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ABSTRACT. A total of 292 transcutaneous bilirubin
(TeB) measurements were performed in 157 white full-
term infants: 157 were obtained from the forehead and
135 from the midsternum. T'¢B measurements correlated
well with serum bilirubin determinations (r = 93, P <
.0001). The sensitivity of the test was 100% and the
specificity 97%. It was possible to establish guidelines for
the TcB measurement which identified all infants whose
serum bilirubin concentrations exceeded 12.9 mg/100 ml
(221 ymoles/liter) with no false-negative and only five
false-positive determinations (3%). The positive predic-
tive value for the TcB measurements was 58%. This
implies that, in our population, an infant with a Tc¢B
index =24 has a 58% chance of having a serum bilirubin
concentration >12.9 mg/100 ml. The negative predictive
value was 100%. Thus, a negative test will correctly pre-
dict the absence of hyperbilirubinemia in all cases. As
these measurements were obtained prospectively in a
well-baby population with a prevalence of hyperbilirubi-
nemia (>12.9 mg/100 ml) of 4.5%, the positive predictive
value should be applicable to other similar populations
and will, in fact, increase in populations with a higher
prevalence of hyperbilirubinemia, Tc¢B measurements
can be recommended for the identification of significant
neonatal jaundice in full-term infants. It is important to
recognize, however, that because of potential variations
in TcB meters as well as serum bilirubin measurements
in different laboratories, each institution should establish
its own criteria for the use of this instrument. Pediairics
70:464-467, 1982; transcutaneous bilirubin, newborn,
Jaundice.

Neonatal jaundice is probably the most fre-
quently encountered diagnostic and therapeutic
problem in the newborn, but its accurate assess-
ment still requires a measurement of the serum
bilirubin concentration. Thus, the development of
a screening test that will reduce the necessity for
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laboratory analysis and is more reliable than visual
inspection of skin color is desirable. Spectrophoto-
metric measurement of the intensity of yellow color
in the skin and subcutaneous tissue, using reflec-
tometry, appears to be useful.'"* Yamanouchi and
co-workers® first described the use of a transcuta-
neous bilirubin (TcB) meter, a smail, hand-heid,
rechargeable instrument. A strobe light passes
through a fiberoptic filament and penetrates the
blanched skin, transilluminating the subcutaneous
tissue. The scattered light comes back through a
second fiberoptic filament and is carried to the
spectrophotometric module where the intensity of
vellow color (corrected for hemoglobin) is meas-
ured.?

PATIENTS AND METHODS

We obtained 292 TcB measurements in 157 white
full-term infants admitted to the Well Baby Nurs-
ery of The Milton S. Hershey Medical Center. The
study was approved by the Clinical Investigation
Committee of The Milton S. Hershey Medical Cen-
ter and informed consent was obtained. It has been
our practice to obtain a serum bilirubin measure-
ment on all infants on the third day of life or at
other times if clinically indicated. TcB measure-
ments were taken when blood samples for serum
bilirubin concentration were obtained. In 11 in-
stances the serum bilirubin was determined on clin-
ical indication prior to the third day. All other
determinations were performed routinely, on the
third day. Total serum bilirubin concentration was
measured by a modified diazo method using the
DuPont automatic clinical analyzer (ACA III In-
struction Manual, The DuPont Co, Clinical Sys-
tems Division, Wilmington, DE). At serum bilirubin
levels of 2.5, 4.2, and 19.4 mg/100 ml, (Omega chem-
istry control sera, Hyland Diagnostics Corp, Bam-
nockburn, IL) 30 repeat determinations revealed
standard deviations of 0.1, 0.18, and 0.3 mg/100 ml



with coefficients of variation 4.6, 4.2, and 1.5%,
respectively. All infants were cared for in bassinets.
None of the infants received phototherapy. TecB
measurements were obtained from the forehead
(157) and from the midsternum (135). Both of these
sites have been shown to be convenient and aceept-
able for its measurement.™

RESULTS

The mean serum bilirubin concentration for all
infants was 6.4 = 3.6 (SD) mg/100 ml, range 0.5 to
16.1 mg/100 ml. For the 11 infants in whom bilirubin
levels were obtained on clinical grounds, the mean
bilirubin level was 4.7 + 3.4 (SD) mg/100 ml, range
0.9 to 10.6 mg/100 ml. There was a highly significant
linear relationship between serum bilirubin and
TeB (Fig 1). The regression equations for measure-
ments obtained at the forehead (y = 7.96 + 1.33x,
r = .93, P < .0001) and sternum (y = 7.44 + 1.35x,
r = .93, P < .0001) were similar. The coefficient of
variation for repeated TcB determinations at dif-
ferent sites in one infant was 2.8% to 3.9%, which is
similar to that reported by Hegyi et al.?

Although it has been suggested that the accuracy
of TcB measurements is poorer at higher serum
bilirubin levels,® visual examination of the regres-
sion line did not seem to confirm this. We, therefore,
analyzed the deviation from the regression line of
each TcB measurement for each serum bilirubin
measurement. The results were then grouped in
increments of 5 mg/100 ml and the absolute devia-
tion from the regression was compared for serum
bilirubin levels of 0 to 4.9, 5.0 to 9.9, and =10 mg/
100 ml (Table). There was no significant difference
between the deviations from the regression line for
any of the three ranges of serum bilirubin concen-
tration.

DISCUSSION

The population chosen for TcB measurements,
with the exception of 11 infants, represents a ran-
dom sample from the well-baby nursery. In 11 in-
fants, the serum bilirubin concentration was meas-
ured because of a clinical suspicion of significant
jaundice. In fact, the serum bilirubin concentration
in six of these infants was <5 mg,/100 ml (85 pmoles/
liter) (1 mg/100 ml = 17.1 umoles/liter) and the
mean was 4.3 = 3.4 (SD) mg/100 ml (compared to
a mean for the whole group of 6.4 & 3.6 mg/100 ml).
Thus, the inclusion of these infants (because of
presumed jaundice) did not increase the number of
infants in the study with significantly elevated bil-
irubin levels. The fact that 6/11 infants had serum
bilirubin concentrations <5 mg/100 ml emphasizes
the degree of error inherent in the visual diagnosis
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Fig 1. Serum bilirubin determinations and transcuta-
neous bilirubin (TcB) measurements in 157 white full-
term infants. Regression line was calculated using method
of least squares.

TABLE. Accuracy of Transcutaneous Bilirubin Mea-
surements Over Range of Serum Bilirubin Measurements
Obtained

n Range of Serum Bil- A TcB*
irubin (mg/100 ml)

55 0-4.9 14+099

77 5.0-9.9 1.5 + 0.87

25 10.0+ Tima+ 1120

* Values are means + SD. Absolute difference between
actual TcB index for each serum bilirubin level and
expected TcB index (from regression line). Differences
between groups are not significant.

of neonatal jaundice.

As the measurement of transcutaneous bilirubin
is likely to be used, primarily, as a screening tech-
nique for the identification of neonatal hyperbili-
rubinemia, we examined the sensitivity and speci-
ficity of the measurements. The sensitivity of a test
expresses the probability that the result will be
positive in the presence of the disease. The specific-
ity expresses the probability that the test will be
negative in the absence of the disease. For this
purpose we assumed that it was important to iden-
tify infants whose serum bilirubin levels were
greater than the physiologic range.! Examination of
the data suggested a forehead TcB index of 24 and
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a sternum TcB index of 23 as useful dividing levels.
Results obtained when the TcB index was used to
identify infants with a serum bilirubin concentra-
tion >12.9 mg/100 ml (221 pmoles/liter) and >10
mg/100 ml (171 pmoles/liter) are shown in Fig 2.
For infants with a serum bilirubin concentration
>12.9 mg/100 ml, the sensitivity of the TcB meas-
urement was 100% for both measurement sites, and
the specificity was 97% for the forehead and 96%
for the sternum.

We also. calculated the positive predictive value
of the TcB measurement® (Fig 2). This is a measure
of the probability that there is hyperbilirubinemia
present (serum bilirubin concentration >12.9 mg/
100 ml) in a patient with a positive test (T'cB = 24).
The positive predictive value was .583, which im-
plies that 58% of infants with a TcB reading =24
can be expected to have a serum bilirubin level
greater than 12,9 mg/100 ml (or approximately 4/
10 infants with a TcB reading =24 will have a serum
bilirubin concentration <12.9 mg/100 ml). The neg-
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Fig 2.

ative predictive value is a measure of how well a
negative test predicts the absence of hyperbilirubi-
nemia (serum bilirubin level <129 mg/100 ml).
This was 100%, implying that a negative test should
always predict the absence of hyperbilirubinemia.
The importance of determining the positive and
negative predictive values lies in the fact that these
values will change with the prevalence of the dis-
ease studied, whereas the sensitivity and specificity
will not.® The prevalence of hyperbilirubinemia (se-
rum bilirubin concentration >12.9 mg/100 ml) in
our population was 4.5%. This is similar to the
expected incidence of hyperbilirubinemia in a pop-
ulation of well babies* and implies that the positive
predictive value can be applied to other similar
populations. In populations in which the incidence
of hyperbilirubinemia is higher, the positive predie-
tive value will increase and the number of false-
positive TcB tests will, accordingly, diminish.® For
example, it can be calculated that if the incidence
of hyperbilirubinemia in our study population of

Sternum
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TcB a
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L 4 131 135
Positive predictive value = 44%
Negative predictive value = 100%

Sensitivity = 100%
Specificity = 967
Prevalence = 3%
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Accuracy of transcutaneous bilirubin (TcB) measurements in predicting infants

with serum bilirubin concentrations >10 mg/100 ml (171 umoles/liter) and >12.9 mg/100
ml (221 pmole/liter). a, true positive; b, false positive; c, false negative; d, true negative;
positive predictive value = a/(a + b); negative predictive value = d/(c + d); sensitivity =
a/(a + ¢); specificity = d/(b + d); prevalence = (a + ¢)/(a + b + ¢ + d).
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151 infants was 10%, approximately 16 infants would
have serum bilirubin concentrations >12.9 mg/100
ml. Thus, 141/157 would have serum bilirubin levels
less than that range. As the sensitivity of the test is
100%, all of the infants with hyperbilirubinemia
would have TcB readings =24 and because the
specificity is 97%, 137/141 infants with serum bili-
rubin concentrations <12.9 mg/100 ml would have
a TcB reading <24. Thus, four infants would have
a serum bilirubin concentration <12.9 yet have TcB
levels =24 (false-positive determinations). Using
these new proportions it can be calculated that the
positive predictive value would rise from 58% to
80% if the incidence of hyperbilirubinemia increased
from 4.5% to 10%.

These data and those previously reporte
confirm the usefulness of transcutaneous bilirubin
measurements as a screening technique in full-term
infants of various races. In 157 determinations at
the forehead there were no false-negative and only
five (3%) false-positive measurements. This means
that no infant whose bilirubin level exceeded 12.9
mg/100 ml was missed and five potentially unnec-
essary serum bilirubin determinations were ob-
tained. This is a highly acceptable number for a
screening procedure.

If identification of a lower serum bilirubin level
(eg, 10 mg/100 ml, 171 pmoles/liter) was desired in
our population, a forehead Tc¢B >20 would identify
all infants with serum bilirubin concentrations >10
mg/100 ml with two false-negative (1%) and 14 (9%)
false-positive determinations. No baby had a fore-
head TcB level =20 or a serum bilirubin concentra-
tion >11 mg/100 ml (188 pmoles/liter).

It is important to recognize that these results
cannot, necessarily, be applied to other nurseries,
because of the potential variation in the responses
of various TcB meters as well as variation in serum
bilirubin measurements from laboratory to labora-
tory.'® Thus, it is important for each institution to
conduct its own study to determine the relationship
between the TcB index, as measured with a partic-
ular instrument, and the serum bilirubin determi-
nations obtained from a single laboratory.

Inspection of Fig 1 will show that for each TcB
measurement there is a range of serum bilirubin
determinations that, on occasion, may be as large
as 5 mg/100 ml, Hannemann and co-workers' have

q1-36-9

recently made similar observations and concluded,
that, because of this variability, the TcB meter
currently “cannot be advocated for clinical use.”
We cannot agree with this view. If used as a screen-
ing device, this instrument will, with a perfectly
acceptable degree of accuracy, identify those infants
who require a serum bilirubin determination. As
with any screening test (eg, blood glucose test
strips), depending on the limits established, there
will be a number of false-positive determinations.
Nevertheless, it is quite possible to keep false-neg-
ative determinations (failure to identify high serum
bilirubin levels) close to zero. Thus, the use of a
transcutaneous bilirubin meter can be recom-
mended for the identification of significant neonatal
jaundice in healthy full-term infants. Its major role
will likely be to identify those infants who require
a measurement of the serum bilirubin level and, if
necessary, further investigation.
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