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The correlation coefficient (r) among the sites were:
forehead: 0.88, sternum: 0.88, and abdomen: 0.86.
Bland–Altman plot showed significant agreement
between TcB and TSB in both preterm and term
neonates at all three measurement sites.

Abstract
Introduction: Neonatal jaundice is the most
frequently encountered diagnostic and therapeutic
problem in neonates. An estimation of bilirubin is
essential for decision making. Transcutaneous
bilirubinometer (TcB) is a non-invasive, quick and
widely used screening and monitoring tool for the
estimation of serum bilirubin.

Conclusions: The TcB levels can accurately predict
TSB in both preterm and term neonates and also at all
measurement sites viz. forehead, sternum and
abdomen.

Objectives: To determine correlation and agreement
between TcB and total serum bilirubin (TSB) and to
verify the influence of different measurement sites
for TcB estimation (forehead, sternum and abdomen)
in preterm and full-term neonates.
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Method: In a prospective study, 306 paired TcB-TSB
samples from 306 haemodynamically stable term
(150) and preterm (156) infants, up to 14 postnatal
days with clinical jaundice were analysed. TcB was
measured at the forehead, sternum and abdomen
within 5 minutes of blood collection, by a single
investigator using Dräger jaundice meter JM-103
device. Linear regression analysis and Bland-Altman
plots were used to compare TcB values at each site
with TSB levels.

Introduction
Approximately 85% of all term newborns and most
premature infants develop clinical jaundice1. Three
methods are used to estimate the bilirubin level in the
neonate viz. visual assessment (VA), transcutaneous
bilirubin (TcB) and measurement of the total serum
bilirubin (TSB). Many neonatal jaundice guidelines
have shown that VA is subjective, inaccurate and not
a reliable indicator of the TSB1,2,3. The measurement
of the TSB remains the gold standard but this is
invasive, painful and time-consuming. TcB is an
alternative to measurement of the TSB and has been
validated for clinical use through extensive study. It
can reliably estimate serum bilirubin level
independent of the skin pigmentation, postnatal age
and weight of the infant and can be used as a
screening tool1. It has the potential to reduce the
number of invasive tests performed in the newborn
and reduce health care costs1,3. TcB may be more
useful in the vulnerable preterm population because
of the serious and prolonged course of jaundice and
higher predisposing factors requiring more frequent
bilirubin measurements.

Results: The mean ± standard deviation (SD) for
gestational age, birth weight and postnatal age were:
35.22±2.56 weeks, 2017±0.59g and 96.21±68.2 hours
respectively. The mean ± SD TcB at different sites
were; forehead 13.46±4.32, sternum 13.33± 4.38 and
abdomen 11.88 ± 4.27 mg/dl. The mean ± SD TSB
was 15.59±5.93 mg/dl. TcB significantly correlated
with TSB at all three measurement sites (p<0.001).
___________________________________________
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Objectives
The aims of our study were to determine correlation
and agreement between TcB and TSB and to verify
the influence of different measurement sites for TcB
estimation (forehead, sternum and abdomen) in
preterm and full-term neonates.
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difference between TcB and TSB at each body site
and for preterm and term neonates.

Method
This was a prospective study conducted from August
2012 to July 2013 in the neonatal intensive care unit
(NICU) and maternity ward in a tertiary care teaching
hospital, Ahmedabad, Gujarat. The study protocol
was approved by the institutional ethical committee.
The newborns were included in the study only if
visual observation of jaundice raised concern for risk
of hyperbilirubinaemia. Haemodynamically stable,
306 term and preterm infants with grossly uniform
skin colour and up to 14 days postnatal age were
recruited after obtaining parental consent. A total of
306 paired TcB-TSB samples, only of first
examination in order to acquire only one data set per
infant, were analysed. For preterm infants recruited
later, corrected gestational age was taken into
consideration. Patients having major congenital
malformations,
bleeding
disorder,
direct
hyperbilirubinaemia or local skin condition (e.g.
oedema, infection) were excluded from the study.
Patients who had received
phototherapy or
exchange transfusion were also not included.

Results
A total of 306 newborns having indirect
hyperbilirubinaemia and their 306 TcB-TSB paired
samples in the first 14 days of life were studied.
Demographic characteristics of subjects are shown in
table 1.
Table 1: Demographic characteristics (n=306)
Characteristic
No. (%)
Birth weight (g)
< 1000
05 (01.6)
1000 – 1499
36 (11.8)
1500 – 2499
146 (47.7)
> 2500
119 (38.9)
Gestational age (weeks)
< 28
03 (01.0)
28-31
31 (10.2)
32-36
122 (39.8)
37-41
150 (49.0)
> 41
0 (0)
Underlying cause of indirect
hyperbilirubinaemia
Physiological jaundice
132 (43.1)
Unspecified jaundice
19 (06.3)
Enclosing haemorrhage
03 (01.0)
ABO incompatibility
53 (17.3)
Rh incompatibility
31 (10.1)
Septicaemia
68 (22.2)
Age at the time of measurement
0 - 96 hours
187 (61.1)
5 - 9 day of life
108 (35.2)
10 - 14 day of life
11 (03.7)

All TcB measurements were done using Dräger
jaundice meter JM-103 by a single investigator in
accordance with the manufacturer recommendation.
The JM-103 does not require user calibration.
Reproducibility of the light output of the device was
tested daily using the checker. For all TcB
measurements, an average of 3 consecutive scans
recorded in a quiet infant at 3 second intervals, was
considered as the TcB level in mg/dl. The TcB
measurements at 3 different sites; forehead, midsternum & lower abdomen were recorded for each
infant. Blood samples for TSB were drawn from
peripheral veins within 5 minutes of TcB & analysed
within 30 minutes by spectrophotometry (Abbot
Architect C 8000) in a single laboratory.

In this study 150 (49%) neonates were full-term and
156 (51%) were pre-term. Mean ± standard deviation
(SD) for gestational age, birth weight and postnatal
age were 35.22±2.56 weeks, 2017± 0.59g and 96.2±
68.2 hours. Mean ± SD for TcB at different sites
were: forehead 13.46±4.32, sternum 13.33±4.38 and
abdomen 11.88± 4.27 mg/dl. Mean ± SD for TSB
was 15.59± 5.93 mg/dl.

Demographic data, TcB and TSB values were
analysed using SPSS version 20. The correlation
coefficient (r) between TcB and TSB was calculated
using Pearson’s Linear Regression. Sensitivity and
specificity of TcB values in 1 mg/dl increment were
analysed in relation to various TSB levels. The p
value <0.05 was considered statistically significant.
The regression equation and coefficient of
determination (R2) were calculated using the results
between the TcB and TSB values. Bland-Altman
plots (mean ± 1.96 SD) were used to determine the

Linear regression analysis between TSB and TcB
measurements
obtained
from
3
different
measurement sites have been represented in Figure 2.
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The Pearson’s correlation coefficient r for forehead,
sternum and abdomen was 0.88, 0.88 and 0.86
respectively. Results showed high correlation
(p<0.01) between TSB and TcB for all the three sites,
marginally higher for forehead and sternum than
abdomen. R2 was highest for the forehead (0.775),
followed by the sternum (0.772) and then lower
abdomen (0.742). Based on the results of regression
model, linear regression equations for the relationship

between TSB and TcB were developed. For the
forehead site it was TSB= 0.93+1.14*TcB, for
sternum TSB=0.15+1.10*TcB and for abdomen was
TSB=0.88+1.33*TcB.
Figure 3 depicts the agreement between TSB and
TcB for 3 different measurement sites in full term
study subjects.
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The mean value of the difference between TSB and
TcB values (TcB-TSB) for full term infants, (n=150)
at the different sites were: forehead (0.8), sternum (1.7) and lower abdomen (-3.6). The 1.96SD were
4.29 at the forehead, 5.39 at the sternum and 6 at the
lower abdomen. The above Bland-Altman plots show
that there was very good correlation between the TcB

and TSB values in term neonates at all three sites of
measurements.

The mean value of the difference between TSB and
TcB values (TcB-TSB) for preterm infants, (n=156)
at the different sites were: forehead (0.2), sternum (0.5) and lower abdomen (-1.7). The 1.96 SDs were
4.39 at the forehead, 5 at the sternum and 5.29 at the
lower abdomen. The above Bland–Altman plots show
that there was very good correlation between the TcB
and TSB values in preterm newborns.

Study by Chawla et al in 256 preterm neonates of
<35 weeks GA for all 3 sites showed good correlation
on forehead followed by abdomen and then sternum
(r = 0.84, 0.72 and 0.83)4. Similar observations have
been made by Kurokawa et al in VLBW neonates5.
The studies by Stillova et al also showed (r = 0.85,
0.81 and 0.73) and (r = 0.81, 0.93 and 0.87) over
forehead, sternum and abdomen in 44 neonates of 3234 GA group and 32 neonates of <32 GA
respectively6,7. We speculate that the TcB
measurement technique is not stable and consistent at
the lower abdomen because abdomen is too soft in
neonates, particularly tiny preterms. Forehead may be
a more convenient site and better correlates with
TSB, but skin over sternum may be typically light
protected
and
therefore
show
greater
correlation8,9,10,11. Recent systematic review of
absolute TcB-TSB difference plots in preterms
revealed minimal bias in measurement irrespective of
site with pooled estimates of 0.8312. Literature review
of multiethnic cohort by Peter et al concluded that
forehead is better than sternum for Indian neonates
(r= 0.934 vs 0.914)13. Mahajan et al also found
correlation coefficient of 0.878 and 0.859 at forehead
and sternum respectively in GA ranging from 28 to
42 weeks14.

Figure 4 depicts the agreement between TSB and
TcB for 3 different measurement sites in preterm
study subjects.

Discussion
Identification of newborn at risk of developing
significant hyperbilirubinaemia and prevention of
bilirubin encephalopathy remains a high priority
amongst public health institutions. TcB is widely
used as a screening tool and world over many studies
have shown good agreement with laboratory
measurements. Our study reconfirms a good
correlation between TcB and TSB measurements and
adds to the available knowledge in that it provides
data on all the three measurement sites in all
gestational age groups. Most of the researchers have
studied specific GA group and measurement sites;
forehead and/or sternum. We could not find any
study comparing TcB at all the three sites in both
term and preterm Indian neonates. Our study showed
accuracy for all the three sites, marginally higher
correlation on forehead and sternum than abdomen (r
of 0.88 and 0.88 vs 0.86).

Our study revealed significant correlation between
TcB and TSB for both preterm and term infants. Few
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other studies have found positive correlation in both
preterm and term neonates15,16,17. In contrast, Bela et
al and Mahajan et al found correlation only in term
neonates with r=0.85 (0.34 and 0.45 in two preterm
groups) and r=0.83 (0.31 in preterm) respectively14,18.
Evidence from 34 screening accuracy studies in GA
of >35 indicated a strong correlation between TcB &
TSB with a correlation coefficient ranging from 0.75
to 0.952. Bental et al also concluded r= 0.846 from
1091 paired measurements from 628 infants after
mean of the forehead and sternum measurements in
term and near term neonates19. Systematic review by
Zhang comparing TcB-TSB nomograms stated same
predictive value and both could be used to identify
subsequent significant hyperbilirubinemia20. Several
others, including some Indian studies targeting term
babies had also shown agreement2,8,13,21.
For preterm babies, studies focusing on different GA
groups ranging 24-36 weeks showed high TcB-TSB
correlation ranging from 0.79-0.936,7,9,13,15,,22,23. De
luca et al recently performed a meta-analysis of
available literature and showed high correlation and
global Pearson’s r=0.84 (95% CI: 0.79-0.87)24.
Recent systematic review on reliability of TcB
devices in preterm infants gathered results of 21
studies showed pooled estimates of r=0.89 in <32 GA
and concluded that TcB devices could be used in
preterm neonates to reduce blood sampling12.
Limitation of the study was under representation of
extremely preterm neonates.
Conclusions
The TcB levels can accurately predict TSB in both
preterm and term neonates and also at all
measurement sites viz. forehead, sternum and
abdomen.
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