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Screening methods for neonatal hyperbilirubinemia: benefits,
limitations, requirements, and novel developments
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Severe neonatal hyperbilirubinemia (SNH) is a serious condition that occurs worldwide. Timely recognition with bilirubin
determination is key in the management of SNH. Visual assessment of jaundice is unreliable. Fortunately, transcutaneous bilirubin
measurement for screening newborn infants is routinely available in many hospitals and outpatient settings. Despite a few
limitations, the use of transcutaneous devices facilitates early recognition and appropriate management of neonatal jaundice.
Unfortunately, however, advanced and often costly screening modalities are not accessible to everyone, while there is an urgent
need for inexpensive yet accurate instruments to assess total serum bilirubin (TSB). In the near future, novel icterometers, and in
particular optical bilirubin estimates obtained with a smartphone camera and processed with a smartphone application (app), seem
promising methods for screening for SNH. If proven reliable, these methods may empower outpatient health workers as well as
parents at home to detect jaundice using a simple portable device. Successful implementation of ubiquitous bilirubin screening
may contribute substantially to the reduction of the worldwide burden of SNH. The benefits of non-invasive bilirubin screening
notwithstanding, any bilirubin determination obtained through non-invasive screening must be confirmed by a diagnostic method

before treatment.

Pediatric Research (2021) 90:272-276; https://doi.org/10.1038/s41390-021-01543-1

IMPACT:

® Key message: Screening methods for neonatal hyperbilirubinemia facilitate early recognition and timely treatment of severe
neonatal hyperbilirubinemia (SNH). Any bilirubin screening result obtained must be confirmed by a diagnostic method.
® What does this article add to the existing literature? Data on optical bilirubin estimation are summarized. Niche research

strategies for prevention of SNH are presented.

® Impact: Transcutaneous screening for neonatal hyperbilirubinemia contributes to the prevention of SNH. A smartphone
application with optical bilirubin estimation seems a promising low-cost screening method, especially in low-resource settings

or at home.

INTRODUCTION—THE RELEVANCE OF BILIRUBIN
MEASUREMENTS

Worldwide, unconjugated hyperbilirubinemia still threatens the
health of many newborn infants. Approximately 80% of term
newborn infants develop physiologic unconjugated hyperbilirubi-
nemia, which is transient and benign in the vast majority of these
infants." A small, but non-negligible proportion may develop severe
neonatal hyperbilirubinemia (SNH). An estimated one million
newborn infants worldwide suffer from SNH, necessitating intensive
treatment to reduce the risk of death or kernicterus spectrum
disorders (KSD).? The incidence of SNH varies between 2 and 42 per
100,000 live-born infants in high-income countries (HIC) and
depends, at least in part, on the predefined total serum bilirubin
(TSB) concentration for this diagnosis. The estimated incidence of
SNH is higher in low-income and middle-income countries (LMIC)
where limited access to health care facilities and appropriate

treatment threatens the health of thousands of newborn infants.*
The estimated contribution of SNH and/or Rhesus disease to KSD is
73 per 100,000 live births and the mortality rate is 119 per 100,000
live births in Eastern Europe, Latin America, sub-Saharan Africa, and
Asia.? These numbers are surpassed by a mortality rate for neonatal
jaundice of 730 per 100,000 live births in India.> Worldwide, 114,000
infants may die per year? These data underline the clinical
relevance of screening methods for SNH identification. The primary
purpose of screening is timely detection of newborns at risk of
developing KSD, while diagnostic tests can provide the quantitative
confirmation of the extent of jaundice.

This article aims to describe different noninvasive screening
methods to assess TSB in newborns that have either been used,
that are currently available, or that are in the process of being
developed. We pay special attention to the advantages and
disadvantages of each method.
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SCREENING METHODS—NONINVASIVE TOTAL SERUM
BILIRUBIN ASSESSMENTS

During the last centuries, neonatal jaundice had already been
recognized as a risk to the health of newborns.” Nevertheless, it
was not until 1969 that Kramer sgystematically correlated dermal
zones of jaundice with actual TSB.® A number of studies evaluated
the accuracy and reliability of visual assessment of jaundice, a
long-standing way of estimating the severity of hyperbilirubine-
mia.>”'? Correlation coefficients between visual assessment and
TSB concentrations vary between 0.35 and 0.75. Riskin and
colleagues analyzed the correlation between visual assessment
and TSB concentrations in 1129 term and late preterm neonates.
They concluded that visual assessment was an unreliable tool to
detect SNH before discharge. Approximately 60% of newborn
infants were misclassified, which resulted in inadequate follow-
up."’ In 2009, Keren and colleagues published a prospective
cohort study on 522 term and late preterm infants who had been
graded by nurses using the 5-point Kramer scale to determine the
maximum cephalocaudal extent of jaundice before discharge.'?
They found that progression correlates poorly with TSB concen-
trations. This scale should therefore not be used by clinicians to
estimate TSB levels. Dr. Maisels dismissed the efficacy of visual
assessment by stating “Bilirubin eyes do not exist” (pers.
communication, Jonxis lecture, May 2010, Groningen, the Nether-
lands). It is neither objective, nor reliable or accurate, and
interobserver agreement is poor.””'? Despite these limitations, in
many countries visual assessment of jaundice is still the only
method available to screen for SNH. More reliable methods for
screening infants for SNH are required.

ICTEROMETERS

To facilitate visual examination and reduce interobserver varia-
bility, different screening instruments have been developed.
Davidson and colleagues “applied a tongue depressor with
considerable force” to the mucous membrane of the lower jaw
and to the skin of the forehead or the chin. In this way, jaundice
that was not apparent otherwise, became visible.” In 1958, Allen
described the use of polished Perspex for the early detection of
jaundice.”® One of the first instruments to estimate whether a TSB
concentration should be obtained was the so-called icterometer.
An icterometer is a Perspex ruler with two to six different hues of
yellow arranged in a stepwise gradient. The icterometer is pressed
on the nose, forehead, or inside of the newborn’s lip. The resultant
yellow color of the blanched skin is matched with a hue of yellow,
each of which corresponds with a range of TSB levels. In 1954, the
Ingram or Gosset icterometer was developed.'® Gosset and
colleagues found a correlation between every hue of yellow and
range of TSB concentration. Nevertheless, they acknowledged the
limitations of the icterometers in terms of accuracy and lack of
color standardization. Subsequently, other studies evaluated the
use of icterometers,'>'® while clinical guidelines explicitly
advocated against their use.!”” Images of old icterometers and
novel icterometers currently in use can be accessed at https://
www.northamptongeneral.nhs.uk/About/OurHistory/Dr-Gosset/
The-Gosset-Icterometer.aspx#ad-image-0, https://journals.plos.
org/plosone/article?id=10.1371/journal.pone.0183882#, and at
https://pediatrics.aappublications.org/content/pediatrics/143/5/
€20182039/F1.large.jpg.

Olusanya and colleagues described the diagnostic performance
of the Bilistrip™, a two-color (dark yellow and light yellow)
icterometer used by 2492 Nigerian mothers to assess the presence
(dark yellow) or absence (light yellow) of SNH in their infants.'® The
mean transcutaneous bilirubin (TcB) concentration for dark yellow,
171 umol/L, was significantly higher than for light yellow,
104 umol/L. The sensitivity and negative predictive value of the
Bilistrip™ was high—95.8%—for neonates requiring phototherapy
(PT). Only one infant out of 24 who needed PT was missed. In the
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USA and Bangladesh, a completely renewed icterometer, the Bili-
ruler™, was tested recently in 790 neonates of younger than
28 days to identify jaundice.'® The Bili-ruler™ has six color strips
that were developed by processing digital color photographs of
newborn infants with different TSB levels. Bili-ruler™ readings on
the nose showed the best correlation with TcB concentrations (r =
0.76) as well as with TSB (r=0.78). Sensitivity and specificity for
readings >3.5 for TcB =222 umol/L and for TSB = 188 pumol/L were
90 and 86%, versus 85 and 83%, respectively. Moreover, interrater
reliability was high. The authors conclude that the Bili-ruler™ “may
be used to improve referrals from community or peripheral health
centers to higher-level facilities with capacity for bilirubin testing
and/or PT".

TRANSCUTANEOUS BILIRUBINOMETRY

In 1978, both Hannemann and Peevy with their colleagues
demonstrated a noninvasive method to determine TSB by
spectral reflectance of neonatal skin?®?' Two years later,
Yamanouchi and colleagues described a linear relationship
between the TSB concentration and the intensity of the yellowish
skin color in terms and low birth weight infants.?? These authors
correctly assumed that this correlation could ultimately provide
the basis for a noninvasive monitoring device that could replace
TSB measurements, at least in part. Currently, electronic
transcutaneous bilirubin (TcB) devices are available to health
care professionals for distinguishing clinically relevant SNH.
During the last decades and mainly in industrialized countries
that can afford such technology, TcB devices have become
routine screening tools for neonatal jaundice. The advantage
of this indirect screening method is that it is noninvasive, fast,
easy to learn, and user friendly. The levels of TcB are estimated
from the yellowish discoloration of the skin and subcutaneous
tissue by measuring the difference in optical densities for a light
of different wavelengths. Dark pigmentation of the skin may
potentially confound light reflectance. Different methodologies
have been developed by manufacturers of TcB instruments to
minimize this effect.”*?* The American Agency of Pediatrics (AAP)
guidelines suggest using TcB screening for neonatal jaundice
prior to discharge but the use of TcB varies among nurseries, even
within one country, from none to selective screening or routine,
that is, universal screening.?>2° TcB values provide a reasonable
estimate of TSB levels in healthy newborns with correlation
coefficients ranging from 0.70 to 0.97.273° However, transcuta-
neous bilirubinometry does have its limitations for identifying
SNH. The measuring scales of the TcB instruments are limited—
no readings above 340 umol/L. Moreover, these instruments may
overestimate TSB at low values and underestimate TSB at high
values.?' Aranda and colleagues showed that in various groups of
term and preterm multi-racial sick neonates, TcB readings above
205 pmol/L should be confirmed with standard laboratory
methods.>? Nevertheless, although TcB may underestimate TSB
when concentrations are higher than 205 or 257 uymol/L, other
authors report no increase of underestimation at a specific TSB
level.*3%3> The accuracy of TcB in infants receiving PT (due to
skin bleaching) and its use on preterm neonates has also been
subject of discussion.®®*” Hulzebos and colleagues concluded
that PT enhances the well-known underestimation of TSB by TcB
in preterm infants, even when measured on an unexposed area of
skin in the diaper area. The underestimation of TSB before PT was
significantly lower, 44 +36 pmol/L, than the underestimation
during and after PT, 61+29 and 63 + 25 pmol/L, respectively.®
Other studies have highlighted discrepancies between TcB and
TSB levels depending on ethnicity.>® Taylor and colleagues
demonstrated that TcB measurements significantly overestimate
TSB levels in African American newborns compared with
newborns of other races.*® Similar results have been observed
by Olusanya and Emokpae.*’
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The TcB values inform the health care professional about two
questions: “Should | worry about this infant?” and “Should | obtain
a TSB in this infant?”*> To counter the shortcomings of
transcutaneous bilirubinometry, various decision rules on TcB
cut-off levels, that is when to obtain a TSB, have been proposed to
minimize the risk of missing high TSB levels.**** One rule to
correct for underestimation is to obtain a TSB when the TcB value
is higher than the TSB of the PT threshold minus 50 umol/L.*® The
use of TcB and a recommended decision rule substantially reduces
the need for TSB measurements in very preterm as in late preterm
and term infants.?6333845747 | addition to single TcB measure-
ments, the rate at which TcB values rise was found useful to
identify late preterm infants at risk of severe hyperbilirubine-
mia.***° A few disadvantages of transcutaneous bilirubinometry
notwithstanding,’® the advantages and proven reliability justify its
use to screen for SNH, both in hospitals and in outpatient settings.

SMARTPHONE OR DIGITAL CAMERA-BASED BILIRUBIN
ESTIMATION

A novel method to estimate TSB levels and to detect SNH is using
the camera on a mobile phone in conjunction with advanced
digital image processing techniques with red, green, and blue
pixel color analyses and machine learning. The first proposals were
posted online in 2012 and 2013, respectively.’'”? Given the
widespread use of smartphones, even in LMICs, different
smartphone applications (apps) were developed to facilitate
neonatal jaundice screening. The apps use the yellowish
discoloration of the newborn’s skin or whites of the eyes
(sclerae).>>™®5 A color calibration card helps to attenuate variations
in the lighting conditions of the surrounding environment and
facilitates image capture and data extraction. By utilizing the
calibration card various brands of smartphones with different lens
qualities can be calibrated. A dermatoscope or magnification clip
attached to the embedded smartphone camera may help to
obtain detailed images. In studies that compare smartphone-
based optical bilirubin estimates with TSB, correlation coefficients
vary between 0.48 and 0.91 when optical bilirubin estimates were
obtained from skin,>*>°7616%6¢ They vary between 0.73-0.86 when
the estimates were obtained from the sclerae.>*%%¢3%> Although
the sclerae are not influenced by skin pigmentation, mean
differences between optical bilirubin estimates from skin or from
sclerae and TSB, as well as diagnostic accuracy are compar-
able.*®%>%% Taylor and colleagues reported a mean (+ SD)
difference between their BiliCam bilirubin and TSB of 0.17 =
31 umol/L>® Almost 92% of BiliCam bilirubin values were
within 51 pmol/L of the paired TSB levels. The sensitivity was
100% with a specificity of 76.4% for identifying TSB =291 pmol/L.
Aune and colleagues reported a mean (+ SD) difference between
the Picterus image estimate and TSB of — 0.2+41 umol/L.
Sensitivity was 100% and specificity was 69% for identifying TSB >
250 umol/L% In our opinion, this development heralds the
beginning of a new era of research into affordable smartphone-
based bilirubin estimation as a screening tool for SNH.

FUTURE DIRECTIONS OF RESEARCH

As “no single intervention is likely to be sufficient” to prevent SNH
and to reduce the incidence of acute bilirubin encephalopathy
(ABE) and KSD, what would be the best scientific route to be taken
to achieve this goal?®” Notwithstanding the ubiquitous need for
low-cost bilirubin screening devices with high negative predictive
values, Wennberg and colleagues of the Stop Kernicterus in
Nigeria (SKIN) consortium demonstrated that maternal instruction
on neonatal jaundice and timely care-seeking whenever jaundice
was suspected, was associated with a reduction of ABE.%® As this
points to the need for parental instruction on jaundice, it seems
clear that future research on the prevention of SNH should
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encompass parental instruction, irrespective of the screening
method used. In May 2021, the Better Assessment of Jaundice at
home (BEATJaundice@home) study will start in the Netherlands.
This study aims to test three screening methods for neonatal
hyperbilirubinemia at home in 2000 neonates with a gestational
age of at least 35 weeks. The screening methods are transcuta-
neous bilirubinometry (JM-105, Drager, Lubeck, Germany), a
commercially available point-of-care test for total bilirubin in
whole blood (Bilistick®, Bilimetrix s.rl, Trieste, Italy), and a
smartphone application (Picterus, Trondheim, Norway). Another
research niche will be the application of wireless wearable
biosensors that allow for continuous noninvasive monitoring
of transcutaneous bilirubin.®® While awaiting the results of
BEATJaundice@home and other studies, we expect that in the
near future research on artificial intelligence, machine learning
technology, and biometrics may play an important role in early
recognition of SNH and reduction of ABE and KSD.

SUMMARY AND CONCLUSION

Any newborn infant may develop SNH. Timely detection and early
treatment are essential to lower the worldwide burden of SNH.
This implies that visual assessment of jaundice should be replaced
by more reliable methods to assess TSB. The screening method
should also be easy to perform, low-cost, safe, and have a high
diagnostic accuracy. To minimize the risk of missing a newborn
with (imminent) SNH, specific decision rules to account for
inaccuracy of transcutaneous bilirubinometry are recommended.
Indeed, TcB has replaced many invasive TSB measurements.
Whether the same holds for other noninvasive bilirubin screening
methods, that is, novel icterometers and smartphone-based
optical bilirubin estimates, has yet to be determined. Whereas
noninvasive bilirubin screening measurements are important in
reducing the occurrence of SNH, invasive TSB measurements
remain the gold standard and are essential for the definitive
diagnosis of SNH and treatment decisions.
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