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TITLE: NEORUBIN — A NON-INVASIVE JAUNDICE METER

PURPOSE

To provide evidence summary on the safety, effectiveness and cost-effectiveness of
B 2 non-invasive bilirubinometer developed by a local company. This is based
upon request from the Deputy Director of Medical Division, State Health Department (JKN)
Selangor following proposal from the company to introduce ||l in the healthcare
facilities.

BACKGROUND

Neonatal jaundice (NNJ), also known as neonatal hyperbilirubinemia is one of the common
medical conditions among newborn babies. It commonly occurs in approximately 65% of all
full term babies with the peak bilirubin levels occurring on day 5 of life.! It is resulted from a
predisposition to the production of bilirubin and newborn’s limited ability to excrete it.!
Jaundice is clinically detectable when the serum bilirubin levels area > 85 umol/L.? Active
screening of newborns at risk for neonatal jaundice is recommended in major international
guidelines.?® While most cases of neonatal jaundice are physiological and resolved
spontaneously, 14 certain risk factors can lead to severe jaundice including inadequate
feeding, premature babies, low birth weight and ABO O positive mothers. !

There are several methods of monitoring jaundice in newborns. Gold standard for neonatal
hyperbilirubinemia monitoring is by total serum bilirubin measurements. * 2 4 This involves
blood sampling from the newborn before measurement is done in the laboratory using
various methods such as performance liquid chromatogprahy (HPLC), Diazo-based methods
or capillary electrophoresis.® 4 > The conventional blood taking procedure for obtaining serum
bilirubin, which may be repeated several times can be painful to the newborn, carries risk of
infection, is costly and time consuming. > 7 Other less invasive methods for detecting neonatal
jaundice have been developed to assist healthcare workers in clinical setting including visual
assessment of neonatal jaundice (Kramer’s Rule) and transcutaneous bilirubinometer. *

Transcutaneous bilirubinometer (TcB), also known as jaundice meter was introduced since
1980s and ever since has been widely used as important screening tool for
hyperbilirubinemia in management worldwide. ¢ The American Academy of Paediatrics
recommends a pre-discharge bilirubin level monitoring by either obtaining serum or
transcutaneous bilirubin reading. 8 However, TcB application in clinical setting has its own
limitation. TcB can overestimate or underestimate the bilirubin concentration when compared
to serum bilirubin. This underestimation can lead to undertreatment of babies at risk for
severe hyperbilirubinemia. ! In preterm infants, transcutaneous bilirubin measurements may
be less accurate due to immature skin and a different albumin-to-bilirubin binding in
premature infant. Other factors including races and body weight may also decrease its
accuracy. 12 Transcutaneous bilirubinometer have been widely used especially in high-income
countries for screening of neonatal jaundice as it is not only cheap, painless but also with
minimal risk / adverse events. 4



TECHNICAL FEATURES

Transcutaneous bilirubinometer works by directing light into the skin of a newborn and
measures the intensity of specific wavelength that is returned to the device. The number of
wavelengths used is variable in different type of transcutaneous bilirubinometer. The spectra
of the returned light will depend on concentration of various cutaneous components including
bilirubin, hemoglobin, melanin and collagen of which has difference light absorption levels.
These optical signals then are converted to electrical signal by a photocell. This principle
allows calculation of bilirubin concentration through the reflected light analysis using a device-
specific algorithm and a microcomputer in many of transcutaneous bilirubinometer device
available today including | IIIEEEc ice. ° Preferred sites for measurements are
forehead and upper end of the sternum. Readings on hyperemic area, bruises, birthmarks or
subcutaneous hematoma should be avoided as it may affect the results. * The overall
process of obtaining bilirubin level through transcutaneous bilirubinometer is non-invasive. 13
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Based on information obtained provided by the company, |l has the measurement
range of 0 mmol/L to 307.80 mmol/L for detection of bilirubin. Based on comparison with
other types of TcB such as Drager JM-105, the detection of bilirubin levels ranged from 0-340
mmol/L. I s2id to be almost similar with other type of TcB available in
Malaysia. The results during measurement using |l is available within three
seconds and can be printed via wireless printer. It does not require any disposable material
throughout the process of measuring transcutaneous bilirubin levels. The device is said to
have a shelf life of five years.
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EVIDENCE SUMMARY

A total of 178 titles were retrieved from the scientific databases such as Medline, EBM
Reviews, EMBASE via OVID, PubMed and from the general search engines [Google
Scholar]. Search was limited to articles published from year 2003 onwards in English
language. Additional articles were identified from reviewing the references of retrieved
articles. Studies with less than 30 subjects were excluded.

Earlier review by MaHTAS (2009) on TcB found that the device was effective in estimation of
serum bilirubin in term neonates. However, there was insufficient evidence to show the
effectiveness of TcB in estimating serum bilirubin in preterm neonates. They also found that
sternum readings were found to correlate better with total serum bilirubin values than
forehead readings. However, a confirmation with chemistry analyzer in clinical laboratories
was emphasized. 1’

Four studies were found to be relevant and included in this review, which comprised of cohort
analysis (three) and cost-minimization analysis (one).

SAFETY

The Medical Device Authority (MDA) Malaysia has approve s 2 non-invasive
transcutaneous bilirubinometer to screen for diagnosis of hyperbilirubinemia in conjunction
with clinical signs and laboratory measurements. 1® No information obtained on its approval
from other regulatory bodies.

There was no evidence retrieved on safety of |33 ' measuring
transcutaneous bilirubin among newborns. Based on clinical trial done by the company
involving 265 newborns, there was one reported adverse event unrelated to the use of device
during study. The adverse event was reported as suspect ERB Duchenne palsy

EFFECTIVENESS

There was no evidence retrieved on effectiveness ol G o the

scientific databases.

A study was conducted by Ruziaton et al. (2020) to evaluate the accuracy of their product in
comparison to Drager JM-103 and conventional serum bilirubin measurements in infants
diagnosed with jaundice in Malaysia. The study was conducted in 2020 with data collection
done in Klinik Kesihatan Pandamaran, Klang. The study involved two stages process. In
stage |, a total of 250 samples were obtained where each sample will have 10 readings from
NEORUBIN, one reading from Drager and one blood sample. This data obtained from this
stage was used to configure the software algorithm of the device in preparation for stage II.
In the later stage, a total of 265 samples were included, where all samples required one
reading from each NEORUBIN, Drager and blood sample. Exclusion criteria in this study
were TsB > 13.4 mg/dL at screening and child with hydrops fetalis.
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They found the mean serum bilirubin levels recorded by test device was 10.93 mg/dL (SD
5.84) in comparison to Drager [9.85 mg/dL, (SD 2.24)] and serum bilirubin [Mean 11.15
mg/dL, (SD 2.63)]. The accuracy of test device in comparison to gold standard was 86.4%
(95% CI, 81.7 to 90.3) while Drager had an accuracy of 94.7% (95% CI, 91.8% to 97.4). Both
test and Drager devices have almost similar positive predictive value of 97% (95% CI, 96.9 to
97.2) and 97.7% (95% CI, 96.9 to 98.3)) respectively. However, the study showed that
negative predictive value of index test was 0% in comparison to Drager of 12.5% (95% CI,
1.98 to 50.3). The sensitivity of test device was found to be lower in comparison to Drager in
this study. It is reported that sensitivity of test device was 88.8% (95% CI, 84.3 to 92.3) while
Drager 97.3% (95% ClI, 94.5 to 98.9).

A subgroup analysis of remaining 183 samples after reconfiguration was done found out that
the accuracy of test device increased up to 96.2% (95% CI, 92.3 to 98.5). The sensitivity of
test device also increased to 99.4% (95% CI, 96.9 to 100) with positive predictive value of
96.7% (95% ClI, 96.6 to 96.7%). Pearson correlation statistical test between the reconfigured
data set by NEORUBIN meter and serum blood bilirubin levels found a positive correlation, r
= 0.5041 with p value < 0.0001.

Wickremasinghe et al. (2012) in another prospective cohort study also found that, after
introduction of TcB as screening to determine the need of TSB, there was a significant
reduction in TSB blood draw rate for inpatient and outpatient newborns, by 6% and 16%
respectively (p < 0.02 and p < 0.001 respectively). The new screening protocol has also led
to a reduced rate of overall phototherapy usage by 34% (p < 0.001) and phototherapy use
utilization on inpatients by 56% (p <0.001). However, there was associated increased in rate
of infant readmission for phototherapy by 39% (18-25 admission per 1000 newborns, p <
0.05) after new screening protocol has been implemented. The direct cost of serum bilirubin
estimated to be 20 US dollar while TcB at 8 US dollar at the time of study being conducted.

COST-EFFECTIVENESS

No evidence retrieved on cost-effectiveness o} ' the detection of
hyperbilirubinemia in newborn. Estimated price per device is said aroun|iiiil .

Estimated price of other type of TcB are arounjiiil I - B
around | disposable items required on using both |GGG
whill I ires a Bilical cap for each test costing aroun|ii N °*'

Stephanie et al. (2018) conducted a cost-minimization analysis for transcutaneous screening
versus total serum bilirubin measurement for newborn jaundice in hospital and community
setting over a period of six months. They conducted a study to estimate cost associated with
a single serum bilirubin screen (TSB program) and a single transcutaneous bilirubinometry
screen prior decision to take serum bilirubin measurement (TcB-TSB program) by accounting
to variability including time taken to screen, travel time, mileage, laboratory expenses and
disposables used. In the study, the estimated cost per TcB screen in hospital and community
(urban and rural) were $3.54 and $3.76 respectively, whereas the cost per TSB screen was
$15.82 in hospital setting and $50.21-$65.03 in urban to rural community settings. They
found that the estimated total reduction of cost was up to 31.7% when TcB-TSB program was
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carried out in comparison to TSB program alone (TSB $82336, TcB-TSB $56159).

In another prospective cohort study conducted by Stephen W et al. (2012) to determine
resource utilization with transcutaneous bilirubinometry program, there was a significant
reduction (54.9%, p < 0.001) in the incidence of severe initial TSB values (>342 mmol/L) in
the community after the introduction of TcB device as screening methods among newborn.
The frequency of TSB measurements done in the community also declined by 22.9% from
134.4 to 103.6 blood drawn per 1000 live births for the 8 months period of study with
implementation of TcB program (OR: 1.33, Cl 1.23-1.45, p < 0.001). They also found that the
were significant reductions in avoidable TSB draws post implementation of TcB
measurements at various threshold points (hours of life of the newborn) ranging from 40.6%
— 73.4% reduction. However, there was no significant changes in initial nursery length of stay
among newborn with the implementation of Tcb (p = 0.1).

CONCLUSION

In general, the use of transcutaneous bilirubinometer has been widely in used most medical
facilities including those in Malaysia. There were limited evidences retrieved on the safety,
effectiveness and cost-effectiveness of I the detection of hyperbilirubinemia
among newborn. Evidence based on a study provided by the company demonstrated its
accuracy of 86.4% (95% CI, 81.7 to 90.3) and sensitivity of 88.8% (95% CI, 84.3 to 92.3). A
subgroup analysis following reconfiguration of the device showed improved accuracy of
96.2% (95% CI, 92.3 to 98.5) and sensitivity of 99.4% (95% CI, 96.9 to 100). No safety issue
related to this device was noted. Multiple evidences showed TcB-TSB program would reduce
the cost in comparison to TSB program alone. Although it appeared safe, effective and cost-
effective in comparison with other types of TcB in the market, further research is
recommended.
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