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I.  Introduction

The term hyperbilirubinemia describes an excess of bilirubin in the blood. This becomes clinically
apparent as jaundice, a yellow colouration of the skin and whites of the eyes, which occurs in newborns at serum
bilirubin levels > 5 mg/dL. Neonatal hyperbilirubinemia (jaundice) occurs in more than 60 % of late preterm
and term newborns, peaking at 3-5 days of life and usually resolving by 2 weeks of age(1 ).While
hyperbilirubinemia (total serum bilirubin > 1.0 mg/dl) occurs in nearly all infants, significant
hyperbilirubinemia(TSB > 12.9 mg/dL) and excessive hyperbilirubinemia(TSB values above the 95th percentile
for age in hours) occurs in only 5% to 6% of the healthy newborn population(2-6). Severe jaundice (
Hyperbilirubinemia) can result in kernicterus(Bilirubin Encephalopathy) causing irreversible brain damage to
the patient. Risk factors recognized to be associated with severe hyperbilirubinemia in newborns include
jaundice in the first 24 hours of life , jaundice noted before discharge from hospital, a sibling who had jaundice
treated with phototherapy, near-term gestational age of 35-36 weeks , Asian race and the presence of infant
bruising or cephalhaematoma (7-9). Estimates in developed countries range from about 0.4 to 2 per 100 000(10-
16). Infants who are sick or preterm, are at risk of developing kernicterus at lower TSB concentrations compared
to the term neonate (17).

The gold standard to assess jaundice in neonates is total serum bilirubin measurement(18).
Transcutaneous measurements of bilirubin have a linear correlation to total serum bilirubin and may be useful as
screening devices to detect clinically significant jaundice and decrease the need for serum bilirubin
determinations(19).

Presently the standard treatment for hyperbilirubinemia is phototherapy which is generally effective but
in some cases, when the plasma bilirubin concentrations become dangerously high or rise rapidly despite
phototherapy , exchange transfusion is indicated which has more serious side-effects and complications than
phototherapy. The mortality rate from the procedure is approximately 0.3-2% and significant morbidity is
associated with 5-12% of exchange transfusions(20-22).

Phototherapy with light of wavelength in the 430 to 490 nm spectrum is much safer than exchange
transfusion, although it is expensive and leads to separation of mother and infant(23-26).

II. Recommended guidelines for hyperbilirubinemia

Although jaundice in newborns can be usually detected by blanching the skin with digital pressure and
is usually visible in the face with caudal progression, visual estimation of bilirubin levels is largely inaccurate
and unreliable(27). Dark pigmentation adds an additional degree of difficulty in visual estimation in some
studies(28-29).

Both the American Academy of Paediatrics (AAP )(30) and the Canadian Paediatric Society (CPS
[31]) have published guidelines regarding the management of neonatal hyperbilirubinemia in term infants.
American Academy of Paediatrics (AAP) recommends that every newborn be assessed for the risk of
developing severe hyperbilirubinemia, by using predischarge Total Serum Bilirubin (TSB) or Transcutaneous
Bilirubin measurements and assessment of clinical risk factors before discharge(30). The AAP also considers
the use of transcutaneous bilirubin (TcB) level as an alternative to TSB measurement, and the results of studies
(19,30) have confirmed the value of transcutaneous bilirubinometry. The American Academy of Paediatrics(
AAP) also recommends the use of an hour specific nomogram to aid the decision making process regarding
neonatal jaundice for full term and late pre-term neonates(30). The AAP also recommends consideration of risk
factors that are significantly associated with hyperbilirubinemia .The guidelines for hyperbilirubinemia do not
differ among neonates with varying risk factors , rather, they state that the risk of severe hyperbilirubinemia is
extremely low if no risk factors are present and the risk of severe hyperbilirubinemia increases with more risk
factors(30,32).
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In 2007 , the Canadian Paediatric Society for the detection , management , and prevention of
hyperbilirubinemia in term and late preterm newborn infants recommended that TSB or TcB be measured in all
infants during the first 72 hours of life with individualized follow-up based on risk assessment(31).

It has also been shown by Eggert et al (33) that, after the initation of Universal Bilirubin Screening
Program, the incidence of TSB levels of > 25 mg/dL decreased from 1 in 1522 infants to 1 in 4037 infants.

III. Transcutaneous bilirubin

Transcutaneous bilirubinometry is a safe and effective technique in well-term and near—term
newborns(34,35). It is based on the principle that the instruments which measure transcutaneous bilirubin
concentration operate by transmitting light that penetrates the blanched skin and transilluminates the
subcutaneous tissues. The scattered light returns through a fibre optic filament and the yellowness of the
reflected light- corrected for the contribution of haemoglobin , melanin and dermal thickness is measured in a
spectrophotometric module and converted into an estimate of TSB concentration(36). Transcutaneous
bilirubinometers measure the yellowness of the skin and subcutaneous tissue and the contribution of serum
Bilirubin to this measurement is minimal(37).Thus, a TcB measurement is not equivalent of measuring TSB.

IV.  Instruments for measuring transcutaneous bilirubin

The most important feature of a screening tool for neonatal jaundice is its capability to detect
significant hyperbilirubinemia with 100% sensitivity(18) and the device must also have a desirable level of
specificity because over-diagnosis leads to unnecessary admissions and work. The first transcutaneous
bilirubinometer was introduced in 1980. Many transcutaneous bilirubinometers for measuring TcB have been
described in the literature like (the Minolta Air- Shields jaundice meter, Ingram Icterometer, Bilicheck, and
Chromatics ColorMate III). All of them have a linear correlation to TSB and may be useful as screening
devices to detect clinically significant jaundice and decrease the need for serum bilirubin determinations. But
the recently introduced Bilicheck device, which uses reflectance data from multiple wavelengths, seems to be a
significant improvement over the older devices (the Ingram Icterometer and the Minolta Air-Sheilds jaundice
meter) because of its ability to determine correction factors for the effect of melanin and haemoglobin(19).A
number of studies have been conducted to study about the correlation of TcB on Bilicheck with TSB. Hammati
et al (18) studied about the value of Bilicheck (R) as a screening tool for neonatal jaundice in south of Iran and
observed a good correlation between TcB and TSB (r =0.969) which was not affected by sex, gestational age
,perinatal age and birth weight thus proving Bilicheck as a noninvasive, simple, easy and reliable method for
bilirubin measurement in neonatal jaundice ,especially in neonates with bilirubin levels < 15 mg %.Also, the
maximum sensitivity, specificity, and especially NPV were at the TSB cut-off value of 15 mg/dl, thus indicating
a tendency to underestimate TSB levels in infants with higher bilirubin levels. The Biicheck® is, therefore, a
reliable screening tool for hyperbilirubinemia with bilirubin levels <15mg/dl; this finding chimes in with those
of the Samanta S et al(38) and Ho EY et al(39). On the other hand, JM-103, Konica Minolta, Osaka, Japan is a
non-invasive medical device that is easy to use at bedside, delivers prompt measurements, and is minimally
influenced by skin pigmentation .Yasuda et al(40) found an excellent correlation(r=0.93) between TcB
(measured by JM-103) and TSB among Japanese term neonates. Another transcutaneous meter Bilimed
evaluated by De Luca et al (41) found it to be less accurate than Bilichek and not recommended for current
clinical practice.. Raimondi et al conducted a comparative analysis of the most widespread transcutaneous
bilirubinometers on a multiracial population of term and late pre-term neonates and concluded that Bilicheck
and JM-103, but not Bilimed, are equally reliable screening tools for hyperbilirubenemia(42). But a clean,
disposable tip is required for each measurement while using Bilicheck , substantially increasing the cost of the
test(19). According to National Academy of Clinical Biochemistry laboratory medicine practice guidelines, only
Bilicheck and JM-103 have been recommended for use in in clinical setting as they provide results comparable
to laboratory TSB(43,44).

V.  Site of transcutaneous bilirubin estimation

The selection of TcB measurement site depends upon the goal of TcB measurement. The forehead is
the most frequent site of TcB measurement as mentioned in research studies. Randeberg et al (45) found that
TcB measurements on neonates taken from the heel, back, or thigh did not correlate as well with TSB as those
taken from the forehead. Maisels et al (46), however, found better correlation with TSB when TcB
measurements were performed on the sternum (r = 0.953) compared with the forehead (r = 0.914). A similar
study was conducted by Poland et al (47) which also revealed that chest readings showed a better correlation
with serum values as compared to brow. In addition, it was suggested that measurements from the sternum,
which is less likely to be exposed to sunlight or ambient light, may be more desirable, especially when
measurements are taken after infants have been discharged from hospital(48). Another site was explored for
measuring transcutaneous bilirubin by Yaser et al(49) who found that interscapular site is superior and safer for
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screening preterm neonates as compared to forehead and sternum as it had the highest sensitivity of 94% and
lowest false negative rate of 6%.

VI. Impact on Length of stay and Readmission Rate

Hyperbilirubinemia is emerging as an increasingly common problem in newborns due to a decreasing
hospital length stay after birth(50). In a retrospective study, Peterson et al(51) reviewed 6603 newborns over a
time period of 8 months before and after implementation of TcB measurements. These investigators found that
availability of TcB measurements was not associated with a decrease in the mean length of stay for normal
newborns, the number of newborns with hyperbilirubinemia requiring phototherapy before discharge , or the
number of days of treatment with phototherapy. However, they did note a significant reduction in the number of
hospital readmissions per 1000 newborns for clinically significant hyperbilirubinemia, from a mean (SD) of 4.5
(2.4) to 1.8 (1.7), and a statistically significant increase in the monthly incidence of phototherapy treatment
before discharge from 5.9% (1.3%) to 7.7% (1.3%) after implementation of TcB measurements. They
speculated that the convenience and rapid turnaround time of TcB testing may have encouraged more effective
screening and identification of newborns with clinically significant hyperbilirubinemia before discharge. Also, it
may reduce the need for serum Bilirubin measurements(52-54) and subsequent readmission for
phototherapy(51).

VII.  Accuracy of Transcutaneous Bilirubin vs Total serum Bilirubin

Total Serum Bilirubin ( TSB) levels are measured by invasive blood sampling which is painful and
stressful for the neonate. It results in blood loss and predisposes the infant to increased risk for osteomyelitis
and infections at the site of sampling(55,56). It can also cause anaemia and increase the risk of scar
formation(57). In addition the method is laborious and time consuming, lacking the possibility for immediate
diagnosis. Also, it has been seen that TSB is not necessary in every jaundiced infant. For example, in low risk
infants 4 or more days old, phototherapy is not recommended by the AAP unless the TSB is 20 mg/dl or more.
TcB provides many advantages over TSB including instantaneous measurements without requiring a painful lab
draw. For infants > 35 weeks, TcB can reliably identify infants at risk for severe hyperbilirubinemia and can
decrease the number of TSB measurements obtained(58).

As regards the methods available for measuring total serum bilirubin, HPLC is generally taken as the
gold standard, although this method is not widely used in clinical practice .Other methods in use for estimation
of total serum bilirubin are diazo based methods(59) that have interferences with hemoglobin and other
intracellular compounds(60) and are not very accurate since there is a high variability in laboratory
measurements. On the other hand, TcB measurements may be used not only as a screening device but also as a
reliable substitute for clinical laboratory—based serum bilirubin measurements which is in line with the recent
National Academy of Clinical Biochemistry laboratory medicine practice guidelines, which concluded that the
TcB meters currently available for clinical use in the US (BiliChek and JM-103) provide results comparable to
laboratory TSB (44,61). Above all, when comparing TcB and TSB measurements, it is also important to
remember that the 2 methods of measurement may be evaluating different physiologic entities. A study
conducted by Rubaltelli et al (34) suggested that TcB methods measure the amount of bilirubin that has moved
from the serum into the tissue, possibly mimicking the movement of bilirubin across the blood—brain barrier and
into brain tissue, whereas laboratory-based methods measure only bilirubin that is circulating in the blood. Thus,
TcB may actually offer additional information not by TSB measurements, although this hypothesis remains to
be proven. Another study conducted by hammati et al(18) to see the correlation between TSB and TcB on
bilicheck revealed a statistically significant correlation between the Bilicheck® readings and TSB levels. The
correlation coefficient in the study conducted by hammati et al (r=0.969) was comparable to those obtained by
Rubaltelli et al (r=0.89)(34),Ebbsen et al (r=0.88)(57), Roberston et al(62)(r=0.937), and Janjindamai et al(63)
(r=0.950), thus Bilicheck® readings can, be employed as an alternative to TSB measurements in the range
within which the Bilicheck® showed a numeric value (18). Sajjadan et al(64) conducted a study in Iran and
concluded that although TcB measurement may underestimate TSB but there is significant correlation between
TSB and TcB in healthy preterm infants (r=0.56, P<0.001) and ill preterm neonates (r =0.82, P<(0.001). This
method can be used for determination of bilirbin levels in preterm neonates and reduces the number of blood
sampling.

VIII.  Quality control for tcb
Any measurement, TSB or TcB, has potential for error. It is important that the result from a TcB device
be reproducible. As with any test that is performed at the point of care, continuing assessment of the
competency of the personnel using the device is extremely important. Clearly, this is a major issue not only with
TcB meters but with point-of-care testing in general. Point of care testing refers to any test performed outside of
laboratory by clinical personnel and close to the site of patient care. Based on a summary of multiple reports
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during  the last twenty  years, we realize that devices which provide a
noninvasive transcutaneous bilirubin (TcB) measurement have proven to be very useful as screening tools and
provide a valid estimate of the total serum bilirubin level (TSB). Published data suggest that these devices
provide measurements within 30-50 micromol/LL of the TSB levels and can replace
laboratory measurement particularly when TSB levels are less than 260 micromol/L. At the present time, in the
literature, evidence is insufficient to abandon neonatal serum bilirubin testing and replace it with TcB. However,
we have evidence that TcB can help avoiding potential errors associated with even visual assessment of jaundice
and may be useful as screening device to detect significant jaundice and decrease a large number of unnecessary
skin punctures.

IX. Limitations of transcutaneous bilirubinometry

The use of transcutaneous bilirubinometry is associated with limitations  including decreasing
accuracy at higher bilirubin levels (58). They permit rapid measurements but do not provide fractionation
information(65). Although TcB measurements have been shown to correlate well with TSB, TcB can be affected
by a variety of factors, such as phototherapy and exposure to sunlight (66-68). The algorithms that transform
the TcB measurements into a bilirubin concentration use estimates of hemoglobin concentrations, which
decrease approximately 10% in the first week of life, along with dermal thickness and the melanin content of the
skin, both of which are known to impact TcB measurements(69,70). This has led most facilities to limit the use
of TcB to infants <10 days old. Care must also be taken to avoid testing skin that is bruised, has a birthmark, or
is covered with hair. Also, the accuracy of Bilicheck has been seen in premature newborns without
phototherapy, even in newborns on mechanical ventilation(71). We agree that TcB is reasonable, if available,
in jaundiced newborns of any age, as the discomfort, time, and cost involved are trivial once the instrument is
available.

X.  Conclusion
It can be concluded that the implementation of Universal bilirubin screening definitely lowers the
incidence of hyperbilirubinemia but is also associated with increasing use of phototherapy. Also the use of
transcutaneous bilirubinometer is non-invasive, painless and bloodless method of screening and is accepted in
term and near-term neonates but its value still needs to be established in preterm neonates. Since the validity of
transcutaneous bilirubinometry is acceptable till 15 mg/ dl , it cannot be used for making decisions about
exchange transfusion and also phototherapy.
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