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Transcutaneous Bilirubin Nomograms

A Systematic Review of Population Differences and Analysis of Bilirubin Kinetics
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Objectives: To compare available nomograms in the lit-
erature defining trends in bilirubin levels across popu-
lations with different risk factor profiles and to study a
mathematical bilirubin kinetics model describing the natu-
ral course of jaundice and the bilirubin rate of rise needed

to cross percentﬂe curves.

Data Sources: We searched PubMed for publications
between March 1999 and March 2009 that created trans-
cutaneous nomograms. We performed the same search
among abstracts presented in the past 2 years at meet-
ings of the Pediatric Academic Societies or the Euro-

pean Society for Paediatric Research.

Study Selection: Inclusion criteria were gestational age
of at least 35 weeks among study subjects, the use of an
electronic transcutaneous bilirubinometer, and cre-
ation of a nomogram based on hour-specific bilirubin val-

ues. Four articles met the selection criteria.

bilirubin exaggerated rate of rise needed to cross per-
centile curves was calculated.

Data Synthesis: Significant differences in bilirubin val-
ues exist across populations, and there is substantial vari-
ability in rates of rise. Hispanic neonates demonstrate higher
rates of rise and later plateaus. Bilirubin rates of rise tend
to plateau and become null (equilibrium between biliru-
bin production and elimination) at about 96 hours of life.
Rates of rise needed to cross percentile curves decrease over
time but are lower (approximately 0.11 mg/dL/h [to con-
vert bilirubin level to micromoles per liter, multiply by
17.104]) in the first 48 hours of life than previously thought.

Conclusions: Transcutaneous bilirubin levels plateau and
then decrease after about 96 hours of life in healthy neo-
nates, with some differences across populations. A biliru-
bin rate of rise higher than in the previous period implies
thatbilirubin production exceeds elimination and indicates
high risk for subsequent hyperbilirubinemia in neonates.

Data Extraction: Jaundice risk factors were analyzed,
and raw data were analyzed using nonlinear regression
to describe trends in bilirubin levels and kinetics. The
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S DESCRIBED BY BHUTANI ET
al,! the first bilirubin no-
mogram used total serum
bilirubin (TSB) levels to
predict subsequent hyper-
bilirubinemia. Nomograms are created using
commercially available software.?? The
American Academy of Pediatrics* (AAP)
recommends the use of an hour-specific
nomogram to aid the decision-making
process regarding neonatal jaundice for
full-term and late-preterm neonates.

The AAP also considers the use of trans-
cutaneous bilirubin (TcB) level as an al-
ternative to TSB measurement, and the re-
sults of studies*” have confirmed the value
of transcutaneous bilirubinometry. The
available literature*’ on this topic dem-
onstrates a high correlation between TcB
measurements obtained using 2 bilirubi-
nometers (BiliCheck; Respironics Inc, Ma-
rietta, Georgia; and Konica-Minolta Air-
Shields JM-103; Drager Medical, Inc,

Telford, Pennsylvania). Although these de-
vices seem accurate, underestimation and
overestimation occur based on TSB level,
measurement site, and race/ethnicity.>°
Gestational age younger than 30 weeks
may also influence agreement between
measurements, but almost all investiga-
tions pooled together full-term and late-
preterm neonates (=35 weeks’ gestation).
Generally, transcutaneous bilirubinom-
etry is considered a valid screening method
for neonatal hyperbilirubinemia, but con-
firmatory TSB measurement is required
when specific therapy for an elevated bil-
irubin level is being considered.®
Although frequent monitoring by TcB
or TSB level has provided new insights into
the natural course of neonatal hyperbili-
rubinemia, publications describing chang-
ing trends in bilirubin levels over time have
not undergone rigorous comparative
analysis. The concept of bilirubin kinet-
ics has long been used by clinicians by
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means of a rate of rise, dating back to studies”® of Rh in-
compatibility. Although bilirubin nomograms are readily
available, no published study (to our knowledge) de-
scribes trends characterized by an exaggerated rate of rise
(EROR) in which sequential bilirubin rates of rise cross
percentile curves. This is relevant because a neonate who
has a greater rate of rise is at increased risk of subse-
quent hyperbilirubinemia, while a neonate who is fol-
lowing the same percentile curve is less likely to de-
velop severe hyperbilirubinemia.’

The AAP*? also recommends consideration of risk fac-
tors that are significantly associated with hyperbilirubi-
nemia. These guidelines do not differ among neonates
with varying risk factors; rather, they state that the risk
of severe hyperbilirubinemia is extremely low if no risk
factors are present and that the risk of severe hyperbili-
rubinemia increases with more risk factors. These risk
factors are presumed to vary across populations, and dif-
ferent genetic backgrounds and risk factor profiles pre-
clude the use of a single nomogram.>'

Because improvements in the accuracy of transcutane-
ous bilirubinometers allow successive noninvasive biliru-
bin evaluations, their use has led to the creation of nomo-
grams built on TcB levels describing the natural course of
jaundice in populations from different parts of the world.
Nomogram creation considers risk factors that are char-
acteristic of a particular population; depending on the no-
mogram used, a trend in bilirubin levels may demonstrate
a natural course or may exhibit an EROR. To our knowl-
edge, no data are available regarding variations among
published percentile curves, and differences in bilirubin
rates of rise needed to cross percentile curves in distinct
populations have not been analyzed.

To increase the reliability of the hour-specific nomo-
gram, the AAP® recognizes the need for large studies to
evaluate the role of race/ethnicity and other risk factors.
Our review of studies of transcutaneous bilirubinom-
etry had the following objectives: (1) To compare avail-
able nomograms in the literature defining trends in TcB
levels across populations with different risk factor pro-
tiles and (2) to study a mathematical bilirubin kinetics
model describing the natural course of jaundice and the
bilirubin rate of rise needed to cross percentile curves.

DR METHODS R

SEARCH STRATEGY AND SELECTION PROCESS

We searched PubMed for publications between March 1999 and
March 2009 using the following Medical Subject Heading terms:
hyperbilirubinemia, bilirubin, jaundice/neonatal, skin, and
nomograms. These terms were searched with or without the
following text words: transcutaneous bilirubinometer/
bilirubinometry, bilirubin, jaundice, skin, and nomogram. The
search was limited to human subjects 1 month or younger and
to English-literature publications. We performed the same search
among abstracts presented in the past 2 years at meetings of
the Pediatric Academic Societies or the European Society for
Paediatric Research. These searches yielded 19 studies.

The following inclusion criteria were applied: (1) gesta-
tional age of at least 35 weeks among study subjects, (2) the
use of an electronic transcutaneous bilirubinometer, and (3)
creation of a nomogram based on hour-specific TcB values. Full-

term and late-preterm neonates of at least 35 weeks’ gestation
were included relevant to AAP guidelines on jaundice man-
agement.* No limitations were applied regarding sample size,
risk factors for jaundice, or type of bilirubinometer used. Four
articles'* met the selection criteria.

DATA EXTRACTION AND ANALYSIS

Raw data were obtained from the corresponding authors of the
4 selected studies in a format for statistical analysis (Excel; Mi-
crosoft Corporation, Redmond, Washington; or SPSS; SPSS Inc,
Chicago, Illinois). Data comparisons and statistical analyses were
bifurcated according to the objectives of the review.

First, we evaluated population details, enrollment criteria,
and risk factors for neonatal jaundice within each individual
study. Among risk factors indicated by the AAP,** we consid-
ered only those listed in the reviewed studies. Furthermore, we
calculated the mean TcB rates of rise (in milligrams per deci-
liter per hour) for each nomogram at the following epochs that
were used in 2 studies'!'?: 12 to 24 hours, 25 to 48 hours, 49
to 72 hours, and 73 to 96 hours. We also calculated the weighted
mean (pooled standard deviation) of the TcB levels and the rates
of rise from all reviewed nomograms. These measures are the
mean (SD) for each study, weighted for the number of neo-
nates enrolled in each study." Second, we calculated the thresh-
old (EROR) needed to cross percentile curves for each nomo-
gram, from the 25th to 50th percentiles and from the 50th to
75th percentiles, over the 4 epochs.

STATISTICAL ANALYSIS

Data were analyzed using statistical software (SPSS release 15.0
for Windows, SPSS Inc). x* Test and 1-way analysis of vari-
ance were used for comparing proportions and continuous vari-
ables, respectively. P <.05 was considered statistically signifi-
cant. Multiple curve estimation procedures were performed to
find the best-fitting mathematical model, and quadratic regres-
sion analysis was used to describe trends in bilirubin levels over
time, rate of rise, and acceleration. The quadratic regression
analysis was a simple model that excluded covariates.'® R* val-
ues were used to assess the model goodness of fit. R* is defined
as the proportionate reduction in uncertainty about the strength
of association between the observed and model-predicted val-
ues of the dependent variable. Larger R* values represent stron-
ger relationships between variables.'®'” The quadratic regres-
sion model was chosen because it presented the highest R* values.

BN RESULTS R

Table 1 gives demographic details of the populations en-
rolled in the reviewed studies. Except for 1 study,'* all no-
mograms were constructed using large (>2000) groups of
neonates. One nomogram was constructed in a European
population of white race/ethnicity,'* while 2 other nomo-
grams described Hispanic® and Thai'* neonates. The fourth
nomogram" comprised North American neonates, includ-
ing approximately 73% of white race/ethnicity, about 10%
of black race/ethnicity, and equal percentages of other races/
ethnicities. For study purposes, we considered this popu-
lation as a whole, designating the nomogram as North
American. Gestational age differed slightly but signifi-
cantly among the studies. Some jaundice risk factors were
differentially distributed across the populations, while other
risk factors were not always screened for (eg, glucose-6-
phosphate dehydrogenase [G6PD] deficiency).
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Table 1. Population Details and Jaundice Risk Factors in the 4 Reviewed Studies
Source
IIVIaiseIs and Kring," De Luca et al," Engle et al,” Sanpavat et al,14I
2006 2008 2009 20052

Variable (n=3984) (n=2198) (n=2005) (n=284)
Gestational age, mean (SD), wk 39 (1)0 38.3(1.9)P 39.2 (1.4)b 38.6 (1.2)0
Birth weight, mean (SD), kg 3380 (526) 3101 (549) 3403 (497) Not available
Mode of delivery, No. (%)

Vaginal 2386 (59.9) 1162 (52.8) 1584 (79.0)°¢ 0

Cesarean section 1598 (40.1) 991 (45.2) 421 (21.0) 284 (100.0)¢

Vacuum extractor 0 45 (2.0) 0 0
Feeding mode, No. (%)

Breastfed 2672 (67.1) 1715 (78.0)¢ 641 (32.0) 0

Bottle fed 834 (20.9) 308 (14.0) 501 (25.0) 0

Mix 478 (12.0) 175 (8.0) 863 (43.0) 284 (100.0)°
Coombs-positive neonates Included Excluded Included Excluded
G6PD-deficient neonates Not tested Excluded Not tested Excluded
Discharge policyd Early Late Early Late

Abbreviation: G6PD, glucose-6-phosphate dehydrogenase.

Birth weight was not recorded in the original data set, and an accurate estimate was unavailable. Neonates were not enrolled if they had blood type A or B with

maternal blood type 0, regardless of Coombs test results.
bp<.001, analysis of variance.
€ P<.001 vs the other populations.

dDischarge policy was defined as early if the neonate was sent home within 36 to 48 hours after birth and as late if neonate was not discharged before 72 hours

after birth.

Table 2. Transcutaneous Bilirubin Levels at Different Epochs in the 4 Reviewed Populations

Source, Mean (SD)

IMaisels and Kring," De Luca et al,™ Engle et al,™ Sanpavat et al,“‘I
Hours of Life 2006 2008 2009 2005 Weighted Mean (SD)?@
12-24 3.0 (1.5) 4.4 (2.8) 3.3(1.8) 2.9 (1.5) 3.4 (1.9)
25-48 5.3 (2.3) 7.2 (2.5) 5.9 (2.6) 6.0 (1.9) 5.9 (2.4)
49-72 6.4 (3.2) 9.3 (2.9) 8.1(2.9) 8.2(2.2) 7.6 (3.0)
73-96 6.9 (3.6) 10.4 (3.0) 9.8 (3.2) 8.7 (2.6) 8.6 (3.3)

3 P<.001 for all, analysis of variance.

To test bilirubin levels, investigators used the forehead
(BiliCheck) or the midsternum (Konica-Minolta Air-
Shields JM-103). European and Thai nomograms were based
on populations studied up to 96 hours of life because of a
later time of discharge at their respective institutions. His-
panic and North American nomograms were developed in
hospitals using an early discharge policy, and bilirubin val-
ues obtained after 48 hours of life primarily were obtained
from neonates delivered by cesarean section.'*"?

Raw mean TcB values per epoch (Table 2) were sig-
nificantly higher for Hispanic, Asian, and, especially, Eu-
ropean populations. These groups also had TcB levels higher
than the weighted mean. All populations experienced an
increase in TcB level over the first 96 hours of life.

Figure 1 shows the TcB rate of rise over time for each
of the 4 reviewed studies. The rate of rise is represented
by the slope of each epoch: a tendency to plateau at about
96 hours of life is evident. The trend of TcB rate of rise
over time was optimally described by a quadratic equa-
tion (R*>0.97). Regression lines illustrate the trend of
TcB rate of rise over time for each study, and the lines
were extrapolated to estimate trends beyond 96 hours of
life. The TcB rate of rise generally decreased with in-

creasing postnatal age. Based on this model and assess-
ment of only the defined epochs, TcB rates of rise seem
to plateau earlier in Thai neonates than in the other
groups. The highest rate of rise seems to occur in His-
panic neonates, especially after the first 48 hours of life.

Figure 2 shows the mean TcB rate of rise, weighted
for the number of neonates in each study. Based on this
mathematical model, the weighted mean rate of rise is
optimally described by a quadratic equation (approxi-
mate R?=0.99). The model equation was then used to de-
scribe the rate of rise in the first hours of life, for which
we have no data; therefore, the percentile curve was ex-
trapolated back to time O (birth). The TcB rate of rise
seems highest in the first hours of life (about 0.26 mg/
dL/h [to convert bilirubin level to micromoles per liter,
multiply by 17.104] at 1 hour of life).

Table 3 gives the TcB rate of rise needed to cross per-
centile curves (ie, EROR to pass from the 25th to 50th
percentiles and from the 50th to 75th percentiles). EROR
values are similar across studies for the same epoch. For
example, between 12 and 24 hours of life, a rate of rise
from 0.20 to 0.30 mg/dL/h is needed to cross percentile
curves. Between 25 and 48 hours of life, EROR needed
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Figure 1. Mean transcutaneous bilirubin levels and rates of rise over time. Rate of rise over time is represented by the slope of each segment (short lines). Data
were fitted using quadratic equations, and these are represented by percentile curves for each study. R? goodness of fit is indicated in the models for each study.
These percentile curves demonstrate the tendency to reach a transcutaneous bilirubin plateau at about 96 hours of life. Hispanic neonates demonstrate higher
rates of rise and later plateaus (>96 hours of life). The transcutaneous bilirubin levels seem to plateau earlier in Thai neonates; their rate of rise becomes negative

after 72 hours of life.

to cross percentile curves is 0.14 and 0.20 mg/dL/h. ERORs
decreased over time and reached a minimum of 0.05 to
0.12 mg/dL/h between 73 and 96 hours of life.

DR COMMENT

The availability of fast and reliable TcB measurements has
led to the development of various TcB nomograms describ-
ing the natural course of jaundice. To our knowledge, a sys-
tematic comparative analysis of the available nomograms
for different populations has not been performed, and this
was an objective of the present study. We analyzed TcB no-
mograms from 4 published studies to determine whether
variations in TcB levels and kinetics exist across popula-
tions and to determine the TcB rate of rise needed to cross
percentile curves in each population group.

Significant differences existed across populations. Peak
TcB levels occurred earliest in Thai neonates, latest in
Hispanic neonates, and at intermediate epochs in Euro-
pean and North American populations of primarily white
race/ethnicity.

Before the first description of a serum bilirubin nomo-
gram,’ clinical judgment based on history, physical find-
ings, and evaluation of risk factors was the only recom-
mended strategy to predict the course of neonatal
hyperbilirubinemia.’®! Risk factors identified in the lit-
erature have been listed in AAP guidelines in their order
of importance to guide clinicians.” Recent investigations
seem to demonstrate the superiority of a predischarge hour-
specific bilirubin evaluation compared with risk factor as-
sessment alone, and gestational age analysis may im-
prove reliability of the nomogram.***? Several nomograms
based on TSB or TcB values are now available."'*# Given
our results, clinicians should carefully choose and inter-
pret the “right tool” for their neonates.

Differences were noted across studies with regard to
population details. The 4 reviewed nomograms in-

0.30
Rate of rise equation
0.25 ¥=0.005x2-0.093x +0.348
PR AN R2=0.9953
=2 N
= \,
E 0.20- N
3 :
o N
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D \\\
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Figure 2. Weighted mean transcutaneous bilirubin (TcB) rate of rise,
calculated by averaging the rates of rise and weighting them by the number
of neonates in each study. Data were fitted using quadratic regression
analysis: the equation and R? goodness of fit are shown. The regression line
is represented by the hatched line, which was extrapolated to describe the
hypothetical trend in the first hours of life. Vertical bars represent the
standard deviation. Weighted mean TcB rates of rise are 0.17 mg/dL/h at 24
hours of life, 0.12 mg/dL/h at 48 hours of life, 0.05 mg/dL/h at 72 hours of
life, and 0.02 mg/dL/h at 96 hours of life.

cluded neonates of different races/ethnicities; therefore,
variations in bilirubin kinetics and nomogram charac-
teristics could be due, in part, to well-known genetic dif-
ferences.?®?” As summarized in Table 1, dissimilarities in
enrollment criteria and jaundice risk factors may also ex-
plain some of the variations. We could not review the
effect of some risk factors (eg, asphyxia and tempera-
ture instability) because they were not reported in the
studies. Furthermore, some other risk factors (eg, GOPD
deficiency) may have a significant role in the develop-
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Table 3. Transcutaneous Bilirubin Exaggerated Rate of Rise (EROR) Needed to Cross the Percentile
Curves From the 25th to 50th Percentiles and From the 50th to 75th Percentiles

Transcutaneous Bilirubin EROR Needed, mg/dL/h?

12-24 Hours of Life

25-48 Hours of Life

49-72 Hours of Life 73-96 Hours of Life

[ 1T
25th to 50th  50th to 75th  25th to 50th

L
50th to 75th  25th to 50th

L 1
50th to 75th ~ 25th to 50th  50th to 75th

Source Percentiles Percentiles Percentiles Percentiles Percentiles Percentiles Percentiles Percentiles
Maisels and Kring," 2006 0.23 0.23 0.15 017 0.11 0.12 0.12 0.09
De Luca et al,"> 2008 0.23 0.30 0.17 0.15 0.17 0.17 0.11 0.12
Engle et al,”® 2009 0.26 0.28 0.16 0.20 0.1 0.11 0.05 0.09
Sanpavat et al,'* 2005 0.20 0.21 0.14 0.17 0.10 0.09 0.07 0.07

2EROR needed to reach the higher percentile is expressed in milligrams per deciliter per hour.

ment of jaundice,?®* but these data were unavailable for
2 studies."""?

The TcB rate of rise decreased over time in all popu-
lation groups. This suggests that TcB levels tend to reach
aplateau that is attained at different postnatal ages in vari-
ous populations. Extrapolation of the data shown in
Figure 1 suggests that Thai neonates reach a plateau ear-
liest at approximately 72 hours of life, the neonates of
primarily white race/ethnicity between 73 and 96 hours
of life, followed by Hispanic neonates after 96 hours of
life. The plateau point should be conceptualized as the
postnatal age when rates of bilirubin production and ex-
cretion are equal. Combining the entire population of all
4 studies and describing it using a mean rate of rise
weighted for the number of neonates, the plateau point
was reached at about 96 hours on average. Hispanic neo-
nates have the highest TcB rate of rise at all epochs.??

Because our analysis considered the data from 4 stud-
ies, this allowed us to build a mathematical model to study
the natural course of jaundice and its kinetics among a
population of more than 8400 neonates. The TcB rate of
rise was best described by a quadratic equation. This analy-
sis depicted the bilirubin rate of rise during the natural
course of physiologic jaundice. Although difficult to de-
tine, the term physiologic jaundice refers to the occur-
rence of jaundice in a neonate in whom the bilirubin rate
of rise does not cross percentile curves and in whom peak
bilirubin levels are below the 95th percentile for age.
Therefore, the TcB rate of rise should decrease over time.
We showed that the rate of rise generally decreases with
increasing postnatal age. Up to 48 hours of life, the rate
of rise is decreasing, and, after 48 hours of life, the rate
of rise tends to reach a plateau, and acceleration gradu-
ally returns to zero. This point may indicate equilib-
rium between bilirubin production and elimination.”

In contrast, Maisels and Kring?® recently demon-
strated a steady increment in bilirubin production in neo-
nates who appear very jaundiced (>75th percentile ac-
cording to Bhutani et al') in the first 96 hours of life, while
this was not evident in neonates without jaundice. Their
study illustrates the disparity between infants with ex-
aggerated hyperbilirubinemia and the percentile curves
in the present study, which are based on large, presum-
ably healthy, populations. When an increase in the bil-
irubin rate of rise is noted, other causes for jaundice should
be considered.'*! This had been assumed in the past, but

our mathematical model provides further evidence that
EROR should be considered worrisome, as it is absent
in healthy populations during the natural course of neo-
natal bilirubinemia.

Our study provides values needed to detect EROR in
different populations. The AAP has suggested that a rate
of rise of 0.25 mg/dL/h should raise concern.**' However,
arate of rise of 0.20 mg/dL/h seems excessive in our Thai
population, and EROR thresholds are lower (approxi-
mately 0.11 mg/dL/h) in general in the first 48 hours of life.
EROR thresholds further decrease with increasing postna-
tal age. During the first 48 hours of life, bilirubin “physi-
ologically” increases more rapidly than in the subsequent
hours of life. To be worrisome, a bilirubin rate of rise must
be very high in the first hours of life, so early hyperbiliru-
binemia is generally of more concern.

Some limitations of our analysis should be men-
tioned. Caution must be used when extrapolating our find-
ings to Asian neonates because they represent the small-
est proportion of the reviewed populations. Moreover,
our TcB analysis should not be directly applied to se-
rum bilirubin measurements. Transcutaneous bilirubin
and serum bilirubin level are correlated but are basi-
cally distinct.’” Several studies*?” have investigated the
passage of bilirubin from vessels to the skin, but this re-
mains an area for further research. Although multiple stud-
ies*” analyzing transcutaneous bilirubinometry exist, we
focused only on studies with a visually represented no-
mogram. Studies without nomograms typically do not pro-
vide the time of individual sampling; therefore, it would
be difficult to perform a combined analysis. Finally, other
studies that provided nomograms based on TSB values
were excluded because our focus was on TcB.*%

DI CONCLUSIONS By

Transcutaneous bilirubin rates of rise reach a plateau and
then decrease after 73 to 96 hours of life in healthy neo-
nates. Differences were noted among the diverse popu-
lations studied, and some racial/ethnic groups exhibit a
higher TcB rate of rise and a later TcB peak.

Most important, a bilirubin rate of rise higher than in
the previous period implies that bilirubin production ex-
ceeds elimination. EROR is the result of this imbalance,
and EROR thresholds decrease as postnatal age in-
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creases. EROR indicates high risk for subsequent hyper-
bilirubinemia in neonates and should lead to close moni-
toring. This is of conceptual relevance for future research
investigating similar patterns of trends in serum biliru-
bin levels and the passage of bilirubin to the skin.

This study is of practical usefulness for those who care
for late-preterm and term neonates in whom TcB rates
of rise are measured. The nomogram used should re-
flect the population that most closely represents the neo-
nate under evaluation. Development of additional no-
mograms for other populations should further enhance
the care of neonates with jaundice.

Accepted for Publication: May 20, 2009.
Correspondence: Daniele De Luca, MD, Division of Neo-
natology, Institute of Mother and Child Health, “G. Salesi”
Women’s and Children’s Hospital, Polytechnical Uni-
versity of Marche, Via Tiberio Imperatore 43, 00145 Rome,
Italy (dm.deluca@fastwebnet.it).

Author Contributions: Study concept and design: De Luca
and Jackson. Acquisition of data: Engle. Analysis and in-
terpretation of data: De Luca, Jackson, Tridente, Carni-
elli, and Engle. Drafting of the manuscript: De Luca, Jack-
son, and Engle. Critical revision of the manuscript for
important intellectual content: De Luca, Jackson, Tri-
dente, Carnielli, and Engle. Statistical analysis: De Luca,
Jackson, Tridente, and Engle. Study supervision: Tri-
dente, Carnielli, and Engle.

Financial Disclosure: None reported.

Previous Presentations: This study was presented in part
at the Second Joint Congress of the European Academy
of Paediatrics, European Society for Paediatric Re-
search, and European Society of Paediatric and Neona-
tal Intensive Care; October 28, 2008; Nice, France.
Additional Contributions: M. Jeffrey Maisels, MD, and
Issarang Nuchprayoon, MD, assisted with the study. We
thank the authors of the studies reviewed herein.

0 EEEEEE

1. Bhutani VK, Johnson L, Sivieri EM. Predictive ability of a predischarge hour-
specific serum bilirubin for subsequent significant hyperbilirubinemia in healthy
term and near-term newborns. Pediatrics. 1999;103(1):6-14. http://pediatrics
.aappublications.org/cgi/content/full/103/1/6. Accessed July 25, 2009.

2. Bhutani VK, Johnson LH. Jaundice technologies: prediction of hyperbilirubine-
mia in term and near-term newborns. J Perinatol. 2001;21(suppl 1):S76-S87.

3. BiliTool Web site. http://bilitool.org. Accessed July 25, 2009.

4. American Academy of Pediatrics Subcommittee on Hyperbilirubinemia. Man-
agement of hyperbilirubinemia in the newborn infant 35 or more weeks of ges-
tation [published correction appears in Pediatrics. 2004;114(4):1138]. Pediatrics.
2004;114(1):297-316. http://www.pediatrics.aappublications.org/cgi/content
/full/114/1/297. Accessed August 3, 2009.

5. Ip S, Chung M, Kulig J, et al; American Academy of Pediatrics Subcommittee on
Hyperbilirubinemia. An evidence-based review on important issues concerning
neonatal hyperbilirubinemia. Pediatrics. 2004;114(1):e130-e153. http://pediatrics
.aappublications.org/cgi/content/full/114/1/e130. Accessed August 3, 2009.

6. Maisels MJ. Historical perspectives: transcutaneous bilirubinometry.
NeoReviews.org. 2006;7(5):e217-e225. http://neoreviews.aappublications.org
/cgi/content/extract/7/5/e217. Accessed July 27, 2009.

7. Diamond LK. Protection against Rh sensitization and prevention of erythroblas-
tosis fetalis. Pediatrics. 1968;41(1):1-4.

8. Diamond I, Odell GB, Johnson L, Boggs TR, Lucey JF. Kernicterus: revised con-
cepts of pathogenesis and management. Pediatrics. 1966;38(4):539-546.

9. AAP Subcommittee on Neonatal Hyperbilirubinemia. Neonatal jaundice and
kernicterus. Pediatrics. 2001;108(3):763-765.

10. Bhutani VK, Maisels MJ, Stark AR, Buonocore G; Expert Committee for Severe

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Neonatal Hyperbilirubinemia; European Society for Pediatric Research; Ameri-
can Academy of Pediatrics. Management of jaundice and prevention of severe
neonatal hyperbilirubinemia in infants =35 weeks gestation. Neonatology. 2008;
94(1):63-67.

Maisels MJ, Kring E. Transcutaneous bilirubin levels in the first 96 hours in a
normal newborn population of =35 weeks’ gestation. Pediatrics. 2006;117
(4):1169-1173.

De Luca D, Romagnoli C, Tiberi E, Zuppa AA, Zecca E. Skin bilirubin nomogram for
the first 96 h of life in a European normal healthy newborn population, obtained with
multiwavelength transcutaneous bilirubinometry. Acta Paediatr. 2008;97(2):146-
150.

Engle WD, Lai S, Ahmad N, Manning MD, Jackson GL. An hour-specific nomo-
gram for transcutaneous bilirubin values in term and late preterm Hispanic
neonates. Am J Perinatol. 2009;26(6):425-430.

Sanpavat S, Nuchprayoon I, Smathakanee C, Hansuebsai R. Nomogram for pre-
diction of the risk of neonatal hyperbilirubinemia, using transcutaneous bilirubin.
J Med Assoc Thai. 2005;88(9):1187-1193.

Altman DG. Describing data. In: Practical Statistics for Medical Research. Boca
Raton, FL: Chapman & Hall/CRC; 1990:19-45.

Norusis M. SPSS 13.0 Advanced Statistical Procedures Companion. Upper Saddle
River, NJ: Prentice Hall Inc; 2004.

Cameron AC, Windmeijer FAG. An R-squared measure of goodness of fit for some
common nonlinear regression models. J Econom. 1997;77(2):329-342. doi:10
.1016/S0304-4076(96)01818-0.

American Academy of Pediatrics, Provisional Committee for Quality Improvement
and Subcommittee on Hyperbilirubinemia. Practice parameter: management of hy-
perbilirubinemia in the healthy term newborn [published correction appears in
Pediatrics. 1995;95(3):458-461]. Pediatrics. 1994;94(4, pt 1):558-565.

. Guidelines for detection, management and prevention of hyperbilirubinemia in

term and late preterm newborn infants (35 or more weeks’ gestation): summary.
Pediatr Child Health. 2007;12(5):401-418.

Keren R, Luan X, Friedman S, Saddlemire S, Cnaan A, Bhutani VK. A compari-
son of alternative risk-assessment strategies for predicting significant neonatal
hyperbilirubinemia in term and near-term infants. Pediatrics. 2008;121(1):
e170-e179. doi:10.1542/peds.2006-3499. Accessed July 25, 2009.

Keren R, Bhutani VK, Luan X, Nihtianova S, Cnaan A, Schwartz JS. Identifying
newborns at risk of significant hyperbilirubinemia: a comparison of two recom-
mended approaches. Arch Dis Child. 2005;90(4):415-421.

Newman TB, Liljestrand P, Escobar GJ. Combining clinical risk factors with se-
rum bilirubin levels to predict hyperbilirubinemia in newborns. Arch Pediatr Ado-
lesc Med. 2005;159(2):113-119.

Kaplan M, Hammerman C, Feldman R, Brisk R. Predischarge bilirubin screening
in glucose-6-phosphate dehydrogenase—deficient neonates. Pediatrics. 2000;
105(3, pt 1):533-537.

Sarici SU, Serdar MA, Korkmaz A, et al. Incidence, course and prediction of hyper-
bilirubinemia in near-term and term newborns. Pediatrics. 2004;113(4):775-780.
Romagnoli C, De Luca D, Zuppa AA, Parenti D, Latella C. Could early serum bil-
irubin measurement be useful in predicting non physiologic hyperbilirubinemia?
Ital J Pediatr. 2005;31:52-60.

Beutler E, Gelbart T, Demina A. Racial variability in UDP—glucuronosyltransfer-
ase (UGTTAT) promoter: a balanced polymorphism for regulation of bilirubin
metabolism? Proc Natl Acad Sci U S A. 1998;95(14):8170-8174.

Maruo Y, Nishizawa K, Sato H, Doida Y, Shimada M. Association of neonatal hy-
perbilirubinemia with bilirubin UDP-glucuronosyltransferase polymorphism.
Pediatrics. 1999;103(6, pt 1):1224-1227.

De Luca D, Virdis A, Pietro ML, et al. Heterologous assisted reproduction and
kernicterus: the unlucky coincidence reveals an ethical dilemma. J Matern Fetal
Neonatal Med. 2008;21(4):219-222.

Kaplan M, Hammerman C. Glucose-6-phosphate dehydrogenase—deficient neo-
nates: a potential cause for concern in North America. Pediatrics. 2000;106
(6):1478-1479.

Maisels MJ, Kring E. The contribution of hemolysis to early jaundice in normal
newborns. Pediatrics. 2006;118(1):276-279.

. Kaplan M, Hammerman C. Understanding severe hyperbilirubinemia and pre-

venting kernicterus: adjuncts in the interpretation of neonatal serum bilirubin.
Clin Chim Acta. 2005;356(1-2):9-21.

Schumacher RE. Transcutaneous bilirubinometry and diagnostic tests: “the right
job for the tool.” Pediatrics. 2002;110(2, pt 1):407-408.

Knudsen A. The cephalocaudal progression of jaundice in newborns in relation to
the transfer of bilirubin from plasma to skin. Early Hum Dev. 1990;22(1):23-28.
Knudsen A, Brodersen R. Skin colour and bilirubin in neonates. Arch Dis Child.
1989;64(4):605-609.

Knudsen A, Ebbesen F, Hansen H, Brodersen R. The increase of yellow skin co-
lour beyond that of serum bilirubin: a proposed indicator of risk for bilirubin
encephalopathy. Acta Paediatr Jpn. 1993;35(5):418-422.

(REPRINTED) ARCH PEDIATR ADOLESC MED/VOL 163 (NO. 11), NOV 2009

WWW.ARCHPEDIATRICS.COM

©2009 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ on 08/17/2017



