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ABSTRACT

Introduction: Prolonged jaundice is very common and can affect about 2-40% of all neonates. The condition war-
rants close monitoring to avoid missing serious pathology but not to over investigate a normal neonate. Transcu-
taneous bilirubin (TcB) measurement has been recommended by the AAP. However, there is no published data 
on the usage of Drager Jaundice Meter JM-105 as a screening modality for prolonged jaundice in term and late 
preterm neonates in Malaysia. We aimed to evaluate the accuracy of transcutaneous bilirubinometer in moni-
toring neonates with prolonged jaundice. Materials and methods: A prospective cross-sectional study was con-
ducted in a university hospital in east coast Malaysia, involving 50 neonates with prolonged jaundice. Drager 
JM-105 device was used to measure TcB while the TSB sample was obtained simultaneously. Fifty pair measure-
ments of TcB and TSB were compared.  Results: The mean TSB was 201.96µmol/L (SD 80.98) where the mean 
TcB was 184.28 µmol/L (SD 73.37).  This study demonstrated the mean difference of 17.68 µmol/L in total biliru-
bin measured by total serum bilirubin (TSB) and transcutaneous bilirubin (TcB) measured by Drager JM-105. This 
study also showed excellent correlation between TSB values and TcB with correlation coefficient r = 0.963 and 
r2 = 0.927 (p<0.05). Conclusion: This study showed excellent correlation between TSB values and TcB values. 
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INTRODUCTION

Prolonged jaundice is a common condition among 
neonates, with 2 to 40% of newborns continuing to 
exhibit symptoms up to one month after birth (1,2). 
Managing this condition poses a considerable challenge 
as healthcare providers must ensure that the neonates 
do not have any underlying pathological conditions 
while minimizing unnecessary investigations and 
needle pricks (3). While most cases do not require 
treatment, continuous monitoring is necessary. Total 
serum bilirubin (TSB) measurements remain crucial in 
monitoring and managing neonatal jaundice. However, 
this method is less tolerable for parents as it requires 
multiple blood samples from the neonate. As a result, 
non-invasive methods of measuring bilirubin levels 
have been introduced (4).

Transcutaneous bilirubin (TcB) devices have gained 
popularity globally due to their user friendly, cost-
effectiveness, immediate results, and superior 
performance over visual assessment of jaundice (5). 

The TcB determines the bilirubin concentration in the 
subcutaneous tissue by measuring the difference in the 
optical densities of reflected light at 450 nm (blue light) 
and 550nm (green light) from the neonate skin through 
the device’s measuring probe, which has two optical 
paths. The device’s lamp illuminates the skin, scattering 
as it is absorbed in the skin and subcutaneous tissue 
before returning to the fiber’s sensor side. The denser the 
transcutaneous bilirubin, the less blue light is reflected, 
while the green light remains unchanged. This difference 
is then used to estimate the bilirubin concentration (6).

The Malaysian Clinical Practice Guideline (CPG) and 
the American Academy of Pediatrics (AAP) recommend 
using TcB measurements as an alternative to TSB for 
screening and monitoring neonates with jaundice (7-
9). However, the usage of a bilirubinometer to monitor 
prolonged jaundice in Malaysia is unknown. To the best 
of our knowledge, no study has investigated the usage of 
Dräger Jaundice Meter JM-105 for monitoring prolonged 
neonatal jaundice in Malaysia. 

Therefore, the aim of this study is to investigate the 
accuracy of the transcutaneous bilirubinometer of 
JM-105 by comparing the mean difference and to 
determine the correlation between bilirubin measured 
by TSB and TcB in neonates with prolonged jaundice. 
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This study will contribute a valuable knowledge in 
the field of neonatal jaundice management, with a 
specific focus on prolonged jaundice cases in Malaysia. 

MATERIALS AND METHODS 

This is a prospective, cross-sectional study done in a 
paediatrics clinic in one of the university hospitals in East 
Coast Malaysia. Samples were collected between April 
2020 and November 2020. Participants were neonates 
with prolonged jaundice either who were referred to our 
prolonged jaundice clinic or in the neonatal ward. The 
inclusion criteria were neonates with gestational age 
more than 35 weeks, who were 14 days old or more 
(for term neonates), and preterm neonates who were 
21 days old or more. Purposive sampling method was 
applied. The exclusion criteria were neonates with 
congenital anomalies or have isoimmune haemolytic 
hyperbilirubinemia (such as ABO incompatibility, 
rhesus isoimmunisation, and glucose 6-phosphate 
dehydrogenase deficiency or in sepsis) and those who 
already been exposed to phototherapy treatment. 

This study protocol was approved by the Human 
Research Ethics Committee (HREC/JEPEM USM) with 
the study code USM/JEPeM/19100620. All participating 
caregivers were asked for written informed consent. 
 
The neonate’s who was referred to prolonged jaundice 
clinic and fulfilled the inclusion criteria will be subjected 
for blood taking for the TSB value and at the same 
time, the value of TcB was measured at the sternums of 
neonate. The sample of serum bilirubin was put in a box 
to prevent degradation by the light and was processed 
in the chemical pathology laboratory within one hour 
of sampling. We used the Dräger Jaundice Meter JM-
105 for measurement of transcutaneous bilirubin. 

To prevent the risk of getting cross infection among the 
neonates, the probe was disinfected using an alcohol swab 
before been applied to another neonate and was calibrated 
everyday as instructed by the manufacturer’s instructions. 
 
All relevant data were obtained, including baseline 
demographic characteristics such as gender, mode of 
delivery, gestational age, weight, age, and feeding mode.
A sample size of 44 neonates was determined by 
using Power and Sample Size Calculation (PS) 
Software with a power of 0.9 and an alpha of 0.05. 

All data were entered and analysed using IBM 
SPSS statistic version 26.  Numerical data were 
presented as mean (SD) while categorical data were 
expressed as frequency (n) and percentage (%). 
  
The Pearson Chi-square test was used to test the 
correlation between the TcB level and TSB level. 

The mean difference between TcB and TSB levels in 
prolonged jaundice was analysed using paired t-test. 

RESULTS

Fifty Malay neonates were involved in this study, 29 (58%) 
were male and 21 (42%) were female. All the recruited 
neonates were selected from prolonged jaundice clinic. 
One neonate required admission to neonatal ward for 
further work up for conjugated hyperbilirubinemia. 
Forty (80%) neonates were born via spontaneous vertex 
deliveries, while 10 (20%) neonates were born via 
caesarean section. There were 40 (80%) term and 10 
(20%) preterm neonates who attended the prolonged 
jaundice clinic. The mean birth weight was 2.9 kg (SD 
0.56). The mean age of the neonates was 22 days (SD 8.58). 
  
The TSB level was between 39 µmol/L to 420 µmol/L, 
with a mean of 201 µmol/L (SD 80.87). While the TcB 
level was between 35 µmol/L to 398 µmol/L, with the 
mean of 184 µmol/L (SD 73.37). The characteristics of the 
neonates involved in the study was summarised in Table I.  

The mean difference of TSB to TcB was 17.68 µmol/L 
(95% CI: 11.35, 24.00, p <0.01), as shown in Table II. 
There is an excellent correlation between TSB and TcB 
measured by JM-105 in prolonged jaundice with r = 
0.963 and r2 = 0.927 (Figure 1).

Table I: Demographic characteristics of the neonates 

with prolonged jaundice

Characteristic Value 

Gender, n (%) 
  Male 
  Female

 
29 (58) a 

21 (42) a

Route of delivery, n (%) 
  Vaginal 
  Caeserean

  
40 (80) a 

10 (20) a

Gestational age, n (%) 
  Term 
  Preterm

 
40 (80) a 

10 (20) a

Feeding mode, n (%) 
  Breast feeding 
  Formula feeding 
  Mix feeding

 
37 (74) a 

3 (6) a 

10 (20) a

Bilirubin level, mean ± SD, µmol/L 
  Total serum bilirubin 
  Transcutaneous bilirubin

 
201 (53.8) b 
184 (73.4) b

Notes: apercentage ,  bstandard deviation

Table II: Mean difference between TSB and TcB in 
neonates with prolonged jaundice

Mean 
(SD) 
TSB

Mean 
(SD) 
TcB

Mean differ-
ence  

(95% CI)

p-value

Bilirubin 
level µmol/L

201.96 
(80.98)

184.28 
(73.37)

17.68 
(11.35, 24.00)

<0.001

Notes: TSB = total serum bilirubin, TcB = transcutaneous bilirubin
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of using TcB in prolonged jaundice for comparison. 
However, multiple studies that were done for term and 
preterm with neonatal jaundice have shown that TcB 
values underestimated TSB values. (10,14-17).
 
The underestimation of TSB values might be due to 
the thickened skin collagen, melanin concentration, 
and skin maturity of the neonates after few weeks post-
delivery which could affect the wavelength detected 
by the TcB photometer. (18) Other explanation to 
our finding as compared to previous study is due to 
racial variation and skin tones, as shown in study by 
Mazrah et al. (18)  Studies by Wainer (19) and Afanetti 
(20) have shown a tendency of TcB to underestimate 
the hyperbilirubinemia in the fairer skin group and 
to overestimate it in the darker skin tone group. TcB 
readings tend to be higher in people with darker skin 
colour such as Indian and black African.(21,22)

Our findings suggest that the Drager JM-105 is a 
possible good screening tool for monitoring prolonged 
jaundice. However, there is a limitation with this device 
as it cannot provide the direct bilirubin level, which is 
important to differentiate between non obstructive and 
obstructive causes of neonatal jaundice where the most 
serious one is biliary atresia.

Our study showed an excellent correlation between 
TcB and TSB measurement, in agreement with previous 
studies. However, in other previous studies, the neonates 
were recruited for neonatal jaundice, not for prolonged 
jaundice. Seeralar et al (22) studied 267 Indian neonates 
where they were classified into three groups based on 
the intensity of TSB measurements. His study showed an 
excellent correlation (r=0.95) with TSB between 85-169 
µmol/L.
 
A study done in Canada by Rodriguez-Capote et al (15) 
in neonates with gestational age of more than 35 weeks 
using 2 types of bilirubinometers, BiliCheck and JM-
103. Their results demonstrated excellent correlations 
between TSB and both bilirubinometers where Bilicheck 
has r2 = 0.86 and JM-103 has r2 = 0.85. Another study by 
Afanetti et al (20) in France also demonstrated excellent 
correlation between TSB and TcB which measured using 
JM-103. Their correlation coefficient were 0.92 and 0.93 
in Caucasians and non-Caucasians respectively.

A   study by Panburana et al (23) in Thailand which 
included  74 term and preterm infants with mean 
postnatal age less than 72 hours, comparing the 
accuracy of TSB and TcB measurement demonstrated 
excellent correlation coefficient. (r= 0.81, r2= 
0.65, p<0.01). Another study done in Thailand by 
Chokemungmeepisarn et al (24), where they used 
bilirubinometer in assessing jaundice in late preterm and 
term infants before discharged from ward, demonstrated 
a good correlation between TSB and TcB (r=0.84, r2= 
0.7).  A study by Kurnianto et al (4) in Indonesia, using 

As demonstrated by Bland-Altman analysis, 95% limits 
of agreement were found to be -25.96 μmol/L and 61.32 
μmol/L (Figure 2). The discrepancy between TSB and 
TcB measurements was found to increase in relation 
to the intensity of bilirubin measurements, especially 
if hyperbilirubinemia is >200 μmol/L. There are only 
three paired measurements (6%) that were out of the 
agreement range, which one pair of measurement was 
below the level of TSB 200 μmol/L. The difference 
of TSB to TcB was -30 μmol/L. Another two pairs of 
measurement were above the level of TSB 250 μmol/L 
where the differences of both measurements were 70 
μmol/L.

Figure 2: Bland-Altman plot between TcB and TSB in neonates 
with prolonged jaundice

Figure 1: Correlation between TSB and TcB in neonates with 
prolonged jaundice

DISCUSSION

Transcutaneous bilirubinometers has been used as a 
screening tool in term and preterm neonates.( 10,11 ) 
To date, there is no study on the performance of this 
device in monitoring neonates with prolonged jaundice. 
In the previous studies, the majority were using a 
bilirubinometer such as Bilicheck or Minolta JM-103 
on neonates during the neonatal period , while this 
study used bilirubinometer Drager JM-105 to monitor 
prolonged jaundice in neonates. We used this device 
and measured the transcutaneous bilirubin over the 
sternal area as recommended by the manufacturer. The 
selection for the area of measurement is supported by 
studies that demonstrated the sternal region is more 
accurate than the forehead region (12,13).
 
In this study, the mean TSB was higher than the TcB 
level. It indicates that the TcB values underestimated 
TSB values. Unfortunately, there are no similar results 
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of transcutaneous bilirubinometer (DRAEGER JM 103) 
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Neonatol Perinatol. 2018;4(1):1–7. doi:10.1186/
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13. 	 El-Kabbany ZA, Toaima NN, Shedid AM. 
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the same device (JM-105) yielded excellent correlation 
for both the forehead and the sternum. In short, despite 
being studied in different ethnicities with various skin 
colours the bilirubinometer in previous studies showed 
a consistent correlation between TSB and TcB.

Bland Altman was used to evaluate the agreement 
between TSB and TcB values for neonates with prolonged 
jaundice. The Bland Altman graph demonstrated the best 
agreement in our study might be related to the balance 
built up between the TSB and the TCB in the skin, which 
may be related to the maturity of the neonates’ skin (19). 
As neonates’ skin becomes more mature with age, this 
probably could influence the TcB values and contribute 
to the exponential relationship between TSB and TcB. 
(25,26) There were three paired measurements (6%) that 
were out of the agreement range which involved the 
TSB value below 200 μmol/L where TcB overestimated 
the TSB value. Another two pairs of measurements 
occurred at the TSB reading of more than 250 μmol/L 
where the TcB underestimated the TSB values. 

Our study demonstrated that there is a difference of 
approximately 17 µmol/L between a TSB and TcB 
value. So any neonates with TcB reading above 85 
μmol/L should prompt clinicians to further investigate 
the causes of prolonged jaundice by sending prolonged 
jaundice workups and to determine the conjugated and 
unconjugated jaundice. 

This study has a few limitations. Our sample size is 
relatively small and confined to a single hospital setting 
which involved one race only. There is a need to perform 
a study involving larger size of population not confined 
to single hospital setting. The sample should involve the 
primary health settings as well.   

CONCLUSION

This study suggests that Drager JM-105 is a relatively 
good screening tool for prolonged jaundice neonates 
in the Malay population but the clinician must be 
aware especially at the borderline level (85µmol/L) 
as TcB reading underestimates the TSB value. 
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