
Journal of Perinatology (2020) 40:212–218
https://doi.org/10.1038/s41372-019-0445-3

ARTICLE

The accuracy of transcutaneous bilirubinometry in preterm infants

Didem Arman 1
● Sevilay Topcuoğlu1

● Tugba Gürsoy2 ● Fahri Ovalı 3
● Güner Karatekin1

Received: 20 February 2019 / Revised: 8 June 2019 / Accepted: 12 June 2019 / Published online: 30 July 2019
© The Author(s), under exclusive licence to Springer Nature America, Inc. 2019

Abstract
Objective To evaluate the correlation between total serum and transcutaneous bilirubin and to determine the reliability of
transcutaneous bilirubinometry for screening and monitoring of neonatal jaundice among preterms.
Study Design Ninety nine infants with gestational ages ≤34 weeks were prospectively enrolled. Babies were classified into
three groups as; 24–28, 29–31, and 32–34 weeks. Total serum bilirubin and simultaneous transcutaneous bilirubin were
measured before the onset of phototheraphy, during and at 24 h after discontinuing phototherapy.
Results Total serum bilirubin significantly correlated with transcutaneous bilirubin in the whole cohort (r= 0.867, p <
0.001) and in each group before, during and after phototheraphy. Hypotension was the only variable which effects the
difference between two methods at postnatal first day of life (p= 0.039).
Conclusion Transcutaneous bilirubin levels were highly correlated with total serum bilirubin levels even in 24–28 GW
babies. Transcutaneous bilirubin may be useful for screening and monitoring of jaundice in very preterm newborns.

Introduction

Neonatal jaundice is a frequent problem for neonates
especially for preterm babies. Approximately 80% of term
and preterm babies develop jaundice in the first week of life
[1, 2]. Therefore accurate determination of bilirubin levels
and evaluation of its severity is an important aspect of
screening and management. The National Institute for
Health and Clinical Excellence (NICE) neonatal jaundice
guidelines [1] recommend checking bilirubin level in all
infants with visible jaundice. Although the serum bilirubin
measurement remains the gold standard, heel stick or
venous blood drawn for sampling are painful and time
consuming procedures for particularly preterm infants.
Invasive procedures also increase the risk of infection and
anemia which are important morbidities for preterm infants.

Transcutaneous bilirubin (TcB) measurement is painless
and easy to perform as an alternative method [3–5]. Routine
use of TcB measurement for neonatal jaundice screening
among babies >35 weeks and after postnatal 24-h was
recommended, both before hospital discharge and for
determination of the need for phototherapy [1, 6]. Several
studies have documented that it has a good correlation and
reliability also in preterm infants [4, 7, 8]. Before photo-
therapy, although there is a good association between serum
bilirubin levels, following the initiation of phototherapy, it is
reported that the correlation between TcB and total serum
bilirubin (TsB) measurements may adversely get affected.
This may be due to the rapid decrease of dermal bilirubin via
photoisomerization in dermal interstitial spaces and sub-
cutaneous capillaries. Because of dermal bilirubin kinetics
during phototherapy, the validity and the reliability of TcB
has been questioned during and after phototherapy [9–14].

There is limited data and no clear recommendations
about the use of transcutaneous bilirubinometer in preterm
infants undergoing phototheraphy. The results of the studies
are inconsistent [14–16]. On the other hand, hence the
preterm neonates have risk factors predisposing to neuro-
toxicity at lower bilirubin levels, frequent monitoring of
those infants during phototheraphy is definitely important.
Currently, TcB assessment is widely used only before
initiating phototherapy.

In this prospective observational study, we assessed TcB
measurements concurrently with TSB values in venous
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samples drawn at various time points before, during and
after phototherapy. We aimed to detect the correlation
between TsB and TcB levels among preterms less than 32
GWs in order to determine the reliability of transcutaneous
bilirubinometry for screening and monitoring of neonatal
jaundice in preterm babies.

Methods

Study population and data collection

This study was conducted in the neonatal intensive care unit
(NICU) of Zeynep Kamil Maternity and Children Training
and Research Hospital, a tertiary referral center. Ninety nine
infants with gestational ages ≤34 weeks were prospectively
enrolled in the study. Gestational age was determined by the
first day of the last menstruel period, or prenatal ultra-
sonography performed at 17–18 weeks. Neonates were
excluded if they were diagnosed with chromosomal or con-
genital malformation, direct hyperbilirubinemia, sepsis, and
TORCH infection or previously exposed to phototherapy.

To evaluate the correlation between TcB and TsB in
babies with different gestational ages, we classified them
into 3 groups as; 24–28 weeks (group I), 29–31 weeks
(Group II) and 32–34 weeks (Group III), respectively.
Neonatal characteristics were collected (GA, gender, mode
of delivery, need for inotropes and antenatal steroid use,
presence of IUGR and abnormal Doppler findings.

All of the infants constituting the study group were in
postnatal 48 h. The decision for commencing phototherapy
treatment and follow up was made by the attending neona-
tologist according to National Institue for Health and Clinical
Excellence (NICE) TsB nomograms [1]. Patients were treated
with continuous phototherapy by standard LED phototherapy
unit. Infants’ eyes were routinely covered with opaque eye
patches made of carbon and silk. The pads were 4 cm wide
and 25 cm long and attached by micropore tape to the side of
the head. The position of the eye patches were routinely
checked at 2–3 h intervals during feedings.

TcB and TsB measurements

Transcutaneous bilirubin and simultaneous TsB levels were
measured before the onset of phototheraphy. During pho-
totheraphy, serum bilirubin measurements were repeated for
every 24 h until phototherapy has terminated. Serum bilir-
ubin levels were determined for rebound hyperbilirubinemia
24 h after discontinuing phototherapy. Transcutaneous
measurements were carried out within 5 min of blood
sampling for TsB by two neonatologists (ST and DA). A
single JM-103 transcutaneous bilirubinometer (Draeger Air-
Shields, Telford, PA, USA) was used. The device was used

according to manufacturer’s recommendations. Quality
control measures were performed daily. TcB were measured
on glabellar skin protected from phototherapy lights by
opaque eye patch. TcB levels before and after phototherapy
were measured on glabellar area as well. The device-
calculated mean of three measurements was recorded. TsB
measurements were performed with in the clinical chemistry
laboratory. This laboratory utilizes diazo method (Architect
c4100, Abbott). Local ethics committee approved the study.
Written informed consent were obtained from parents of all
infants included in the study.

Statistical analysis

Descriptive statistics were generated for entire group. The
results are presented as the means ± SD. The correlation
between TcB and TsB was assessed with Pearson’s correla-
tion coefficients calculated in the overall populations. Statis-
tical significance is implied by a p-value of less than 0.05.
Bland–Altman analysis was used to show the differences
against the mean of the two compared methods. The risk
estimation and confidence intervals for each cut off level were
analyzed. Mann Whitney U analysis was carried out to asses
the relationship between the absolute difference TsB and TcB
values and the categorical variables, such as; birth weight,
gender, delivery route, need for ventilatory support and ino-
tropes, presence of reversal of blood flow in antenatal Doppler
ultrasonography, antenatal steroid use, PPROM and IUGR.
Power analysis revealed that in order for an effect of this size
to be detected (80%) as significant at the 5% level, a sample
of 417 pairs of measurements would be required.

Results

Baseline data

Overall, 417 pairs of measurements (TcB and TsB) were
performed on 99 eligible infants. Of these, 99 (%23.7), 240
(%57.5) and 78 (%18.7) measurements were before, during
and after phototheraphy (rebound), respectively. The infants
ranged in age between 1 to 6 d of life. Mean birth weight
was 1301 ± 402.8 g and mean gestational age was 30.0 ±
2.64 weeks. None of the infants required exchange trans-
fusion. Demographic characteristics of study group is
shown in Table 1.

Correlation between TcB and TsB

TsB values ranged from 1.5 to 13.4 mg/dL compared with
0.9 to 13.6 mg/dL for TcB values. Mean TcB levels were
significantly higher than TsB levels (6.83 ± 2.13 vs 7.08 ±
2.35 mg/dL, p < 0.001). Mean difference of the pairs
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(TsB-TcB) was −0.24 ± 1.17 mg/dL. The correlation coef-
ficients did not differ in the presence or absence of photo-
theraphy. TcB levels were significantly correlated with TsB
in the whole cohort (r= 0.867, p < 0.001) (Fig. 1a).

TcB levels significantly correlated with TsB levels in all
groups before, during and after phototheraphy. The r-values
for TcB versus TsB in Groups I,II and III before, during and
after phototheraphy are shown in Table 2. The data classi-
fied according to gestational ages is shown as a scatterplot
in Fig. 1b–d.

The correlation between TcB and TSB values in Group I,
II and III before, after and for each day of PT are shown in
Fig. 2. The correlation coefficients between TcB and TSB
values in Group II and III is found to be slightly higher than
Group I.

Diagnostic Value of TcB

Data for sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood
ratio (LR+) and negative likelihood ratio (LR-) before,
during and after phototherapy for the diagnosis of hyper-
bilirubinemia requiring phototherapy are shown in Table 3.

The Bland Altman plot, the mean and standart deviation
(SD) for TsB-TcB before phototheraphy, during each
individual phototheraphy day and after phototheraphy is
shown in Table 4. The mean ± SD shows the tendency for
TcB to overestimate the bilirubin values compared with TsB
which is assumed as gold standard.

The risk estimation and confidence intervals for each cut
off level are analyzed and shown in Table 5.

TsB, TcB and other variables

There was no significant relationship between gestational
age, gender, birth weight, delivery route, presence of
antenatal steroid use, abnormal Doppler findings, PPROM
and IUGR and the absolute difference between TsB and
TcB values. While hypotension was the only variable which
effects the difference between TsB and TcB values at
postnatal first day of life (p= 0.039), after the second day of
life hypotension had no significant influence on discordance
between two methods (p > 0.05).

Discussion

In this study, we showed that TcB levels highly correlated
with TSB among very preterm newborns before,during and
after PT. As the study group was classified according to
gestational age, a statistically significant correlation was
found among three groups even in 24–28 GW babies.

Although the reliability and validity of TcB in term
infants has been shown in many studies and its use is
recommended for screening [5, 8, 9], there are a few studies
evaluating diagnostic accuracy of TcB for very preterm
infants. Nagar et al. [16], showed that the correlation
coefficient between TcB and TsB in infants less than 32
gestational week is similar to near term and term popula-
tions (r': 0.89 p < 0.001). They concluded that the transcu-
taneous bilirubinometry devices reliably estimated bilirubin
levels in preterm infants and could be used in clinical
practice to reduce blood sampling. A recent paper evaluat-
ing TcB accuracy for infants <30 weeks of gestational age
reported a correlation coefficient of 0.81, and suggested that
it is useful for preterm infants [17]. In our study, correlation
coefficient was found to be significant for the entire cohort
(r= 0.867, p < 0.001).

There are some studies evaluating the accuracy and
safety of transcutaneous bilirubinometry in preterm infants
with different gestational ages. Knüpfer et al, concluded that
the correlation between TsB and TcB is stronger for infants
>30 weeks of gestational age without phototheraphy and
had no respiratory disorders. Mean values of TcB were
found to be significantly higher than TSB values. The
correlation coefficient between TcB and TsB was 0.64 for
the whole group, and 0.73 in infants without PT [14, 18].
Amruta et al. [19] showed that TcB and TSB levels had a
good correlation among preterms receiving PT. In the same
study the correlation coefficient between TcB and TSB was
found to be 0.97 and 0.88 for neonates with gestational ages
of 28–32GWs and 32–37GWs, respectively. In their study,
Rubio et al. [17] stated that TcB measurements may be
useful for screening jaundice in the first 2 weeks of life
among very preterm babies. In our study, the TcB and TSB

Table 1 Baseline characteristics of study group

n= 99

Gestational age, weeks 30.0 ± 2.6

24–28 n (%) 29 (29.3%)

29–31 n (%) 38 (38.4%)

32–34 n (%) 32 (32.3%)

Birth weight, g 1301 ± 402.8

<1000 gr n (%) 27 (27.3%)

1001–1499 n (%) 35 (35.4%)

>1499 n (%) 37 (37.4%)

Male/Female n (%) 40/59 (40.4%/59.6%)

Delivery mode

Caeserean section n (%) 80 (80.8%)

Antenatal steroid n (%) 60 (%60.6)

Abnormal Doppler findings n (%) 14 (%14.1)

PPROM n (%) 16 (%16.2)

IUGR n (%) 17 (%17.2)

Hypotension n (%) 23 (%23.2)

Data shown as mean±SD or number (%)

214 D. Arman et al.



levels were found to be highly correlated among
different gestational age groups. Although this correlation
varied a little according to the gestational age, each coef-
ficient represented a strong correlation between TcB and
TsB (p < 0.05).

Although, it is concluded that the transcutaneous bilir-
ubinometry devices reliably estimate bilirubin levels in
preterm infants for screening of neonatal jaundice, the data
about the reliability of transcutaneous bilirubin measure-
ment during and after phototheraphy is inconsistent [16].

Fig. 1 a Correlation between TcB and TSB values in whole cohort
b Correlation between TcB and TSB values before PT in Groups I, II
and III c Correlation between TcB and TSB values during PT in

Groups I, II and III d Correlation between TcB and TSB values after
PT in Groups I, II and III
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Knüpfer et al. suggested that Bilicheck only may give
reliable results in infants without PT [14]. Similarly De
Luca et al. [4], emphasizes the usefulness of TcB mea-
surement in preterm babies before onset of PT. However
monitoring of jaundice in preterm infants is still important
during phototheraphy in terms of protecting vulnerable

brain and reducing the number of blood draws. Several
studies to date showed that the unexposed skin can be used
to evaluate the bilirubin in babies under light exposure.
Some authors reported that shaded measurement sites
showed better correlation between TSB and TcB values
[10, 20]. Zecca et al., showed that there is a good agreement

Table 2 Correlation between
TSB and TcB before, during and
after phototheraphy

Before Phototheraphy During Phototheraphy After Phototheraphy

n r' p value n r' p value n r' p value

Group I 29 0.811 0.001* 69 0.791 0.001* 24 0.858 0.001*

Group II 38 0.844 0.001* 89 0.887 0.001* 30 0.940 0.001*

Group III 32 0.830 0.001* 80 0.834 0.001* 26 0.885 0.001*

Group I: 2–28 weeks; Group II: 29–31 weeks; Group III: 32–34 weeks; n, pairs of measurements; r',
correlation coefficient. *p < 0.05

Fig. 2 a–c Scatter plot of correlation between TcB and TSB values before, after and for each day of PT in Group I, II, and III, respectively

Table 3 Analysis of sensitivity, specificity, PPV, NPV, LR+, LR− of the diagnostic TcB value and 95% CI

Before Phototheraphy
(n= 99)

During Phototheraphy
(1st Day) (n= 93)

During Phototheraphy
(2nd Day) (n= 64)

During Phototheraphy
(3rd Day) (n= 45)

After Phototheraphy
(n= 78)

Sensitivity %97.06 (84.67–99.93) %94.29 (80.84–99.3) %96.43 (81.65–99.91) %95.24 (76.18–99.88) %92.31 (74.87–99.05)

Specificity %76.9 (64.81–86.47) %87.93 (76.7–95.01) %88.57 (73.26–96.80) %91.67 (73–98.97) %90.38 (78.97–96.80)

PPV %68.7 (58.44–77.49) %82.5 (70.08–90.47) %87.10 (72.8–94.45) %90.91 (72.56–97.42) %82.76 (67.44–91.75)

NPV %98.04 (87.83–99.7) %96.23 (86.87–98.99) %96.88 (81.84–99.53) %95.65 (76.40–99.34) %95.92
(%86.09–98.89)

LR+ 4.21 (2.69–6.58) 7.81 (3.88–15.72) 8.44 (3.35–21.28) 11.43 (3.02–43.23) 9.60 (4.14–22.25)

LR− 0.04 (0.01–0.26) 0.06 (0.02–0.25) 0.04 (0.01–0.28) 0.05 (0.01–0.35) 0.09 (0.02–0.32)

PPV Positive predictive value, NPV Negative predictive value, LR+ Positive likelihood ratio, LR- Negative likelihood ratio

Table 4 Bland–Altman plot
using the TcB values obtained
by transcutaneous
bilirubinometry and the
corresponding TsB values

Mean ± SD H0: Mean= 0 n Values in limits of agreement n (%)

Before PT −0.76 ± 1.24 <0.0001 99 94

PT 1st day −0.24 ± 1.28 0.073 93 97

PT 2nd day 0.06 ± 1.05 0.604 64 94

PT 3rd day −0.05 ± 1.05 0.741 45 98

PT 4th day −0.01 ± 0.92 0.915 27 96

After PT −0.14 ± 1.02 0.208 78 97

PT, Phototheraphy
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between serum bilirubin and patched transcutaneous bilir-
ubin, while unpatched transcutaneous bilirubin under-
estimates serum levels [21]. In a recent study including 167
preterm infants, the sensitivity and NPV of TcB was found
to be >95% with or without PT. In this study, we further
showed that the reliability and validity of TcB values with
corresponding TsB values were high in every individual day
of PT and in 24 h after PT in areas which were covered by
opaque patches.

Maisels et al. [22] evaluated the function of TcB to
estimate the probability of having TSB level at or above the
PT initiation cutpoint. They found that when the TcB level
is at least 3 mg/dl below the TSB level, the probability that
the TSB is not at or above the recommended PT level is
high. Similarly in our study, except for the infants with a
PMA of 24–276/7, if the TcB is at least 2 mg/dl below the
TSB cutpoint for PT, the probability that these babies’ TSB
levels would remain under PT threshold was found to be
significantly higher.

There is lack of data about the effect of clinical and
demographic characteristics on agreement between TsB and
TcB values. While Knüpfer et al. described a decreasing
correlation in lower gestational weeks, two other studies
showed that gestational age does not effect the TcB mea-
surements [4, 23]. Specific conditions like skin maturity,

temperature at the TcB assay and capillary pH may have an
effect on the analysis of correlation between TcB and TSB
[24]. In our study the hypotension was the only variable
affecting the difference between TSB and TcB values at
postnatal 1st day of life. As previous studies suggest, TcB
for screening of jaundice in extremely preterm infants may
be useful in only stable medical conditions, and it should be
kept in mind that TcB measurements may differ due to
conditions affecting tissue perfusion like hypotension.

Our study has some limitations. First, we enrolled only
Caucasian white neonates. Because our patient population
comprises 99% of Caucasian white neonates, it is hard to
conduct a multi-racial study. Second, the data about
specific conditions which may affect TcB readings like
skin maturity, temperature at the TcB assay and capillary
pH were not recorded. There are a few studies evaluating
the usefulness of TcB among very preterm neonates
providing both correlation coefficients and Bland-Altman
plots. The strength of our study is that we provided cor-
relation coefficients and the data for the Bland-Altman
difference plots. These data collectively could give more
reasonable results which may be helpful for clinical
decision making.

Our study showed that TcB may be useful for screening
and monitoring of jaundice in very preterm newborns in
first week of life. The TcB measurements highly correlated
with TSB even in 24–28 GW babies during PT. Transcu-
taneous bilirubinometry use in these very preterm babies
may avoid the need for invasive bilirubin testing.
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