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ABSTRACT 

Background: 

Neonatal jaundice is one of the most common problems encountered in the neonatal 

period, with about 60% of term and 80% in preterm during first week after birth. 

Neonates that develop significant hyper bilirubinaemia require phototherapy. Delay 

in the diagnosis of jaundice and initiation of treatment increases neonatal morbidity 

and mortality. hence our study was designed to compare TcBwithTotal Serum 

Bilirubin (TSB) in preterm neonates. 

Aims and objectives: 

To compare Transcutaneous Bilirubin to Total Serum Bilirubin in preterm neonates 

of 30-34 weeks gestational age.Before, During, After phototherapy. 

Materials and methods: 

Babies born in our hospital who met the inclusion criteria were enrolled in the study 

The TSB measurement was done in laboratory with Diazo Method. TcB was 

measured using Drager jaundice meter JM 103, TcB was done in one area of skin on 

thesternum. Before starting phototherapy, a portion of sternum was covered by a 

photo-opaque patch 2.5cm in diameter.TcB and TSB were measured and comparedIn 

a clinically suspected jaundice before phototherapy, During phototherapy after 8 to 

12 hrs of initiation of phototherapy, and After 12 to 18hrsof discontinuation of 

phototherapy.The data collected will be analyzed statistically using descriptive 

statistics 
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Results:  

This study enrolled 100 neonates with diagnosis of NNJ out of 100 neonates 57% 

were males and 43% were females with M:F ratio of 1:1.3. all received phototherapy 

based on TSB values. In that 79% babies were between 30-32 weeks and 21% were 

between 32-34 weeks. significant correlation noted between TSB and TcB before, 

during and after discontinuation of phototherapy. Out of 100 neonatal jaundice cases 

in my study, sepsis was found in 42%, RDS in 17%,Apnea in 16%, Shock in  13% 

and CHD in 11% babies. 

In our study comparison of TcB before, during and after PT and TSB before, during 

and after PT by statistical analysis was found to be with mean TcB before PT [12.05] 

and TSB before PT [ 11.28].similarlyTcB during PT[9.66] and TSB during PT 

[10.16]. lastly TcB after PT [7.23] and TSB after PT [7.65]. 

Based on by Karl Pearson’s correlation coefficient there was a positive correlation 

between TcB and TSB before, [r=0.8319], during [r=0.6069] and after PT [r= 

0.8154]. 

Conclusion:TcB has good correlation with TSB, hence can be adopted as standard to 

measure bilirubin levels in preterm babies. 
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INTRODUCTION 

 
Neonatal Jaundice is the clinical manifestation of hyperbilirubinemia and is due to  

the deposition of bilirubin on the skin, subcutaneous tissue and the sclera
1
. 

Neonatal jaundice is clinically apparent at a serum level above 5 mg /dl.Neonatal 

hyperbilirubinemia is a common occurrence but relatively few affected infants require 

intervention. whatever the cause TSB levels above the defined thresholds warrants 

phototherapy to prevent the development of kernicterus. Jaundice is observed during 

the first week of life in approximately 60% of term infant and 80% of preterm   

infants
2
.In preterm neonates, the peak may be 10 to 12 mg/dL on the fifth day after 

birth, and can rise further in the absence of treatment without any specific abnormality 

of bilirubin metabolism and may not be benign based on the infant‟s gestational age. 

Levels <2 mg/dL may not be seen until one month of age in both full-term and 

preterm infants. The term jaundice was taken from the French word “jaune”, meaning 

yellow and hyperbilirubinemia is also referred to as icterus which came from Greek 

literature. 

 

New born are prone for hyperbilirubinemia due to increased bilirubin production 

because of increased RBC destruction, defective bilirubin elimination due to defective 

hepatic uptake, defective conjugation attributed to immaturity of new born and also 

increased entero-hepatic circulation. Preterm babies are more prone for 

hyperbilirubinemia compared to term babies 

preterm babies are those born between 30 0/7 weeks of gestation and 34 6/7 weeks 

gestation based on modifiedBallards score. The increased incidence of 

hyperbilirubinemiain preterm infants is mainly due to decreased 
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Uridinediphosphateglucoronosyltransferase 1A1 (UGT1A1) enzyme activity which is 

the enzyme concerned with the conjugation of bilirubin and making it water soluble 

for its excretion
3,4

as preterm babies were found to have similar degree of erythrocyte 

turnover and heme degradation as compared to their term counterparts. Early preterm, 

because of their immaturity, fail to achieve consistent nutritive breast feeding because 

of less effective sucking and swallowing which contributes to exaggerated 

hyperbilirubinemia. 

Hyperbilirubinemia itself does not have any harm for the body unless exceeds a level 

which leads to kernicterus, or bilirubin encephalopathy, that is a neurological 

syndrome resulting from the deposition of unconjugated (indirect) bilirubin in the 

basal ganglia and brain stem nuclei. Neurological signs have a grave prognosis, more 

than 75% infants die and 80% affected survivors have choreoathetosis with 

involuntary muscle spasms, mental retardation, deafness and spastic quadriplegia are 

common
5
. 

 

To prevent the neurological complication and to do appropriate management such as 

phototherapy or exchange as soon as possible, all susceptible neonates with jaundice 

are checked for serum level of bilirubin.Clinical evaluation of hyperbilirubinemia 

involves visual inspection of the skin, sclera, and mucous membrane to identify 

jaundice. 

 

Management of hyperbilirubinemia includes detection of at-risk neonates, 

investigating cause of pathological hyperbilirubinemia deciding threshold for starting 
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and stopping treatment and follow up of these neonates. Measurement   of   Total   

Serum   Bilirubin (TSB) remains gold standard for detecting Hyperbilirubinemia
6
. 

 

The majority of diagnostic tests performed on premature neonates over the past 

decade involve invasive extraction of serum for Total bilirubin estimation. That is 

frequent painful stimuli for the sampling of TSB is resource-intensive and painful, 

leading to unnecessary delay in hospital discharge and parental anxiety
6
. 

 

Different methods of assessment of hyperbilirubinemia are clinical assessment, serum 

bilirubin estimation and by transcutaneous bilirubin (TcB) estimation.  

Many studies have shown that clinical estimation of serum bilirubin as a screening 

tool is not reliable and may fail to detect significant neonatal hyperbilirubinemia 

before discharge and may lead to inadequate follow up.
7,8,9

 

Hour specific serum total bilirubin nomogram by Bhutani et al 
10

is used widely to 

predict the risk of significant hyperbilrubinemia and also for identifying the need for 

additional evaluation
11

. The problem with serum bilirubin estimation is it is an 

invasive procedure 

 

 

To overcome the problem of invasive procedure, transcutaneous bilirubin estimation 

was introduced. Transcutaneous bilirubin estimation is a better screening method 

when compared to visual estimate.9,12 
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The American Academy of paediatrics (2016) position statement recognizes this 

epidemic and calls for purposeful methods to minimize painful stimuli among 

neonates. 

 

The prevention of pain can reduce the risk for long term adverse sequelae related to 

repetitive painful procedures, like adverse neuro developmental, cognitive 

functionsTranscutaneous Bilirubin (TCB) has been touted as an alternative method of 

detecting neonatal hyperbilirubinemia. 

 

This method has the advantage of being pain-free and non-invasive. Hence reduces 

risk of trauma, infection and is time-saving. It has the advantages of instantaneous 

results and avoidance of repeated blood sampling
13

.and preventing iatrogenic 

anaemia. 

 

Few studies have reported good accuracy of TCB measurements in both term and 

preterm neonates but these data were largely limited to the Western 

population.
14,15,16,17

 However, its use after the initiation of phototherapy has not been 

reliably studied in preterm neonates.
13,18,19

 

 

Given the limited and conflicting evidence of correlation between TSB and TCB in 

Asian neonates, our study was designed with the primary objective of determining the 

agreement between TCB and TSB measurements in early preterm neonates. 

We planned to compare TCB with Total Serum Bilirubin (TSB) in preterm neonates 

before, during, and after initiation of Phototherapy. 
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AIMS AND OBJECTIVES OF THE STUDY: 

 

To compare Transcutaneous Bilirubin to Total Serum Bilirubin in preterm neonates 

of 30-34 weeks gestational age. 

 

 Before phototherapy 

 During phototherapy 

 After phototherapy 
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REVIEW OF LITERATURE 

Jaundice  

Bilirubin is the break product of haem metabolism that gives skin and subcutaneous 

tissues the yellow colour. Hyperbilirubinemia (excess bilirubin in the blood) causesa 

yellowish discoloration of the skin, mucous membranes, and eyes is known as 

jaundice.
1
 When the blood bilirubin level exceeds 3 mg/dl,Adults and older children 

have a yellowish appearance.
20

Newborn appear jaundiced when serum bilirubin levels 

above 5 mg/dl; around 60% of healthy term newborns and the 80% preterm babies 

show clinical jaundice in the first week, while only a handful of these babies have 

significant underlying disease.
21,22

 

 

Bilirubin metabolism  

The breakdown product of haem metabolism is bilirubin. Haem can be foundin other 

things like haemoglobin, myoglobin, cytochromes, catalase, peroxidase, and 

tryptophan pyrolase Haemoglobin
23

 accounts for 80% of daily bilirubin production, 

with the remaining 20% deriving from other haemoproteins and a small pool of free 

haem that turns over quickly. 

Red blood cells break down after 120 days, releasing haemoglobin, which is 

subsequently transformed to bilirubin in an adult.This helps to explain why any illness 

that causes excessive haemolysis can result in hyperbilirubinemia. 

RBCs release haemoglobin (Hb), which is then broken down into haem and globin. 

Haem is made of of four pyrrolerings connected by carbon bridges, with an iron atom 

in the middle. Haem degrades to bilirubin, releasing iron and CO in the process. The 

technique to quantify bilirubin generation by measuring intrinsic CO production has 
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been discovered.
24

The globin can be used directly to make haemoglobin or it can be 

broken down into individual amino acids. 

Bilirubin is made up of two groups of enzymes: haemoxygenase and 

biliverdinreductase, which catalyse the successive catalytic breakdown of haem. 

The enzyme haemoxygenase opens up the porphyrin ring in the reticuloendothelial 

tissue to make biliverdin.One molecule of CO (carbon monoxide) is released, which is 

exhaled through the lungs. Biliverdin is a drug that is used to treat a variety of 

ailments. The enzyme haemoxygenase opens up the porphyrin ring in the 

reticuloendothelial tissue to make biliverdin. One molecule of CO (carbon monoxide) 

is released, which is exhaled through the lungs. Biliverdin is transformed to bilirubin 

when it is worked upon by the enzyme biliverdinreductase. 
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Figure 1: ConversionOfHaemTo Bilirubin 
 

The reticuloendothelial system contains a high concentration of haemoxygenase, 

which is the rate-limiting step in bilirubin synthesis
25.

 

Bilirubin is a water-insoluble, non-polar molecule that must be combined with serum 

albumin. And to be transported to the liver.Unconjugated Bilirubin, also known as 

Indirect Bilirubin, is made up of albumin and bilirubin.Bilirubin bound to albumin is 

normally benign because it does not cross the blood-brain barrier, but when the ability 

of albumin to bind to bilirubin is exceeded, unbound unconjugated bilirubin becomes 

toxic. 
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Uptake of bilirubin by liver cells: 

Lipophilic bilirubin crosses the hepatocyte plasma membrane after dissociation from 

albumin and binds to cytoplasmic ligandin to be delivered to the endoplasmic 

reticulum. 

 

Conjugation of bilirubin with glucuronic acid: 

Unconjugated bilirubin must be transformed to awatersoluble form (conjugated 

bilirubin) before excretion, which occurs in the smooth endoplasmic reticulum by the 

enzyme uridine di phosphoglucorunateglucoronosyltransferase (UGT) to release 

bilirubin monoglucuronide.whichlater conjugated to form bilirubin diglucuronide, and 

both The activity of the UGT1A1 enzyme is determined by the baby's developmental 

stageThe activity is around 0.1 percent during 17-30 weeks, and by 30-40 weeks, it 

has reached 1% of adult value. After birth, UGT1A1 maturation is accelerated, and by 

14 weeks of life, it has reached adult value. 

Excretion of conjugated bilirubin into bile: 

Conjugated bilirubin is secreted in the bile and enters the small intestine because it is 

water soluble. Intestinal bacteria extract the glucuronides from conjugated bilirubin 

and convert it to urobilinogen, which is then converted to stercobilinogen and 

excreted in the faeces. Urobilinogen is incorporated into the bloodstream and excreted 

in minor concentrations in the urine. Some conjugated bilirubin is converted to 

unconjugated bilirubin by the intestinal enzyme glucorunidase, which is then 

reabsorbed into the systemic circulation, establishing the entero hepatic 

circulation.
26,27
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Figure 2. Bilirubin metabolism 

 

Reasons for high susceptibility of neonate’s for hyperbilirubinemia 

Hyperbilirubinemia is more common in newborns, and this physiological 

hyperbilirubinemia is due to immaturity in all steps of bilirubin metabolism: 

1) Increased level of bilirubin production due to 

a) more haemoglobin per kilogramme and RBC survival being short. 

b) Increased inefficient erythropoiesis and non-haemhaemoglobin 
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2) Bilirubin absorption is reduced because plasma binding ligandin levels are low. 

3) In addition, reduced bilirubin conjugation and hepatic excretion lead to 

physiological hyperbilirubinemia in newborns. 

4) Increased enterohepatic circulation due to increased glucuronidase levels, more 

mono glucuronide rather than diglucuronide, decreased colonisation of intestinal 

bacteria, and decreased gut motility.
26 

 

Bilirubin toxicity  

Unconjugated bilirubin that is not bound to albumin can breach the blood-brain 

barrier, making a high bilirubin level harmful. Acute bilirubin encephalopathy can 

result from bilirubin deposition in the brain, which can lead to kernicterus later on. 

Kernicterus is a condition in which unconjugated bilirubin deposits in the brain, 

causing injury and scarring to the basal ganglia and brain stem nuclei.
28

 Unbound 

lipid soluble bilirubin breaches the blood-brain barrier when the concentration of 

unconjugated serum bilirubin exceeds the binding capacity of albumin. Even albumin 

bound bilirubin can pass the blood brain barrier if the blood brain barrier is damaged, 

as in circumstances such as asphyxia, hypoxia, acidosis, hypoperfusion, sepsis, or 

hyperosmolality.
29

 

The precise bilirubin concentration linked to kernicterus has yet to be 

discovered.
21

The level of toxicity is determined by a number of factors, including the 

baby's age, ethnicity, and the presence of haemolytic illness. In a healthy term new 

born without haemolysis
30

Bilirubin toxicity is a rare occurrence. However, if the 

bilirubin level exceeds 25 mg/dl,
21,31,24

and if the serum bilirubin level exceeds 20 

mg/dl
21,31,24

 in haemolytic illness the physician should be concerned.
24
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When compared to term babies, preterm babies are more prone to hyperbilirubinemia 

and can have more profound neurotoxicity, even at lower bilirubin levels. Early 

preterm gestation has been established as a significant cause of severe 

hyperbilirubinemia
32

 and kernicterus
33

 in studies.
34

 One common cause of significant 

hyperbilirubinemia in early preterm babies is that they are frequently cared for in 

normal newborn nurseries, and caregivers frequently overlook the high risk of early 

preterm babies developing hyperbilirubinemia,when compared to term newborns, the 

bilirubin conjugating mechanism is immature, putting them at a high risk of 

developing substantial hyperbilirubinemia. Preterm babies are eight times more likely 

to be born prematurely. 

bilirubin conjugating mechanism is immature compared to term babies, putting them 

at high risk of developing significant hyperbilirubinemia.Pretermnewborns are eight 

times more likely than term babies to develop hyperbilirubinemia; a baby born at 36 

weeks has a 5.2 percent chance of getting hyperbilirubinemia, compared to 0.7 

percent for babies born at 41 weeks. 

Acute bilirubin encephalopathy and the subsequent development of kernicterus should 

be avoided at all costs. Assessment of hyperbilirubinemia risk factors, prompt follow-

up of -babies, and successful hyperbilirubinemia treatment are the most important 

aspects in preventing hyperbilirubinemia-induced brain injury. When bilirubin levels 

are extremely high, phototherapy and exchange transfusion are the main treatments 

for hyperbilirubinemia.When total serum bilirubin (TSB) or transcutaneous bilirubin 

(TcB) is tested at more than 18 hours of life and risk factors are analysed, the ability 

to predict the development of hyperbilirubinemia is considerably improved.
35
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Early preterm babies  

The phrase "early preterm" refers to newborns delivered between 30 and 34 weeks 

and 6 days before their due date. Because of their relative physiological and metabolic 

immaturity, these babies have higher mortality and morbidity than term babies.
36,37,38

 

According to data from the United States, despite significant attempts to reduce the 

number of preterm births, the number of preterm births is on the rise. It went up from 

9.4 percent in 1981 to 12.3 percent in 2003.
39,40

Late preterm babies are more likely to 

have a high blood bilirubin level due to the immaturity of the hepatic bilirubin 

conjugation pathway.According to the American College of Obstetricians and 

Gynaecologists (ACOG), the significant increase in preterm birth rates is to 

responsible for the problems in preterm birth rates. 

Even in the absence of characteristic neurological indications, preterm neonates are 

more likely to develop bilirubin encephalopathy than their term 

counterparts,Kernicterus
41

 

When compared to term babies,Early preterm newborns appear to have similar 

amounts of red blood cell turnover and heme breakdown, but lesser activity of 

enzyme the UDP glucuronosyltransferase 1 family,polypeptide A1 (UGT1A1)
42

 

 UGT1A1 activity increases rapidly in term babies after birth, while it takes longer in 

preterm neonates.
3
 

Due to delayed development of coordinated sucking and swallowing, early preterm 

neonates have a difficult timeestablishing feeds, which can lead to delayed effective 

breast feeding, dehydration, and poor weight gain in the postnatal period..Delayed 

feed establishment may result in increased enterohepatic bilirubin recirculation and, 

as a result, an increase in blood bilirubin level.
43,44
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CAUSES OF HYPERBILIRUBINEMIA(TABLE-1) 

 

INDIRECT HYPERBILIRUBINEMIA DIRECT HYPERBILIRUBINEMIA 

a)Physiological jaundice Sepsis 

b)Increased production Intrauterine infections (TORCH) 

ABO incompatibility paucity of bile duct 

G6PD deficiency disorders of bile acid metabolism 

Cephalhematoma and significant bruising Biliary atresia 

Other hemoglobinopathies or RBC 

membrane defect 

Gaint cell hepatitis 

c) reduced clearance Choledochal cyst 

Gilbert syndrome Cystic fibrosis 

Crigler-najjar syndrome iand ii Galactosemia 

Hypothyroidism Alpha-1 AT deficiency 

d) increased enterohepatic circulation Tyrosinemia 

Breast feeding jaundice  

Breast milk jaundice  

 

 

 

 

Assessment of hyperbilirubinemia 

Clinical examination, serum bilirubin estimation, and transcutaneous bilirubin 

estimation are all approaches for determining hyperbilirubinemia. 
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Clinical assessment of hyperbilirubinemia 

The clinical examination of jaundice is predicated on the fact that skin yellowness and 

the TSB value have a clear semi-quantitative connection.Kramer's rule was used to 

determine the level of jaundice. According to Kramer's rule, jaundiced head and neck 

indicate serum bilirubin of 100 mol/L (4-6 mg/dL), icterus of the chest 150 mol/l, 

lower torso and thighs indicate bilirubin of 200 mol/L, legs below knees indicate 

bilirubin of 250 mol/L, and hands and feet indicate SBR of 250 mol/L (15 mg/dL). 

The colour perception of different individuals, the skin pigmentation of different 

neonates, and the colour and intensity of the examining light all have a role in the 

clinical assessment of bilirubin.Several investigations have failed to find a strong link 

between clinical evaluation and TSB value, and clinical// assessment can sometimes 

„‟miss clinically severe hyperbilirubinemia.
45,46,47

 Many research that looked into the 

reliability of clinical evaluation of jaundice for screening found it to be unreliable. 

Despite the fact that clinical and serum bilirubin estimations were related, clinical 

assessment frequently underestimated substantial hyperbilirubinemia, resulting in 

hyperbilirubinemia consequences. Inter-observer variability was also found to be 

unacceptably high in these investigations.
7,8,9

 Clinical detection and severity 

assessment of jaundice can be challenging, especially for persons with dark 

complexion
48
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Figure 3: Clinical assessment of neonatal jaundice 

 

Serum bilirubin estimation  

Estimation of serum bilirubin is regarded the gold standard for evaluating jaundice. 

The issues with serum bilirubin estimation include the fact that it is an invasive 

technique that may necessitate several samples, as well as the fact that the serum 

bilirubin value obtained varies depending on the method of bilirubin estimate. 

The Bhutani et al (10) hour-specific serum bilirubin nomogram is widely used to 

predict the probability of eventual substantial hyperbilirubinemia to suggest the need 

for further examination.
11

  Despite the fact that the age-specific serum total bilirubin 
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nomogram has performed as well as or better than other methods of predicting 

substantial hyperbilirubinemia, it needs an intrusive procedure.
49

 

Early estimates of serum bilirubin were based on biliverdin measurement or icteric 

index assessment. However, other serum pigments such as haemoglobin and carotenes 

also contribute to the icteric index, limiting its utility.
50

 Ehrlich treated bilirubin in 

urine with diazo reagent in 1883 and discovered that a red blue pigment forms, and 

van den Bergh adopted this diazo reaction for serum bilirubin estimate in 1918, after 

which it was extensively adopted for clinical practise for bilirubin quantification. 

Van den Bergh and Muller also divided direct and indirect bilirubin based on whether 

the bilirubin interacted with the diazo reagent in the absence or presence of alcohol, 

which aids in the diagnosis of jaundice. Various approaches for biochemical 

determination of serum bilirubin are currently available. Some of the most commonly 

used biochemical methods include the Diazo technique, Peroxidase method, 

Peroxidase Diazo method, High pressure liquid chromatography, Simple colorimetric 

approach for the measurement of plasma biliverdin, and Spectrophotometric method. 

The disadvantage of serum bilirubin estimation is that it is an invasive procedure that 

may cause pain to the newborn if multiple pricks are done 
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Figure 4 Serum bilirubin estimation machine - SIEMENS EXL-200 
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Transcutaneous Bilirubin estimation 

The basic principle behind transcutaneous bilirubinometer is the high correlation 

between the serum bilirubin value and the cutaneous bilirubin level. The 

transcutaneous bilirubinometer works by directing light to the skin of neonate and 

then measures the intensity of specific wavelength reflected back. 

 Lights of different wave lengths are directed to the new born skin and the optical 

signals reflected from the neonates‟ subcutaneous tissue is analysed. The photocell in 

the meter converts optical signals to the electrical signals which is further analysed by 

a microprocessor which generates the serum bilirubin value from the electrical signal. 

Different bilirubinometers differ in the number of wave lengths used.  

Skin components which interfere with the spectral reflectance commonly in neonates 

are dermatologic maturity, haemoglobin, bilirubin and melanin. 

 Earlier bilirubinometers used only a few wavelengths and hence the impact of dermal 

maturity and melanin content was significant and there was no provision to overcome 

these factors. These made it necessary to have different references for different 

population and different age groups. Newer bilirubinometers like bili check performs 

a spectral analysis of more than hundred wave lengths and this allows exact deduction 

bilirubin level without the interference of melanin or maturation of skin.  

Compared to the early version of bilirubinometers, the newer versions have several 

advantages One of the early bilirubinometer to be used was the Colour Mate III which 

used Xenon flash tube and light sensors which measured wave length from 400 -700 

nm. The major drawback of this device was the requirement for a baseline TSB 

reading on each neonate shortly after birth. In recent studies, the newer version of the 

bilirubinometer JM-103 showed much better correlation than the earlier JM-101
51
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Table 2.Threshold bilirubin level to initiate pt and et in preterm babies less than 

35 weeks of gestational age 
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Measurement principle of JM-103  

The JM 103 measures the bilirubin of the sub cutaneous tissue in new-born by 

measuring the optical density difference of reflected light at 450 and 550 

nmneonatesskin. The characteristic feature of JM103 is in this bilirubino meter‟s 

measuring probe- two optical paths are incorporated which helps to minimise the 

interference due to skin maturity or melanin. The reflected light from the 

subcutaneous tissue passes through two pathways: those reflected from shallow areas 

of subcutaneous tissue passes through the inner core which is referred as short optical 

path whereas light reflected from deep areas pass through the long optical axis or the 

outer core Photo-diodes identifies the reflected light and converts it into electrical 

activity which is analysed by the microprocessor to estimate the TcB value.   

The following pictures (Figure 3& 4) show a JM103 transcutaneous bilirubinometer 

and the technique of using it to estimate TcB levels in a newborn. 
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Figure-5measuring principle of jm-103 
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Transcutaneous bilirubinometer JM 103   

The basic principle behind transcutaneous bilirubinometer is the high correlation 

between the serum bilirubin value and the cutaneous bilirubin level. The 

transcutaneous bilirubinometer works by directing light to the skin of neonate and 

then measures the intensity of specific wavelength reflected back. 

 Lights of different wave lengths are directed to the new born skin and the optical 

signals reflected from the neonates‟ subcutaneous tissue is analysed. The photocell in 

the meter converts optical signals to the electrical signals which is further analysed by 

a microprocessor which generates the serum bilirubin value from the electrical signal. 

Different bilirubinometers differ in the number of wave lengths used.  

Skin components which interfere with the spectral reflectance commonly in neonates 

are dermatologic maturity, haemoglobin, bilirubin and melanin. 

 Earlier bilirubinometers used only a few wavelengths and hence the impact of dermal 

maturity and melanin content was significant and there was no provision to overcome 

these factors. These made it necessary to have different references for different 

population and different age groups. Newer bilirubinometers like bili check performs 

a spectral analysis of more than hundred wave lengths and this allows exact deduction 

bilirubin level without the interference of melanin or maturation of skin.  

Compared to the early version of bilirubinometers, the newer versions have several 

advantages One of the early bilirubinometer to be used was the Colour Mate III which 

used Xenon flash tube and light sensors which measured wave length from 400 -700 

nm. The major drawback of this device was the requirement for a baseline TSB 
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reading on each neonate shortly after birth. In recent studies, the newer version of the 

bilirubinometer JM-103 showed much better correlation than the earlier JM-101
52

 

 

 

 

Figure 6 Drager JM -103 transcutaneous bilirubinometer 
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Comparison of Tcb and TSB  

Several studies have been published that show the accuracy and consistency of 

transcutaneous bilirubin estimation in determining serum bilirubin levels. 

A total of 490 ethnically varied term and near-term new-borns were assessed. 

Multiple Bili check devices (a total of 11 devices) were used in the evaluation at two 

different institutions. All transcutaneous bilirubin tests were performed in conjunction 

with a heel stick TSB measurement using high-performance liquid chromatography 

and the diazodichloro phenyl diazoniumtetrafluoroborate method. 

The connection between total serum bilirubin estimate by HPLC and TcB by 

bilicheck was found to be linear and statistically significant in the study. The study 

also looked at inter-device accuracy, which came out at 0.68. 

Rubaltelli FF et al conducted research with the following ideas in mind: 

1)HPLC and other recognised laboratory methods show that BilicheckTcB correlates 

well with TSB. 

2) TcB measurement in newborns is hampered by gestational age, infant race, body 

weight, or postnatal age  

3) TcB value variability is comparable to TSB value variability and  

4) TcB measured from the fore head and the sternum are comparable. 
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The study included newborn infants who were >30 weeks gestational age and less 

than 28 days old when they were tested for TSB as part of their routine treatment. The 

research was conducted in six European hospitals, with a total of 210 infants being 

enrolled in the study, with 35 babies from each centre. Total serum bilirubin was 

measured in conjunction with TcB readings from the forehead and sternum.At each 

site, TSB levels were determined using the serum bilirubin method, and all HPLC-B 

tests were performed at the same, independent laboratory. 

According to the researchers, the correlation coefficient between TcB obtained over 

the forehead and bilirubin obtained by HPLC was 0.89TcB collected over the sternum 

and HPLC bilirubin had a correlation value of 0.881. In comparison to HPLC, the 

TcB reading in the forehead slightly overstated bilirubin. An analysis of covariance 

revealed that bilicheck accuracy was unaffected by race, birth weight, gestational age, 

or the newborn's postnatal age. 

They came to the conclusion that because the correlation coefficient between HPLC 

and TcB value over the forehead is so close to that between HPLC and standard 

laboratory blood bilirubin estimation, bilicheck could be used as an acceptable 

alternative.for total blood bilirubin estimation.They also discovered that when serum 

bilirubin levels were greater, bilicheck performance was marginally better than 

normal laboratory bilirubin assessment methods.
53

 

 

M. Jeffrey Maisels et al. published a study in paediatrics in 2004 that looked into the 

accuracy of transcutaneous bilirubin estimation using the JM 103 Jaundice metre. The 

study included estimation of Total serum bilirubin (TSB) levels,whichwere measured 

based on a clinical findings, and transcutaneous bilirubin (TcB) readings were taken 
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within one hour of the TSB levels.849 babies that were > or =35 weeks gestation and 

came from a variety of racial origins.They came to the conclusion that TcB 

measurement using the JM-103 jaundice metre has a good correlation with TSB 

readings, except in black newborns, where TcB tends to overestimate serum bilirubin 

value, resulting in dangerously high bilirubin levels not being noticed.
51

 

The correlation coefficient between capillary, transcutaneous, and serum bilirubin 

measurement by laboratory method was investigated by Mussavi M et al. More than 

400 babies were enlisted, and the researchers discovered a strong link between all 

three ways. The authors found that because the differences between JM103 and 

capillary methods are minimal, these two approaches could be employed instead of 

the traditional laboratory method.
54 

 

Effect of site on the quality of TcB results 

The body site used to check TcB value has been shown to have an effect on the 

accuracy of the results. The measurements made on the sternum and forehead showed 

the best correlation with TSB 

Ebbesen F et al compared the correlation of TcB measured at the fore head, sternum., 

knee and the foot with TSB and found that the forehead and sternum TcB correlated 

well with TSB and measurements on the knee and foot showed unacceptable 

correlation. The total number of babies recruited for the study was 488. They also 

found that in NICU babies, TcB measured on the fore head showed a better 

correlation than sternal TcB which is statistically significant.
55
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Randeberg et al in their study found that TcB measurements on neonates taken from 

the back, heel, or thigh did not correlate as well with TSB as those taken from the 

forehead.
56

 

Maisels et al. found better correlation with TSB when TcB was obtained on the 

sternum (r = 0.953) when compared with the forehead (r = 0.914).They also  

suggested that measurements be taken from the sternum, which is less likely to be 

exposed to sunlight or ambient light, may be more desirable, especially when 

measurements are taken after infants have been discharged from the hospital.
51

 

TrikalinosTAet al did Systematic review of the effectiveness of the specific screening 

modalities in decreasing the incidence of bilirubin encephalopathy. They concluded 

that effects of screening on decreasing bilirubin encephalopathy is unknown, although 

screening can predict hyperbilirubinemia and no robust evidence to suggest that 

screening is associated with favourable clinical Outcomes.
57
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Figure 7 photo-opaque patch over sternum. 
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Reliability of Serum Bilirubin testing and measurement of TcB 

TSB was assessed using diazo-based techniques
58

in most investigations comparing 

TcB and TSB, which has interferences with haemoglobin and 

intracellularchemicals.
59

Another problem that frequently arises in infants is that their 

blood is frequently haemolyzed, compromising the accuracy of clinical laboratory 

procedures. TcB's precision and accuracy as compared to HPLC, which is unaffected 

by lipemia or haemolysis interference, unlike other laboratory procedures.Bilicheck 

and JM103 TcB testing produce results that are comparable to total serum bilirubin 

Levels.
60

 

 

 

Clinical implication of bilirubin estimation 

Two clinical implications of non-invasive bilirubin estimation are impact of TcB 

measurement in determining significant hyper bilirubinemia and the actual reduction 

of invasive bilirubin estimation. 

L Briscoe et al conducted a study to evaluate the accuracy of TcB measurement in 

determining the need for serum bilirubin measurement in full term babies and found a 

good correlation between TSB and TcB measurement. They found that a TcB value of 

more than18 mg/dl detected clinically significant jaundice with a sensitivity of 100% 

and specificity of 45% and if the blood samples had only been taken from babies with 

a TcB greater than 18mg%, the number of samples taken would have been reduced to 

34%.
61

 

A reduction of 80% in blood sampling was noticed after the introduction of TcB 

measurement by Ebbesen and associates and the authors recommended to use a 
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TcBlimit which is 70% of the currently recommended TSB limits for phototherapy, to 

decide whether TSB needs to be measured.
62

 

Petersen JR et al did the study to analyse the decrease in readmission rate for 

hyperbilirubinemia after implementing the policy of transcutaneous bilirubin testing 

in hospital. They retrospectively analysed the total number of births, newborn 

readmission rates because of hyperbilirubinemia, the number of bilirubin measured 

and the length of staying two epochs before and after the implementation of 

transcutaneous bilirubin testing policy.  

They concluded that access to TcB testing reduces hospital readmission rate for 

hyperbilirubinemia.
63

 

 

Limitation of TcB 

Though most studies shows a good correlation betweenTcBestimation and serum 

bilirubin estimation, there are exceptions. 

 An Indian study by RakeshLodha et al at the All India Institute of Medical Science 

compared estimation of total serum bilirubin by bilicheck a multi wave spectral 

refractancebilirubinometer with laboratory serum bilirubin estimation. They compared 

121 paired bilirubin estimation in term babies who appeared clinically icteric more 

than 8 mg/dl. 

The study found that there was a poor correlation betweenTcB estimation and also 

found that the agreement between TSB and TcB was poor in the subgroup where the 

TSB was more than 13 mg/dl. Similar results were reported earlier using a different 

transcutaneous bilirubinometer. The sensitivity of clinical judgement for values more 

than 13 mg/dl was poor, though the specificity was good. It seems that the 
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TcBestimation reconfirms the clinical judgement specially for higher bilirubin levels 

in pathological range (>13 mg/dl).
64

 

TcB value measurement using TcB devise can be affected by a variety of factors like 

exposure to sunlight and phototherapy.
65,66,67

 The other factors influencing total serum 

bilirubin estimation are haemoglobin concentration, the dermal thickness, the melanin 

content of the skin. This has led most facilities to limit the use of TcB to infants less 

than 10 days old but there are certain studies showing the reliability of TcB in adult 

population. Care must be taken to avoid testing skin that is bruised, has a birthmark, 

or is covered with hair.  As phototherapy bleaches the skin, both visual assessments of 

jaundice and TcB measurements in infants undergoing phototherapy are not reliable. 

Bilirubinnomogram 

The hour-specific bilirubin nomogram was invented by Bhutani et al, and Bhutani et 

al's hour-specific serum total bilirubin nomogram is widely used and recognised to 

anticipate the possibility of significant hyperbilirubinemia(fig 6) 

They also looked at how accurate the pre-discharge TSB was at predicting the 

severity of eventual hyperbilirubinemia. 

In their study, they discovered that 6% of babies were in the high-risk category, with 

around 40% remaining in the high-risk category. Around 32% of babies were in the 

intermediate risk zone, with 6.4 percent of TSBs migrating from the upper 

intermediate zone to the lower intermediate zone after dischargewith 6.4 percent of 

post-discharge TSBs moving from the upper intermediate zone to the high risk zone 

and 0.48 percent from the lower intermediate zone to the high risk zone. 61.8 percent 

of newborns were in the low-risk category, with no evidence of hyperbilirubinemia. 
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They came to the conclusion that an hour-specific TSB performed prior to hospital 

discharge can help categorising the neonates at a risk of developing clinically severe 

hyperbilirubinemia. 

A TSB result more than the 95th percentile for age in hours is considered high risk. 

They also came to the conclusion that assessing TSB as a universal policy will aid in 

the safe and cost-effective implementation of targeted intervention and follow-up.
68

 

The value of such information is widely acknowledged, with the American Academy 

of Pediatrics (AAP) stating that the best documented strategy for estimating the risk 

of eventual hyperbilirubinemia is to measure TSB or TcB and plot the results on a 

nomogram.
69

 

To produce a normative data, Giovanna Bertiniet colleagues created a transcutaneous 

bilirubin nomogram. They took BiliCheck readings on 175 term Italian newborns 

after ruling out individuals at high risk of hyperbilirubinemia, such as those with ABO 

incompatibility, bruising, or those who needed phototherapy. 

They took bilirubin measurements for the first time at 24 hours and then every 24 

hours for the next 5 days. They made three different nomograms for three different 

gestational age groups 37-38 weeks, 39-40 weeks, and 41 weeks, with the 5th, 50th, 

and 95th percentiles shown.
70

 

The draw  back of the study was that no population baseline data, statistical analysis 

description, enrolment and exclusion criteria were supplied, and. 

The nomogram was constructed using daily bilirubin levels rather than hourly levels 

as indicated by the AAP. 
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Maisels and Kring published a nomogram based on healthy North American neonates 

that were born after 35 weeks of gestation and lived for 96 hours.Around 17% of the 

newborns were born prematurely. LSCS was used to deliver almost 40% of the 

newborns, and 67 percent of the babies were exclusively breastfed. 

The transcutaneous jaundice metre Draeger Air-Shields JM-103 was used. TcB levels 

rise in a linear pattern, with the highest rise occurring between 6 and 18 hours, a 

slower rise occurring between 18 and 42 hours, and a much slower rise occurring 

between 42 and 96 hours of life, according to the researchers.They came to the 

conclusion that any newborn with bilirubin levels over the 95th percentile, or a rapid 

rise of more than 0.22 mg/dL per hour in the first 24 hours, 0.15 mg/dL per hour in 

the next 24 hours, and 0.06 mg/dL per hour after that, needed to be evaluated and 

followed more closely.
71

 

Another study by Sanpavat et al used transcutaneous bilirubin readings detected using 

Bilicheck in Thai new born children to develop an hour-specific nomogram. They 

also evaluated the risk zones in order to forecast the progression of 

hyperbilirubinemia in the future. 

De Luca et al. aimed to provide information on how to estimate skin bilirubin levels 

with bilicheck during the normal course of hyperbilirubinemia. Healthy European 

neonates with a gestational age of greater than or equal to 35 weeks were studied for 

up to 96 hours. 

A total of 2198 neonates of more than 35 weeks gestational age were enrolled in the 

trial, with 35 and 36 weeks newborns accounting for 26.7 percent of the total (558). 

Around 67 percent of the babies were breastfed, and 40 percent of the newborns in the 

research were born by LSCS. 
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A multiwavelength transcutaneous bilirubinometer was used for all transcutaneous 

measurements (RespironicsBiliCheck TM). 
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Figure 8.Nomogramsfor TcB measured in term (A) and pre term babies (B) 
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Cost-Effectiveness of TcB Measurements  

There have been no studies published to date that look into the expenditures of using 

transcutaneous bilirubin (TcB) measurements in clinical practise.According to some 

research, the higher expense of TcB tests is offset by the reduced need for total serum 

bilirubin assays.
72,73,74,53

Similarly,Petersen et al
63

 attempted to estimate the influence 

of TcB measures on hospital charges in order to assess the expenses associated with 

TcB. Although exact expenses were not revealed, they discovered that charges were 

lower as a result of fewer neonatal readmissions due to hyperbilirubinemia. Increased 

expenses related with TcB readings and an increase in the number of neonates treated 

with phototherapy offset the decrease in readmissions. 

After the implementation of TcB measures, the overall consequence was a slight but 

statistically insignificant rise in charges. 
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MATERIALS AND METHODS 

Study design  

Hospital based Prospective observational study.  

Study area 

NICU (neonatal intensive care unit) Dept of paediatrics.SDM College of medical 

sciences and Hospital Sattur, Dharwad. 

Study subject 

All Preterm neonates born between 30 to 34 weeks of gestation delivered via Vaginal 

delivery or Caesarean section during the study period were included for the study. 

Study period 

December 2019 to November 2020 

 

Inclusion Criteria:  

Preterm neonates born between 30 to 34 weeks of gestation with clinically suspected 

jaundice wereincluded in the study. Gestational age assessment was done using 

modified Ballard scoring. 

 

Exclusion Criteria:  

•Evidence of hemolytic diseases (DCT positive, increased reticulocyte count, fall in 

Hb or peripheral smear showing evidence of haemolysis) 

•   Major congenital anomalies 

• Hydropsfetalis of any cause. 

•  Birth asphyxia 

•  Jaundice of direct component 

 

 

 



39 

 

METHODOLOGY 

Informed consent 

Informed Consent was taken from the parent of the babies who satisfied the inclusion 

criteria. 

Ethical committee clearance  

Ethical committee clearance was taken for the study. 

Intervention in babies meeting inclusion criteria  

Transcutaneous bilirubin and serum bilirubin wasestimated in babies with clinically 

suspected jaundice before initiation of phototherapy, during phototherapy and after 

stopping phototherapy. 

Methods adopted 

Premature neonates with gestational age 30 to 34 6/7 weeks were enrolled for the 

study. Gestational age was determined on the basis of Ballard score. Inclusion criteria 

were premature infants with gestation age between 30 and 34 6 / 7 weeks. Exclusion 

criteria included infants with positive direct coombs test or evidence of hemolytic 

disease, major congenital anomalies, hydropsfetalis, and those not expected to 

survive.  

 Parents were briefed about the study within first 12 hours after admission if consent 

could not be obtained immediately after delivery. After obtaining parental informed 

consent, data was collected in a predesigned proforma. The TSB samples were 

collected on the basis of the clinical judgment of the attending paediatrician for the 

diagnosis and treatment of physiologic jaundice. A TSB measurement obtained was 

paired with a TcB measurement, by study personnel, once before phototherapy, once 

during phototherapy at 8-12 hours after initiating phototherapy, and once 12-18 hours 

after discontinuation of phototherapy. Photo occlusive patch to cover one area of 
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skinat the sternum, applied prior to the start of phototherapy, and used during and post 

therapy TcB sampling. Treatment decisions for initiating, maintaining, and 

discontinuing phototherapy were based upon TSB levels. Paired transcutaneous 

bilirubin (TcB) and total serum bilirubin (TSB) samples were obtained within 45 

minutes of each other.  

The TSB measurement was done in laboratory with Diazo Method. 

TcB was done in one area of skin on sternum and measured using Drager jaundice 

meter JM 103 REF (MU 19526) NO 3204014. Before starting phototherapy, a portion 

of sternum was covered by a photo-opaque patch 2.5cm in diameter.  

 

Sample size: 100 preterm babies 

 

Statistical methods:  

Paired t test, correlation coefficient and scatters plots are used 
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Figure 9 Modified Ballard scoring chart 
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RESULTS: 

Clinical Profile 

In our study Preterm Neonates born between 30 to 34 weeks of gestation delivered via 

Preterm vaginaldelivery or Caesarean section who fulfilled inclusion criteria were 

included. 

Total no of neonates in our study were hundred [N =100]. 

Table3: Demographic profile of neonates 

Demographic profile No of children % of children 

Sex   

Male 57 57.00 

Female 43 43.00 

 

 

Figure -10: Demographic profile of neonates 

In our study out of 100 neonates 57% were male and 43% were female. 
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Table4: Distribution of neonates based on gestational age  

 No of neonates % of neonates 

Gestational age   

30-32 weeks 79 79.00 

32-34 weeks 21 21.00 

 

 

Fig 11: Distribution of neonates based on gestational age 

In our study number of neonates with Gestational age between 30 -32 weeks were 

79% and Gestational age between 32 -34 weeks was 21 %. Gestational age in our 

study was calculated based on Modified Ballard Score. 
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Table 5: Distribution of neonates based on Type of delivery 

 No of neonates % of neonates 

Type of delivery   

Elective LSCS                   58                  58.00 

PTVD (Preterm vaginal delivery)                   42                  42.00 

 

 

Figure 12:  Distribution of neonates based on Type of delivery 

 

In our study 58% of neonates were delivered by Elective Caesarean Section and 42% 

were delivered by Preterm vaginal delivery. 
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Table 6: Baby’s  blood group 

Baby Blood groups No of neonates % of neonates 

A negative 2 2.00 

A positive 26 26.00 

AB positive 7 7.00 

B positive 32 32.00 

O negative 1 1.00 

O positive 32 32.00 

Total 100 100.00 

 

 

Figure 13: Baby’s blood groups 

The predominant blood group in our study was B Positive [32%] and O positive 

[32%].  Only one baby had O negative  blood group[1%] 
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Table 7: Mother’s blood group 

Mother blood group No of neonates % of neonates 

A negative 2 2.00 

A positive 24 24.00 

AB positive 9 9.00 

B negative 3 3.00 

B positive 33 33.00 

O negative 1 1.00 

O positive 28 28.00 

Total 100 100.00 

 

 

Figure 14: Mother’s blood group 

With respective to mother blood group 33% had B positive blood group and 24% had 

A positive blood group. Only one mother had  O negative blood group. 
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Table 8:  Neonates with other co-existing conditions in the study 

Symptoms No of neonates % of neonates 

Sepsis 42 42.00 

RDS 17 17.00 

Apnea 16 16.00 

Shock 13 13.00 

CHD 11 11.00 

Anemia  0 0.00 

Cephalhematoma 0 0.00 

 

 

Figure 15: Neonates with other co-existing conditions in the study 
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Out of 100 neonatal hyperbilirubinemia cases in our studies, sepsis was found in 42% 

babies, RDS in 17%,  Apnea in 16% ,Shock in 13% and CHD in 11% babies. 

Table 9: Treatment received 

Treatment No of neonates % of neonates 

DSPT 22 22.00 

SSPT 78 78.00 

Total 100 100.00 

 

Figure 16: Treatment received 

 

Out of 100 neonates 78% neonates received single surface phototherapy (SSPT) and 

21% received double surface phototherapy (DSPT). 

 

 

 

DSPT
22.00%

SSPT
78.00%



49 

 

 

Table 10: Comparison of TcB and TSB before PT by dependent t test 

 Variables Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

difference 

t-value p-value 

TcB before 

PT 

12.05 2.41      

TSB before 

PT 

11.28 2.69 0.77 1.50 6.42 5.1440 0.0001* 

*p<0.05 

 

 

Figure 17: Comparison of TcB and TSB before PT 

Comparison of TcB and TSB before PT, mean TcBis[12.05]andmeanTSB is  [11.28] 

with mean difference between two is 0.77.  onanalysing with paired t-test,t  value was 

5.1440. This difference between mean was statistically significant with p value0.0001. 
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Table 11: Correlation between TcBand TSB before PT by using Karl Pearson’s 

correlation coefficient 

Variables Correlation between TcB before PT with 

r-value t-value p-value 

TSB before PT 0.8319 14.8418 0.0001* 

*p<0.05 

By application of Karl Pearson‟s correlation coefficient statistical analysis, in our 

study the r value was found to be 0.8319 which suggests a strong correlation between 

TcB and TSB before phototherapy. 

 

 

Figure 18: Scatter diagram showing the correlation between TcB and TSB 

before PT 

TcB measured at the sternum was significantly associated with TSB prior to 

phototherapy initiation (r=0.8319, P>0.001). 
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Figure 19Bland-Altman plot showing difference between TcB and TSB before 

PT on Y-axis against mean TcB and TSB before PT on x axis 

The Bland Altman plot illustrates the agreement between the TcB and the total serum 

bilirubin value as shown in the figure, with a standard deviation of +1.96 is  3.9 and a 

standard deviation of -1.96  is  -2.2. 
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Table 12: Comparison of TcB and TSB during PT by dependent t test 

 Variables Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

difference 

t-value p-value 

TcB during 

PT 

9.66 2.34      

TSB during 

PT 

10.16 2.36 -0.50 2.08 -5.15 -2.3908 0.0187* 

 

 

Figure 20: Comparison of TcB and TSB during PT by dependent t test 

Comparison of TcB and TSB during PT, mean TcBis[9.66] and mean TSBis [10.16] 

with mean difference between two is 0.50  on analysing with paired t-test, t value was 

-5.15. This difference between mean was statisticallysignificant with p value0.0187. 
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Table 13: Correlation between TcB and TSB during PT by using Karl Pearson’s 

correlation coefficient 

Variables Correlation between TcB during PT with 

r-value t-value p-value 

TSB during PT 0.6069 7.5602 0.0001* 

*p<0.05 

By application of Karl Pearson‟s correlation coefficient statistical analysis, in our 

study the r value was found to be 0.6609 which suggests a strong correlation between 

TcB and TSB during phototherapy. 

 

Figure 21: Scatter diagram showing the correlation between TcB and TSB 

during P 

TSB during phototherapy across the patched sternal area was strongly linked with 

TcB assessed at the sternum (r=0. 060694, P>0.001). 

 



54 

 

 

Figure 22: Bland-Altman plot showing difference between TcB and TSB during 

PT on Y-axis against mean TcB and TSB during PT on X axis 

 

The Bland Altman plot demonstrates the agreement between the TcB and the total 

serum bilirubin measurement. The +1.96 standard deviation was 3.4 and the -1.96 

standard deviation was -4.6, as indicated in the figure. 
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Table 14. Comparison of TcB and TSB after stopping PT by dependent t test 

 Variables Mean SD Mean Diff. SD Diff. % of difference t-value p-value 

TcB after stopping PT 7.23 2.41      

TSB after stopping PT 7.65 2.78 -0.42 1.62 -5.75 -2.5685 0.0117* 

*p<0.05 

 

 

Figure23: Comparison of TcB and TSB after stopping PT   

 

Comparison of TcB and TSB after stopping  PT, mean TcBis[7.23] and mean TSB is  

[7.65] with mean difference between two is 0.42  on analysing with paired t-test, t 

value was  -5.75. This difference between mean was statistically significant with p 

value0.0117. 
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Table 15. Correlation between TcB and TSB after stopping PT byusing Karl 

Pearson’s correlation coefficient 

Variables Correlation between TcB after stopping PT with 

r-value t-value p-value 

TSB after stopping PT 0.8154 13.9418 0.0001* 

*p<0.05 

Similarly, Correlation between TcB after stopping PT and TSB after stopping PT by 

Karl Pearson‟s correlation coefficient was found to be 0.8154 [r value] which is very 

strong correlation in our study. 

 

 

Figure 24.Scatter diagram showing the correlation between TcB  and TSB after 

stopping PT 

TSB during phototherapy over the patched sternal area was significantly linked with 

TcB measured at the sternum (r=0. 813536, P>0.001). 
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Figure 25: Bland-Altman plot showing difference between TcB and TSB after 

stopping PT on Y-axis against mean TcB and TSB after stopping PT on X axis 

 

The Bland Altman plot illustrates the agreement between the TcB and the total serum 

bilirubin value as shown in the figure, with +1.96 standard deviation of 2.63 and -1.96 

standard deviation of -3.34. 
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DISCUSSION 

Hyperbilirubinemia is a common and most benign problem in neonates. Jaundice is 

observed during the first week of life in approximately 60 percent of term and 80 

percent of preterm neonates.  

TcB is a screening test and in some cases with near-critical levels, serial 

measurements should be done. Besides the traditional method of measurement of 

Total Serum Bilirubin level (TSB),non-invasive techniques for Transcutaneous 

Measurement of Bilirubin (TcB) are used. 

 This is recommended to use TcB to screen neonates, and estimation of serum 

bilirubin level is indicated in patients with elevated age specific transcutaneous 

bilirubin measurement, progressing jaundice, or risk for either hemolysisor sepsis.
75,76

 

Measurement of total serum bilirubin (TSB) remains the gold standard for detecting 

hyperbilirubinemia. Blood sampling for measurement of TSB is a painful procedure, 

may increase the risk of infection and scar formation, pain and discomfort to 

neonates, may lead to anemia in the cases of frequent sampling especially in 

premature neonates and anxiety in parents. On the other hand, TcB is a safe and rapid 

method to assess the level of bilirubin.The prevention of pain can reduce the risk for 

long term adverse sequelae related to repetitive painful procedures. 

Our study is to compare Transcutaneous Bilirubin to Total Serum Bilirubin in 

preterm neonates of 30-34weeks gestational age before phototherapy,during 

phototherapy and after phototherapy. 
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Total 100 cases of preterm neonates with 30-34weeks gestational age were included 

satisfying the inclusion criteria. 

In our study by comparison of TcB and TSB before, during and after PT by statistical 

analysis using t test was found to be, mean TcB before PT is 12.05 and mean TSB 

before PT is 11.28, with mean difference between TcB and TSB before PT was 0.77 

this difference was is significant with a p value 0.0001. similarly mean TcB during PT 

is 9.66 and mean TSB during PT is10.16, with mean difference between TcB and 

TSB during PT was 0.5 this difference was significant with p value 0.0187.And mean 

TcB after PT is 7.23 and TSB after PT is 7.65 with mean difference between TcB and 

TSB after PT is 0.42 this difference was statistically significant with p value 0.0117. 

Based on by Karl Pearson‟s correlation coefficient there was a positive correlation 

between TcB and TSB noted in our study before[r=0.8319], during [r=0.6069] and 

after PT[r= 0.8154].  

Nagar et al conducted a study in babies less than 32 weeks of gestational age and 

concluded that the BiliChek is a reasonably accurate early screening device, prior to 

initiation of phototherapy. The results of our study also indicate that TcB 

measurements provide a reliable estimation, generally within 0.4to 1 mg/dL of TSB 

levels, before, during, and after phototherapy in premature infants 30 to 34 6 / 7 

weeks of gestation.
6,18

 

 

Maisels et al the first large-scale study comparing 896 paired transcutaneous bilirubin 

levels (TcB) and serum bilirubin levels (TSB) in a multiracial population of 225 

premature infants less than 35 weeks‟ gestation before, during, and after 

phototherapy. There was a strong correlation (r = 0.85) between transcutaneous 
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bilirubin levels (TcB) and serum bilirubin levels (TSB) in infants 28 to 35 weeks‟ 

gestation.
75

 

By comparing our study with Maisels et al, there was a positive correlation noted 

before PT[r=0.8319], during PT [r=0.6069] and after PT[r= 0.8154].  

 

Rubio et al utilized an area between the eyebrows, covered by protective eye shields 

(not recommended by manufacturer) during phototherapy, with a sample of neonates 

less than 30 weeks‟ gestation. There was strong correlation between TcB and TSB 

samples obtained during treatment (r = 0.84) with phototherapy and after 

phototherapy (r = 0.74).
76

 

 

Rodríguez-Capote et al. assessed the association between TcB measurements, 

performed using BiliCheck or Minolta Air-Shields JM-103, and TSB. They found that 

both devices had a good correlation with the laboratory method,but underestimated 

the serum bilirubin level.
77

 

Panburanaet al
78

 they found higher levels of bilirubin through TcB than TSB. The 

result of their study revealed that TcB and TSB values had a linear correlation with a 

significant correlation coefficient (r 0.81, P<0.001). 

 

Our study Maisels et al Rubio et al Panburana et al 

r= 0.8154 r = 0.85  r = 0.84 r 0.81 
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Thus our study substantiate that comparison of TcB and TSB before , during and after 

phototherapy was found have a strong positive correlation in preterm neonates 

between preterm neonates with  30-34weeks gestational age . 

Study conducted at UnicampbyLeiteetal. Compared with Plasma and transcutaneous 

bilirubin measurements in a sample of neonates. Mean total plasma bilirubin was 

8.10±4.17 mg/dL and mean transcutaneous bilirubin measured at the forehead with 

Bilicheck was 8.82±3.88 mg/dL.
79

 

Only postnatal age of less than 3 days was associated with a small statistical 

difference (p=0.003) between plasma assay and transcutaneous bilirubin, with plasma 

results being higher. 

Sanpavat and Nuchpravoon also correlated variables such as birth weight, Gestational 

age and postnatal age with transcutaneous bilirubin measurement, taken with a 

Minolta bilirubinometer, and with plasma assay results, observing that only postnatal 

age had a statistically significant influence. They concluded that at low postnatal ages 

(1-4 days), transcutaneous measurement generally tended to overestimate the plasma 

measurements and that at postnatal ages greater than or equal to 5 days, 

transcutaneous measurements tend to underestimate plasma bilirubin levels.
72

 

Mishra S, Chawla D, Agarwal R, et al.Transcutaneousbilirubinometry reduces the 

need for blood sampling in neonates with visible jaundice study demonstrates that the 

routine Use of transcutaneous bilirubinometry compared with systematic visual 

assessment of bilirubin (VaB) significantly reduced the need for blood sampling to 

assay TSB in jaundiced term and late-preterm neonates.
80
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A study by Bhutani et al that the correlation between multiple, near simultaneous 

BiliCheck measurements of TcB and of TSB (HPLC) was linear and significant. 

Similar correlations were also evident when TcB values were compared with other 

TSB values obtained by DPD diazo methods and other techniques during this 

period.
81 

 

Boo, N. Y., Ishak, S. Et al (2007) Prediction of severe hyperbilirubinaemia using the 

Bilich   the median serum TSB level of these infants was 233.0 micromol/L (range: 

108.0-589.0). Ninety-five (27.5%) infants had TSB>or=300 micromol/L. There was 

good correlation betweenTSB and TcB measured from the forehead (r=0.80, 

P<0.0001) and the sternum (r=0.86, P<0.0001). At TcBh cut-off of 250 micromol/L, 

the Bilicheck detected TSB>or=300 micromol/L with a sensitivity of 100% and a 

specificity of 39.2%, the area under the receiver operative characteristic curve being 

0.89 (95% confidence interval 0.85, 0.92).
82

 

 

Limitations 

1. Study population was mainly south Indian babies and hence may not be 

universallyapplicable. 

2. Only Dragger JM-103 jaundice meter was used for testing TcB levels. 

Different TcB machines may give different values, which is beyond the scope 

of this study. 
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CONCLUSION 

In our study Preterm Neonates born between 30 to 34 weeks of gestation delivered via 

Vaginaldelivery or Caesarean section were included fulfilling inclusion criteria. Total 

no of neonates in our study were hundred [N =100]. In which male [57%] and female 

[43%]. 

In no of neonates with Gestational age between 30 -32 weeks were 79% and 

Gestational age between 32 -34 weeks were 21 %. Gestational age was estimated by 

Modified Ballard Score .58% of neonates were delivered by Elective Caesarean 

Section and 42% were delivered by Preterm vaginal delivery.    

The predominant blood group was B Positive[32] and O positive[32].  The least blood 

group noted was O negative [1]. 

With respective to mother blood group 33% had B positive blood group and 24% had 

A positive blood group. The least blood group recorded was O negative. 

Out of 100 neonatal jaundice babies sepsis was found in 42%, RDS in 17%, Apnea in 

16%, Shock in 13% and CHD in 11% babies. 

In our study by comparison of TcB and TSB before, during and after PT by statistical 

analysis using t test was found to be, mean TcB before PT is 12.05 and mean TSB 

before PT is 11.28, with mean difference between TcB and TSB before PT was 0.77 

this difference was is significant with a p value 0.0001. similarly mean TcB during PT 

is 9.66 and mean TSB during PT is10.16, with mean difference between TcB and 
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TSB during PT was 0.5 this difference was significant with p value 0.0187.And mean 

TcB after PT is 7.23 and TSB after PT is 7.65 with mean difference between TcB and 

TSB after PT is 0.42 this difference was statistically significant with p value 0.0117. 

The man difference found in our study was between 0.4 to 1 mg/dl before, during, and 

after stopping phototherapy. 

 

Based on by Karl Pearson‟s correlation coefficient there was a positive correlation 

between TcB and TSB before, [r=0.8319], during [r=0.6069] and after PT [r= 

0.8154]. 

Thus in our study we conclude that TcB has a strong positive correlation with TSB in 

preterm neonates between 30-34weeks gestational age, before, during and after 

stopping phototherapy. hence can be adopted as standard to measure bilirubin levels 

in preterm babies. 
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SUMMARY 

 A prospective observational study conducted in SDM Medical college and 

hospital of which 100 neonatal cases admitted in NICU during DEC 2019 TO 

NOV 2020. 

 The cases were the preterm neonates born between 30 to 34 weeks of gestation 

with clinically suspected jaundice wereincluded in the study. Gestational age 

assessment was done using modified Ballard scoring. 

 The neonates with evidence of haemolytic diseases (DCT positive, increased 

reticulocytecount, fall in Hborperipheral smear showing evidence of 

haemolysis),major congenital anomalies, hydropsfetalis of any cause, birth 

asphyxia and jaundice of direct component were excluded. 

 Objectives were directed towards studying the comparison of Transcutaneous 

Bilirubin to Total Serum Bilirubin in preterm neonates of 30-34weeks 

gestational age before phototherapy, during phototherapy and after 

phototherapy. 

 Data was collected using a predesignedproforma. Demographic details 

including name, age, sex, address, date of admission/Inpatient registration 

number, date of birth were noted. Detailed clinical history, thorough clinical 

examination and relevant investigations were done. 

 The TSB measurement was done in laboratory with DiazoMethod.TcB was 

measured using Drager jaundice meter JM 103.  TcB was done in one area of 

skin on thesternum. Before starting phototherapy, a portion of sternum was 
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covered by a photo-opaque patch 2.5cm in diameter. TcB and TSB were 

measured and compared.  

 In a clinically suspected jaundice before phototherapy,During phototherapy 

after 8 to 12 hrs of initiation of phototherapy and after 12 to 18 hrs of 

discontinuation of phototherapy. 

 The data collected will be analysed statistically using descriptive statistics. 

 

 In our study number of neonates with Gestational age between 30-32 weeks 

were 79% and Gestational age between 32 -34 weeks were 21 %. Gestational 

agewas calculated based on Modified Ballard Score .58% of neonates were 

delivered by Elective Caesarean Section and 42% were delivered by Preterm 

normal vaginal delivery.    

 Out of 100 neonatal jaundice babies in my study, sepsis was found in 42%, 

17% with RDS, 16%Apnea,Shock 13% and 11% with CHD. 

 Results obtained in our study by comparison of TcB before, during and after 

PT and TSB before, during and after PT by statistical analysis using t test was 

found to be mean TcB before PT is 12.05 and mean TSB before PT is11.28, 

with mean difference between TcB and TSB before PT was 0.77. similarly 

mean TcB during PT is 9.66and TSB during PT is10.16,with mean difference 

between TcB and TSB during PT was 0.5.And mean TcB after PT is 7.23and 

TSB after PT  is 7.65 with mean difference between TcB and TSB after PT is 

0.42.The mean difference between TcB and TSB was 0.4 to 1mg/dl. 

 Based on by Karl Pearson‟s correlation coefficient there was a positive 

correlation between TcB and TSB before[r=0.8319], during [r=0.6069] and 

after PT [r= 0.8154]. 
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Thus in our study comparison of TcB and TSB before,during and after phototherapy 

was found have a strong positive correlation in preterm neonatesbetween30-34weeks 

of gestational age . 
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ANNEXURE -2 

CONSENT 

 INVESTIGATOR                                                                          GUIDE 

DR AISHWARAYA MANTHALE                                         DR KAVITHA S KONDED 

Post Graduate Student,Professor, Department  

Department of   Paediatrics,                                of Paediatrics, S.D.M College of 

S.D.M College of Medical Sciences                          Medical Sciences and hospital 

and hospital Sattur,Sattur, Dharwad-580009 

Dharwad-580009  

TITLEOF THE STUDY:COMPARISON OF TRANSCUTANEOUS 

BILIRUBIN TO TOTAL SERUM BILIRUBIN IN PRETERM NEONATES 

WITH GESTATIONALAGE OF 30 TO 34 WEEKS A PROSPECTIVE 

OBSERVATIONAL STUDY IN TERTIARY CARE CENTRE. 

I -----the undersigned here by give my consent for procedure and medical 

treatment given to my child. I am satisfied with information given 

aboutthisclinicalstudytitled“COMPARISONOF  

TRANSCUTANEOUS BILIRUBINTO TOTAL 

SERUMBILIRUBIN INPRETERM NEONATES WITH  

GESTATIONAL AGE OF 30 TO 34 WEEKS APROSPECTIVE  

OBSERVATIONAL STUDYINTERTIARY  CARECENTRE. ” 

being conducted by DRAISHWARAYA MANTHALE under guidance 

of DR KAVITA S KONDED  PROFESSOR DEPT OF PEDIATRICS 

 

I am aware of the fact that I can opt out of the study any time without 

having to give reason and this will not affect my future treatment in hospital. 

I am also aware that the investigator may terminate my participation in 

study at any time , any reason without my consent . 

I here by give permission to investigator to release the information from 

me as result of participation in this study to the sponsors, regulatory 

authorities,government agencies and ethics committee. I understand that 

they may inspect my original records. 

My identity will be kept confidential if my data are publicly presented 

I have been explained that routine screening will be done.i have been 

informed the cost of procedure in detail and explained the risk involved and 

I hereby voluntarily and unconditionally give my consent without fear or 

pressure in mentally sound and conscious state to participate in study . 

I here give consent to participate in this study. 

 

Nameand signature of subject           investigator Name and signature  

Date;                                                                Date  : 
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ANNEXURE-3 

PROFORMA FOR STUDY 

PROFORMA FOR DATA COLLECTION 

Personal Details 

1. Name                          

 2. Ag e                            

 3. Sex                            

4. Birth Weight 

 5. Baby  Blood group  

6. Gestational age by Ballads score:  

7. I.P.No./O.P NO:  

8.  Address     

CHIEF COMPLAINTS    : 

OBSTETRICS HISTORY  

1. Gestational age            : 

2. Type of delivery          : 

3. Mother Blood group  : 

BIRTH HISTORY                      : 

VITALS  

HR :bpm,  RR:   cpm ,     All peripheral pulses:             ,  

Spo2:     % ,      periphery: 

ANTHROPOMETRY:  

Weight:  

Length:  

Head circumference : 
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HEAD TO TOE EXAMINATION:  

Pallor  

Icterus  

Cephal haematoma  

 

SYSTEMIC EXAMINATION: 

CVS:  

RS:  

PA:  

CNS: 

 

TREATMENT  

 SSPT  

DSPT  

TSPT  

Exchange transfusion.   
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ANNEXURE-5 
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