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Measurement of bilirubin in sera of newborn infants is
one of the most frequently performed laboratory tests in
this patient population (1–4). Chemical methods for mea-
surement of bilirubin are the standard of care in the
assessment of neonatal jaundice. However, transcutane-
ous techniques for assessing in vivo bilirubin concentra-
tions have been advocated as a more cost-effective and
less traumatic alternative to the collection of blood by heel
puncture (2, 3 ).

Studies have varied in their assessment of the accuracy
of transcutaneous bilirubin assessment; poor to excellent
agreement between transcutaneous bilirubin measure-
ments and bilirubin measured in plasma has been re-
ported (1–3, 5–9). The best agreement between transcuta-
neous bilirubin measurements and measurement of
plasma bilirubin concentrations has been reported for
studies using homogeneous populations of newborns
with comparable basal skin color (9 ). Unfortunately,
many factors, such as hemoglobin concentration, the pH
and bilirubin-binding capacity of albumin, the technique
used to obtain the blood sample, skin pigmentation, and
requirement by some methods for baseline measurement
of skin color immediately after birth, can significantly
effect the agreement between transcutaneous and chemi-
cal methods for bilirubin (6, 10, 11 ).

We evaluated the BiliCheck point-of-care device (Respi-
ronics, Marietta, GA), which performs transcutaneous
measurement of bilirubin by multiwavelength spectral
analysis. We compared results obtained with the Bili-
Check with bilirubin concentrations in blood specimens
measured in a hospital laboratory. In addition, we also
measured bilirubin by HPLC. Although HPLC is labor-
intensive and not practical for routine use, this method is
not subject to interference from hemoglobin or lipemia.
Our goals were to evaluate the accuracy of the BiliCheck
method compared with a laboratory-based bilirubin
method, using HPLC as the comparison method. In
addition, we assessed the effect of gestational age, birth
weight, postnatal age, and skin color score on the perfor-
mance of the BiliCheck method.

This study was performed between January and De-
cember 2000 after approval by the hospital Institutional
Review Board. Neonates �4 days of age were eligible for
participation if they had not undergone phototherapy or

exchange transfusion. None of the study participants had
clinical manifestations of respiratory distress, sepsis, or
cardiac or circulatory disease. We obtained parental con-
sent to prospectively evaluate 108 newborns.

Blood and transcutaneous bilirubin measurements
were obtained on all study participants, and none were
excluded. For HPLC analysis, sufficient blood was ob-
tained for analysis from 95 newborns.

Transcutaneous measurements were performed in du-
plicate immediately before heel puncture. This protocol
was followed to ensure that the transcutaneous measure-
ments were done under quiet conditions when the infant
was not crying. A location on the forehead was chosen
that was free of any bruising, local nevus, hemangioma, or
melanotic patch.

We used skin color score rather than race to investigate
the effect of skin pigmentation on the accuracy of the
BiliCheck because of the wide range of skin color that can
be observed among individuals of the same race. We
assessed skin color by evaluating skin pigmentation of the
forehead with use of a skin tone chart provided by
SpectRx; this chart provides four gradations of skin color.
We added intermediate gradations, so that each infant
was classified with a skin color score ranging from 1
(lightest) to 8 (darkest).

All blood sampling from newborns was performed by
heel stick within 5 min after measurement with the
BiliCheck instrument. After warming of the heel and
lancet puncture, blood was collected by the drip method
into heparin-containing, amber-colored containers (12 ). A
single operator with previous experience in the collection
of blood by heel puncture and use of the BiliCheck device
performed all determinations.

Bilirubin was measured in the clinical laboratory by a
diazo method in an Olympus AU640 analyzer (Olympus
Corp.). A second aliquot of plasma was placed in an
amber-colored container and frozen at �70 °C for subse-
quent analysis of bilirubin by HPLC at the University of
Wisconsin-Madison. Bilirubin concentrations were mea-
sured by HPLC according to a previously described
method (13 ).

The median bilirubin concentration in samples mea-
sured by HPLC (n � 95) was 185.5 �mol/L (range,
29.1–354.0 �mol/L). Identical medians were obtained for
specimens measured with the Olympus method (median,
196.7 �mol/L; range, 54.7–283.9 �mol/L; n � 108) and
BiliCheck device (median, 196.7 �mol/L; range, 58.1–
306.1 �mol/L; n � 108).

Bland–Altman (14 ) difference plots were constructed
by plotting the bilirubin concentrations obtained with
each of the methods against one another (Fig. 1). These
plots revealed significant differences between HPLC and
the Olympus and BiliCheck methods as a function of
bilirubin concentration. However, the mean differences
between HPLC and the Olympus method (�5.0 �mol/L)
and between HPLC and the BiliCheck (6.0 �mol/L) were
not considered clinically significant. At low bilirubin
concentrations, the results obtained by HPLC were lower
than those obtained by the two other methods, whereas at
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higher bilirubin concentrations, HPLC-measured biliru-
bin tended to be higher than the results obtained with the
two other methods (Fig. 1, A and B). For bilirubin con-
centrations measured with the Olympus analyzer and
HPLC, regression analysis of the data from the difference
plots revealed a slope of 0.24 and y-intercept of �48.9
�mol/L (Fig. 1A). Analysis of bilirubin concentrations
measured with the BiliCheck and HPLC revealed a slope
of 0.26 and y-intercept of �54.5 �mol/L (Fig. 1B). Bland–
Altman analysis of bilirubin concentrations measured by
the Olympus and BiliCheck showed no concentration-
dependent changes in agreement between the two meth-
ods (Fig. 1C).

Skin color scores were used to evaluate the effect of skin
pigmentation on the BiliCheck device. Individuals with
higher (e.g., darker) skin color scores were less numerous.
Thus, some skin color score groups were combined. We
compared the measurement error between bilirubin mea-
sured with the BiliCheck vs HPLC in individuals with a
skin color score of 1 (n � 33) with those with skin color
scores of 2 (n � 13), 3 (n � 21), 4 and 5 (n � 14), and 6, 7,
and 8 (n � 14). There was no relationship between
measurement error and skin color score between any of
the skin color score groups (ANOVA, P � 0.48).

The effect of birth weight on the accuracy of BiliCheck
measurements was evaluated by grouping newborns into
one of three categories based on birth weight: �2500 g
(n � 25), 2500–3499 g (n � 39), and �3500 g (n � 31). We
found no difference in measurement error as a function of
birth weight (ANOVA, P � 0.51).

The effect of gestational age on the accuracy of the
BiliCheck was evaluated by comparing newborns with
gestational age �36 weeks (n � 25) to those with gesta-
tional ages of �36 weeks (n � 83). The mean difference in
bilirubin concentrations measured with HPLC and the
BiliCheck device was identical (�3.4 �mol/L) in both
groups.

Finally, the effect of postnatal age on BiliCheck accu-
racy was investigated by performing regression analysis.
Each patient’s postnatal age, in hours, when testing was
performed was used as an independent variable to predict
the difference in bilirubin concentrations measured by
HPLC and the BiliCheck. We found no significant effect of
postnatal age on BiliCheck accuracy (r � 0.16; t-test for
non-zero slope, t � 1.53; P �0.05).

We did not evaluate the precision of the BiliCheck
instrument. Intradevice precision (SD) has previously
been determined to be 10.1 �mol/L, whereas interdevice

Fig. 1. Bland–Altman plots of bilirubin results obtained by HPLC vs
Olympus (A), HPLC vs BiliCheck (B), and Olympus vs BiliCheck (C).
Diagonal dashed line is the regression line of plotted data.
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precision has been stated to be 11.6 �mol/L (10 ). The
imprecision (CV) for total bilirubin measurements on the
Olympus analyzer ranged from 4.2% at a concentration of
123.1 �mol/L to 2.8% at a concentration of 372.8 �mol/L.

The ability to measure bilirubin concentrations in new-
borns simply, rapidly, accurately, cost-effectively, and
with minimal risk or discomfort has taken on increased
importance in the current environment of managed care,
capitation, litigation, and brief postpartum hospitaliza-
tion. Measurement of bilirubin by various transcutaneous
techniques has been reported from several studies with
mixed results (5, 7–10, 15–19). Race, as assessed by skin
color score, did not have an effect on the performance of
the BiliCheck method. In addition, other potential con-
founding factors, such as birth weight, gestational age,
and postnatal age, did not affect the BiliCheck device.

The results of our study may have been influenced by
several factors. Freezing and storage of samples for HPLC
analysis might have led to some degradation of bilirubin.
However, the data shown in the Bland–Altman difference
plots suggest that bilirubin degradation was not a signif-
icant factor. Other factors that might have influenced our
results were the demographics of newborns evaluated in
our study. All infants were �32 weeks of gestational age,
none had undergone phototherapy, and all were �4 days
of age. In addition, all transcutaneous measurements
were performed in duplicate by a single individual,
whereas singleton determinations by multiple caregivers
would most likely be performed in routine practice.

Currently, measurement of total bilirubin in serum or
plasma of newborns is the standard of care for the
assessment of neonatal jaundice. Our results indicate that
the transcutaneous measurement of bilirubin is as accu-
rate as bilirubin measured in plasma in a hospital labora-
tory when HPLC is used as the comparison method. In
conclusion, measurement of bilirubin by the BiliCheck
device offers an accurate, rapid, and noninvasive means
of assessing plasma bilirubin concentrations in neonates.

We thank Respironics (Marietta, GA) for supplying the
reagents used in this study. We also acknowledge the
cooperation of the newborn nursing staff at Pitt County
Memorial Hospital.
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Eclampsia is defined as the occurrence of seizures and/or
coma resulting from hypertensive encephalopathy on a
background of preeclampsia (1 ). Eclampsia appears to be
caused by a failure of the brain’s autoregulatory response
to increases in blood pressure, leading to an increase in
cerebral perfusion pressure with overperfusion injury
similar to that observed in hypertensive encephalopathy
(2, 3). Brain edema and hemorrhage ensue, as observed in
imaging studies (4, 5), and there is evidence to suggest
that these alterations can cause ischemia to brain cells.
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