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Abstract
Objective To evaluate correlation of transcutaneous bilirubin (TcB) measured at different body sites with serum total bilirubin
(TSB) in early preterm infants.
Methods This hospital based prospective comparative study was carried out in the Department of Pediatrics, SMS Medical
College, Jaipur between April 2015 to March 2016. Early preterm infants with gestational age ≤ 34 weeks in whom clinical
jaundice was significant mandating TSB measurement were included in the study. Study subjects who met the inclusion criteria
were chosen consecutively. Neonates in whom phototherapy was already initiated and those with poor perfusion (capillary refill
time > 3 s) were excluded from the study. All the measurements were carried out within first postnatal week. Transcutaneous
bilirubin was measured from three sites: forehead, sternum and interscapular region and within 15 min of TcB measurement,
blood samples were taken and serum bilirubin level was calculated.
Results Correlation coefficients of transcutaneous bilirubin measured from forehead, sternum and interscapular sites were 0.82,
0.84 and 0.86 respectively. TcB measured from all the three sites correlated significantly with serum bilirubin (p < 0.001), but the
correlation was best at interscapular site. Sensitivity, specificity and false negative rates were calculated with respect to starting
phototherapy. Interscapular site had the highest sensitivity and lowest false negative rate (87.6 and 12.4% respectively) as
compared to forehead (79.2 and 20.8% respectively) and sternum (87.1 and 12.9% respectively).
Conclusions Transcutaneous bilirubin measurement is an acceptable method for identification of hyperbilirubinemia requiring
treatment in early preterm newborns. The authors recommend interscapular region as a reliable site in infants of gestational age
≤34 wk for measuring transcutaneous bilirubin.
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Introduction

Jaundice is one of the most common conditions requiring
medical attention in newborn infants. Approximately 60% of
term and 80% of preterm babies develop jaundice in the first
week of life [1]. Severe neonatal hyperbilirubinemia has been
estimated to occur in up to 10% of newborns [2]. Usually,
hyperbilirubinemia is a benign condition, but high levels of
serum bilirubin for prolonged time period may permanently

damage the globus pallidus, subthalamic nuclei, hippocam-
pus, and oculomotor nucleus and other structures of the cen-
tral nervous system causing kernicterus in the infant [3].
Preterm neonates are at increased risk for bilirubin encepha-
lopathy and kernicterus as compared to term neonates, as a
result of exaggerated neonatal red cell, hepatic, and gastroin-
testinal immaturity. The postnatal maturation of hepatic bili-
rubin uptake and conjugation may also be slower in premature
infants. In addition, a delay in the initiation of enteral feedings
so common in the clinical management of sick premature
newborns may limit intestinal flow and bacterial colonisation
resulting in further enhancement of bilirubin enterohepatic
circulation. These developmental and clinical phenomena
contribute to the greater degree and duration of neonatal jaun-
dice in premature infants [4]. To prevent these complications
and to do appropriate management such as phototherapy or
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blood exchange as soon as possible, all susceptible neonates
with jaundice are checked for serum level of bilirubin.

Serum bilirubin estimation is an invasive method which
requires drawing blood, and is also inconvenient because of
technical difficulties in venous puncture, discomfort, pain,
delay in results and parental stress; so it is important to reduce
the number of draws and minimize the amount of blood the
newborn loses due to blood draws [5–7].

Transcutaneous bilirubinometry (TcB) was originally de-
veloped as a potential replacement for invasive blood sam-
pling. Earlier studies have obtained good correlation of TcB
measurement, in term and late preterm babies, obtained from
forehead and sternum asmost common sites. The use of point-
of-care TcB monitoring in early preterm neonates might en-
hance early detection of hyperbilirubinemia in this vulnerable
population if these values correlate well with serum bilirubin
values [8]. Interscapular site was also included in the present
study considering the fact that unconjugated bilirubin is lipo-
philic and the interscapular site is among the earliest sites for
fat deposition in the fetus [9].

Material and Methods

This hospital based prospective comparative study was carried
out on patients admitted in the Department of Pediatrics, SMS
Medical College, Jaipur between April 2015 to March 2016.
Ethical clearance was obtained from institutional ethics com-
mittee before undertaking the study. Early preterm infants
with gestational age ≤ 34 wk in whom clinical jaundice was
significant mandating TSB measurement were included in the
study. Study subjects who met the inclusion criteria were cho-
sen consecutively. Neonates in whom phototherapy was al-
ready initiated and those with poor perfusion (capillary refill
time > 3 s) were excluded from the study. Informed consent
was obtained from the parents. All the measurements were
carried out within first postnatal week. The gestational age
of the neonates was determined by last menstrual period
(LMP) if known, by antenatal USG or by Ballard method.
Sample size for positive and negative predictive value, assum-
ing TcB had a sensitivity of 80% in predicting the need to start
phototherapy was generated. The sample size needed to dem-
onstrate this with a power of 90% was 228. Transcutaneous
bilirubin was measured from three sites: forehead, sternum
and interscapular region using JM-103 bilirubinometer in ac-
cordance with the manufacturer instructions. An average of
three consecutive readings from these sites were taken for
evaluation. Within 15 min of measuring TcB, 0.5 ml of blood
was collected via peripheral vein using aseptic technique, and
sent to the laboratory promptly. The level of total serum bili-
rubin was determined by the diazo method. The decision to
start phototherapy was based on TSB values according to

guidelines mentioned in Manual of Neonatal Care, J. P.
Cloherty 7th edition [10].

Age, sex, gestational age and anthropometry were recorded
and mean, median and standard deviation was calculated. The
correlation coefficient was then computed, a scatter diagram
for TcB from different sites was plotted against TSB (Fig. 1),
and absolute difference between TcB and TSBwas computed.

The sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and false positive rate for
starting of phototherapy was calculated. Receiver operating
characteristic (ROC) curve was generated and area under the
curve was computed utilising the requirement of phototherapy
according to TSB levels obtained.

Results

Two hundred twenty eight early preterm infants (gestational
age ≤ 34 wk) were included in the present study. Their demo-
graphic characteristics are summarized in Table 1.

In 33(14%) patients, bilirubin level was measured within
24 h of birth, in 54(24%) patients, it was measured between 24
and 48 h and in rest 141(62%), it was measured after 48 h.
Mean hours after birth at which serum bilirubin was calculated
was 61.3±31.6.

Serum bilirubin in the study participants ranged from
4.4 mg/dL to 21.7 mg/dL. Median was 12.2 mg/dL. Mean
±SD was 13±3.3 mg/dL. Out of 228 patients, 48(21%) had
serum bilirubin <10 mg/dL, 131(57%) had serum bilirubin
between 10 and 15 mg/dL and 49(22%) had serum bilirubin
>15 mg/dL.

Correlation coefficients of transcutaneous bilirubin mea-
sured from forehead, sternum and interscapular sites were
0.82, 0.84 and 0.86 respectively. Transcutaneous bilirubin
measured from all the three sites correlated significantly with
serum bilirubin (p < 0.001), but the correlation was best at
interscapular site. Differences between TSB and TcB values
for forehead, sternum and interscapular site were − 5 to
+6.3 mg/dL, −3.6 to +5.8 mg/dL and − 4.3 to +5.4 mg/dL
respectively.

When patients were divided into two groups based on birth
weight ≤ 1500 g and > 1500 g and correlation of TcB and TSB
was calculated in each group, correlation was significant from
all three sites in both groups (p < 0.001). Correlation of TcB
obtained from forehead and sternum was better in >1500 g
birth weight group as compared to ≤1500g group (0.84 and
0.85 vs. 0.76 and 0.81 respectively). At interscapular site,
correlation was highest and similar in both groups (0.87 vs.
0.85).

With respect to starting phototherapy, sensitivity, spec-
ificity, PPV, NPV and false negative rates were calculated.
Interscapular site had highest sensitivity and NPV and
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lowest false negative rate as compared to forehead and
sternum (Table 2).

ROC curve was generated (Fig. 2) and area under the curve
was calculated. Area under the curve for forehead, sternum
and interscapular sites was 0.780, 0.770 and 0.781 respective-
ly, which was comparable, though it was highest for
interscapular site.

Discussion

Early diagnosis and management of neonatal jaundice in pre-
term infants is a challenge for physicians because of its poten-
tial to cause permanent encephalopathy. Immediate, accurate
and painless evaluation of neonatal jaundice is highly desir-
able. Transcutaneous bilirubin measurement is a potentially

Fig. 1 Scatter plot of TSB against
TcB from three different sites

Table 1 Demographic
characteristics of study
participants

Basic Characteristics Variable Number Percentage

Sex Male 118 52

Female 110 48

Gestational age (weeks) ≤30 wk 55 24

>30 wk 173 76

Birth weight (g) <1000 g 17 8

1000 g–1500 g 67 29

>1500 g 144 63

Age (hours) at which TSB was measured ≤ 24 h 33 14

25–48 h 54 24

>48 h 141 62

Weight for gestational age SGA 44 19

AGA 184 81

LGA 0 0

TSB levels (mg/dL) <10 48 21

10–15 131 57

>15 49 22

SGA Small for gestational age; AGA Appropriate for gestational age; LGA Large for gestational age; TSB Total
serum bilirubin
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useful method to achieve this goal. The authors attempted to
calculate correlation of serum bilirubin levels and transcuta-
neous bilirubin measurements taken from forehead, sternum
and interscapular site. They also assessed the validity of trans-
cutaneous bilirubin measurement as a diagnostic tool to start
phototherapy in early preterm infants.

The results of present study demonstrated a statistically
significant correlation between the TcB values and TSB
levels. The correlation coefficient of forehead TcB of 0.82
(p < 0.001) found in index study was higher than that de-
scribed by other studies (Knüpfer et al. [11]: 0.73; De Luca
et al. [12]: 0.79; Sajjadan et al. [13]: 0.56), but was lower as
compared to findings of Yaser et al. [14] (r = 0.90). The dis-
crepancy in correlation of forehead and total serum bilirubin
found in different studies may be due to the fact that the fore-
head is continuously exposed to ambient light and has

excessive hair, hence results vary from infant to infant.
Measuring TcB over sternum seems to be also suitable for
hyperbilirubinemia screening. The correlation coefficient of
sternum TcB of 0.84 (p < 0.001) in present study was compa-
rable to findings of other studies by Tan et al. [15] (r = 0.82);
Szabo et al. [16] (r = 0.87); Schmidt et al. [17] (r = 0.79–0.92).

The interscapular site was also included in this study be-
sides two commoner sites: forehead and sternum. There were
two main reasons for including this site in present study: first-
ly, it is usually shielded from ambient light and secondly the
interscapular area is one of the earliest sites of fat deposition in
a newborn [9]. The correlation coefficient of interscapular
TcB was 0.86 (p < 0.001). Previously, only one study by
Yaser et al. [14] has evaluated this site for preterm neonates.
The correlation between TSB and TcB obtained from
interscapular site in their study was similar to present study
(r = 0.86).

In the present study, authors also attempted to find out
whether the correlation between TcB and TSB is affected by
birth weight. For this, when they divided patients into two
groups based on birth weight ≤ 1500 g and > 1500 g and
correlation of TcB and TSB was calculated, significant corre-
lation was found from all three sites in both groups (p <
0.001). Also, correlation of TcB obtained from forehead and
sternumwas better in >1500 g birth weight group as compared
to ≤1500g birth weight group. At interscapular site, however,

Table 2 Sensitivity, specificity, PPV, NPV and false negative rate at
each site

Site Sensitivity Specificity False negative rate PPV NPV

Forehead 79.2 82.0 20.8 94 52.6

Sternum 87.1 74.0 12.9 92.3 61.7

Interscapular 87.6 80.0 12.4 93.98 64.5

PPV Positive predictive value; NPV Negative predictive value

Fig. 2 ROC curve. TCBF
Transcutaneous bilirubin
forehead; TCBS Transcutaneous
bilirubin sternum; TCBIS
Transcutaneous bilirubin
interscapular
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correlation was almost similar in both groups and it was better
than forehead and sternum in less than ≤1500g group. So,
authors concluded that interscapular site may be better for
measuring bilirubin levels in both groups, and particularly in
≤1500g group. Karolyi et al. [18] studied correlation of TcB
from sternum and TSB among neonates with birthweight
<1500 g and they found this correlation to be 0.68 (p <
0.001). Kurokawa et al. [19] assessed the accuracy of trans-
cutaneous bilirubin (TcB) measurements at 5 different body
sites in Japanese very low birthweight (VLBW) infants and
they found that TcB significantly correlated with TSB., but
they did not compare it with neonates more than 1500 g.
Baidee et al. [20] found that the TSB – TcB correlation coef-
ficient increased with increasing gestational age and birth
weight, which is similar to present study.

When authors compared the difference between TSB and
TcBs’ from forehead and sternum, 66 (29%) of forehead and
45 (19.7%) of sternum TcB measurements overestimated
while 15 (6.6%) of forehead and 18 (8%) of sternum TcB
measurements underestimated TSB by >2 mg/dL. Similar to
findings from present study, other studies using different
transcutaneous bilirubinometers have also reported wide dif-
ferences between TSB and TcBs’measured over forehead and
sternum (Knüpfer et al. [11], Schmidt et al. [17], De Luca et al.
[12], Willems et al. [21], Yaser et al. [14]). The reason for this
is not clear but it might have to do with light exposure to the
forehead and scarcity of subcutaneous fat in the sternal area.
At the interscapular site, in 50 (22%) patients, TcB
overestimated while in 9 (4%) it underestimated TSB by
>2 mg/dl.

The sensitivity of forehead transcutaneous bilirubin in
identifying study participants in need of phototherapy in pres-
ent study was 79.2% which is lesser than Knüpfer et al. [11]
who found a sensitivity of 86.8% but similar to Yaser et al.
[14] who found a sensitivity of 80.3%.

Yaser et al. [14] looked at sensitivity of the sternum trans-
cutaneous bilirubin in determining need to initiate photother-
apy and found this value to be 69.7%. In the present study,
however, authors found better sensitivity at sternum (87.1%).

In the present study, the interscapular TcB had the highest
sensitivity in identifying study participants in need of photo-
therapy (87.6%) and it wrongly labeled 12.4% of those in
need of phototherapy. As compared to findings of Yaser et
al. [14], who obtained 93.9% sensitivity at this site, the present
values were lower, though comparable. The difference might
be because of ethnic and racial variation.

The authors thus conclude that transcutaneous bilirubin
measurement is an acceptable method for identification of
hyperbilirubinemia requiring treatment in early preterm new-
borns. It can reduce the number of blood samplings, reducing
neonatal and parental distress and medical care cost.

Interscapular site had the highest sensitivity and lowest false
negative rate, so authors recommend transcutaneous bilirubin
measurements over interscapular region in infants of gesta-
tional age ≤34 wk as a reliable and accurate neonatal
hyperbilirubinemia assessment test.
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