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Abstract
Objective: Evidence has shown a correlation between transcu-
taneous bilirubin (TcB) and total serum bilirubin (TSB) in preterm 
neonates before initiating phototherapy (PT). However, there is 
limited data on the reliability of use of TcB after initiation of PT 
in preterm neonates. Hence, the objective of the study was to 
compare TcB with TSB levels in preterm neonates after the ini-
tiation of PT.

Design: This was a single-center correlational study.

Study setting and duration: The study was conducted in a ter-
tiary care neonatal intensive care unit for 6 months.

Methods: Thirty preterm neonates (gestational age > 28 weeks) 
having clinically detectable jaundice were enrolled. Jaundice 
was confirmed with TcB and TSB levels before initiating PT. A 
small patch was applied over the sternum. TcB assessment 
was repeated at 6 to 12 hours after the initiation of PT on the 
shielded skin area along with simultaneous TSB estimation. 
Correlation coefficients of TcB and TSB were calculated using 
Pearson correlation and compared according to gestational 
age and postnatal age.

Results: TcB holds a correlation with TSB both before (r = 0.903, 
P = .0001) and after initiation of PT (r = 0.918, P = .0001). Cor-
relation was better in neonates of 28 to 32 weeks’ gestational 
age (r = 0.976) than those of > 32 weeks’ gestational age (r = 
0.887). It was also better for neonates of postnatal age < 72 h (r 
= 0.962) than those of > 72 h (r = 0.826).
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Conclusion: TcB correlates significantly with TSB at the patched 
sternal site after initiating PT in preterm neonates.

Key Words: Jaundice, phototherapy, preterm neonates, trans-
cutaneous bilirubin

Introduction
The incidence of neonatal hyperbilirubinemia is 
between 30% and 60% in full-term neonates and 
nearly 100% in preterm neonates.1 Preterm neonates 
are a unique population who are at a high risk of 
kernicterus at low bilirubin values as well as adverse 
effects of frequent blood samplings. 

Monitoring bilirubin levels in neonates with jaundice 
using a noninvasive method is extremely beneficial. 
Transcutaneous bilirubin (TcB) testing is a noninva-
sive technique, with the advantages of instant results 
and helps avoid sampling for repeated total serum bili-
rubin (TSB) testing.2 Total serum bilirubin (TSB) 
testing is an invasive method of measuring bilirubin 
levels. This requires repeated drawing of blood samples 
from neonates, to avoid which researchers are exploring 
noninvasive methods. However, measuring TcB levels 
after the initiation of phototherapy (PT), the gold 
standard method of treating jaundice, can give ambig-
uous results because PT is known to bleach the skin. 

Several studies have been conducted to assess the accu-
rate TcB values after starting PT in term neonates. 
Evidence has demonstrated a linear correlation of TcB 
with TSB in preterm neonates.3–5

Juster-Reicher et al6 showed correlation between 
TcB and TSB 8 hours after PT in 371 neonates of  
> 35 weeks’ gestation. Similar correlation was studied 
by Grabenhenrich et al.7 There are limited number of 
studies in a resource-poor setting on the use of TcB 
level during PT in preterm neonates.8

Earlier studies had used the old JM-103 device or Bili-
check, which was not effective to measure TcB levels 
in preterm neonates. A new device, JM-105, has been 
currently validated to measure TcB levels in preterm 
neonates with gestational age as low as 24 weeks.9 

Several studies have shown sternum to be a better site 
than other sites such as forehead, interscapular area, or 
abdomen.10–12 Hence, we decided to use sternum as the 
site of choice in our study.

We, therefore, planned to compare TcB levels measured 
over the sternum, which is shielded from the PT, with 
TSB levels in preterm neonates after initiating PT using 
the new JM-105 device.

Materials and Methods
This single-center correlational study was conducted 
in a level III neonatal intensive care unit (NICU) over 
6-month duration from September 2014 to February 
2015. The study protocol was approved by institu-
tional ethics committee. Written informed consent was 
obtained from either of the parents or guardian before 
enrolling into the study.

Inclusion criteria
Preterm neonates of > 28 weeks gestation with clini-
cally detectable jaundice were enrolled into the study.

Exclusion criteria
Neonates with conjugated (direct) hyperbilirubinemia 
clinically detected using high colored urine and clay-
colored stools and those with poor perfusion (capillary 
refill > 3 s or low blood pressure measurements) were 
excluded.

Methods
Birth weight of the newborn was recorded in labor 
room within the first hour of life on a machine with 
the accuracy of ± 2 grams. Gestational age was deter-
mined using the first trimester ultrasound. Parents or 
guardian were approached if the neonate was eligible 
to be included in the study; however, the neonate was 
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enrolled at the onset of clinical jaundice after obtaining 
informed consent from parents. 

The enrolled neonates were admitted in the NICU 
and managed according to the standard guidelines. 
They were assessed daily in bright daylight for possible 
development of jaundice. Serum bilirubin level was 
estimated by Diazo method. At the same time, the 
investigator measured the TcB on sternum using Dräger 
jaundice meter JM-105. Average of 3 consecutive read-
ings was recorded in mg/dL. The device was calibrated 
before using according to the manufacturer’s recom-
mendations, and daily quality control measures were 
also performed. 

PT was initiated if the TSB levels were according 
to AAP 2004 charts and sliding scale for preterm 
neonates.13 PT units (CFL or LED) were used during 
the study. Simultaneously, a small patch of skin over 
the sternum was shielded using a circular barrier (1 
cm in diameter) made of maxicor electrode covered 
with aluminum foil and a transparent semipermeable 
dressing (aluminum foil has been proven to protect the 
skin from PT).14 TcB assessment was repeated at 6 to 
12 hours on the shielded skin area depending on the 
severity of jaundice after the initiation of PT. Simulta-
neously, TSB level was assessed in the laboratory. Blood 
samples were collected for every 12 hours in neonates 
with no risk factors and for 6 hours in those with risk 
factors as per NICU protocol. No additional blood 
investigations were done. 

PT was discontinued if the TSB level fell 1 to  
2 mg/dL lower than the recommended range. The 
neonates under PT were cared according to the 
standard NICU protocols.

The skin integrity was assessed using neonatal skin 
condition score (NSCS) for all the enrolled neonates 
before and after the application of the skin patch15 

(Appendix 1).7

End points
The primary end point was to compare level of TcB 
with TSB in preterm neonates after initiating PT.

Whereas the secondary end points were to compare 
levels of TcB with TSB in neonates with 28 to 32 and 
> 32 weeks’ gestational age after initiating PT, and to 
compare levels of TcB with TSB at < 72 hours versus  
> 72 hours of postnatal age. 

Sample size
Sample size was calculated using correlation coefficient 
formula using z transformation. Earlier studies have 
shown that the correlation coefficient between TcB and 
TSB measurement performed at the same time varies 
between 0.5 and 0.9. Assuming α error to be 0.05, β 
error to be 0.2 (power = 0.8) and r value to be 0.5, esti-
mated sample size was 29.

Statistical analysis
A scatter plot has been used to depict the relationship 
between TcB and TSB measurement performed at the 
same time. Correlation coefficients are calculated using 
Pearson correlation (parametric test) or Spearman rank 
correlation (nonparametric test) based on normal/non-
normal distribution of data as appropriate. A P value of 
< .05 has been considered as statistically significant.

Results
The study included 30 preterm neonates, the baseline 
characteristics of whom are listed in Table 1.
Table 1. Baseline Characteristics of the Study  
Population

Baseline Characteristics n = 30

Birth Weight, g 1680 ± 633.61

Gestational Age, wk 32.93 ± 2.6

Length, cm 42.19 ± 5.25

Head Circumference, cm 29.78 ± 2.45

APGAR at 1 mina 8 (7–9)

APGAR at 5 mina 9 (8–9)

LSCS 14 (46.7%)

SGA 9 (30%)

Male 13 (43.3%)

Contd.
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Age at Estimation of Bilirubin Before PT, h 70.43 ± 24.93

Average Time of Taking TcB After Initiation of 
PT, h 12.58

All values are expressed in mean ± standard deviation (SD) except 
APGAR. 
APGAR, appearance, pulse, grimace, activity, respiration; LSCS, lower 
segment cesarean section; PT, phototherapy; SGA, small for gestational 
age; TcB, transcutaneous bilirubin. 
aAPGAR expressed as median (interquartile range).

The TcB level estimated at sternum correlated signifi-
cantly with TSB before initiating PT (correlation coef-
ficient = 0.903, P = .0001). During PT, TcB over the 
shielded area of sternum continues to have a positive 
correlation with TSB levels (correlation coefficient = 
0.918, P = .0001) (Table 2; Figure 1).
Table 2. Comparison of TSB With TcB Before and 
During PT

Bilirubin Before 
PT

Correlation 
Coefficienta

During 
PT

Correlation 
Coefficienta

TSB 12.05 ± 
3.49b 1 9.23 ± 

3.14 1

TcB at sternum 13.03 ± 
3.83b 0.903 10.10 ± 

3.30 0.918

PT, phototherapy; TcB, transcutaneous bilirubin; TSB, total serum 
bilirubin. 
aPearson correlation is significant at the 0.01 level (2-tailed). 
bAll values are expressed as mean ± standard deviation. 

We also found that the TcB measurements taken in 
neonates of 28 to 32 weeks’ gestation were better corre-
lated with TSB than in those of > 32 weeks’ gestation 
(Table 3).
Table 3. Correlation of TSB With TcB During PT 
According to the Gestational Age and Postnatal Age

Age TcB During PT
28–32 wk 0.976
> 32 wk 0.887
< 72 h 0.962
> 72 h 0.826

PT, phototherapy; TcB, transcutaneous bilirubin; TSB, total serum 
bilirubin.

We compared the levels of TcB with TSB in neonates 
according to their postnatal age. The correlation coeffi-
cient was better in neonates < 72 hours old than those of 
> 72 hours (Table 3).

None of the neonates had any evidence of loss of skin 
integrity before or after the application of skin patch as 
assessed by the NSCS.15

Conclusion
TcB levels correlate significantly with that of TSB at the 
patched sternal site after the initiation of PT in preterm 
neonates.

Discussion
The study showed a positive correlation between TcB 
and TSB levels in preterm neonates before initiating 
and after initiating PT.

Jangaard et al16 compared 65 healthy term, ill-term, 
and preterm neonates receiving PT for TcB levels. TcB 
measurements were accurate for measuring bilirubin 
levels in term jaundiced neonates not receiving PT and 
in those receiving PT if an area of the skin was patched. 
However, it was not sensitive in preterm neonates.

In a larger study conducted by Zecca et al,17 364 
neonates, including 253 preterm, were evaluated for 
accuracy of TcB measurements during PT. The study 
results were in agreement between TSB and patched 
TcB, whereas unpatched TcB underestimated the serum 
levels. The difference between patched and unpatched 

Figure 1. Scatter Plot Depicting Correlation Between 
Total Serum Bilirubin and Transcutaneous Bilirubin 
After Starting PT
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PT, phototherapy; TcB, transcutaneous bilirubin; TSB, total serum bilirubin.

Table 1. Contd.
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values was significantly lower in preterm than in 
term neonates (2.8 mg/dL vs 3.6 mg/dL, respectively;  
P < .001).

Povaluk et al14 studied 44 neonates, among whom 29 
were preterm neonates. They found correlation between 
TSB and TcB levels measured at the patched area of the 
skin during PT.

The difference in TcB and TSB levels in neonates of 
gestational age 28 to 32 weeks and > 32 weeks could 
be attributed to the immature skin of very preterm 
neonates. None of the studies have evaluated the effect 
of gestational age on TcB measurements after the initia-
tion of PT in preterm neonates.

As skin pigmentation starts increasing after 72 hours of 
age, correlation begins to decline; however, correlation 
still remains > 80%. Hence, correlation coefficient was 
better for neonates < 72 hours old than those of > 72 
hours.

In this study, overall, there was a tendency to overes-
timate TSB, which is in agreement with the study 
conducted by Sanpavat et al.18 They found that in the 
early postnatal age of 1 to 4 days, TcB readings overes-
timated TSB.

We took TcB measurements after an average of 12 to 
14 hours after the initiation of PT. Ozkan et al5 studied 
dermal bilirubin kinetics during PT and found that 
bilirubin migration in the patched skin area occurred 
between 6 and 12 hours of PT after which it remained 
stable. Hence, recording TcB values 12 hours after the 
initiation of PT was expected to yield reliable results.

Till date, Bilicheck and JM-103 are the 2 most common 
devices used to evaluate the efficacy of measurement of 
TcB in preterm neonates. Our study shows that JM-105, 
which is validated for use in preterm neonates,9 is reli-
able in TcB estimation after the initiation of PT.

Strengths and limitations of the 
study
None of the neonates in the present study had any 
evidence of loss of skin integrity before or after the 
application of skin patch as assessed by the NSCS.15 

Our study, therefore, proves that using a patched area 
of skin for TcB measurements is a safe intervention.

The present study had a few limitations: first, it was a 
small sample size, and second, comparison with other 
sites such as forehead and interscapular area should 
have been done, which have been found reliable sites 
in preterm neonates. And last, taking serial measure-
ments after the initiation of PT could yield a better esti-
mate, which could be helpful for clinicians in guiding  
decisions regarding continuation of PT.
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Appendix 1
Neonatal Skin Condition Score (NSCS) are defined as 
follows:

Condition Score
Dryness 1 Normal with no signs of dry skin

2 Dry skin, visible scaling
3 Very dry skin, cracking/fissures

Erythema 1 No evidence of erythema
2 Visible erythema, < 50% body surface
3 Visible erythema, ≥ 50% body surface

Breakdown 1 None evident
2 small localized areas
3 Extensive

Note: 3: perfect score, 9: worst score
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