.36 ± 1.3 weeks) 

with bodyweight ranging from 2100 g to 3920 g (mean 2825 g ± 477 g). The TSB  

 

 



 

 XII 

 

 

levels ranged between 5.20 mg/dl to 21.40 mg/dl (mean 12.35 ± 2.47 mg/dl). The range 

of TcB values at forehead 1 was 6.2 to 22.40 mg/dl, forehead 2 was 6 to 22.2 mg/dl, 

sternum 1 was 5.5 to 21.8 mg/dl and sternum 2 was 5.4 to 21.5 mg/dl. 

 

 Limbs were the commonest site of appearance associated with hyperbilirubinemia 

in 102 babies (67.55%) followed by palms/soles (n = 39; 25.8%), abdomen (n = 9; 6%), 

and lastly chest (n = 1; 0.7 %). 

 

 In our study, jaundice was more common in term/AGA babies (84.11%) followed 

by late preterm/AGA babies (8.61%), term/SGA babies (5.96%) and lastly late 

preterm/SGA babies (1.32%). 

 

 The mean TSB level was 12.3523 mg/dl with a standard deviation of 2.47302 

mg/dl. The mean TcB forehead value was 13.0285 mg/dl with a standard deviation of 

2.66756 mg/dl. Mean TcB level over sternum was 12.7576 mg/dl with a standard 

deviation of 2.60471 mg/dl. The difference between TSB and TcB (forehead) levels 

was statistically significant (P = 0.23). However, the difference between TSB and TcB 

(sternum) levels was not statistically significant (P = 0.167). This shows that TcB 

sternum correlates closely with TSB. 

 

 Mean TcB levels at forehead 1 and 2 were 13.0172 ± 2.67112 mg/dl (mean ± SD) 

and 13.0397 ± 2.6849 mg/dl (mean ± SD), which was not significant (P = 0.559). Mean  
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TcB levels at sternum 1 and 2 were 12.7834 ± 2.635 mg/dl (mean ± SD) and 12.7318 ± 

2.596 mg/dl (mean ± SD), the difference was not significant (P = 0.196). There was 

significant correlation between TSB levels and TcB levels at individual sites (forehead 

1, forehead 2, sternum 1 and sternum 2). 

 

 Average TcB level ≥ 12.00 mg/dl at forehead showed sensitivity of 91% and 

specificity of 66.7% beyond which phototherapy is indicated, while TSB level ≥ 11.35 

mg/dl showed sensitivity of 94% and specificity of 66.5% for the same. Similarly 

average TcB level ≥ 11.975 mg/dl at sternum showed sensitivity of 92.5% and 

specificity of 77.4% beyond which phototherapy is indicated and TSB level of ≥ 11.75 

mg/dl showed sensitivity of 92.5% and specificity of 81% for the same. It was 

concluded that average TcB level ≥ 11.975 mg/dl at the level of sternum and TcB level 

≥ 12.00 mg/dl at the level of forehead is high sensitive and specific for diagnosis of 

neonatal jaundice, beyond which phototherapy is indicated and is comparable to TSB 

levels. 

 

Conclusion: We conclude that average TcB level ≥ 11.975 mg/dl at the level of 

sternum and TcB level ≥ 12.00 mg/dl at the level of forehead is highly sensitive and 

specific for diagnosis of hyperbilirubinemia and is comparable to TSB. TcB at the level 

of sternum and forehead can be considered as an accurate non-invasive tool for 

diagnosis and estimation of neonatal hyperbilirubinemia. Furthermore, it is easy to 

perform and presents little clinical challenge in day-to-day practice. 
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INTRODUCTION 

 

 Neonatal hyperbilirubinemia (jaundice) is a common problem encountered in 

approximately 60% of term infants and 80% of preterm infants during the first week of 

life1. Jaundice is defined as the yellowish discoloration of the mucous membranes skin, 

and conjunctival membranes caused by excess of bilirubin in the blood. Bilirubin 

formation in newborns is 2 to 3 times greater than in adults owing to the shorter life 

span of fetal hemoglobin compared to adult hemoglobin. The developmentally 

immature liver and gastrointestinal tracts of newborns are unable to excrete bilirubin as 

quickly as it is produced. When bilirubin accumulates in blood and body tissues, skin 

and eyes exhibit the yellow color characteristic of jaundice1. Discoloration is most 

noticeable in the face and descends cephalocaudally, with clearance of yellowish hue 

occurring in the opposite direction. Adults appear jaundiced when serum bilirubin 

levels are greater than 2 mg/dl while newborns appear jaundiced when the levels are 

greater than 7 mg/dl2.The major risk factors for hyperbilirubinemia are prematurity 

(gestation 38 weeks), breastfeeding, family history of significant jaundice in a sibling, 

Rh/ABO incompatibility, or glucose-6-phosphate dehydrogenase (G6PD) deficiency3. 

 

 Neonatal hyperbilirubinemia is usually a benign condition that peaks between 

the second and fourth day of life4. However, when a pathological process interferes 

with the normal functioning of the metabolism and excretion of bilirubin, severe 

hyperbilirubinemia occurs and immediate treatment with phototherapy and/or exchange 

blood transfusions is required5,6. 
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 Kernicterus is defined as increased levels of unconjugated bilirubin that deposits 

in the brainstem nuclei and cerebellum. Although preventable, Kernicterus is associated 

with significant neonatal morbidity such as cognitive impairment, cerebral palsy and 

neurosensory hearing loss2.In 2010, severe neonatal jaundice (NNJ) was estimated to 

be about 480,700 in late preterm and term neonates with 1,14,000 dying and >63000 

surviving with moderate to severe long term neurological sequalae7. In 2016 Neonatal 

jaundice (NNJ) was estimated to account for ~8 under 5 children deaths per 100000 

(95% uncertainty level [UI] 7-9) globally. From more than 100 possible causes of under 

5 mortality, NNJ ranked 16th consistently since 1990. The burden is high in sub Saharan 

Africa and south asia8. 

 

 For the better treatment of neonatal jaundice, measuring bilirubin levels is vital. 

Different methods of measuring bilirubin levels are currently used which is usually 

done by visual, cutaneous, and serum evaluations9,10. Although visual assessment is 

simple, it has two major shortcomings; it is dependent on the physician’s experience 

with no accurate and reliable criteria, and possible estimations in this method are based 

on the cephalocaudal trend of jaundice. Moreover, the color of skin and clothes as well 

as the lighting affect visual estimation10. 

 

 Total serum bilirubin (TSB) estimation is traditionally done on serum sample 

drawn by venipuncture. This technique requires drawing of blood which is invasive and 

painful to the neonate11. This problem has led to search for non-invasive, reliable 

techniques for bilirubin estimation such as transcutaneous bilirubinometry (TcB)12.  

 



3 

 

 Although the use of transcutaneous bilirubin (TcB) measurement is a valid 

method for determination of the severity of jaundice and is used in increasing 

frequency, its use is still not widespread worldwide yet13. One reason of non-application 

of TcB may be the assumption that in sick neonates TcB is less useful, because in these 

neonates blood sampling is often done for other indications and serum bilirubin (SB) 

measurement is simultaneously measured. Furthermore, in low-income countries, TcB 

is not widely applied, although this may be of great value due to feasibility of TcB in 

community settings with low resources14,15. Most published data on the use of TcB 

originate from validation studies, comparing SB with TcB16,17. Recently, it has been 

shown that the use of TcB can be applied reliably in preterm infants with gestational 

age of 32 to 35 weeks as well, deriving the question of what methods can cause 

reduction in blood draws, which can be achieved in this group of neonates18. 
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AIMS AND OBJECTIVE 

 

1. To measure TSB by using lab method. 

2. To measure TcB by using JM -105 bilirubinometer. 

3. To compare the values of both methods. 

4. To establish cut off values using JM-105 beyond which TSB is needed. 
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REVIEW OF LITERATURE 

 

 Jaundice is the most common condition that requires medical attention. In order 

to develop a diagnostic as well management of jaundice in newborns, we need to have 

a clear back ground idea about pathological and non-pathological factors as well as their 

bilirubin levels. 

 

BILIRUBIN METABOLISM 

 

 A normal newborn produces 6-10 mg of bilirubin/kg/day. Red blood cells(RBC) 

contain heme and globin. The senescent RBCs release heme in reticuloendothelial 

system, which is the major source of bilirubin (~75%). One g of haemoglobin produces 

34 mg of bilirubin. It is found in the blood stream as two forms indirect (unconjugated) 

bilirubin and direct (conjugated) bilirubin. Accelerated release of bilirubin produces 

hyperbilirubinemia. The remaining 25% of bilirubin is called early-labelled bilirubin, 

which is derived from haemoglobin released by ineffective erythropoiesis in bone 

marrow from other heme containing proteins in tissue and from free heme19. 
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Figure 1. Bilirubin metabolism.  

 

The conversion of heme to bilirubin requires two closely linked enzymatic steps. 

1. 1st step is conversion of heme to linear tetrapyrolebiliverdin. One molecule of 

ferrous ion and one molecule of carbon monoxide are released by enzyme 

hemeoxygenase. It is the rate limiting step and upregulated during hemolysis20. 

2. 2nd step involves synthesis of biliverdin found in cytosol of most of cells. Biliverdin 

is then converted to bilirubin (Figure 1)20. 

 

BILIRUBIN TRANSPORT IN THE PLASMA 

 

 Bilirubin in plasma is tightly bound to serum albumin, usually does not enter 

the central nervous system and is thought to be nontoxic19. 
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Bilirubin uptake 

 

 Non-polar fat-soluble bilirubin (dissociated from albumin) crosses the 

hepatocyte plasma membrane and is bound mainly to cytoplasmic ligandin (Y protein) 

for transport to the smooth endoplasmic reticulum. Phenobarbitone increases the 

concentration of ligandin19. 

 

Bilirubin conjugation 

 

 Unconjugated bilirubin (UCB) is converted to water soluble conjugated 

bilirubin (CB) in the smooth endoplasmic reticulum by uridine diphosphate 

glucuronyltransferase (UDPG-T). This enzyme is inducible by phenobarbitone and 

catalyzes the formation of bilirubin monoglucuronide. Both mono and diglucuronide 

forms of conjugated bilirubin are able to be excreted into the bile canaliculi against a 

concentration gradient19. 

 

Bilirubin excretion 

 

 Conjugated bilirubin in the biliary tree enters the gastrointestinal tract and is 

thus eliminated from the body in the stool, which contains large amount of bilirubin. 

Excretion is considered to be the rate limiting step of overall bilirubin clearance from 

the plasma19. 
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Enterohepatic circulation of bilirubin 

 

 Conjugated bilirubin is not normally reabsorbed from the bowel unless it is 

converted back to unconjugated bilirubin by the intestinal enzyme beta-

glucuronidase19. 

 

Fetal bilirubin metabolism 

 

 Most unconjugated bilirubin formed by the fetus is cleared by the placenta into 

the maternal circulation. Formation of conjugated bilirubin is limited in the fetus due 

to decreased fetal hepatic blood flow, decreased hepatic ligandin and decreased UDPG-

T activity. The small amount of conjugated bilirubin excreted is usually hydrolyzed by 

beta-glucuronidase and reabsorbed19. 

 

 Bilirubin is normally found in the amniotic fluid by 12 weeks gestation. 

Increased amniotic fluid bilirubin is found in hemolytic disease of the newborn and in 

fetal intestinal obstruction below the bile ducts19. 

 

ETIOLOGY OF HYPERBILIRUBINEMIA IN NEWBORN 

 

 Any process that increases the production or impairs the elimination of bilirubin 

can exacerbate the normally occurring physiologic jaundice in newborn19. 
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1. Physiological (normal) jaundice 

 

 Most newborns have this mild jaundice because their liver is still in the phase 

of maturing. It appears when a baby is 2 to 4 days old and disappears by 1 to 2 weeks 

of age (≥ 2 mg/dl). In full term infants, peak occurs (6-8mg/dl) by 3 to 5 days of age 

and then falls (≥ 12mg/dl). In premature infants the rise may be (10-12mg/dl) by3 to 

5th day of life and then rise (≥ 15mg/dl). In newborns unconjugated bilirubin is not 

excreted much, whereas the conjugated bilirubin excretion is also limited. As a result, 

high serum bilirubin concentration leads to physiological jaundice19. 

 

Various factors that bring about physiological jaundice are:  

• Increased RBC volume/kg and reduced RBCs survival (90 days versus 120 days in 

newborns) 19: 

• Increased ineffective erythropoiesis and increased turnover of non haemoglobin 

heme proteins 

• Increased enterohepatic circulation due to increased intestinal β-glucuronidase 

enzyme. 

• Decreased intestinal bacteria 

• Decreased gut motility. 

• Defective uptake of bilirubin from plasma due to decreased ligandin and binding of 

ligandin by other anions 

• Defective conjugation due to decreased UDPGT activity 

• Decreased excretion of bilirubin by liver 

 



10 

 

Criterion for physiological jaundice21 

 

The various criteria for diagnosis of physiological jaundice are as follows21: 

• Type of bilirubin – indirect bilirubin 

• Direct bilirubin not more than 2 mg/dl or less than 15% of total bilirubin. 

• Appearance- after 36 hours of age 

• Rate of rise of bilirubin- less than 5 mg/dl/day 

• Severity of jaundice- usually does not exceed 15 mg/dl 

• Natural course – Peak TSB levels seen between 3 -5 day of life and 3-7 day in 

preterm and disappears by 2 weeks 

• Clinical condition- Healthy newborn 

 

2. Non physiological (pathological) jaundice 

 

 Non-physiological jaundice is referred to as jaundice developing in ≤ 24 hours 

of age, rise of serum bilirubin ≥ 0.2 mg/dl/hour, ≥ 5 mg/dl/day, direct serum bilirubin 

level > 2 mg/dl or 15% of total bilirubin or rise of serum bilirubin that requires 

phototherapy. It may be associated with features of sepsis. Jaundice of more than eight 

days in term newborn or more than 14days in preterm newborn is also pathological in 

nature19. 

Causes are as follows19: 

• Over production 

o Fetomaternal blood group incompatibility 

o Hereditary spherocytosis, elliptocytosis, stomatocytosis. 
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o Nonspherocytic hemolytic anemias 

o Glucose 6-phosphate dehydrogenase deficiency (G6PD) and drugs 

o Pyruvate kinase deficiency 

o Other red cell enzyme deficiencies 

o Alpha thalassemia 

o Beta thalassemia 

o Acquired hemolysis due to vitamin K, nitrofurantoin, sulfonamides, 

antimalarials, penicillin, oxytocin, bupivacaine or infection 

o Extra vascular blood: petechial hemorrhage, hematomas, pulmonary, 

cerebral or occult hemorrhage. 

o Polycythemia: Fetomaternal or fetofetal transfusion. Delayed clamping of 

the umbilical cord. 

o Increased enterohepatic circulation 

o Pyloric stenosis 

o Intestinal atresia or stenosis including annular pancreas 

o Hirschsprung disease 

o Meconium ileus or Meconium plus syndrome, 

o Swallowed blood 

• Undersecretion 

o Metabolic or endocrine conditions 

o Galactosemia 

o Familial nonhemolytic jaundice (Crigler-Najjar syndrome and Gilbert 

syndrome) 

o Hypothyroidism 

o Tyrosinemia 
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o Hypermethioninemia 

o Drugs and hormones – Novobiocin, Pregnanediol 

o Lucy- Driscoll syndrome 

o Infant of diabetic mothers 

o Prematurity, hypopituitarism and anencephaly 

o Obstructive disorders 

o Biliary atresia 

o Dubin Johnson and Rotor syndrome 

o Choledochal cyst 

o Cystic fibrosis (inspissated bile) 

o Tumor or band (extrinsic compression) 

o Parental nutrition 

o Alpha 1- antitrypsin deficiency 

• Mixed 

o Sepsis 

o Intrauterine infections 

o Toxoplasmosis 

o Rubella 

o Herpes simplex 

o Syphilis, Hepatitis 

o Respiratory distress syndrome 

o Asphyxia 

o Infant of diabetic mother 

o Severe erythroblastosis fetalis 

• Uncertain mechanism 
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o Breast milk jaundice 

o Chinese, Japanese, Korean and American Indian infants 

 

Breastfeeding Jaundice:  

 

 Jaundice occurs when breastfeeding babies do not get enough breast milk from 

their mother or difficulty in breast feeding persists. It occurs after day 3 of life and 

usually the peak level is more than 12mg/dl in 12 to 13% of breast feeding babies. The 

main factor responsible for breast feeding jaundice is decreased intake of breast milk 

leading to late bilirubin elimination and increased enterohepatic circulation19,22. 

 

Breastmilk Jaundice: 

 This jaundice usually has a late on set and the incident varies form 2-4%. The 

serum bilirubin level may rise to 20-30mg/dl by 14days. This may return to normal by 

4 to 12 weeks of age. The various mechanisms responsible for this are unidentified 

factors that interferes with bilirubin metabolism, increased enterohepatic circulation 

(increased β- glucuronidase) and decreased intestinal bacteria that converts conjugated 

bilirubin to urobilinoids19,22. 

 

RISK FACTORS OF HYPERBILIRUBINEMIA 

Major risk factors19,21 

1. Jaundice observed in first 24 hours of life 
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2. Blood group incompatibility with positive direct Coomb’s test (DCT) or elevated 

end tidal carbon monoxide (ETCOc) 

3. Gestational age 35-36 weeks 

4. Previous sibling received phototherapy 

5. Cephalohematoma or significant bruising 

6. Exclusive breast feeding, particularly if nursing is not going well and weight loss is 

excessive. 

7. East Asian race 

 

Minor risk factors19,21 

1. Pre discharge TSB level on the high intermediate risk zone 

2. Gestational age 37-38 weeks 

3. Jaundice observed before discharge 

4. Previous sibling with jaundice 

5. Infant of diabetic mother 

6. Maternal age >25 years 

7. Male gender 

 

Decreased risk factors for jaundice19,21 

1. TSB level in low risk zone 

2. Gestational age>41 weeks 

3. Exclusive bottle feeding 

4. Black race 

5. Discharge from hospital after 72 hours. 
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Causes of jaundice on the basis of onset 

 

Within 24 hours: Rh and ABO incompatibility, G6PD and pyruvate kinase 

deficiency19,21. 

Infections: Bacterial, Malaria, Toxoplasmosis, Other Agents, Rubella, 

Cytomegalovirus, and Herpes Simplex (TORCH) group of infections, RBC Membrane 

defects(hereditary spherocytosis), alpha thalassemia, administration of large amount of 

drugs (such as vitamin K, salicylates, sulfisoxazole, etc.) to the mother19,21. 

24-72 hours after birth: Physiological jaundice, blood group incompatibility, 

polycythemia, extra vascular bleed such as cephalohaematoma and subgaleal 

hemorrhage, breast feeding jaundice, neonatal sepsis, increased enterohepatic 

circulation, intestinal obstruction19,21. 

After 72 hours of birth: Neonatal sepsis, cephalohaematoma, neonatal hepatitis, 

biliary atresia, breast milk jaundice19,21. 

Metabolic: Hypothyroidism, hypopituitarism, galactosemia, tyrosinemia, cystic 

fibrosis, hereditary fructosemia, Crigler – Najjar syndrome, Gilbert disease19,21. 

 

CLINICAL ASSESMENT OF NEONATAL JAUNDICE 

 

Clinicians should ensure that all infants are routinely monitored for the 

development of jaundice, and nurseries should have established protocols for the 

assessment of jaundice. Jaundice should be assessed whenever the infant’s vital 
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signs are measured but no less than every eight to12 hours. In new born infants, 

jaundice can be detected by blanching the skin with digital pressure, revealing the 

underlying colour of the skin and subcutaneous tissue. The assessment of jaundice 

must be performed in a well-lit room or, preferably, in day light near a window. 

Jaundice is usually seen first in the face and progresses caudally to the trunk and 

extremities, but visual estimation of bilirubin levels for the degree of jaundice can 

lead to errors10. 

 

Approach to a Jaundiced Newborn 

 

The approach in assessment of jaundiced newborn is as follows21: 

1. Identify “high risk” newborns at delivery, likely to develop jaundice. 

2. Ensure appropriate follow up for jaundice. 

3. Emphasize need for early, exclusive breast feeds and ensure adequacy of breast 

feeding. 

4. Assess clinical condition (well or ill) 

5. Ascertain birth weight and gestation 

6. Evaluate jaundice with post-natal age in hours 

7. Perform systematic evaluation – history and physical examination. 

8. Decide whether jaundice is physiological or pathological 

9. If physiological and baby well, only observation is required 

10. If deeply jaundiced, look for signs of bilirubin encephalopathy (lethargy, poor, 

feeding, shrill cry, asymmetric Moro reflex, hypertonia, opisthotonus or 

convulsions) 
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11. If jaundice is pathological perform lab tests. 

12. Initiate appropriate measures to reduce elevated bilirubin 

13. Counsel parents 

 

 

Figure 2. Algorithm for the management of jaundice in newborn10,19,21 

 

COMPLICATIONS OF NEONATAL JAUNDICE 

 

 The precise blood level above which indirect-reacting bilirubin or free 

bilirubin will be toxic for an individual infant is unpredictable. Kernicterus is rare 

in healthy term infants in the absence of hemolysis or if the serum level is 

<25 mg/dl. In previously healthy, predominantly breast-fed term infants, 

kernicterus has developed when bilirubin levels exceeded 30mg/dl. The duration of 
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exposure needed to produce toxic effects is unknown. Little evidence suggests that 

a level of indirect bilirubin of <25mg/dl affects the intelligent quotient (IQ) of 

healthy term infants without hemolytic disease22. 

 

 Although originally pathological jaundice diagnosis is characterized by 

bilirubin staining of the brainstem nuclei and cerebellum, the term “kernicterus” 

has come to be used interchangeably with both the acute and chronic findings of 

bilirubin encephalopathy. Bilirubin encephalopathy describes the clinical central 

nervous system findings caused by bilirubin toxicity to the basal ganglia and 

various brainstem nuclei19. 

 

 To avoid confusion and encourage greater consistency in the literature, the 

American Academy of Pediatrics (AAP) committee recommends that in infants the 

term “acute bilirubin encephalopathy” be used to describe the acute manifestations 

of bilirubin toxicity seen in the first weeks after birth and that the term “kernicterus” 

be reserved for the chronic and permanent clinical sequelae of bilirubin toxicity10.  
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CLINICAL FEATURES OF BILIRUBIN ENCEPHALOPATHY 

 

 Signs and symptoms of kernicterus usually appear 2–5days after birth in 

term infants and as late as the 7th day in premature infants, but hyperbilirubinemia 

may lead to encephalopathy at any time during the neonatal period (Table 1). The 

early signs may be subtle and indistinguishable from those of sepsis, asphyxia, 

hypoglycemia, intracranial hemorrhage, and other acute systemic illnesses in a 

neonate22. 

 

Table 1. Clinical Features of Bilirubin Encephalopathy19,22 

ACUTE FORM 

Phase 1 (1st 1–2 days): Poor sucking, stupor, hypotonia, 

seizures 

Phase2 (middle of 1stweek): Hypertonia of extensor muscles, 

opisthotonos, retrocollis, fever 

Phase 3 (after the 1st week): Hypertonia 

CHRONIC FORM 

 

First year: Hypotonia, active deep tendon reflexes, obligatory 

tonic neck reflexes, delayed motor skills 

 

After 1st year: Movement disorders (choreoathetosis, 

ballismus, tremor), limitation of upward gaze, sensorineural 

hearing loss, dental dysplasia and intellectual deficits. 
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TREATMENT 

 

 The aim of therapy is to ensure that serum bilirubin is kept at a safe level 

and neurological damage is prevented. Reduction of TSB levels and prevention of 

neurotoxicity can be achieved by phototherapy, pharmacotherapy and exchange 

transfusion19,22. Algorithm for management of jaundice in the newborn is depicted 

in Figure 2. 

 

Principles of treatment in jaundiced infants according to 2006 Indian Academy of 

Pediatrics National Neonatology Forum (IAP NNF) guidelines are21 

1. Treatment decisions are based on total serum bilirubin. 

2. Gestation is more important than birth weight of the baby. A higher cut off can 

be used for a small for date baby. 

3. Postnatal age in hours should be considered when deciding treatment. 

4. Sick baby refers to presence of asphyxia, hypothermia, sepsis, acidosis, 

hypoxia, hypercapnia and evidence of hemolysis. 

 

Phototherapy 

 

 The goal of therapy is to lower the concentration of circulating bilirubin or 

keep it from increasing. Phototherapy achieves this by using light energy to change 

the shape and structure of bilirubin, converting it to molecules that can be excreted 

even when normal conjugation is deficient19,21,22 Bilirubin absorbs light most 
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strongly in the blue region of the spectrum near460 nm (Figure 3), a region in which 

penetration of tissue by light increases markedly with increasing wavelength. The 

rate of formation of bilirubin photo products is highly dependent on the intensity 

and wavelengths of the light used. Taking these factors into account, lamps with 

output predominantly in the 460 to 490 nm blue region of the spectrum are probably 

the most effective for treating hyperbilirubinemia15. 

 

 Combination of two special blue and 4-6 white fluorescent tubes to be used. 

The blue tubes must have the serial number F20T12/BB to be a special 

phototherapy light. This combination would deliver 12mw/cm2/nm15. 

 

 The absorption of light by the native form of bilirubin (4Z,15Z-bilirubin) 

generates transient excited-state bilirubin molecules. These fleeting intermediates 

can react with oxygen to produce colourless products of lower molecular weight, 

or they can undergo rearrangement to become structural isomers (lumirubins) or 

isomers in which the configuration of at least one of the two Z-configuration double 

bonds has changed to an E configuration. Configurational isomerization is 

reversible and much faster than structural isomerization, which is irreversible. Both 

occur much more quickly than photooxidation. The photoisomers are less lipophilic 

than the 4Z,15Z form of bilirubin and can be excreted unchanged in bile without 

undergoing glucuronidation. Lumirubin isomers can also be excreted in urine. 

Photo-oxidation products are excreted mainly in urine. Once in bile, configurational 

isomers revert spontaneously to the natural 4Z,15Z form of bilirubin15,23. 
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Figure 3. Important factors in the efficacy of phototherapy 

 

 Distance of the phototherapy unit should be as close to the baby as possible 

ensuring normothermia. Hyperthermia makes the phototherapy less effective10,24. 

 

 On an average, for infants of more than 35 weeks’ gestation readmitted for 

phototherapy, intensive phototherapy can produce a decrement of 30% to 40% in 

the initial bilirubin level by 24 hours after initiation of phototherapy. The most 

significant decline will occur in the first 4 to 6 hours. With standard phototherapy 
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systems, a decrease of 6% to 20% of the initial bilirubin level can be expected in 

the first 24 hours10,24. 

 

Care of a newborn receiving phototherapy 

 

The following steps are involved in care of a new born receiving phototherapy19,22,25: 

1. The eyes should be covered during phototherapy. 

2. Breast feeding on demand is continued. More frequent breast feeds or 10-20% 

extra IV fluids are provided. 

3. Adequacy of hydration is checked by urine colour and frequency, skin turgor, 

mucous membrane and weight. 

4. Assess and record urine and stool pattern. 

5. Frequent change of posture is necessary. 

6. Temperature is monitored every 3-4 hrs. Avoid hypo or hyperthermia. 

7. Weighing of neonate daily. 

8. TSB is measured every 12 hours or 4-6 hourly if severe jaundiced. 

9. Monitor for adverse effects of phototherapy: Dehydration, loose stools, 

hyperthermia/hypothermia, erythematous rash and bronze baby syndrome. 
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Side effects of phototherapy 

 

The following are adverse effects of phototherapy19,22,25: 

1. Retinal damage 

2. Passage of loose green stools   

3. Hyperthermia 

4. Dehydration  

5. Hypocalcemia 

6. Bronze baby  

7. Flea-bite rash 

8. Opening up of PDA in preterm 

9. Increase in mean cerebral blood flow velocity. 

10. Decrease in renal blood flow velocity. 

11. Increase in renal vascular resistance. 

 

EXCHANGE TRANSFUSION 

 

 Exchange transfusion is the most rapid method for lowering serum bilirubin 

concentrations. This treatment is rarely needed when intensive phototherapy is 

effective. The procedure removes partially hemolysed and antibody-coated 

erythrocytes and replaces them with uncoated donor red blood cells that lack the 

sensitizing antigen19,22. 
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 The appearance of clinical signs suggesting bilirubin encephalopathy is an 

indication for exchange transfusion at any level of serum bilirubin. Double volume 

exchange transfusion (170 ml/ kg) is performed if intensive phototherapy has failed 

to reduce bilirubin levels to a safe range and if the risk of kernicterus exceeds the 

risk of the procedure19,22. 

 

 Blood for exchange transfusion is modified whole blood (red cells and 

plasma) crossmatched against the mother and compatible with the infant19. 

Exchange transfusion should be done in small aliquots of 5 – 10 ml19,22,25. 

 

Exchange transfusion 

 

Exchange transfusion is done by two methods19,22: 

1. Push and pull technique: Central access usually through umbilical venous 

catheter 

2. Isovolumetric exchange with simultaneous infusion of donor blood through 

venous line and removal of baby blood through arterial line 

 

Potential complications from exchange transfusion 

 

The potential complications from exchange transfusion are as follows19,22: 

1. Metabolic 
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a. Hypocalcemia 

b. Hypoglycemia 

c. Hyperglycemia 

d. Hyperkalemia 

2. Cardiorespiratory 

a. Apnea 

b. Bradycardia 

c. Hypotension 

d. Hypertension 

e. Hematologic 

f. Thrombocytopenia 

g. Dilutional coagulopathy 

h. Neutropenia 

i. Disseminated Intravascular coagulation 

3. Vascular Catheter Related 

a. Vasospasm 

b. Thrombosis 

c. Embolization 

4. Gastrointestinal 

a. Feeding intolerance 

b. Ischemic injury 

c. Necrotizing enterocolitis 

5. Infection 

a. Omphalitis 

b. Septicemia 
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Choice of blood for exchange transfusion 

 

Rh isoimmunisation: In emergency situation use O Rh negative cells. It is ideal to 

use O Rh negative blood suspended in AB plasma. Cross matched baby’s blood 

group but Rh negative can also be used. ABO incompatibility: Blood group O types 

(Rh compatible) with baby. Ideal is to use blood group O (Rh compatible) 

suspended in AB plasma. Other situations: Cross-matched baby’s blood group and 

give accordingly19,22. 

PHARMACOTHERAPY 

 

Prevention of hemolysis by intravenous immunoglobulin 

 

 The administration of intravenous immunoglobulin is an adjunctive 

treatment for hyperbilirubinemia due to isoimmune hemolytic disease. Its use is 

recommended when serum bilirubin is approaching exchange levels despite 

maximal interventions including phototherapy. Intravenous immunoglobulin (0.5–

1.0g/kg/dose; repeat in 12 h has been shown to reduce the need for exchange 

transfusion in both ABO and Rh hemolytic disease, presumably by reducing 

hemolysis19,22. 
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Inhibitors of bilirubin formation: Metalloporphyrins 

 

 These are structural anologues of the heme molecule in which the central 

iron molecule has been replaced with other metallic ions including tin, zinc, 

manganese and chromium. The metalloporphyrin Sn-mesoporphyrin (SnMP) 

offers promise as a drug candidate. The proposed mechanism of action is by 

competitive enzymatic inhibition of the rate limiting conversion of heme-protein to 

biliverdin (an intermediate metabolite to the production of unconjugated bilirubin) 

by heme-oxygenase. A single intramuscular dose of 6mg/kg on the 1st day of life 

may reduce the need for phototherapy. Complications from metalloporphyrins 

include transient erythema if the infant is receiving phototherapy19,22. 

 

Bilirubin transport: Albumin infusion 

 

 Bilirubin bound to albumin is relatively not harmful, as it cannot diffuse 

across the blood brain barrier. The amount of free bilirubin (unbound) doubles 

when TSB level reaches 15-20mg/dl, quadruples at 25mg/dl and increases 8 folds 

at 30mg/dl. Before an exchange transfusion, one may consider an albumin infusion 

(1g/kg)19,22. 
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Inducers of liver enzymes: phenobarbitone 

 

 Phenobarbitone enhances bilirubin clearance by liver by increasing its 

uptake, increasing the intracellular concentration of ligandin, increasing its 

conjugation by UDPGT and increasing the excretion of conjugated bilirubin by 

increasing bile flow19,22. 

 

 The dose is 2.5 to 5 mg/ kg/ day in two divided doses. The main drawback 

with the use of phenobarbitone is its latent period. It exerts its effect after 1- 3 days 

and adjuvant therapy in the form of phototherapy is usually required in the first 48 

to 72 hours19,22. 

 

Principle of TcB bilirubinometry 

 

 The transcutaneous bilirubin absorbs blue and green light. The Jaundice meter 

determines the yellowness of the subcutaneous tissue by measuring the difference in 

the optical densities for light in the blue (450 nm) and green (550 nm) wavelength 

regions. When the measuring probe is pressed against the sternum or forehead of the 

infant, the built-in xenon lamp flashes. The light from the xenon lamp passes through 

the glass fiber and illuminates the skin. The light scatters and is absorbed in the skin 

and subcutaneous tissue repeatedly, and then finally returns to the sensor side of the 

glass fiber. The denser the transcutaneous bilirubin, the weaker the reflected blue light. 

The reflected green light remains unchanged regardless of the density of the bilirubin.  
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CLINICAL STUDIES 

 

 In the study done by Kurnianto et al, 2016 on 150 babies, it was observed 

that TcB values >5mg/dl correlated with TSB level > 5mg/dl, with 100% sensitivity 

and 83.3% specificity using JM 105. This cut-off point was obtained from a 

receiver-operator characteristic (ROC) curve with AUC 99.3% (95%CI 97.9to 

100%; p<0.001). The correlation coefficient (r) for TSB and TcB measurements on 

the forehead were 0.897(p< 0.001).Thus it was concluded that TSB is useful in 

clinical practice for hyperbilirubinemia as it is a non-invasive method26. 

 

 Varughese et al performed a study on 396 babies in South India comparing 

the reliability of TcB in different skin colored babies using JM 105. The authors 

used colour-coded scales to evaluate reliability of TcB in various skin colours. It was 

observed that the mean TcB was uniformly higher than TSB for all the variables 

evaluated, which included sex, gestational age, birth weight, and growth of the baby 

with an excellent correlation (r = 0.698-0.932). Furthermore, it was also observed 

that TcB had better correlation in light skin tone babies (color code 3) when 

compared with dark skin tone babies (color code 4) with r= 0.874 and r= 0.856 

respectively. The authors concluded that while TcB overestimated the bilirubin 

levels, it had a good correlation with TSB in lighter skin tone babies27. 

 

 Pendse et al performed a study in 30 preterm neonates with jaundice and 

compared transcutaneous bilirubin with total serum bilirubin prior to and 12 hours 
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after initiation of phototherapy. TcB was performed using JM 105 at the level of 

sternum. The authors reported that TcB had good correlation with TSB following 

phototherapy (r=0.918, P<0.001). Furthermore, it was also seen that TcB at 28 to 

32 weeks of gestation (r = 0.97) had better correlated with TSB than those at 32 to 

37 weeks (r =0.88). Similarly, the correlation between TcB and TSB was better for 

neonates <72 hours old (r =0.96) when compared with those >72 hours of age (r = 

0.82). The authors concluded that TcB at the level of sternum has significant 

correlation with TSB in preterm neonates28. 

 

 Surana et al conducted a study in 160 newborns comparing TcB and TSB 

levels in neonates. The mean gestational age in the study was 38.23±2.01 weeks; 

mean birth weight was 2.403±0.61 kg; mean TSB levels were 11.65±4.58 mg/dl 

and mean TcB levels were 11.73±3.53 mg/dl. The study showed positive and 

significant correlation between TcB and TSB measurements (r=0.836, r2=0.69, 

P<0.001). The average error in evaluating hyperbilirubinemia with TcB as 

compared to TSB was 0.856 with limits of agreement between -3.41 to +5.48. The 

AUC at three TSB levels (>10mg/dl, >12 mg/dl, >15 mg/dl) of TcB were 0.899, 

0.937 and 0.963 respectively. ROC analysis showed good sensitivity for all. It was 

observed that specificity reduced with increasing TSB concentration. The authors 

concluded that TcB levels correlated significantly with TSB levels with good 

sensitivity and satisfactory specificity. Thus, TcB can be used as a screening tool 

for evaluation of hyperbilirubinemia in newborns29. 
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 A 4-year prospective observational study was conducted by Olusanya et al 

in 2015 which included 1553 infants with 2107 TcB and TSB measurements to 

compare discrepancies between TcB and TSB measurements. They also compared 

the two models of bilirubunometers (Bilicheck and JM 103) in black African 

population. The authors evaluated the observed divergence of these two 

bilirubinometers amongst black African population. Divergence of findings 

provided by BiliChek and JM-103 were further explored through linear regression 

and Bland-Altman analysis. It was observed that TSB was overestimated by 

≥2 mg/dl in 64.5% babies, ≥3 mg/dl in 42.7% babies, and ≥4 mg/dl in 25.7% of 

babies. Additionally, it was also observed that TSB was underestimated by 

≥2 mg/dl in 1.1% of babies, ≥3 mg/dl in0.5% of babies, and ≥4 mg/dl of babies in 

0.3% recording. It was observed that amongst other things the type of TcB 

instrument used was predictive of overestimation of TSB level. The JM-103 was 

found to have greater imprecision than BiliChek at all TSB levels. The authors 

concluded that BiliChek and JM-103 bilirubinometers significantly overestimated 

TSB levels in black African neonates. This may translate to unnecessary or 

excessive treatment of babies. Therefore, there was need to develop additional 

bilirubin determination devices especially for Africans30. 

 

 Chimhini et al conducted a study in Zimbabwe involving 283 babies in 2015 

to evaluate accuracy of JM 103 for estimating TSB. The authors reported 

significant correlation between TcB (sternum) and TSB (correlation coefficient, r 

= 0.77) and between TcB (forehead) and TSB (r = 0.72). The overall sensitivity for 

TcB sternum was 76%, specificity was 90%, Positive Predictive Value (PPV) was 

70% and Negative Predictive Value (NPV) was 92%. Similarly, the overall 
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sensitivity for TcB (forehead)was 62%, specificity was 95%,PPV was 80% and 

NPV was 90%. The ROC curves showed that both TcB (sternum) and TcB 

(forehead) had good correlation without any statistical difference among them 

(P=0.2954). The authors concluded that there is strong positive correlation for both 

TcB sternum and TcB forehead with serum TSB; however, sternum can be 

considered a better site when compared with forehead31. 

 

 Leite et al conducted a study to compare TcB values using Bilicheck with 

capillary plasma bilirubin levels (Unistat bilirubinometer; Leica) in 200 assays. The 

study evaluated the correlation and agreement between TcB and capillary plasma 

bilirubin levels. The authors also evaluated the effect of gestational age, birth 

weight, postnatal age, skin color, and phototherapy for correlation between TcB 

and capillary plasma bilirubin level. The authors reported a linear correlation 

coefficient of 0.92. ROC curves showed that TcB values of 14 mg/dl had sensitivity 

of 88.2%, specificity of 97.8%, PPV of 78.9%, and NPV of 98.9%. The authors 

concluded that use of TcB using Bilicheck can be considered for capillary plasma 

bilirubin levels up to 14 mg/dl. In values above 14 mg/dl, Bilicheck was suggested 

only for screening purpose32.  

 

 In the study on Tc bilirubinometer in assessment of neonatal jaundice, a good 

correlation was found between TSB levels and TcB over forehead and sternum in 

infants not exposed to phototherapy. The determined action levels for TcB over 

forehead and sternum had a sensitivity of 77.8 to 100% in assessing the need for serum 

bilirubin estimation33. 
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 A strong correlation between plasma and transcutaneous bilirubin assays 

measured in the frontal and sternal regions before phototherapy with narrow 95% 

and 99% confidence intervals was reported by Povaluk et al. It was also reported 

that the covered sternal areas presented the strongest correlation index 24 hours 

after phototherapy (r= 0.86; p < 0.001). The conclusion of the study was that TcB 

measurement of frontal and sternal areas closely correlated with plasma bilirubin 

levels before starting phototherapy in jaundiced infants, while after 24 hours of 

phototherapy, TcB(sternum) measurement showed better correlation34. 

 

 In a study on Turkish newborns, a good correlation between TcB and high 

pressure liquid chromatography bilirubin (HPLC-B) – (r=0.85; 95% CI: 0.76-0.91) 

was observed. However, with a mean error (HPLC-B minus TcB) of 1.845 mg/dl, 

TcB measurements underestimated true serum bilirubin levels as estimated by 

HPLC. Despite having good correlation with HPLC, TcB showed worse 

performance than bilirubinometer and diazo methods at various clinically relevant 

HPLC-B cut off values. The cut-off limits providing a sensitivity of 100% for TcB 

measurements were as follows: TcB ≥9mg/dl for HPLC-B >17, TcB ≥8mg/dl for 

HPLC-B >15 and HPLC-B >13.The conclusion was that TcB could not be 

recommended as a complete substitute for TSB measurements since TcB required 

relatively lower thresholds with false positive results for having a sensitivity of 

100%35. 

 In a systematic review by Nagar et al on the reliability of TcB devices in 

preterm infants, it was reported that 2 TcB devices namely, JM103 and BiliCheck 
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were commonly used. The results were comparable to the forehead site, although 

JM103 device exhibited better correlation at the sternum. Analysis of Bland Altman 

plots in 13 studies revealed negligible bias in measurement at the forehead or 

sternum site by using either of the devices. However, the JM103 device exhibited 

better precision than the BiliCheck (SD for TcB-TSB differences of 24.3 and 31.98 

μmol/L respectively)36. 

 

 In an update on the use of TcB estimation in neonatal hyperbilirubinemia by 

Kaur et al, it was concluded that implementation of universal bilirubin screening 

definitely lowered the incidence of hyperbilirubinemia but was also associated with 

increasing use of phototherapy. While the use of TcB as a non-invasive, painless 

and bloodless method of screening was accepted in term and near term neonates, 

its value in preterm neonates needed to be established. It was further commented 

that TcB cannot be used for making decisions about exchange transfusion and 

phototherapy as the validity of TcB is accepted till 15mg/dl only37. 

 

 Miguel et al reported a statistically significant correlation between TcB and 

TSB (r= 0.81; p< 0.001). The authors found that, with the use of ROC curve, TcB 

level of 13 mg/dl was the optimal cut-off point for detecting need of treatment, with 

a sensitivity of 92.9%, specificity of 62.1%, positive predictive value (PPV) of 39% 

and negative predictive value (NPV) of 97%38. 
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 A comparison between TcB and TSB measurements in term neonates was 

studied and the authors found a high correlation (r= 0.89) between the two 

measurements. The sensitivity and specificity of TcB measurement was 95.1% and 

68% respectively for detection of hyperbilirubinemia39. 

 

 A study done by Sadik et al on the comparison between TSB levels and TcB 

concentration in neonates with jaundice showed that there were no significant 

differences in TSB and TcB before and after phototherapy. The mean TSB levels 

and TcB index before phototherapy was 13.40±2.83 mg/dl and 13.49±3.00 mg/dl 

respectively (P = 0.539). After phototherapy, the mean TSB levels and TCB index 

was 13.00 ±4.40 and 13.06±2.57 mg/dl respectively (P = 0.769). The study 

revealed that TcB estimation was comparable to TSB levels before and after 

phototherapy40. 
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METHODOLOGY 

 

 This study was conducted in Department of Pediatrics at R. L. Jalappa 

Hospital and Research Centre attached to Sri Devaraj Urs Medical College. Eligible 

newborns (n = 151) who fulfilled inclusion and exclusion criteria and those who 

came to this hospital during 1-year period (Jan 1st 2017 to December 31st 2017) were 

prospectively enrolled in the study. The study was approved by the Institutional 

Ethics Committee of Sri Devaraj Urs Medical College. 

 

INCLUSION CRITERIA 

The following were the inclusion criteria: 

1. All term and late preterm neonates referred to the neonatal unit with history of 

jaundice.  

2. All term and late preterm neonates in post-natal wards and NICU with evidence of 

clinical jaundice. 

Term neonate is defined as neonate with gestational age ≥ 37 weeks and late preterm 

neonate is defined as neonate with gestational age of 35 to <37 weeks22. 

EXCLUSION CRITERIA: 

The following were the exclusion criteria: 

1. Neonates with major congenital anomalies 

2. Sick neonates (sepsis, shock, birth asphyxia)  

3. Neonates with evidence of liver disease 

4. Neonates receiving phototherapy 
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5. Neonates who had received blood transfusion/ exchange transfusion 

6. Neonates with skin disorders 

METHOD OF COLLECTION OF DATA 

 

 TcB measurements were made with a Tc bilirubinometer “JM-105” by gently 

pressing against the skin (free of bruises, hair, birth marks and hematoma) over 

forehead and upper end of sternum. The transcutaneous bilirubin absorbs blue and green 

light. The Jaundice meter determines the yellowness of the subcutaneous tissue by 

measuring the difference in the optical densities for light in the blue (450 nm) and green 

(550 nm) wavelength regions. When the measuring probe is pressed against the sternum 

or forehead of the infant, the built-in xenon lamp flashes. The light from the xenon lamp 

passes through the glass fiber and illuminates the skin. The light scatters and is absorbed 

in the skin and subcutaneous tissue repeatedly, and then finally returns to the sensor 

side of the glass fiber. The denser the transcutaneous bilirubin, the weaker the reflected 

blue light. The reflected green light remains unchanged regardless of the density of the 

bilirubin. Bilirubin concentration displayed digitally on the device screen in mg/dl was 

taken as TcB level. A total of four TcB measurements were taken (two over the 

forehead; two over the sternum) and the mean value of each site was recorded. Within 

30 minutes of TcB determination, blood sample was drawn in a plain vial for TSB 

estimation and sent to the laboratory. Precautions were taken to keep the vials away 

from sunlight to prevent photocoagulation. TSB was estimated in the laboratory by 

diazotized sulfanilic test.  

 



39 

 

 Correlation between TSB values and TcB measurements at the two sites in the 

above mentioned groups was determined by applying the SPSS version 21 for statistical 

analysis. Area under the curve and ROC curves were used to compare the two methods. 

Cut-off points for “JM-105” in the study group with desirable sensitivity and specificity 

values for detecting need of treatment was determined. Usefulness of “JM-105” as a 

diagnostic tool was evaluated by sensitivity and specificity. 

 

STATISTICAL ANALYSIS 

 

 The measurable variables were analyzed and interpreted between them by the 

student’s t test and the ordinal and categorical variables between them were interpreted 

by Chi- square (χ2) test. The risk factors were interpreted by binary logistic regression. 

The predictive value of incidence was estimated by the ROC curve. The statistical 

procedures were performed with the help of an SPSS statistical package (ver 21). P 

value less than 0.05 (P<0.05) was considered as statistically significant 
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RESULTS 

 

 This observational clinical study consisted of 151 newborns with jaundice. 

Table 2 gives gender wise distribution of jaundice. There were 58 females (38.4%) 

and 93 males (61.6%) with a male-to-female ratio of 1.6:1 (Figure 4). 

 

Table 2. Gender-wise Distribution of Cases with Neonatal Jaundice 

Gender Frequency Percent 

Female 58 38.4 

Male 93 61.6 

Total 151 100.0 

 

 

Figure 4. Pie chart depicting gender-wise distribution of cases with neonatal jaundice. 
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 The gestational age ranged from 34 to 42 weeks (mean 38.36 ± 1.3 weeks) with 

bodyweight ranging from 2100 g to 3920 g (mean 2825 g ± 477 g). The TSB levels 

ranged between 5.20 mg/dl to 21.40 mg/dl (mean 12.35 ± 2.47 mg/dl). The range for 

various TcB readings at forehead and sternum are shown in Table 3with forehead 1 

depicting 1stTcB value and forehead 2 depicting second TcB value at forehead. 

Similarly, 1st sternum measurement was depicted as sternum 1 and 2nd sternal 

measurement as sternum 2. The range of TcB values at forehead 1 was 6.2 to 22.40 

mg/dl, forehead 2 was 6 to 22.2 mg/dl, sternum 1 was 5.5 to 21.8 mg/dl and sternum 2 

was 5.4 to 21.5 mg/dl.  

 

Table 3. Baseline Characteristics in Newborns. 

Parameters N Minimum Maximum Mean SD 

Weight 151 2.10 3.92 2.8254 .47716 

Gestational Age 151 34.00 42.00 38.3642 1.31394 

TSB level (in mg/dl) 151 5.20 21.40 12.3523 2.47302 

TCB level forehead 1 (mg/dl) 151 6.20 22.40 13.0172 2.67112 

TCB level forehead 2(mg/dl) 151 6.00 22.20 13.0397 2.68490 

TCB level sternum 1(mg/dl) 151 5.50 21.80 12.7834 2.63582 

TCB level sternum 2(mg/dl) 151 5.40 21.50 12.7318 2.59637 

N = no of patients; SD = standard deviation; TCB = transcutaneous bilirubin; TSB = total serum 

bilirubin; TCB forehead 1 = first reading at forehead by TCB; TCB forehead 2 = second reading at 

forehead by TCB; TCB sternum 1 = first reading at sternum by TCB; TCB 2 = second reading at 

sternum by TCB 
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Table 4. Frequency of Neonates with Jaundice in Relation to Maternal Blood Group. 

Maternal Blood Group Frequency Percent 

A Positive 29 19.2 

AB Positive 8 5.3 

B Negative 6 4.0 

B Positive 48 31.8 

O Positive 60 39.7 

Total 151 100.0 

 

 

Figure 5. Percentage of neonates with  jaundice in relation to maternal blood group. 

 

 It can be seen from Table 4 and Figure 5 that O positive was the commonest 

maternal blood group associated with jaundice in 60 babies (39.7%) followed by B 

positive in 31.8% (n = 48), A positive in 19.2% (n = 29), AB positive in 5.3% (n = 8) 

and lastly B negative in 4% (n = 6).   
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Table 5. Distribution of Neonates with Jaundice in Relation to Neonatal Blood Group. 

Baby Blood Group Frequency Percent 

A Negative 1 0.7 

A Positive 29 19.2 

AB Positive 8 5.3 

B Negative 2 1.3 

B Positive 43 28.5 

O Negative 2 1.3 

O Positive 66 43.7 

Total 151 100.0 

 

 

Figure 6. Distribution of neonates with jaundice in relation to neonatal blood group. 

 

 Table 5 and Figure 6 depict the relationship between jaundice and neonatal 

blood group. The commonest neonatal blood group associated with jaundice was O 

positive (43.7%) followed by B positive (28.5%), A positive (19.2%), AB positive 

(5.3%),O negative (1.3%), B negative (1.3%) and A negative (0.7%) 
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Table 6. Distribution of Cases with Neonatal Jaundice Based on Site of Appearance 

Site of appearance Frequency Percent 

Abdomen 9 6.0 

Chest 1 0.7 

Limbs 102 67.55 

Palms/soles 39 25.83 

Total 151 100.0 

 

 

Figure 7. Distribution of cases with neonatal jaundice based on site of appearance. 

 

 It can be seen from Table 6 and Figure 7 that limbs were the commonest site for 

appearance of jaundice in 102 babies (67.55%) followed by palms/soles 

(n = 39; 25.8%), abdomen (n = 9; 6%), and chest (n = 1;0.7 %). 
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Table 7. Distribution of Cases of Neonatal Jaundice According to Gestation and Birth 

Weight 

Study group Frequency Percent 

Late Preterm AGA 13 8.61 

Late Preterm SGA 2 1.32 

Term AGA 127 84.11 

Term SGA 9 5.96 

Total 151 100.0 

AGA = appropriate for gestational age; SGA = small for gestational age 

 

 

Figure 8. Distribution of cases of neonatal jaundice according to gestation and birth 

weight. 

 Table 7 and Figure 8 depict the distribution of cases of neonatal jaundice 

according to gestation and birth weight. Term/AGA (appropriate for gestational age) 

was the commonest group associated with neonatal jaundice in 127 babies (84.1%) 

followed by Late Preterm/AGA (n = 13; 8.61%), Term/SGA (n = 9; 5.96%) and Late 

Preterm/SGA (n = 2; 1.32%).  
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Table 8. Comparison between TSB Levels and TcB Levels on Forehead and Sternum 

Group Statistics  

 Group N Mean SD t-

statisti

c 

P value 

Score TSB 151 12.3523 2.47302 -2.283 0.023 (S) 

TcB Forehead 151 13.0285 2.66756 

Score TSB 151 12.3523 2.47302 -1.387 0.167 

(NS) TcB Sternum 151 12.7576 2.60471 

N = number of patients, NS = not significant; S = significant; TcB = transcutaneous bilirubin; TSB = total 

serum bilirubin; all values in mg/dl 

 

 Table 8 shows the mean serum bilirubin with TSB levels and TcB levels (over 

forehead and sternum). The mean TSB level was 12.3523 mg/dl with a standard 

deviation of 2.47302 mg/dl. The mean TcB forehead value was 13.0285 mg/dl with a 

standard deviation of 2.66756 mg/dl. Mean TcB level over sternum was 12.7576 mg/dl 

with a standard deviation of 2.60471 mg/dl. The difference between TSB and TcB 

(forehead) levels was statistically significant (P = 0.23). However, the difference 

between TSB and TcB (sternum) levels was not statistically significant (P = 0.167). 

This shows that TcB sternum correlates closely with TSB. Although the difference 

between TcB forehead and TSB was significant, numerically, the values were similar. 

 



47 

 

Table 9. Comparison between TcB Values Over Forehead and Sternum 

Paired Samples Statistics N Mean SD Paired t-

test 

statistic 

P-value 

Pair 

1 

TcB level forehead 1 151 13.0172 2.67112 -0.585 0.559 

(NS) TcB level forehead 2 151 13.0397 2.68490 

Pair 

2 

TcB level sternum 1 151 12.7834 2.63582 1.298 0.196 

(NS) TcB level sternum2 151 12.7318 2.59637 

N = No of patients; NS = not significant; SD = standard deviation; TcB transcutaneous bilirubin; all 

values in mg/dl 

 

 Table 9 shows comparison between TcB levels over forehead 1 and forehead 2 

and TcB levels between sternum 1 and sternum 2. The mean TcB levels at forehead 1 

and 2 were 13.0172 ± 2.67112 mg/dl (mean ± SD) and 13.0397 ± 2.6849 mg/dl (mean 

± SD), which was not statistically different (P = 0.559). Similarly, the mean TcB levels 

at sternum 1 and 2 were 12.7834 ± 2.635 mg/dl (mean ± SD) and 12.7318 ± 2.596 mg/dl 

(mean ± SD), again the difference was not statistically significant (P = 0.196).This 

suggests that there is no significant difference between the various TcB values taken 

over forehead and various TcB values taken over sternum. This could also indicate that 

a single TcB reading at sternum or forehead may be sufficient. 
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Table 10. Karl Pearson’s Correlation Coefficient between TSB level and TcB levels 

TCB Levels 2 sides TSB level 

N Pearson’s Coefficient P value 

TCB level forehead 1 151 .922 .000* 

TCB level forehead 2 151 .927 .000* 

TCB level sternum 1 151 .935 .000* 

TCB level sternum 2 151 .946 .000* 

*Correlation is significant at the 0.01 level (2-tailed). 

 

 Table 10 shows the Karl Pearson’s correlation coefficients between TSB levels 

with two set of TcB levels over forehead and sternum. It can be seen that there is a 

strong correlation between TSB levels and that of TcB levels over forehead and TcB 

levels over sternum. The P-value is significantly correlated at 99 percent level of 

significance. This suggests that TcB levels at individual sites correlate with TSB levels. 

Figure 9 shows the scatter diagrams showing significant correlation between TSB levels 

and TcB levels at individual sites (forehead 1, forehead 2, sternum 1 and sternum 2). 
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Figure 9. Scatter diagrams showing correlation between TSB level and individual TcB 

levels. A) Correlation between TSB level and TcB level forehead 1. B) Correlation 

between TSB level and TcB level forehead 2. C) Correlation between TSB level and 

TcB level sternum 1. D) Correlation between TSB level and TcB levels over sternum 2. 

 

 Figure 9 shows correlation TSB levels and individual TcB levels. There was 

strong linear correlation of approximately 92.2% between TSB level and TcB level 

forehead 1 (Figure 9-A). There was also strong linear correlation of approximately 

92.7% between TSB level and TcB level forehead 2 (Figure 9-B). Similarly, there was 

strong linear correlation of approximately 93.5% between TSB level and TcB level 

sternum 1 (Figure 9-C). Lastly, a strong linear correlation of approximately 94.6% was 

found between TSB level and TcB levels over sternum 2 (Figure 9-D). It can be inferred 
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from the ROC curves that individual TcB measurements over sternum and forehead 

correlate well with TSB values. Thus, any single value of TcB can be considered 

significant. 

 

 

Figure 10. ROC curves for TcB levels at forehead 1, forehead 2, sternum 1 and sternum 

2.  
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Table 11. Area Under Curve Statistics for TcB Level at Forehead 1, Forehead 2, 

Sternum 1 and Sternum 2. 

Test Result 

Variable(s) 

Area Std. 

Errora 

Asymptotic 

Sig.b 

Asymptotic 95% CI 

Lower 

Bound 

Upper 

Bound 

TcB level forehead 1 .892 .028 .000 .836 .947 

TcB level forehead 2 .891 .029 .000 .834 .949 

TcB level sternum 1 .909 .026 .000 .858 .959 

TcB level sternum 2 .918 .024 .000 .870 .965 

The test result variable(s): TcB level forehead 1, TcB level forehead 2, TcB level 

sternum 1, and TcB level sternum 2 has at least one tie between the positive actual 

state group and the negative actual state group. 

aUnder the nonparametric assumption 

bNull hypothesis: true area = 0.5 

 

 Table 11 shows area under curve statistics for the TcB measurements done at 

different sites viz. forehead 1, forehead 2, sternum 1 and sternum 2. The AUC for 

forehead 1 was 0.892 (95% CI: 0.836 to 0.947), AUC for forehead 2 was 0.891 (95% 

CI: 0.834 to 0.949), AUC for sternum 1 was 0.909 (95% CI: 0.858 to 0.959) and AUC 

for sternum 2 was 0.918 (95% CI: 0.870 to 0.965). 
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Table 12. Co-ordinates of Curve Representing optimum values of two set of TCB 

forehead and two set of TCB sternum 

Test Result Variable(s) Positive if ≥ Toa Sensitivity 1 - Specificity 

TCB level forehead 1 12.9000 .866 .179 

TCB level forehead 2 13.4500 .836 .131 

TCB level sternum 1 13.2000 .806 .119 

TCB level sternum 2 12.8500 .851 .143 

The test result variable(s): TCB level forehead 2, TCB level sternum 1, TCB level sternum 2 has 

at least one tie between the positive actual state group and the negative actual state group. 

 

aThe smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff 

value is the maximum observed test value plus 1. All the other cutoff values are the averages of 

two consecutive ordered observed test values. 

 

All values in mg/dl 

 

 Table 12 shows the optimal cut off values for individual TcB measurements at 

forehead 1, forehead 2, sternum 1 and sternum 2, which show high sensitivity and 

specificity. ROC curves (Figure 10) suggested the cutoff values of sensitivity and 

specificity for two TcB level of forehead and two TcB level of sternum. It was found 

the that sensitivity for TcB level of first forehead was approximately 86.6% and 

specificity with 82.1% (cut off value 12.9 mg/dl) and for TcB level of second forehead 

is approximately 83.6% and specificity with 87.9% (cut off value 13.45 mg/dl). The 

sensitivity and specificity for TcB level of sternum first was 80.6% and 88.1% 

respectively (cut off value 13.2 mg/dl). The sensitivity and specificity for TCB level of 

sternum second was 85.1% and 85.7% respectively (cut off value 12.85 mg/dl). This 

suggests that TcB measurement at sternum and forehead have high sensitivity and 

specificity comparable with TSB measurements for diagnosis of neonatal jaundice. 
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Figure 11. ROC curves for TSB level and average TcB levels at (A) forehead and (B) 

sternum.  
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Figure 12. Scatter diagram showing linear correlation between TcB levels at sternum 

and TcB levels at forehead.  

 

 TcB values at the sites of sternum and forehead were compared (Figure 12). 

There was a strong linear correlation of 0.960 (Pearson correlation at 5% level of 

significance) between average TcB values at sternum and forehead. This suggested that 

there was no significant difference between TcB values taken at sternum and forehead. 
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Table 13. Comparison Between Average TcB levels at Forehead and Sternum with 

Gestational Age Group. 

Average TcB 

level 

Gestational Age 

Group 

N Mean SD Significance 

Forehead 34 - <37 Weeks 15 13.2338 2.25011 P = 0.612 

(NS) ≥37 Weeks 136 12.9688 2.78304 

Sternum 34 - <37 Weeks 15 12.9235 2.19891 P = 0.675 

(NS) ≥37 Weeks 136 12.7094 2.71792 

 

 Table 13 shows the comparison between average TcB levels over forehead and 

sternum and the correlation with gestational age group. It can be seen from the table 

that there was no statistically significant difference between average TcB levels over 

forehead in gestational age group of <37 weeks and ≥ 37 weeks (P = 0.612). Similarly, 

there was no statistically significant difference between average TcB levels over 

sternum in gestational age group of <37 weeks and ≥ 37 weeks (P = 0.675). This shows 

that there was no statistically significant difference in TcB levels at sternum or forehead 

and there was also no statistically significant difference between TcB levels based on 

gestational age. 
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Table 14. Association of Gestational Age and Phototherapy Status 

Gestational 

Group 

 Intervention Total 

No 

Phototherapy 

Phototherapy 

Given 

34 – <37 Weeks Count 7 8 15 

% of Total 4.64% 5.30% 9.93% 

≥ 37 Weeks Count 77 59 136 

% of Total 50.99% 39.07% 90.07% 

Total Count 84 67 151 

% of Total 55.60% 44.40% 100.00% 

 

 As seen in Table 14 Phototherapy was given to 67 babies (44.4%) in our study. 

It was observed that 8 babies of total 15 babies with gestational age 34 to 37 weeks 

received phototherapy (53.33%) and 59 babies of total 136 babies (43.38%) with 

gestational age ≥ 37 weeks received phototherapy. There was no statistically significant 

difference in terms of gestational age and phototherapy (P = 0.461). 
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Figure 13. Comparison between average TcB values at (A) forehead and (B) sternum 

with TSB level in neonates undergoing phototherapy. 

 

 Figure 13 shows correlation between average TcB values at the level of 

forehead and sternum with average TSB levels in neonates who underwent 

phototherapy. There was a strong linear positive linear correlation between average 

TSB values with average TcB values over forehead (Karl Pearson’s correlation value 

0.911) and average TSB value with average TcB values over sternum (Karl Pearson’s 

correlation value 0.901).  
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Figure 14. Area under curve statistics comparing average TcB values over forehead and 

sternum with TSB values in neonates undergoing phototherapy. 

 

 Figure 14 shows AUC plot comparing average TcB values over forehead and 

sternum with TSB values in neonates undergoing phototherapy. The AUC for average 

TcB values over forehead was 0.891 (95% CI: 0.835 to 0.948) when compared with 

TSB levels, which showed strong correlation between TcB value over forehead with 

TSB levels. Similarly, the AUC for average TcB values over sternum was 0.916 (95% 

CI: 0.869 to 0.963), suggestive of strong correlation between TcB value over sternum 

with TSB levels. 
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Table 15. Overall Values of TSB, TcB (Forehead) and TcB (Sternum) to Beyond Which 

Phototherapy is Indicated 

Test Result Variable(s) Positive if Greater 

Than or Equal Toa 

Sensitivity Specificity 

Average TcB level forehead 12.0000 .910 .667 

TSB level 11.3500 .940 .665 

Average TcB level sternum 11.9750 .925 .774 

TSB level 11.7500 .925 .810 

aThe smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff value is 

the maximum observed test value plus 1. All the other cutoff values are the averages of two 

consecutive ordered observed test values. 

 

 Overall, it was observed that average TcB level ≥ 12.00 mg/dl at forehead 

showed sensitivity of 91% and specificity of 66.7%beyond which phototherapy is 

indicated, whereas TSB level ≥ 11.35 mg/dl showed sensitivity of 94% and specificity 

of 66.5% for the same. Similarly, average TcB level ≥ 11.975 mg/dl at sternum showed 

sensitivity of 92.5% and specificity of 77.4% beyond which phototherapy is indicated 

and TSB level of ≥ 11.75 mg/dl showed sensitivity of 92.5% and specificity of 81% for 

the same. It was concluded that average TcB level ≥ 11.975 mg/dl at the level of 

sternum and TcB level ≥ 12.00 mg/dl at the level of forehead is highly sensitive and 

specific for diagnosis of neonatal jaundice, beyond which phototherapy is indicated and 

is comparable to TSB levels (Figure 11 and Table 15). 
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DISCUSSION 

 

 Hyperbilirubinemia is the most common condition requiring evaluation and 

treatment in newborns13.Neonatal hyperbilirubinemia is a frequent problem as neonatal 

jaundice affects 60% of full-term infants and 80% of preterm infants in the first three 

days of life. Although transient, the condition accounts for up to 75% of hospital 

readmission in the first week after birth15.TcB measurement as a screening tool for 

estimation of neonatal hyperbilirubinemia is based on assumption that serum and tissue 

bilirubin are in constant equilibrium16.TcB works by determining the intensity of 

specific wave length bands which are reflected from the skin of neonate16. 

 

 In our study of 151 patients we compared the efficacy of TcB at the level of 

forehead and sternum with TSB, which is the currently accepted standard technique for 

determining serum bilirubin.  

 

 In our study there were 58 females (38.4%) and 93 males (61.6%) with a male 

to female ratio 1.6:1. Our results are similar to data reported by Kurnianto et al, who in 

their study of 150 Asian origin infants also reported similar distribution of male and 

female infants (54.7% and 45.3% respectively)26. A similar observation was also made 

by Varughese et al27 and Surana et al29. 
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 The gestational age ranged from 35 to 42 weeks (mean 38.36 ± 1.3 weeks) with 

bodyweight ranging from 2100 g to 3920 g (mean 2825 g ± 477 g). 

 

 Our results are comparable to findings reported by Olusanya et al, who reported 

the average gestational age to be 38.18 ± 1.62 weeks30. Surana et al also reported mean 

gestational age of 38.23 ± 2.01 weeks29. A similar birthweight was also reported by 

Varughese et al and Kurnianto et al26,27. Surana et al however reported a mean lower 

birthweight in their study (2.403 ± 0.61 kg)29. 

 

 O positive was the commonest maternal blood group associated with neonatal 

jaundice in 60 babies (39.7%) followed by B positive (n = 48; 31.8%), A positive (n = 

29; 19.2%), AB positive (n = 8; 5.3%) and lastly B negative (n = 6; 4%).  

 

 The higher percentage of maternal blood group O and B are not surprising 

considering O positive is the commonest blood group in general population. A 

multicentric study by Agrawal et al showed that O is the commonest blood group among 

south Indians (38.99%) followed by B (33.07%), A (20.68%) and lastly AB (6.25%). 

The percentage of Rh-negative cases is very less (6.08%) among south Indians41. 

 

 In our study, the TSB levels ranged between 5.20 mg/dl and 21.40 mg/dl (mean 

12.35 ± 2.47 mg/dl). The range of TcB values at forehead 1 was 6.2 to 22.40 mg/dl, 
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forehead 2 was 6 to 22.2 mg/dl, sternum 1 was 5.5 to 21.8 mg/dl and sternum 2 was 5.4 

to 21.5 mg/dl. 

 

 Our findings are slightly different from study performed by Surana et al, who 

reported TSB levels ranging from 4.9 to 21 mg/dl and TcB levels ranging from 3.9 to 

19.5 mg/dl29. However, Chimhini et al reported a wide variability in neonatal bilirubin 

levels with TSB (range 4.96 to 23.85 mg/dl), TcB forehead (9.93 to 31.8 mg/dl) and 

TcB sternum (6.95 to 29.81 mg/dl). The wide variation could be attributed to the 

different patient ethnicity in the Chimhini study, which was conducted in Zimbabwe31. 

Additionally, these studies used JM 103 as opposed to JM 105, used in our study29,31. 

The older version could also be the culprit showing wide variability in TcB values. JM 

105 has been reported to eliminate the interfering factors that affect spectral reflectance 

from skin such as skin pigmentation and dermal maturity. Kurnianto et al, reported TSB 

range from 4.15 to 21.66 mg/dl, TcB forehead range from 4.03 to 19.5 mg/dl and TcB 

sternum range from 4.3 to 19.83 mg/dl, which was performed using JM 105. They also 

reported good correlation with TSB and TcB at forehead and sternum (correlation 

coefficient, r = 0.897 and 0.891 respectively, P< 0.01), which could be attributed to use 

of JM 10526. 

 

 In our study, jaundice was more common in term/AGA babies (84.11%) 

followed by late preterm/AGA babies (8.61%), term/SGA babies (5.96%) and lastly 

late preterm/SGA babies (1.32%). 
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 Surana et al also reported majority of term babies in their studies (n = 129/160; 

80.625%) and remaining babies were preterm29. Varughese et al also found that 

incidence of hyperbilirubinemia was more common among AGA babies (n = 396; 

88%), followed by SGA (n = 52; 11.6%) and lastly LGA (large for gestational age) in 

2 babies (n = 0.2%; negligible)27. This is important considering this study was 

performed in South Indian population.  

 

 The serum bilirubin levels as per TSB were 12.3523 ± 2.47302 mg/dl (mean ± 

SD), per TcB forehead was 13.0285 ± 2.66756 mg/dl (mean ± SD) and per TcB sternum 

was 12.7576 ± 2.60471 mg/dl (mean ± SD). The difference between TSB and TcB 

forehead levels was statistically significant (P = 0.23), whereas the difference between 

TSB and TcB sternum was not statistically significant (P = 0.167). This shows that TcB 

sternum correlates closely with TSB. Although the difference between TcB forehead 

and TSB was significant, numerically, the values were similar. 

 

 Our findings are similar to that reported by Ho et al, who reported a higher 

correlation with TcB at sternum to TSB levels (coefficient 0.814) when compared with 

TcB at forehead to TSB levels (coefficient 0.718)42. Pendse et al in their study also 

reported excellent correlation with TcB at sternum using JM105 and TSB levels 

(P<0.001)28. 
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 There was no statistically significant difference between average TcB levels 

over forehead in gestational age group of <37 weeks and ≥ 37 weeks (P = 0.612). 

Similarly, there was no statistically significant difference between average TcB levels 

over sternum in gestational age group of <37 weeks and ≥ 37 weeks (P = 0.675). This 

shows that there was no statistically significant difference in TcB levels at sternum or 

forehead and there was also no statistically significant difference between TcB levels 

based on gestational age. There was also no statistically significant difference between 

gestational age and phototherapy. There was a strong linear positive linear correlation 

between average TSB values with average TcB values over forehead (Karl Pearson’s 

correlation value 0.911) and average TSB value with average TcB values over sternum 

(Karl Pearson’s correlation value 0.901). 

 

 Overall, it was observed that average TcB level ≥ 12.00 mg/dl at forehead 

showed sensitivity of 91% and specificity of 66.7% beyond which phototherapy is 

indicated, while TSB level ≥ 11.35 mg/dl showed sensitivity of 94% and specificity of 

66.5% for the same. Similarly, average TcB level ≥ 11.975 mg/dl at sternum showed 

sensitivity of 92.5% and specificity of 77.4% beyond which phototherapy is indicated 

and TSB level of ≥ 11.75 mg/dl showed sensitivity of 92.5% and specificity of 81% for 

the same. It was concluded that average TcB level ≥ 11.975 mg/dl at the level of 

sternum and TcB level ≥ 12.00 mg/dl at the level of forehead is highly sensitive and 

specific for diagnosis of neonatal jaundice, beyond which phototherapy is indicated and 

is comparable to TSB levels. 
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 Different studies have reported good correlation coefficient (r) between TcB 

and TSB from 0.87 to 0.92 in babies with neonatal jaundice29. 

 

 It is also interesting to note that TcB and TSB may evaluate different 

physiologic changes. While TcB determines the bilirubin that has migrated from serum 

into tissue, laboratory-based methods such as TSB determine the bilirubin circulating 

in blood. It is therefore possible that TcB can provide additional information provided 

by TSB; however, this hypothesis is yet to be proven26. 

 

 Our study had certain limitations. It was performed in a single tertiary care 

hospital and not population-based study. We also did not include babies undergoing 

phototherapy, which would have demonstrated the performance of TcB at forehead and 

sternum with TSB levels in these babies. We also did not evaluate the performance of 

JM 105 in children with skin disorders as we hypothesized that it could affect the 

spectral reflectance and alter the results. 
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CONCLUSION 

 

 We conclude that average TcB level ≥ 11.975 mg/dl at the level of sternum and 

TcB level ≥ 12.00 mg/dl at the level of forehead is highly sensitive and specific for 

diagnosis of hyperbilirubinemia and is comparable to TSB. TcB at the level of sternum 

and forehead can be considered as an accurate non-invasive tool for diagnosis and 

estimation of neonatal hyperbilirubinemia. Furthermore, it is easy to perform and 

presents little clinical challenge in day-to-day practice. 
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SUMMARY 

 

 Hyperbilirubinaemia, presenting as jaundice, is a ubiquitous and frequently 

benign condition in newborn babies. Mostly about 85% of term newborns and 

premature infants develop jaundice. Newborn jaundice occurs in up to 85% of all 

live births. In the absence of haemolysis, sepsis, birth trauma or prematurity, it usually 

resolves within 3–5 days without significant complications. However, epidemiological 

evidence suggests that severe neonatal jaundice results in substantial morbidity and 

mortality. Visual assessment of neonatal jaundice is known to be unreliable and 

determination of serum bilirubin (SB) is, after the routine screening for inborn errors, 

the most frequent reason for blood draws in neonates. Although the use of 

transcutaneous bilirubin (TcB) measurement is a valid method for determination of the 

severity of jaundice and is used in increasing frequency, its use is still not widespread 

worldwide yet. Recently, it has been shown that the use of TcB can be applied reliably 

in preterm infants with gestational age of 28 to 35 weeks as well, emerging the question 

of what reduction in blood draws can be achieved in this group of neonates. 

 

 This study was performed to measure TSB by using lab method, to measure 

TcB by using JM -105 bilirubinometer, to compare the values of both methods and to 

establish cut off values using JM-105. 

 

 The cross-sectional observational study was conducted in the postnatal wards 

and NICU of R. L. Jalappa Hospital & Research Centre, Kolar for a period of one year 
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from Jan 1st 2017 to December 31st 2017. Neonates with clinical jaundice fulfilling the 

inclusion criteria were enrolled in the study after obtaining informed consent from the 

parents. A detailed correlation between TSB values and TcB measurements at the two 

sites in forehead and sternum were evaluated. Study subjects were divided into 4 groups 

based on weight and gestational age as follows: term appropriate for gestational age 

(AGA), term small for gestational age (SGA), preterm AGA and preterm SGA. TcB 

measurements were made with a Tc bilirubinometer “JM-105” by gently pressing 

against the skin (free of bruises, hair, birth marks and hematoma) over forehead and 

upper end of sternum. The jaundice meter determines the yellowness of the 

subcutaneous tissue by measuring the difference in the optical densities for light in the 

blue (450 nm) and green (550 nm) wavelength regions. Bilirubin concentration was 

displayed digitally on the device screen in mg/dl. A total of 4 TcB measurements were 

taken (two over the forehead; two over the sternum) and the mean value of each site 

was recorded. Within 30 minutes of TcB determination, blood sample was drawn in a 

plain vial for TSB estimation and sent to laboratory. Precautions were taken to keep the 

vials away from sunlight to prevent photocoagulation. TSB was estimated in the 

laboratory by diazotized sulfanilic test. Correlation between TSB values and TcB 

measurements at the two sites were performed. Cut-off points for “JM-105” with 

desirable sensitivity and specificity values for detecting need of treatment were 

determined.  

 

 Usefulness of “JM- 105” as a diagnostic tool was evaluated by sensitivity and 

specificity. The inclusion criteria were all newborns referred to the neonatal unit with 

history of jaundice and neonates in postnatal wards and NICU with evidence of clinical 

jaundice. The exclusion criteria were neonates with major congenital anomalies, sick 
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neonates (sepsis, shock, and birth asphyxia), neonates with evidence of liver disease, 

neonates receiving phototherapy, neonates who have received blood transfusion/ 

exchange transfusion and neonates with skin disorders.  

 

 The measurable variables were analyzed and interpreted between them by the 

student’s t test and the ordinal and categorical variables between them were interpreted 

by Chi- square (χ2) test. The predictive value of TcB values when compared with TSB 

values was estimated by the ROC curve. P-value of less than 0.05 (P<0.05) was 

considered as statistically significant. 

 

 The gestational age ranged from 35 to 42 weeks (mean 38.36 ± 1.3 weeks) with 

bodyweight ranging from 2100 g to 3920 g (mean 2825 g ± 477 g). The TSB levels 

ranged between 5.20 mg/dl to 21.40 mg/dl (mean 12.35 ± 2.47 mg/dl). The range of 

TcB values at forehead 1 was 6.2 to 22.40 mg/dl, forehead 2 was 6 to 22.2 mg/dl, 

sternum 1 was 5.5 to 21.8 mg/dl and sternum 2 was 5.4 to 21.5 mg/dl. 

 

 Limbs were the commonest site of appearance associated with 

hyperbilirubinemia in 102 babies (67.55%) followed by palms/soles (n = 39; 25.8%), 

abdomen (n = 9; 6%), and lastly chest (n = 1; 0.7 %). 

 In our study, jaundice was more common in term/AGA babies (84.11%) 

followed by late preterm/AGA babies (8.61%), term/SGA babies (5.96%) and lastly 

late preterm/SGA babies (1.32%). 
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 The mean serum bilirubin levels with TSB and TcB (forehead and sternum) 

were compared. The serum bilirubin levels as per TSB were 12.3523 ± 2.47302 mg/dl 

(mean ± SD), per TcB forehead was 13.0285 ± 2.66756 mg/dl (mean ± SD) and per 

TcB sternum was 12.7576 ± 2.60471 mg/dl (mean ± SD). The difference between TSB 

and TcB forehead levels was statistically significant (P = 0.23), whereas the difference 

between TSB and TcB sternum was not statistically significant (P = 0.167). This shows 

that TcB sternum correlates closely with TSB. Although the difference between TcB 

forehead and TSB was significant, numerically, the values were similar. 

 

 The mean TcB levels at forehead 1 and 2 were 13.0172 ± 2.67112 mg/dl (mean 

± SD) and 13.0397 ± 2.6849 mg/dl (mean ± SD), which was not statistically different 

(P = 0.559). Similarly, the mean TcB levels at sternum 1 and 2 were 12.7834 ± 2.635 

mg/dl (mean ± SD) and 12.7318 ± 2.596 mg/dl (mean ± SD), again the difference was 

not statistically significant (P = 0.196). 

 

 The Karl Pearson’s correlation coefficients between TSB levels with two set of 

TcB levels of forehead and sternum were compared. It can be seen that there is a strong 

correlation between TSB levels with that of TcB levels of forehead and TcB levels of 

sternum. The P-value is significantly correlated at 99 percent level of significance. This 

suggests that TcB levels at individual sites correlate with TSB levels. There was 

significant correlation between TSB levels and TcB levels at individual sites (forehead 

1, forehead 2, sternum 1 and sternum 2). 
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 The optimal cut off values for individual TcB measurements at forehead 1, 

forehead 2, sternum 1 and sternum 2, which show high sensitivity and specificity. ROC 

curve suggested the cutoff values of sensitivity and specificity for two TCB level of 

forehead and two TCB level of sternum, it is found the that sensitivity for TCB level of 

first forehead is approximately 86.6% and specificity with 82.1% (cut off value 12.9 

mg/dl) and for TCB level of second forehead is approximately 83.6% and specificity 

with 87.9% (cut off value 13.45 mg/dl).The sensitivity and specificity for TCB level of 

sternum first is 80.6% and 88.1% respectively (cut off value 13.2 mg/dl). The sensitivity 

and specificity for TCB level of sternum second is 85.1% and 85.7% respectively (cut 

off value 12.85 mg/dl). This suggests that TcB measurement at sternum and forehead 

have high sensitivity and specificity comparable with TSB measurements for diagnosis 

of neonatal jaundice. 

 

 Overall, it was observed that average TcB level ≥ 12.00 mg/dl at forehead 

showed sensitivity of 91% and specificity of 66.7% beyond which phototherapy is 

indicated, while TSB level ≥ 11.35 mg/dl showed sensitivity of 94% and specificity of 

66.5% for the same. Similarly, average TcB level ≥ 11.975 mg/dl at sternum showed 

sensitivity of 92.5% and specificity of 77.4% beyond which phototherapy is indicated 

and TSB level of ≥ 11.75 mg/dl showed sensitivity of 92.5% and specificity of 81% for 

the same. It was concluded that average TcB level ≥ 11.975 mg/dl at the level of 

sternum and TcB level ≥ 12.00 mg/dl at the level of forehead is highly sensitive and 

specific for diagnosis of neonatal jaundice, beyond which phototherapy is indicated and 

is comparable to TSB levels. 
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 We concluded that average TcB level ≥ 11.975 mg/dl at the level of sternum 

and TcB level ≥ 12.00 mg/dl at the level of forehead is highly sensitive and specific for 

diagnosis of hyperbilirubinemia and is comparable to TSB. TcB at the level of sternum 

and forehead can be considered as an accurate non-invasive tool for diagnosis and 

estimation of neonatal hyperbilirubinemia. Furthermore, it is easy to perform and 

presents little clinical challenge in day-to-day practice. 
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Proforma for Thesis 

1. Name: …………………………………. IP No: ……………………………………     

2. Gender: M / F: ……………………………………………         

3. DOB/ TOB: ………………………………………………………………………………                                                                    

4. Age of baby at the time of investigation for jaundice (in days of life & hours): 

…………………………………………………………………………. 

5. Mother’s blood group and typing: ……………………………………………………….. 

6. Mode of delivery: NVD/ LSCS/Assisted Delivery: …………………………………. 

7. Exclusively breast feeding: Yes / No 

8. Birth Weight (in g): ……………………………………………            

9. Gestational Age (Ballard scoring): …………………………………………..   

10. Baby’s blood group and typing: ………………………………………………. 

11. Age at appearance of clinical jaundice (in days of life and hours): 

……………………………………………………. 

12. Site of appearance of clinical jaundice: 

          Face / Chest / Abdomen/ Limbs /Palms and Soles. 

13. Study Group: 

          Term AGA/ Term SGA/Preterm AGA /Preterm SGA 

14. TSB Level:  ………………………………………   ( mg/dl ) 

15. TcB Measurement: 

    Forehead: 1st reading (a): ……………………………………            

         2nd reading (b): …………………………………….                     
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        Mean (y): a+b/2: ………………………………………. 

    Sternum:  

1st reading (c): …………………………………………………..            

2nd reading (d): ………………………………………………………                    

 Mean (z): c+d/2: ………………………………………………………... 

16. Intervention: 

 Phototheraphy / Exchange Transfusion / No intervention
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Informed Consent Form 

Name of the Investigator. DR. SAHIL CHAUDHARY                       SL.NO............... 

Name of the organization SRI DEVARAJ URS MEDICAL COLLEGE 

Name of the participant............................................................................... 

Title of the study- “Comparison between transcutaneous bilirubin measurements and 

serum total bilirubin levels in neonates with clinical jaundice-An observational study” 

 

     You are invited to take part in the research study. The information in this document is meant 

to    help you decide whether or not to take part. Please feel free to ask any queries. 

     You are being ask to participate in this study because you satisfy the eligibility criteria which 

are 

1. All late preterm and term newborns referred to the neonatal unit with history of jaundice. 

2. Late preterm and term neonates in post-natal wards and NICU with evidence of clinical 

jaundice. 

 

My signature below constitutes my acknowledgement that the benefits and risks have been 

explained to my satisfaction by a qualified health professional. The following has been 

explained to me: 

The blood would be drawn from my child for testing the bilirubin levels. TcB 

measurements will be made with a Tc bilirubinomter ''JM-105'' by gently pressing against 

the skin over forehead and upper end of sternum. Within 30 minutes of TcB determination, 

blood sample will be drawn in a plain vial for TSB estimination. 

Participation is totally voluntary. The results will be treated with medical confidentiality 

and will not be disclosed to any outsider except if it is required by law. 

I give consent for the information to be used for medical research, test validation or 

education as long as my privacy is maintained. 

I understand that I remain free to withdraw from this study at any time and this will not 

change my future care. 
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I have read and received a copy of this consent form. I understand the information provided 

in this document and I have had the opportunity to ask questions I might have about the 

study, the associated risks and alternatives. 

 

Date: ……………………………………………………. 

Parent’s (or guardian’s) Name & Signature:  

……………………………………………………………………………………………

…………                                                 

Person obtaining consent form and his/her Name & Signature: 

……………………………………………………………………………………………

……… 

For any clarification you are free to contact the investigator. 

Principal Investigator: Dr. Sahil Chaudhary 

Contact number: 9481525187 
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PATIENT INFORMATION SHEET 

Study Title: “Comparison between transcutaneous bilirubin measurements and serum 

total bilirubin levels in neonates with clinical jaundice-An observational study” 

 

Neonatal hyperbilirubinemia (jaundice) is a common problem encountered in term infants and 

of preterm infants during the first week of life. A good correlation between TcB and TSB values 

in clinically jaundiced newborns would be very helpful to reduce invasive blood sampling and 

the possible complications, as well as cost and parent’s anxiety. 

Approximately    150    children will be enrolled in the study. Your child’s participation in the 

study will be for 2 days. History will be noted and physical examination will be done.      

TcB measurements will be made with a Tc bilirubinometer “JM-105” by gently pressing against 

the skin over forehead and upper end of sternum. .  Within 30 minutes of TcB determination, 

blood sample will be drawn in a plain vial for TSB estimation.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

This informed consent document is intended to give you a general knowledge of the study. 

Please read the following information carefully and discuss with your family members. You 

can ask your queries related to the study at any time during the study. If you are willing to allow 

your child to participate in the study, you will be asked to sign an informed consent form by 

which you are acknowledging your child’s participation in the study and that the entire study 

procedure is explained to you by study doctor. You are free to withdraw your child from 

participating in the study at any time. 

 

Principal Investigator: DR. SAHIL CHAUDHARY 

Date: 
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Key to master chart 

 

AGA = Appropriate for gestational age 

BBG = baby blood group 

Dob = date of birth 

F = female 

F1 = first reading by TcB at forehead 

F2 = second reading by TcB at forehead 

LSCS = lower segment Caesarian section 

M = male 

MBG = mother’s blood group 

NVD = normal vaginal delivery 

S1 = first reading by TcB at sternum 

S2 = second reading by TcB at sternum 

TcB = transcutaneous bilirubin 

TSB = total serum bilirubin 
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