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Clinical Investigation

Clinical Evaluation of a New Device for Transcutaneous Bilirubin
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Abstract

Background: The advantages of using noninvasive techniques of bilirubin measurement are the avoidance of
pain and of local infection as well as real-time results. Recently the accurate measurement of total serum bilirubin
by transcutaneous bilirubin using a reflectance spectrophotometer, the BiliCheck™, has been introduced in a
heterogeneous newborn population. But there is limited data on the use of BiliCkeck™ on Oriental babies including
Japanese newborn infants.

Methods: A total of 240 transcutaneous bilirubin measurements were taken from the three body sites (forehead,
chest, and left or right upper arm) of 52 Japanese neonates and compared with simultaneous total serum bilirubin
measurements determined by the direct spectrophotometric method. Of 240 occasions, 206 measurements were
taken before starting phototherapy and 34 were during phototherapy. A phototherapy eye-patch was placed over
the measurement site on the forehead prior to the start of phototherapy.

Results: As a preliminary study, total serum bilirubin concentrations measured by the direct spectrophotometric
method and by the bilirubin oxidase method were compared. There was a good correlation between the values
obtained by these 2 methods (r=0.980, y=1.05 x+0.176, p<<0.0001). The precision of the device was expressed as a
mean coefficient of variation of less than 5 % and operator difference was small as coefficient of variation below 5 %.
Before phototherapy, the correlations between the transcutaneous bilirubin measurements by the BiliCheck™ and
total serum bilirubin by the direct spectrophorometric method were high; r=0.925 on forehead, 0.848 on chest and
0.822 on upper arm, respectively. However, the correlation became less during phototherapy (on forehead r=0.803,
p<0.001).

Conclusion: These data indicate that accurate measurements of total serum bilirubin by transutaneous
bilirubinometry with BiliCheck™ are applicable in Japanese infants. But the use of the device for infants who
receive phototherapy needs further study.
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More than 80 % of Japanese newborn infants develop
visible physiologic jaundice in the first week after
birth. The incidence of hyperbilirubinemia is reported
to be especially higher in Japanese infants”. It has
been a routine procedure in every nursery to screen
the degree of individual jaundice by noninvasive
transcutaneous bilirubin measurements with Minolta
transcutaneous bilirubin meter and to measure the
serum concentration with blood sampled from the heel
of each infant when the reading is high?. However,

the device available at present only shows the reading
values of the device, and the values do not correspond
directly to the values of serum bilirubin concentration®.
Therefore, many infants, especially sick neonates and
smaller infants, still require unnecessary invasive
serum bilirubin measurements.

The BiliCheck™ is a new transcutaneous bilirubin
measurement device that uses spectral reflectance
analysis algorithms based on recent studies of the dermal
light scattering and light absorption characteristics
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of neonatal skin and corrects for the interfering
pigments”. In contrast to the Minolta transcutaneous
bilirubin meter, the BiliCheck™ provides absolute
values of the total serum bilirubin. Recently in a mixed
population, the applicability of the BiliCheck™ has
been examined”. But the number of Asian infants was
too small in comparison to white and black subjects.
The aim of this study is to determine the accuracy and
reliability of the BiliCheck™ device in the measurement
of transcutaneous bilirubin in Japanese infants.

Subjects & Methods

We measured transcutaneous bilirubin using
the BiliCheck™ on 52 Japanese infants who were
born in Saitama Medical Center, Saitama Medical
School during the period of 6 months, from June to
November 1998. Infants were sequentially enrolled
as many as possible in the study from both the well-
baby nursery and the neonatal intensive care unit.
The gestational age was between 33.4 and 41.7 weeks
(average: 35.5 weeks). The newborns weighed
between 1064 g and 3410 g (average: 2138 g). Preterm
infants were<{37 weeks of gestational age. No
infant had clinical manifestations of sepsis, heart or
circulatory disease, respiratory distress, or clinical
evidence of hemoglobinopathy. The same physician
took BiliCheck™ measurements on each patient after
obtaining parental informed consent.

The measurements were made on three of the
following sites ; forehead, chest, and right or left upper
arm within 30 minutes of the blood withdrawal via heel
stick for conventional laboratory measurement. During
phototherapy, the BiliCheck™ measurement was
taken only on the forehead that had been completely
protected by the round patch (approximately 3 cm in
diameter) made from photo-opaque material.

Total serum bilirubin level was measured using
bedside bilirubinometer (Nakamura Medical,
Tokyo, Japan) that uses the direct spectrophotometric
method. In order to confirm the accuracy of bedside
bilirubinometer, 50 stocked serum samples from
neonates were simultaneously checked for serum
bilirubin concentration by 2 different methods;
bilirubin oxidase method using automatic analyser
(Hitachi 717) and direct specrophotometric method
using bedside bilirubinometer, as a preliminary
experiment.

The precision of BiliCheck™ was tested on five
different newborn infants with total serum bilirubin
concentrations ranging from 1.2 to 17.3 mg/dL. In each

instance, the same test was performed on the same
infant, on the same body site, by the same physician.
For the survey on operator difference in transcutaneous
bilirubin measurement, all of the four authors performed
the measurements on the other 5 infants and observed
for the difference.

Regression analysis according to Pearson was used to
test the correlation between two variables. A p value of
<0.05 was considered to be significant.

Results

Preliminary study on 50 stocked serum samples
revealed an excellent correlation between the values
of total serum bilirubin obtained by the direct
spectrophotometiric method and the bilirubin oxidase
method as shown in Fig. 1 (r=0.980, y=1.05x+
0.576, p<0.0001). Thus the accuracy and reliability
of the BiliCheck™ was tested by comparison with
measurements on withdrawn blood samples using the
bedside bilirubinometer.

The precision of the device was shown in Table 1. The
20-test sampling for precision produced coefficients of
variation ranging from 2.11 to 4.80 %.

Table 2 summarizes the operator difference in
transcutaneous bilirubin measurement. The
coefficients of variation ranged from 1.14 to 4.33 %.

A total of 240 measurements ( 37 preterm infants and

25

20 -

15

10

TSB by Direct spectrophtometric method (mg/dL)

0 f——ri = : : !
0 5 10 15 20 25
TSB by Bilirubin oxidase method (mg/dL)

Fig. 1. Correlation between total serum bilirubin
concentrations by bedside bilirubinometer (direct
spectrophotometric method) and by automatic analyzer
(bilirubin oxidase method). Coefficient of correlation;
r=0.980 and regression line; y=1.05x+0.176 (n=50, p<
0.0001).
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Table 1. Precision of transcutaneous bilirubinometry

transcutaneous measurement

TSB sequence of reading mean (0\%
(mg/dl) | 1st 2nd  3rd  4th (%)

12 1.7 1.7 18 16 1.7 4.8

55 6.0 58 61 6.0 6.0 211

7.4 72 73 76 15 7.4 247

13.8 151 166 151 154 |15.8 4.29

17.3 171 178 174 168 17.3 2.47

TSB ;the total serum bilirubin concentration by direct spectrophotometric
method, CV ;coefficient of variation

Table 2. Operator difference in transcutaneous bilirubinometry

TSB operator mean Ccv

(mg/dl)| A B C D (%)
4.7 6.0 6.2 6.3 59 6.1 2.99
79 10.9 10.1 10.1 9.9 10.25 4.33
8.0 8.6 8.8 8.8 8.8 8.75 1.14
114 |123 134 12.7 12.5 12.7 3.76
15.6 |15.6 15.7 154 15.0 15.42 2.01

TSB ;the total serum bilirubin concentration by direct spectrophotometric
method, CV ;coefficient of variation

15 term infants ) were taken between 0 and 10 days
after birth and 206 measurements were taken before
phototherapy and 34 were during phototherapy.

The correlation between the transcutaneous bilirubin
measurements by the BiliCheck™ on the forehead and
total serum bilirubin by the direct spectrophotometric
method before phototherapy was excellent as shown
in Fig. 2. The transcutaneous bilirubin levels ranged
from 1.4 to 19.9 mg/dL, while the total serum bilirubin
levels ranged from 0.0 to 20.9 mg/dL. The coefficient of
correlation was 0.925, with regression line; y=0.932x+
1.757 (N=204, p<<0.0001). There were no differences
in correlation among the gestational maturity. Table
3 shows the correlation of the values between the
total serum bilirubin and the transcutaeous bilirubin
measured on 3 different body sites. Measurement
on the forehead revealed the best correlation, and
those on the upper arm and chest were less accurate.
When the transcutaneous bilirubin measurement was
performed on the forehead, the 95 % confidence limits
against bedside bilirubinometer was *+ 1.758 mg/dL.
There were no apparent differences in correlation
among the birth weight groups or gender.

The correlation between the transcutaneous bilirubin
measurements by the BiliCheck™ and the total
serum bilirubin by bedside bilirubinometer during
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Fig. 2. Correlation between total serum bilirubin concen-
trations by bedside bilirubinometer and transcutaneous
bilirubin measurements on the forehead by the BiliCheck™
before phototherapy. (O), preterm infants (n=166);
(@), term infants (n=40). Coefficient of correlation; r=
0.925, 0.965, and 0.962 (total, preterm, and term infants,
respectively). Regression line; y=0.932x+1.757 (p<
0.0001), y=0.926x+1.898 (p<<0.0001), and y=0.951x
+0.912 (p<0.0001) (total, preterm, and term infants,
respectively).

Table 3. Results of linear correlation analysis before
phototherapy

Correlation n RMSE r SE-y  Equation:y=
TcB vs TSB
forehead 206 1.625 0.925 0.879  0.932x + 1.757
chest 206 2152 0.848 1.673  0.808x + 3.346
upper arm 206 2.204 0.822 1192 0.746x + 2.384

TcB ;the transctaneous bilirubin measurement by the Bili CheckTNf TSB ;the
total serum bilirubin concentration by direct spectrphotometric method,

RMSE ; Root Mean Square Error, SE-y ;Standard Error of the Estimate.

phototherapy was also good, but less than that of before
phototherapy (r=0.803, y=0.79x+3.937, p<<0.001)
(Fig. 3). The transcutaneous bilirubin level tended to be
higher than the total serum bilirubin level in the lower
range during phototherapy, and lower in the higher
range. The 95 % confidence limits against bedside
bilirubinometer was=+1.158 mg/dl.
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Fig. 3. Correlation between total serum bilirubin
concentrations by bedside bilirubinometer and transcutaneous
bilirubin measurements on the forehead by the BiliCheck™
during phototherapy. Coefficient of correlation; r=0.803 and
regression line; y=0.79x+3.937 (n=36, p<<0.001).

Discussion

The transcutaneous bilirubinometer has been
evaluated in a number of studies™**?®
proposed as a valuable screening device that might
aid in decreasing length of stay at hospital after birth.
These products also provide rapid, point-of-care
bilirubin measurement as a replacement for traditional
clinical chemistry methods. These results are achieved
with no trauma to the patient, no risk of infection, and
potentially reduced cost of monitoring serum bilirubin
by minimizing the use of hospital personnel and
supplies. In addition, as Knudsen et al? has suggested,
transcutaneous bilirubin measurement could be a
somewhat better predictor of kernicterus than total

serum bilirubin measurement. But concerns exist
9-12)

and has been

regarding linearity of transcutaneous measurement

The BiliCheck™ works by directing white light into
the skin of the newborn and measuring the intensity
of the specific wavelengths, which are returned. The
major skin components, which impact the spectral
reflectance in newborns, are dermal maturity, melanin,
hemoglobin, and bilirubin'®. Each of these four
components has been considered in the development
of the algorithm used to compute the bilirubin
measurement. Measuring the intensity of the relaxant
light at 137 individual wavelengths performs a spectral
analysis. By subtracting the special contribution of the

known components, the bilirubin absorbance can be
quantified and is then correlated to the laboratory gold
standard high performance liquid chromatography. So
the measurement can indicate the result in clinical units
of mg/dL or pmol/L.

Previous report shows there was no significant
difference in accuracy of transcutaneous bilirubin
assays in black and white babies”. In their report,
however, there are a few Asian people, which are
enrolled in subjects. So to determine the clinical
accuracy of the device for measuring transcutaneous
bilirubin in Asians, additional data with sufficient
number of infants are indispensable. Our data indicate
that accurate measurement of total serum bilirubin
by transcutaneous bilirubin assay with this device
is possible in a heterogeneous newborn population
including Japanese infants.

There are limited data on use of the BiliCheck™
on infants under the phototherapy'"'?. Our results
demonstrate that transcutaneous bilirubin measurement
using the BiliCheck™ correlates less with total serum
bilirubin level during phototherapy. The use of
phototherapy to decrease the serum bilirubin level
has been rapidly reduce the concentration of bilirubin
in the skin through photo-conversion of the bilirubin
molecule and subsequent washout into the blood™.
This intentional alteration in the blood-skin relationship
decreases the skin bilirubin concentration and
introduces an error in transcutaneous measurement
without protection of the measurement site by a photo-
opaque material'®. It is suspected that in our study
the measurement site, forehead, was not protected
completely because of head position, which was
changed every three hours. So accurate measurements
of transcutaneous bilirubin techniques in babies
receiving phototherapy require continued study.

In conclusion, our data indicate that accurate
measurements of total serum bilirubin by transcutaneous
bilirubin assay with the BiliCkeck™ are possible also in
Japanese infants. Accurate measurements of total serum
bilirubin by transcutaneous technique in babies
receiving phototherapy require continued study.

References

1) Ogawa J, Ogawa Y, Onishi S, Shibata T, Saito H.
Five years' experinece in phototherapy. In:Brown
AK, Showacre J,(editors). Phototherapy for neonatal
hyerbilirubinemia. Long-term implications. DHEW
Publication No.(NIH) 76-1075, 1977. p. 49-66.

2) Yamauchi Y, Yamanouchi I. Clinical application



Transcutaneous Bilirubin Measurement 249

of transcutaneous bilirubin measurement: Early
prediction of hyperbilirubinemia. Acta Paediatr
Scand 1990; 79: 385-90.

3) Yamanouchi I, Yamauchi Y, Igarashi I.
Transcutaneous bilirubinometry: preliminary
studies of noninvasive transcutaneous bilirubin
meter in the Okayama National Hospital. Pediatrics
1980; 65: 195-202.

4) SpectRx, Inc. BiliCheck user instruction manual.
1997.

5) Bhutani VK, Gourley GR, Adler S, Keamer B,
Dalin C, Johnson LH. Noninvasive measurement of
total serum bilirubin in a multiracial predischarge
newborn population to assess the risk of severe
hyperbilirubinemia. Pediatrics 2000; 106(2): E17,
Available from: URL: http://www.pediatrics.org/
cgi/content/full/106/2/e17

6) Schumacher RE, Thornbery JM, Gutcher GR.
Transcutaneous bilirubinometry: a comparison of
old and new methods. Pediatrics 1985; 76:10-4.

7) Yamauchi Y, Yamanouchi I. Transcutaneous
bilirubinometry. Evaluation of accuracy and
reliability in a large population. Acta Paediatr Scand
1988; 77: 791-5.

8) Schumacher RE. Noninvasive measurements of
bilirubin in the newborn. Clin Perinatol 1990; 17:
417-35.

9) Knudsen A, Brodersen R. Skin color and bilirubin in

neonates. Arch Dis Child 1989; 64: 605-9.

10)Amit Y, Jabbour S, Arad ID. Effect of skinfold
thickness on transcutaneous bilirubin measurements.
Biol Neonate 1993; 63: 209-14.

11)Myara A, Sender A, Valette V. Early changes in
cutaneous bilirubin and serum bilirubin isomers
during intensive phototherapy of jaundiced neonates
with blue and green light. Biol Neonate 1997; 71:
75-82.

12)Lynn CJ, Saidi IS, Oelberg DG, Jacques SL.
Gestational age correlates with skin reflectance
in newborn infants of 24-42 weeks gestation. Biol
Neonate 1993; 64: 69-75.

13)Jacques SL. Reflectance spectroscopy with optimal
fiber devices and transcutaneous bilirubinometers.
Biomedical Optical Instrumentation and Laser-
Assisted Biotechnology 1996; 84-94.

14)Yamauchi Y, Yamanouchi I. Transcutaneous
bilirubinometry: serum bilirubin measurement
using transcutaneous bilirubinometer (TcB). A
preliminary study. Biol Neonate 1989; 56: 257-62.

15)Onishi S, Isobe K, Itoh S, Manabe M, Sasaki K,
Fukuzaki R, et al. Metabolism of bilirubin and
its photoisomers in newborn infants during
phototherapy. ] Biochem (Tokyo) 1986; 100: 789-95.

16)Chin KC, Moseley M]J, Bayliss SC. Light
transmission of phototherapy eyeshields. Arch Dis
Child 1987; 62: 970-1.

BARAFERICET BFHEERME Y )V E Y BIEREDRKARES

B #EZ, WA KE RE CBY, NIz

B JEEENC VIV VHIERIROKRE, BT
D ENE L S5 BERTHBEICHERENEONS C
CERIRICERNTHS. CUF oy ™Ml
RV IV VHEREBEICK > TliETRE UL E
Vil 2 RIS B % 8 4E R TIERIC NS SR
HEEINT UL, HAZSATRHEENCEL TR
Tk T—a2niahollzd, ShIHANZERRIC
CUF oy 7™M oGREERE L.

WRE KU AZE 52 AN HANHERZ 50
240 [Al, ATAESS, MR, ERBEH3 rArceyF oy o™
ICKBBEE D )VE VHLE & RIRICIiERE VL e
MEZRE Uz, Yekldh o 34 [BlE 77 A 73w FChif

RS N zEr e F oy 2™ B U,

BR: U/ A—A2=—tvCy )4+

R —PERHEET % &, r=0.980, y=1.05x+0.176, p<
0.0001 & fsd T ROV Z MR L, DIEOMGTHZ B
JIVE ) A—R—L U F v 7™MOfEmLtig L7z,
CYF v r7™MIIBIFZEE) LY VEEOZEH R
BIE 5% LT BRI BETHD, WEHBTOE
B RELE 5% At & JIEH OB ME R > T2,
SRR O TR, CVUILE ) X—&— i (r=
0.925), Mk (r=0.848), _LWEl (r=0.822) DIAETIZR
WIS SNz, LA L, Yk ClaaigEs
& r=0.803 & OB L x5 7z,
RSB RER XY, HAACBWVLTL
CF oy 7™M 2REME ) ILE VHlE G
VIV MEZ IEMEICR ST 5 T E DR E L.
UL, YEEaEIcB L TR E 522 ET 5.

LERMEROERY 2 — RO EENR T ERE 2 —  FrE R

CFER 14 £ 9 H 2 H32ZAH)
© 2002 The Medical Society of Saitama Medical School



