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abstract OBJECTIVE: To characterize discrepancies between transcutaneous bilirubin (TcB) measurements
and total serum bilirubin (TSB) levels among newborns receiving care at multiple nursery
sites across the United States.

METHODS: Medical records were reviewed to obtain data on all TcB measurements collected
during two 2-week periods on neonates admitted to participating newborn nurseries. Data on
TSB levels obtained within 2 hours of a TcB measurement were also abstracted. TcB – TSB
differences and correlations between the values were determined. Data on demographic
information for individual newborns and TcB screening practices for each nursery were also
collected. Multivariate regression analysis was used to identify characteristics independently
associated with the TcB – TSB difference.

RESULTS: Data on 8319 TcB measurements were collected at 27 nursery sites; 925 TSB levels
were matched to a TcB value. The mean TcB –TSB difference was 0.84 6 1.78 mg/dL, and the
correlation between paired measurements was 0.78. In the multivariate analysis, TcB – TSB
differences were 0.67 mg/dL higher in African-American newborns than in neonates of other
races (P , .001). The TcB – TSB difference also varied significantly based on brand of TcB
meter used and hour of age of the infant. For 2.2% of paired measurements, the TcB
measurement underestimated the TSB level by $3 mg/dL.

CONCLUSIONS: During routine clinical care, TcB measurement provided a reasonable estimate of
TSB levels in healthy newborns. Discrepancies between TcB and TSB levels were increased in
African-American newborns and varied based on brand of meter used.

WHAT’S KNOWN ON THIS SUBJECT: In most
previous studies, transcutaneous bilirubin
measurement has been found to provide an
accurate estimate of total serum bilirubin levels.
However, most of these studies were conducted
in settings that optimized accuracy.

WHAT THIS STUDY ADDS: This study provides
a “real-world” assessment of the accuracy of
transcutaneous bilirubin measurements in
multiple clinical settings and identification of
sources of discrepancy between transcutaneous
and total serum bilirubin measurements.
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Prevention of kernicterus in the
term or late preterm neonate is
a primary focus of newborn care. To
promote early detection of significant
hyperbilirubinemia, members of the
American Academy of Pediatrics
Subcommittee on Hyperbilirubinemia
recommended that all newborns
be screened before discharge with
a total serum bilirubin (TSB) or
transcutaneous bilirubin (TcB)
measurement.1 TcB screening is a
potentially attractive modality because
it is a quick, noninvasive technique to
screen for hyperbilirubinemia.1

It is easy to perform multiple
measurements on the same newborn.
In addition, rather than waiting for a
serum bilirubin test to be performed in
a laboratory, the results are virtually
instantaneous. Finally, the use of TcB as
an initial screen for hyperbilirubinemia,
with TSB reserved for neonates with
a value above some cutoff value, could
potentially lead to substantial cost
savings.2

Previously, investigators have found
that TcB measurements have
correlated well with TSB levels, with
correlation coefficients ranging from
∼0.77 to 0.97.3–15 However, in most
of these previous studies, a single
device was used in 1 hospital, or
in a limited number of hospitals,
presumably with frequent monitoring
of the device’s accuracy and with
optimized training of the individuals
performing the TcB measurement;
all these conditions tend to optimize
the accuracy of the measurement.16

The applicability of these results to
TcB use in routine clinical settings
is unclear. Clinical experience
suggests that there is greater and less
predictable variability of TcB levels in
the “real world” than in the published
studies. In a Delphi study conducted
by the BORN (Better Outcomes
through Research for Newborns)
network to determine the research
priorities of its members, the utility
of TcB measurement as a screening
method for jaundice in newborn
infants was rated as 1 of the 10 most
important topics for investigation.17

For the present study, we conducted
a robust assessment of the accuracy
of TcB measurements performed as
part of routine clinical care. Data
were collected from multiple
newborn nurseries across the United
States on a diverse sample of term
and late preterm neonates by using
different devices. The primary aims
of this analysis were to characterize
differences between TcB and TSB
levels among newborns undergoing
routine clinical care and to identify
specific patient and provider
characteristics that were associated
with this difference.

METHODS

A retrospective study was conducted
by the BORN network, a network of
clinicians providing care to healthy
term and late preterm neonates
admitted to newborn nurseries
located in academic medical centers
or community hospitals. The network
is a core activity of the Academic
Pediatric Association and currently
includes 373 members who practice
at 82 nurseries located in 35 states.

Nursery-Level Data

Data on jaundice screening processes
were first collected from BORN
nursery sites by using an electronic
survey. The first item on the survey
dealt with the type of screening done
on all, or virtually all, newborns
before discharge from the nursery.
Possible responses were as follows:
obtain a TSB level on virtually all
newborns; obtain a TcB on virtually
all newborns; or assess risk factors,
visually check infants for jaundice,
and obtain a TSB or TcB as indicated.
For nurseries that screened
all/virtually all newborns with
a TcB before discharge, the site
representative indicated what brand
of TcB device was used (Bilichek
[Philips, Monroeville, PA], JM-103
[Draeger Medical, Telford, PA], or
both), which types of health care
professional typically obtained the
TcB level, and what anatomic site was
used for the assessment (forehead,

chest, multiple, or other). Each site
also indicated which laboratory
method was used to determine TSB
levels (neonatal bilirubin, diazo
method, or bilirubin oxidase) at their
institution.

Newborn-Level Data

BORN members from nursery sites
that screened all/virtually all
newborns with a TcB level before
discharge were then invited to
participate in patient-level data
collection. At each participating site,
medical records were reviewed on
all eligible newborns born during
two 2-week periods (4 weeks
total). Eligibility criteria included
a gestational age at birth $35 weeks,
admission to the newborn nursery, no
evidence of Rh isoimmunization, and
at least 1 TcB measurement before
discharge. For newborns treated with
phototherapy, only pretreatment TcB
and TSB data were included. For each
eligible newborn, the following data
were abstracted from the medical
record: gestational age, race and
ethnicity, birth weight, type of feeding
(exclusively breast milk, breast milk
and formula, only formula), and type
of delivery. The race and ethnicity
of the newborn were collected, if
known; otherwise, the race and
ethnicity of the mother were
recorded. The results of all TcB
tests performed before the age of
120 hours on each enrolled newborn
were abstracted along with the
infant’s age (in hours) and time
that the measurement was
performed. In addition, data on any
TSB measurement performed within
2 hours of a TcB measurement
were also collected. TcB and TSB
measurements on a study newborn
that were obtained within 2 hours
of each other were considered paired.

Outcomes and Analysis

The primary study outcome was the
TcB – TSB difference between paired
values, such that a positive difference
indicated that the TcB value was
greater than the corresponding TSB
level and a negative difference was
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indicative of the TcB measurement
being less than the paired TSB level.
In addition to descriptive statistics,
the correlation between linked TcB
and TSB levels was calculated.
Because a TcB measurement is
primarily conducted for screening,
the worst possible errors occur when
the TcB value is substantially less
than the actual TSB level. A priori,
we decided that clinically relevant
underestimations might occur when
the TcB level is $2 mg/dL or
$3 mg/dL lower than the matching
TSB value. The proportions of
differences meeting these criteria
were determined. In addition,
clinically relevant overestimations
of TSB levels (defined as a TcB value
that was $2 mg/dL or $3 mg/dL
higher than the corresponding TSB
level) could lead to unnecessary
blood draws for TSB testing after
TcB screening. The proportion of
differences meeting these criteria
was also calculated.

The associations of several patient
characteristics with the TcB – TSB
difference, including gestational
age, birth weight, race, feeding type,
and age in hours, were individually
assessed by using regression
analyses. Race was classified as white
versus all other races and African
American versus all other races.
The associations between these
race variables and the TcB – TSB
difference were evaluated by using
regression analysis. The association
between Hispanic ethnicity and TcB –TSB
difference was also assessed. Because
Hispanic or Latino was included as
a “race” at many of the participating
newborn nurseries, specific data on
Hispanic ethnicity were missing on
a large proportion of enrolled
newborns. Analyses were performed
assessing the association of Hispanic
ethnicity with TcB – TSB difference
both after excluding neonates with
unknown ethnicity and when
classifying these newborns as non-
Hispanic ethnicity. There were no
qualitative differences in the results
using either classification schema

for Hispanic ethnicity; in the results
presented, children with missing
information on Hispanic ethnicity
were classified as non-Hispanic.

Because the magnitude of the
TcB – TSB difference would tend to
vary based on the TSB level, TSB was
included in all regression models.
To account for variance specifically
related to site, each nursery was
placed into a quintile based on the
number of TcB measurements collected.
This variable (nursery size quintile)
was also included in all models. Finally,
to account for multiple measurements
on the same newborn, generalized
estimating equation (GEE) techniques
were used in all models.

A similar procedure was used to
identify associations between nursery
screening practices and TcB – TSB
differences. For these analyses,
specific nursery practices were
assigned to each paired measurement
based on the nursery in which the
values were obtained and the
responses provided by the BORN
representative at that site. Nursery
practices evaluated included the
brand of TcB meter used (identified
as Bilichek or JM-103), whether
TcB measurements were usually
performed by a nurse versus other
health care professional, anatomic
site used for measurements, and
laboratory method for TSB levels.

Patient and nursery variables
statistically associated with a
TcB – TSB difference (P , .05) in
bivariate analyses were included in
a full model to identify characteristics
independently associated with the
difference. TSB level and nursery size
quintile were included in the model,
and GEE techniques were used for
analysis.

Logistic regression was used
to identify characteristics
associated with clinically relevant
underestimations of TSB by TcB
(ie, TcB levels$2 mg/dL or$3 mg/dL
lower than the matching TSB value).
For these models, newborn birth

weights were dichotomized as
.2500 g or #2500 g, age as
$48 hours versus ,48 hours, and
gestational age as 35 to 37 6/7 weeks
versus $38 weeks. Variables were
initially assessed individually after
accounting for TSB level, nursery size,
and multiple observations in the
same newborn. Those variables
statistically associated with the
outcome (defined as an odds ratio
[OR] with a 95% confidence interval
[95% CI] that did not include 1.0) in
bivariate analyses were included in
a multivariate model. For all of these
analyses, TSB level and nursery size
(quintile) were included, and GEE
was used to account for multiple
measurements on the same child. A
similar analytic strategy was used to
identify characteristics associated with
clinically relevant overestimations of
TSB by TcB measurements.

The study was approved by the
institutional review boards at the
University of Washington and at each
of the participating BORN nursery
sites. Study data were collected on
neonates born between January 2012
and June 2013.

RESULTS

Among the 60 BORN newborn
nurseries responding to the bilirubin
screening survey, 38 (63.3%)
screened all or virtually all newborns
with a TcB level before discharge, and
14 (23.3%) screened all or virtually
all newborns with a TSB level. At
8 BORN nursery sites (13.3%), TcB or
TSB levels were only obtained on
infants who had clinically apparent
jaundice and/or risk factors. Among
the 38 sites at which all or virtually
all newborns were screened for
jaundice with a TcB measurement
before discharge, 27 (71%) contributed
data for the study. Overall, data were
collected on 8319 TcB measurements
in 4994 newborns. A total of 925
TSB levels were linked to TcB
measurements (12.1% of all TcB levels).
Characteristics of the 769 newborns on
whom at least 1 paired TcB and TSB
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level was obtained are summarized in
Table 1. Information was collected on
a racially and ethnically diverse sample
of newborns: 35.8% of study infants
were non-white and 24.5% were
of Hispanic ethnicity.

TSB values in study newborns ranged
from 1.8 mg/dL to 16.6 mg/dL; 20
TSB values (2.2%) were $15 mg/dL.
Overall, the mean 6 SD TcB – TSB
difference for the 925 paired
measurements was 0.84 6
1.78 mg/dL, with differences ranging
from –6.9 mg/dL to 8.8 mg/dL.
The correlation between paired
measurements was 0.78. As shown
in Fig 1, the TcB – TSB difference
varied based on the TSB level. The
mean TcB – TSB difference for the 31
paired measurements when the TSB
was ,5 mg/dL was 1.3 6 2.3 mg/dL.
The difference became progressively
less positive as the TSB level
increased, with a mean TcB – TSB
difference of –1.46 2.4 mg/dL for the
20 paired measurements when the
TSB level was $15 mg/dL. There
were 52 TcB values (5.6% [95% CI:
4.2–7.3]) that were $2 mg/dL lower
than the matching TSB level, and
20 TcB values (2.2% [95% CI:
1.3–3.3]) that were $3 mg/dL lower

than the corresponding TSB level.
Conversely, there were 215 TcB
values (23.2% [95% CI: 20.6–26.1])
that were 2 mg/dL higher than the
TSB level, and 92 TcB values (10.0%
[95% CI: 8.1–12.1]) that were $3
mg/dL higher than the TSB level.
Overall, TcB readings differed from
the matched TSB value by a clinically
relevant difference in 28.8% (95% CI:
25.9–31.8) or 12.1% (95% CI:
10.1–14.4) of measurements,
respectively, defined as a discrepancy
(ie, absolute value of difference)
of $2 mg/dL or $3 mg/dL between
a TcB and TSB measurement.

The associations between clinical
characteristics and nursery screening
practices with the TcB – TSB
difference, when assessed
individually, are summarized in
Table 2. After controlling for TSB
level and nursery site, hour of age,
African-American race, white race,
and Hispanic ethnicity were
significantly associated with TcB –
TSB difference. The mean TcB – TSB
difference was 1.56 6 1.46 mg/dL for
African-American infants compared
with 0.66 6 1.72 mg/dL for
newborns of other races, and 0.64 6
1.70 mg/dL for white neonates
versus 1.33 6 1.64 mg/dL for non-
white infants. Mean differences for
Hispanic and non-Hispanic newborns
were 0.67 6 1.67 mg/dL and 0.89 6
1.81 mg/dL, respectively. The TcB –
TSB difference was also significantly
associated with the brand of TcB
meter used for measurement at the
nursery sites and the anatomic
location used for the assessment. At
nursery sites using the Bilichek meter,
the mean TcB – TSB difference was
1.23 6 1.64 mg/dL compared with
0.28 6 1.84 mg/dL for nurseries
using JM-103.

Characteristics statistically associated
with the outcome (ie, TcB – TSB
difference), in bivariate analyses were
included in the full model. The results
of this multivariate analysis are
shown in Table 3. Neither white race
nor Hispanic ethnicity was

independently associated with TcB –
TSB differences; the other variables
assessed were significant predictors
of the difference. The TcB – TSB
difference was 0.67 mg/dL higher in
African-American infants compared
with non–African-American infants
and, overall, differences in nurseries
that used JM-103 TcB meters were
0.87 mg/dL less than the TcB – TSB
difference in nurseries that used
Bilichek meters. Even after adjusting
for TSB level, the TcB –TSB difference
became larger with each hour of
advancing age. In the multivariate
analysis, TcB – TSB differences were
significantly greater in nurseries
when both the chest and forehead were
used for TcB assessments compared
with nurseries in which only the
forehead was used. In addition, data on
anatomic site of TcB measurements
were reanalyzed by using chest as the
reference site to directly compare the
accuracy of TcB measurements done
exclusively on the chest versus use of
both chest and forehead (data not
shown). In this analysis, use of both
chest and forehead for measurements
was associated with an increased
difference of 0.77 mg/dL compared
with those using the chest alone
(P = .004).

The analysis of the association of
individual newborn and nursery
characteristics with a TcB level
that was $2 mg/dL lower than
or $2 mg/dL higher than the
corresponding TSB values are
summarized in Table 4. In the
multivariate analyses, only age
,48 hours (OR: 6.76 [95% CI:
2.22–20.56]), JM-103 TcB meter use
(OR: 6.05 [95% CI: 1.50–24.31]),
and birth weight ,2500 g (OR:
8.00 [95% CI: 2.38–26.96]) were
independently associated with
a TcB level that was $2 mg/dL lower
than the corresponding TSB value.
Conversely, age ,48 hours (OR:
0.36 [95% CI: 0.22–0.59]) and JM-103
TcB meter use (OR: 0.45 [95% CI:
0.24–0.84]) were independently
associated with a lower chance of
a TcB value that was $2 mg/dL

TABLE 1 Characteristics of the 769
Newborns With at Least 1 Paired
TcB/TSB Level

Characteristic Value

Birth weight, mean 6 SD, g 3333 6 500
Gestational age, mean 6 SD, wk 39.1 6 1.4
Vaginal delivery, n (%) 572 (74.5)a

Feeding, n (%)
Exclusively breast 355 (46.3)a

Breast and formula 318 (41.5)
Formula only 93 (12.1)

Race, n (%)
American Indian/Alaska Native 6 (1.0)a

African American 156 (24.9)
Asian 48 (7.7)
Pacific Islander/Native Hawaiian 3 (0.5)
White 402 (64.2)
Multiple races 10 (1.6)
Other 1 (0.2)

Hispanic ethnicity 188 (24.5)b

a Percentages after missing data excluded. Data missing
on delivery type in 1 child, feeding type in 3 children, and
race in 143.
b Infants with ethnicity recorded as unknown were classified
as non-Hispanic. Ethnicity data were missing on 2 infants.
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higher than the matching TSB level;
African-American race was
independently associated with
a higher chance for this outcome (OR:
2.19 [95% CI: 1.09–4.39]).

Analyses of the association of
newborn and nursery characteristics
with a TcB level that was $3 mg/dL

lower than the matching TSB level
were complicated by the low
frequency of this outcome (2.2% of
paired measurements). In
multivariate analysis, age ,48 hours
(OR: 3.97 [95% CI: 1.12–14.05]) and
birth weight ,2500 g (OR: 6.68
[95% CI: 1.94–23.05]) were the
only characteristics independently

associated with this outcome.
Conversely, age ,48 hours (OR: 0.38
[95% CI: 0.20–0.72]), JM-103 TcB
meter use (OR: 0.38 [95% CI:
0.20–0.72]), and Hispanic ethnicity
(OR: 0.40 [95% CI: 0.16–0.96]) were
independently associated with a TcB
measurement that was $3 mg/dL
higher than the TSB, or an
overestimation, in the multivariate
analysis.

DISCUSSION

The results of our study indicate that
TcB measurement provides a robust
estimate of TSB values in healthy
newborn infants during their nursery
stay. Among a racially and ethnically
diverse sample of neonates from
multiple nurseries across the United
States measured in clinical settings
with multiple devices, TcB
measurement provided reasonably
accurate estimates of TSB values.
Overall, the findings in this study
suggest that TcB measurements
can be used effectively to screen
newborn infants for significant
hyperbilirubinemia, with TSB
measurements reserved for those
newborns whose TcB level is above
a certain cutoff value.

There are several important caveats
to our conclusion that a TcB
measurement is an effective
screening tool for neonatal
jaundice. Among our 925 linked
measurements, 2.2% of TcB
measurements underestimated the
TSB level by $3 mg/dL, a difference
that was likely clinically relevant in
some situations. This rate of clinically
relevant underestimation with
TcB is higher than that found by
Maisels et al,8 who reported that in
849 infants assessed with TcB
measurements, an underestimation
of TSB by $3 mg/dL occurred in only
5 (0.6%). Furthermore, it is likely that
among the 7394 TcB measurements
in our study that were not linked
to a TSB measurement, there were
other instances in which the TcB
value substantially underestimated

FIGURE 1
Characterization of TcB – TSB difference at variable TSB levels. Data shown are mean values of the difference
at different ranges of TSB values. The shaded region represents the 95% CIs around the means.

TABLE 2 Association Between Individual Patient and Nursery Characteristics and TcB – TSB
Difference

Variable Coefficient P a

Hour of age 0.06 ,.001
Gestational age 0.03 .45
Birth weight 20.0002 .10
TcB meter brand JM-103b 20.91 ,.001
TcB obtained by nurse 20.17 .27
Anatomic site assessed
Forehead Ref
Chest 20.67 ,.001
Both chest and forehead 0.70 .004

TSB laboratory method
Neonatal bilirubin Ref
Diazo method 0.16 .22
Bilirubin oxidase 20.09 .82

African-American raceb 1.05 ,.001
White raceb 20.79 ,.001
Hispanic ethnicityc 20.32 .02
a Coefficient and P value determined with regression analysis after controlling for TSB level and nursery size (by quintile)
and by accounting for multiple measurements in the same newborn.
b TcB brand missing for 27 measurements and race missing for 173 measurements.
c Infants for whom ethnicity data were recorded as unknown were classified as non-Hispanic. Data on ethnicity missing
for 2 measurements.
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the serum bilirubin but were
undetected because a TSB level was
not obtained. In addition, the risk of
a $3-mg/dL underestimation of TSB
by TcB was significantly increased
in newborns with birth weights
,2500 g. Because failing to identify
a newborn with significant
hyperbilirubinemia is the worst
outcome of TcB screening, our
findings suggest that TcB results be

interpreted cautiously in newborns
with birth weights ,2500 g,
particularly in the first 48 hours of
life. Significant overestimation of the
severity of jaundice by using a TcB
measurement may also lead to
a clinically relevant change in
procedure. We found that 10% of TcB
measurements overestimated TSB by
at least 3 mg/dL, which would, in
many clinical circumstances, result in
an unnecessary blood draw for an
unneeded TSB level.

A potentially significant issue with
the use of TcB screening is that TcB
levels provide less accurate estimates
of TSB values at higher serum
bilirubin levels. As opposed to
lower levels in which TcB tended to
overestimate TSB levels, we found
that at TSB levels $15 mg/dL, the
corresponding TcB value averaged
1.4 mg/dL lower than the TSB level
with substantial variability. Other
investigators have reported similar
findings. In a study comparing TcB
and TSB values among a largely
Hispanic population of newborns,
Engle et al4 also found that TcB
measurements tended to
underestimate TSB at higher levels.

Similarly, in one of the few
assessments of TcB use in newborns
after discharge from the nursery,
the overall correlation between
TcB and TSB levels was 0.77, with
increasing variability at higher TSB
values; 40% of the 121 newborns in
this study had TSB levels$15 mg/dL.14

Overall, our results and the results
of other studies suggest that TcB
screening might be most effective at
an age when most TSB levels would be
expected to be ,15 mg/dL.

Our data suggest that TcB
measurements significantly
overestimate TSB levels in African-
American newborns compared with
newborns of other races. Previous
investigators have reported similar
findings.8,18 We did not detect any
independent association with the
TcB – TSB difference in Hispanic
newborns.

Although we found a difference in
the overall accuracy of estimating TSB
levels in the 2 brands of TcB meters
used in the participating BORN
nurseries (Bilichek or JM-103),
this result should be interpreted
cautiously. The assignment of brand
of meter associated with each TcB
measurement was based solely on the
brand that was reportedly used at
each nursery site. Because we did
not measure the specific TcB meter
used for each measurement linked
to a TSB level, there may be some
misclassification of TcB brand. There
was also no direct comparison
(ie, in the same newborn) between
the Bilichek and the JM-103 meter. In
addition, although TcB measurements
in nurseries that reportedly used
the JM-103 meter were significantly
closer to the actual TSB value than
those obtained in nurseries using
the Bilichek meter, there was a
significantly higher proportion of TcB
measurements that underestimated the
TSB level by $2 mg/dL in nurseries
using JM-103 than in those using
Bilichek. Overall, it is impossible to
conclude that 1 brand of TcB meter is
superior to the other based on our data.

TABLE 3 Independent Association Between
Patient and Nursery
Characteristics and TcB – TSB
Difference

Variable Coefficienta P a

Hour of age 0.05 ,.001
TcB meter brand JM-103b 20.87 ,.001
Anatomic site assessed
Forehead Ref
Chest 20.24 .24
Both chest and forehead 0.53 .04

African-American raceb 0.67 .002
White raceb 20.30 .11
Hispanic ethnicityc 20.002 .99
a Coefficient and P value determined with regression
analysis including all listed variables after controlling for
TSB level and nursery size (by quintile) and by accounting
for multiple measurements in the same newborn.
b TcB brand missing for 27 measurements and race
missing for 173 measurements.
c Infants for whom ethnicity data were recorded as unknown
were classified as non-Hispanic. Data on ethnicity missing for
2 measurements.

TABLE 4 Association Between Individual Patient and Nursery Characteristics and TcB Values That
Were $2 mg/dL Lower, or $2 mg/dL Higher, Than the Matched TSB Level

Variable Outcome: TcB $2 mg/dL
Lower Than TSBa

Outcome: TcB $2 mg/dL
Higher Than TSBa

Age ,48 h 3.31 (1.51–7.24) 0.30 (0.19–0.46)
Gestational age $38 wk 1.16 (0.54–2.48) 1.38 (0.89–2.15)
Birth weight ,2500 g 3.68 (1.54–8.79) 1.05 (0.51–2.15)
TcB meter brand JM-103b 3.25 (1.62–6.25) 0.44 (0.29–0.65)
TcB obtained by nurse 1.11 (0.52–2.35) 0.70 (0.45–1.07)
Anatomic site assessed
Forehead Ref Ref
Chest 2.27 (1.22–4.24) 0.50 (0.31–0.81)
Both chest and forehead 0.16 (0.02–1.36) 2.50 (1.30–4.86)

TSB laboratory method
Neonatal bilirubin Ref Ref
Diazo method 0.57 (0.29–1.11) 1.07 (0.76–1.50)
Bilirubin oxidase 0.49 (0.06–4.20) 0.32 (0.07–1.48)
African-American raceb 0.13 (0.03–0.56) 3.09 (2.03–4.70)
White raceb 3.41 (1.36–8.57) 0.43 (0.29–0.62)
Hispanic ethnicityc 0.92 (0.46–1.85) 0.47 (0.30–0.71)

Data are presented as OR (95% CI).
a OR and 95% CI after controlling for TSB level and nursery size (by quintile) and by accounting for multiple measure-
ments in the same newborn.
b TcB brand missing for 27 measurements and race missing for 173 measurements.
c Infants for whom ethnicity data were recorded as unknown were classified as non-Hispanic. Data on ethnicity missing
for 2 measurements.
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We found no significant differences in
the accuracy of TcB measurement
based on anatomic site used for the
assessment (either forehead or chest).
However, in nurseries that used both
anatomic sites for measurement, TcB
– TSB differences were significantly
increased. This outcome may suggest
that accuracy is maximized when the
procedures for TcB measurement are
standardized according to site,
regardless of the specific site chosen.

Our finding of an independent
association between increasing age in
a newborn and increased discrepancy
between TcB and TSB measurements
was unexpected. Yamauchi and
Yamauchi19 reported a similar finding
in a 1991 study of a TcB device. As
with these investigators, we cannot
adequately explain this result but
speculate that dynamic processes
occurring during the first few days of
life, such as changes in hemoglobin
concentration, may partially account
for this phenomenon.20

There are several features to
the present study that limit
interpretation of the results. Because
the decision to obtain TSB levels
varied according to site and provider,
the differences between TcB and
TSB levels that we found may
not be representative of all TcB
measurements. In addition, information
on the race of the infant was missing
for 18.7% of TcB measurements; data
on missing ethnicity were imputed as
non-Hispanic in our primary analyses.
Differences in TcB and TSB values
associated with specific nursery

practice were based on responses to
a survey completed before data
collection at each site rather than
being collected at the time of each
TcB measurement. Thus, some of
the nursery practices assigned to
individual TcB measurements may
be misclassified. Finally, we only
evaluated the clinical utility of TcB
measurement in the newborn nursery
settings. Our findings may not be
generalizable to the use of TcB in
outpatient newborns.

The correlation coefficient between
TcB and TSB measurements of 0.78
that we found in our study is at the
low end of previously published
comparisons.3 This lower correlation is
likely related to several unique features
of our study such as the collection of
data at 27 sites, combining data
obtained from multiple brands of TcB
meters, and analysis of data that were
collected for clinical use rather than
specifically for a study in which
conditions might be optimized. Overall,
we believe that our analyses provide
robust estimates of accuracy of TcB
measurement and the sources of error
that are applicable to routine clinical
settings.
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