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TSB were considered. Pearson correlation analysis demon-
strated that Bilitest BB 77 accuracy was independent of ges-
tational and postnatal age of newborns.  Conclusion:  We 
conclude that the Bilitest BB 77, a new device for bilirubin 
transcutaneous measurement, shows a good correlation 
with standard laboratory method and has the merit to be 
quite inexpensive and does not need calibration with con-
sumable or disposable parts. However, because TcB mea-
surements with Bilitest BB 77 underestimated STB levels par-
ticularly at STB  6 12 mg/dl, serum bilirubin measurements 
are still required when treatment with phototherapy or ex-
change transfusion is being considered. 

 Copyright © 2007 S. Karger AG, Basel 

 Early discharge of newborns from hospitals makes 
measurement of total serum bilirubin concentration be-
fore discharge an important tool to monitor infants with 
jaundice  [1, 2] .

  Transcutaneous measurement of total bilirubin (TcB) 
is also ideal for outpatient use and seem very useful in 
ensuring appropriate surveillance of infants after their 
discharge from the hospital  [3] . In addition, nomograms 
of transcutaneous bilirubin percentiles of healthy full-
term infants have been recently published  [4] . However, 
one of the new devices (Chromatics Colormate IIITM, 
Chromatics Color Science International Inc., New York, 

 Key Words 

 Newborn jaundice  �  Transcutaneous bilirubin 
measurement  �  Hyperbilirubinemia 

 Abstract 

  Objective:  The early discharge of neonates from hospitals 
makes transcutaneous measurement of total serum bilirubin 
concentration a useful tool to monitor neonatal jaundice. 
The objective of this study was to evaluate the Bilitest BB 77 TM  
(Bertocchi SRL Elettromedicali, Cremona, Italy), a new device 
for noninvasive transcutaneous total bilirubin measure-
ment.  Methods:  We studied 241 newborn infants  6 32 weeks 
of gestation admitted to the Neonatal Nursery of Careggi 
University Hospital, Florence. These infants had total serum 
bilirubin (TSB) levels measured by a standard laboratory test 
(group B = 198) as part of their normal care, and transcutane-
ous bilirubin (TcB) levels were obtained within 10 min after 
heel pricking.  Results:  There was a good correlation be-
tween TSB and TcB values. The linear regression plot showed 
a general underestimation of Bilitest BB 77 measurement 
compared to standard laboratory test; the negative differ-
ence between Bilitest BB 77 values and TSB increased at 
higher bilirubin levels, as confirmed by the Bland-Altman er-
ror plot. To visualize the accuracy of the Bilitest BB 77 mea-
surements, ROC curves plot sensitivity versus specificity and 
the maximum range of difference between Bilitest BB 77 and 
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N.Y., USA) needs an early determination of skin color 
measurement within the first 30 h of life  [5] . BiliCheckTM. 
(Respironics Inc., Murrysville, Pa., USA), which shows a 
satisfactory inter-operator and inter-device coefficient of 
variation  [4]  with an accuracy and precision of the TcB 
measurement comparable with the standard of care labo-
ratory test  [1, 6, 7] , needs to be calibrated before each mea-
surement with a calibration standard (called BiliCal) 
with an additional cost. On the contrary, the TcB mea-
surements using the new JM-103 jaundice MeterTM (Mi-
nolta/Hill-Rom Air-Shields) correlate closely with TSB 
levels and, since the measurement technique is so simple, 
repeated measurements can be performed over time: this 
should significantly reduce the likelihood of error  [8] . In 
the same way, Bilitest BB 77TM. (Bertocchi SRl Elettro-
medicali, Cremona, Italy) is a new device for noninvasive 
TcB measurement which does not need a consumable or 
disposable part nor calibration before use. Our aim was 
to determine whether TcB measurement, performed with 
BB 77, correlates with TSB levels, measured with stan-
dard laboratory methods.

  Methods 

 Patients 
 This study was performed on 241 healthy newborn infants ad-

mitted to the Neonatal Nursery of Careggi University Hospital, 
Florence. Total serum bilirubin was determined according to the 
judgment of the physician in charge and not for research purpos-
es. However, the Ethical Committee of the Department of Neona-
tology approved the study protocol. All of 241 newborns had a 
measurement of both transcutaneous and serum bilirubin. No 
infants received phototherapy. Gestational age, birth weight, and 
postnatal age were recorded.

  Total Serum Bilirubin (TSB) Measurement 
 Capillary blood samples from heel pricks were used to mea-

sure TSB levels by means of ABL 735 blood gas analyzer (Radiom-
eter, Denmark) or by GB 13/A Bilirubinometer (Bertocchi SRL 
Elettromedicali, Italy). 

  The ABL 735 analyzer is a computer-controlled blood gas an-
alyzer equipped with a spectrophotometric unit for detection of 
hemoglobin and bilirubin. Absorption spectrum from blood 
samples are recorded by a 128 single-wavelength photodiode ar-
ray (wavelengths from 478 to 672 nm are separated by a concave 
interference grating) and contributions of single absorption spec-
tra from bilirubin and different forms of hemoglobins to the over-
all absorption spectrum are best fitted by the computer soft-
ware. 

  Transcutaneous Bilirubin Measurement 
 The yellowness of the skin was measured, on the forehead, by 

means of the new Bilitest GB 77. This is a fully automated nonin-
vasive device consisting of a photometer for the noninvasive bili-

rubin concentration measurements in the skin and under-skin 
layers of neonates. Operating method is the following: the pulse 
of light, emitted by the light source, passes to the baby’s skin 
through an optical channel; the reflected light from the skin is 
then directed to the optical analyzer, which consists of two chan-
nels, each one with an high precision optical filter and photodi-
ode. The evaluation of the concentration of bilirubin C B  is based 
upon the well-known formula of light absorption:

  L(x) = L 0  exp(–K  *  x),
  

where L 0  = initial intensity of light, x = optical path, L(x) = inten-
sity at the distance x, K = coefficient, which depends upon the 
concentration of absorbing substance and wave length. 

  The light in the tissues of a patient is absorbed also by hemo-
globin and melanin in the same wave band as bilirubin. The bili-
rubinometer must eliminate this absorption, which causes the er-
rors of bilirubin evaluation. The spectral absorption characteris-
tics of bilirubin and hemoglobin are different, so if the absorption 
of two different waves  �  1  and  �  2  are measured, the two registered 
intensities L ( �  1 ) and L ( �  2 ) give the possibility to calculate only 
the bilirubin concentration:

  C B  = K p  [K 1   *  (In L ( �  1 )) – K 2   *  (log L ( �  2 ))], 

  where K p  = adjustment coefficient, K 1 , K 2  = weight coefficients, 
which must be evaluated empirically. 

  The wavelengths are chosen as a compromise between the ne-
cessity of measurement in the bands of maximum absorption of 
hemoglobin and bilirubin, and the necessity of the same diffusion 
of beams in the tissues. For the Bilitest GB 77 the following wave-
length are accepted:  �  1  = 520 nm,  �  2  = 598 nm. In order to elimi-
nate the influence of melanin, the two-sources method is used. 
The electrical output of the photodiodes is converted into the data 
of the optical property of the skin at the wavelength of the biliru-
bin absorption and the display shows the concentration of biliru-
bin in the blood, in mg/dl or in  � mol/l. The calibration of the 
instrument was made by the company on the basis of multiple 
bilirubin determinations, and never needs to be repeated. 

  Measurements took place in a quiet environment with con-
trolled artificial light, and the newborns were not crying at the 
time of measurement. Meter readings were obtained every time 
an evaluation of serum bilirubin concentration was required to 
evaluate clinical jaundice and sometimes in the course of routine 
blood examinations. Within a period of 10 min after heel prick-
ing, three measurements of TcB were obtained for each infant and 
the average value was used for correlation with serum blood val-
ue. TcB readings were always performed by the same person, 
without prior knowledge of the total serum bilirubin value.

  Statistical Analysis 
 Data obtained were analyzed utilizing (1) the correlation coef-

ficients (Pearson product moment) calculated with the use of lin-
ear regression techniques between Bilitest and laboratory TSB 
and ABL 735, (2) the sensitivity and specificity of Bilitest to pre-
dict accurately serum bilirubin estimated at a range of values and 
plotted on receiver operating characteristics (ROC) curves, (3) 
Bland-Altman scatterplots  [9] , and (4) Pearson correlation of dif-
ferences Bilitest versus laboratory TSB to analyze the influence of 
gestational age and postnatal age on the Bilitest readings.
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  Results 

 The demographic characteristics of the 241 newborns 
studied were birth weight 2,955  8  746 g (mean  8  SD), 
gestational age 38  8  2 weeks (mean  8  SD) and postnatal 
age 4  8  3 days (mean  8  SD). Only 5.8% of infants had 
TSB levels  1 15 mg/dl. The correlation coefficients (r) of 
TcB to total serum bilirubin, the intercept and slope coef-
ficients are reported in  table 1 . Regression plots of Bilitest 
and standard laboratory test are shown in  figure 1 a. Error 
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Table 1. Relationship between TcB measured with BilitestTM and 
TSB measured with standard laboratory methods

Patients r Slope Offset

All 0.83 (0.74–0.88) 0.90 (0.82–1.05) 0.35 (–0.8–1.7)

Values in parentheses are 95% confidence limits. r = correla-
tion coefficient; slope = slope of the regression line: y = mx + b; 
offset = the y intercept in the regression equation: y = mx + b (mg/
dl).

  Fig. 1.  Regression chart ( a ) and error plot 
( b ) of Bilitest vs. TSB measurements with 
a standard laboratory test. 
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plots (according to Bland and Altman) are shown in  fig-
ure 1 b. The linear regression plot ( fig. 1 a) showed a gen-
eral underestimation of bilitest measurement as com-
pared to standard laboratory test; the negative difference 
between Bilitest values and TSB increased at higher bili-
rubin levels, as confirmed by the Bland-Altman error plot 
( fig. 1 b). To visualize the accuracy of the Bilitest measure-
ments ROC curves plot sensitivity vs. specificity and the 
maximum range of difference between Bilitest and TSB 
were considered. The ROC curves for Bilitest TcB com-
pared with TSB at 2 levels of TSB are reported in  figure 
2 . Using a Pearson correlation analysis we found no sig-
nificant influences of gestational and postnatal age dif-
ferences between readings performed by Bilitest or other 
instruments. 

  Discussion 

 Jaundice is the most frequent problem observed in 
newborns, but only about 5% of full-term neonates de-
velop TSB concentrations of more than 12.9 mg/dl (222 
 � mol/l)  [10] . However, heel punctures to measure TSB 
levels are performed on many newborns although this 

procedure is painful and time consuming. A noninvasive 
device for predicting serum bilirubin levels in newborns 
diminishes the need of skin punctures. Now, several dif-
ferent devices are present in hospitals. The BiliCheck 
(Respironics, Marietta, Ga., USA) uses multiple wave-
lengths, and it seems to work finely in a multiracial neo-
natal population  [6] . The new JM-103 Jaundice Meter 
from Minolta/Hill-Rom Air-Shields uses 2 wavelengths 
and a dual optical path system  [8] . The correlation in 
black infants was not as close as in other groups, but be-
cause the tendency in blacks is for the JM-103 to overes-
timate serum bilirubin levels, dangerous clinical errors 
were unlikely to occur  [8] . 

  In our study, we evaluated a new device for TcB, which 
has the merit to be low-priced and does not need calibra-
tion with consumable or disposable parts. We compared 
this measurement with the laboratory TSB determina-
tion in Caucasian healthy neonatal population. The Bili-
test GB 77 showed a good correlation with the standard 
laboratory test (r = 0.89). The skin pigmentation repre-
sents an important limitation of this device, because the 
absorption at two wavelengths eliminates the effect of the 
hemoglobin but does not eliminate the effect of melanin 
and dermal thickness. However, the error plots in  figure 
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  Fig. 2.  ROC curve for Bilitest and TSB 
measurements with a standard laboratory 
test. 
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1 b indicate that TcB measurements with Bilitest underes-
timated STB levels in comparison with standard labora-
tory methods, particularly at STB levels 612 mg/dl. Our 
study has some limitations. First, we had few infants with 
TSB levels  1 15 mg/dl (257  � mol/l). Only 5.8% of our in-
fants had TSB levels  1 15 mg/dl, but if we assess the clini-
cal utility of the TcB compared with the laboratory meth-
ods, according to the ROC curves, we can identify accu-
rately the patients with TSB levels of interest.

  When the standard Laboratory methods is set at 15 
mg/dl, using a cutoff point of 13 mg/dl for Bilitest, TcB 
produced a sensitivity of 85% and specificity of 98%. Set-
ting the standard laboratory test at a level of 13 mg/dl, it 
can be seen that a cutoff of 9 mg/dl on the Bilitest has a 
sensitivity of 85% and specificity of 70%. As TSB levels 
 ! 12.9 mg/dl account for a high percentage of the serum 
bilirubin analyses  [6, 10–12] , the vast majority of infants 
can be monitorized without the heelstick technique, lan-
cet puncture incision, and collection of blood by the drip 
method. TSB levels were measured with two different 
laboratory methods. It is well known that bilirubin deter-
mination is subjected to a large interlaboratory variabil-
ity  [13, 14] . However, the accuracy of TSB measurement 
in our unit by reflectance spectrophotometry (GB 13/A TM  
Bilirubinometer, Bertocchi SRL Elettromedicali, Italy) 
was recently tested, and the correlation between our lab-
oratory method and the HPLC method was high (r = 

0.927; 95% CI = 0.906–0.944)  [6] . Moreover, some reports 
have shown that the new multi-wavelength spectropho-
tometric method developed by Radiometer measures 
TSB concentrations accurately and precisely in conjunc-
tion with blood gas analysis/co-oximetry (ABL 735 TM ) 
 [15, 16] .

  In our study, all of the TcB measurements were ob-
tained by the same technician. In clinical setting, where 
measurements are performed by a large number of nurs-
ing staff, accuracy and precision are likely to be poorer. 
The main applications of bilirubin measurements are to 
identify by nomogram the infants at risk of severe hyper-
bilirubinemia and to identify TSB levels that indicates 
intervention with phototherapy or exchange transfusion: 
this strategy needs repeated bilirubin measurements. Be-
cause Bilitest technique is rapid and convenient, the non-
invasive TcB measurements with the Bilitest can be an 
important addition in the monitoring and management 
of the Caucasian jaundiced newborn infants. We believe 
that using TcB measurement with Bilitest in Caucasian 
neonatal population, we could eliminate 90% heel pricks. 
However, when TcB is higher than 13 mg/dl, especially in 
the first 24–48 h of life, a serum bilirubin determination 
must be carried out.

  In conclusion, the Bilitest appears to be a very useful 
screening device which matches easy utilization and in-
expensive use.
 

 References 

  1 Bhutani VK, Johnson L, Sivieri EM: Predic-
tive   ability of a predischarge hour-specific 
bilirubin for subsequent significant hyper-
bilirubinemia in healthy term and near-term 
newborns. Pediatrics 1999;   103:   6–14. 

  2 Alpay F, Sarici SU, Tosuncuk HD, Serdar 
MA, Inanc N, Gorkay E: The value of first-
day bilirubin measurement in predicting the 
development of significant hyperbilirubine-
mia in healthy term newborns. Pediatrics 
2000;   106:E16. 

  3 American Academy of Pediatrics: Manage-
ment of hyperbilirubinemia in the newborn 
infant of 35 or more weeks of gestation. Pe-
diatrics 2004;   114:   297–316. 

  4 Bertini G, Rubaltelli FF: Non-invasive bili-
rubinometry in neonatal jaundice. Semin 
Neonatol 2002;   7:   129–133. 

  5 Tayaba R, Gribetz D, Gribetz I, Holzman IR: 
Noninvasive estimation of serum bilirubin. 
Pediatrics 1998;   102. 

  6 Rubaltelli FF, Gourley GR, Loskamp N, 
Modi N, Roth-Kleiner M, Sender A, Vert P: 
Transcutaneous bilirubin measurement: a 
multicenter evaluation of a new device. Pedi-
atrics 2001;   107:   1264–1271. 

  7 Ebbesen F, Rasmussen LM, Wimberly PD: A 
transcutaneous bilirubinometer, Bilicheck, 
used in the neonatal intensive care unit and 
the maternity ward. Acta Paediatr 2002;   91:  
 203–211. 

  8 Maisels MJ, Ostrea EM, Touch S, Clune SE, 
Cepeda E, Kring E, Gracey K, Jackson C, Tal-
bot D, Huang R: Evaluation of new transcu-
taneous bilirubinometer. Pediatrics 2004;  
 113:   1628–1635. 

  9 Bland JN, Altman DG: Statistical methods 
for assessing agreement between two meth-
ods of clinical measurement. Lancet 1986;
i:307–310. 

 10 Bertini G, Dani C, Tronchin M, Rubaltelli 
FF: Is breastfeeding really favoring neonatal 
jaundice? Pediatrics 2001;   107. 

 11 Maisels MJ: Clinical rounds in the well-baby 
nursery: treating jaundiced newborns. Pedi-
atr Ann 1995;   24:   547–552. 

 12 Porter ML, Dennis BL: Hyperbilirubinemia 
in the term newborn. Am Fam Phys 2002;   65:  
 599–606. 

 13 Vreman HJ, Verter J, Oh W, et al: Interlabo-
ratory variability of bilirubin measurements. 
Clin Chem 1996;   42:   869–873. 

 14 Schreiner RL, Glick MR: Interlaboratory bil-
irubin variability. Pediatrics 1982;   69:   277–
281. 

 15 Laterza OF, Smith CH, Wilhite TR, Landt M: 
Accurate direct spectrophotometric biliru-
bin measurement combined with blood gas 
analysis. Clin Chim Acta 2002;   323:   115–120. 

 16 Suen WW, Ridley B, Blakney G, Higgins TN: 
Comparison of lactate, bilirubin and haemo-
globin F concentrations obtained by the ABL 
700 series blood gas analyzers with labora-
tory methods. Clin Biochem 2003;   36:   103–
107. 

  



 Olson/Protheroe/Scholz/Segar

 

Neonatology 2008;93:145–152152

Erratum

In the Methods section of the Abstract of the paper ‘Transcutaneous Bilirubin Mea-
surement: Evaluation of BilitestTM’ by G. Bertini et al. [Neonatology 2008;93:101–105] the 
words ‘(group B = 198)’ should be deleted. The correct sentence reads:

These infants had total serum bilirubin (TSB) levels measured by a standard labora-
tory test as part of their normal care, and transcutaneous bilirubin (TcB) levels were ob-
tained within 10 min after heel pricking.




