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Transcutaneous Bilirubin Accuracy
Before, During, and After
Phototherapy: A Meta-Analysis
Lisa ten Kate, MD,a Tiemen van Oorschot, MD,b Jessica Woolderink, MD,c Sarah Teklenburg-Roord, MD, PhD,d

Jolita Bekhof, MD, PhDd

abstractCONTEXT: Transcutaneous bilirubinometry (TcB) is used as a valid screening to identify neonates
requiring measurement of total serum bilirubin (TSB) before phototherapy. Its use during and
after phototherapy is not advised yet because of unknown reliability.

OBJECTIVES: To determine the agreement of TcB and TSB measurements before, during, and after
phototherapy.

DATA SOURCES: PubMed Medline, Cochrane Library, and references of eligible studies were searched.

STUDY SELECTION: Prospective and retrospective cohort and cross-sectional studies reporting Bland-
Altman statistics of paired TcB and TSB measurements in term and preterm newborns.

DATA EXTRACTION: Meta-analysis was performed using the Mantel-Haenszel weighted approach.
The agreement between TcB and TSB in lmol/L was described by pooled mean differences
(MDs) and limits of agreement (LoA).

RESULTS: Fifty-four studies were included. The pooled MD before phototherapy is 2.5 lmol/L
(LoA �38.3 to 43.3). The pooled MD during phototherapy is �0.3 lmol/L (LoA �34.8 to 34.2)
on covered skin and �28.6 lmol/L (LoA �105.7 to 48.5) on uncovered skin. The pooled MD
after phototherapy is �34.3 lmol/L (LoA �86.7 to 18.1) on covered skin and �21.1 lmol/L
(LoA �88.6 to 46.4) on uncovered skin. Subgroup analysis revealed the best agreement at the
forehead. We did not find any difference in agreement between term and preterm neonates.

LIMITATIONS: Language restriction.

CONCLUSIONS: TcB measurements before and during phototherapy on covered skin show good
agreement compared with TSB in term and preterm newborns. More studies are needed to
evaluate the accuracy after phototherapy.
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Neonatal jaundice is a common condition occurring in
�60% of term and 80% of preterm infants and is associ-
ated with a raised level of unconjugated bilirubin in the
circulation called hyperbilirubinaemia.1 The prevention
of severe unconjugated hyperbilirubinemia is important
because unconjugated bilirubin can cross the blood–brain
barrier and potentially cause neurotoxicity. Visual assess-
ment of the degree of jaundice is known to be unrelia-
ble.2 Measurement of total serum bilirubin (TSB) is
considered the golden standard. However, blood sam-
pling for TSB is an invasive, painful, and time-consuming
procedure. Transcutaneous bilirubinometry (TcB) is an
increasingly applied noninvasive, painless, easily repro-
ducible, and cost-effective point-of-care alternative to es-
timate TSB.3–5 TcB measures cutaneous bilirubin by
directing light into the skin and measuring the intensity
of reflecting specific wavelengths.6

TcB measurements are currently advised in several na-
tional guidelines for identification of neonates requiring TSB
measurements before the application of phototherapy.1,7

Generally, a safety margin of 50 lmol/L (�3 mg/dL) is ap-
plied when TcB is interpreted. Moreover, cautious use of
TcB in the higher ranges is warranted because, here, TcB
tends to underestimate TSB.7 The accuracy of TcB in new-
borns during and after phototherapy is still unclear and
therefore not recommended. The use of TcB during and after
phototherapy may further reduce blood sampling for TSB
measurements and may add to the feasibility of home photo-
therapy in low-risk newborns.

Until now, 4 systematic reviews have assessed the agree-
ment between TcB and TSB measurements.8–11 Two included
studies before phototherapy,8,9 and 2 during and after photo-
therapy.10,11 One systematic review included term and
near-term newborns11; the others were restricted to pre-
term neonates.8–10 All 4 reviews found strong to very strong
correlations between TcB- and TSB-reporting pooled correla-
tions coefficients of 0.82 and 0.83 before phototherapy,8,9

and respectively, 0.71 and 0.65 during phototherapy on cov-
ered and uncovered skin.11 In 2 of 4 systematic reviews,
Bland-Altman analyses were reported in a limited number of
studies; however, without pooling data.9,11

Bland-Altman analysis is the preferred statistical method
for the assessment of the agreement between 2 continuous
measurements. The Bland-Altman graph visually depicts the
relation of the mean of the 2 paired measurements on the x
axis ([TcB1 TSB]/2), with the difference between the 2 paired
measurements on the y axis (TcB � TSB or TSB � TcB). The
agreement is quantified by the mean difference (MD) and lim-
its of agreement (LoA), calculated as the MD ± 1,96 × SD.12

This provides data that can easily be translated to the clinical
practice, which makes it helpful for clinical decision-making.
This is in contrast to the correlation coefficient, which indi-
cates the strength of a linear relationship between 2 variables

without quantification of the degree of the agreement be-
tween these 2 variables.

The aim of this systematic review and meta-analysis
was to determine the agreement of TcB and TSB meas-
urements in preterm and term newborns before, during,
and after phototherapy, producing a pooled MD with
pooled LoA of the Bland-Altman statistics.

METHODS

This systematic review and meta-analysis was registered in
PROSPERO, an international prospective register of systematic
reviews (CRD42022361932).13 This study was performed and
reported using the reporting guidelines of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses and Meta-
analysis of Observational Studies in Epidemiology.14

Search Strategy

The literature search was performed in the electronic data-
base PubMed (search string: “[bilirubinometry OR bilirubin-
ometer OR transcutaneous] AND [hyperbilirubinaemie OR
hyperbilirubinemia OR jaundice OR bilirubin] AND [neonatal
OR newborn]”) and Cochrane (search string: hyperbilirubi-
nemia) in December 2021 and the search was updated in
July 2022. References of included studies were checked. We
restricted our search to studies reported in English, German,
and Dutch languages.

Eligibility Criteria

Prospective and retrospective cohort and cross-sectional
observational studies evaluating the agreement between
paired measurements of TcB and TSB in neonates across
all gestational ages #28 days postpartum were eligible
for inclusion. The following transcutaneous bilirubinome-
ters were assessed as eligible: JM-103/105, BiliChek, Bili-
care, MBJ-20, JH20-1C and KJ-8000. Solely studies using
Bland-Altman analysis, including a Bland-Altman graph
providing an MD of TcB and TSB measurements and SD
or LoA, were included.

Two review authors (L.K., T.O.) independently screened all
titles and abstracts identified by our search strategy for rele-
vance to this systematic review. Disagreements were solved
in consensus. Full-text articles were retrieved and indepen-
dently assessed by 2 review authors on the above-mentioned
predefined eligibility criteria (L.K., T.O.). Disagreements were
solved through discussion with a third review author (J.B.).

Data Extraction

Two review authors (L.K., T.O.) extracted data indepen-
dently from the selected articles: Type of study (prospec-
tive, retrospective, cross-sectional); study size; number
of paired measurements; gestational age; inclusion and
exclusion criteria; the use of phototherapy on covered
and/or uncovered skin; type of TcB device and location
of measurement; method of TSB measurement; time between
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TcB and TSB measurement; MD (TcB � TSB) and SD,
whether calculated from the LoA (LoA 5 MD ± 1,96 x SD).
We conversed all data to lmol/L (1 mg/dL 5 17.1 lmol/L).
Data for meta-analysis were selected if they were clearly de-
fined to the groups before, during, or after the application of
phototherapy. After phototherapy was defined as at least
8 hours after discontinuing phototherapy.

Quality Assessment

Quality assessment was performed using the tool Quality As-
sessment of Diagnostic Accuracy Studies-2 by 2 review au-
thors (L.K., J.B.).15 We evaluated the studies for patient
selection, index test, reference standard, and flow and timing.
For reference standard, the well-known TSB methods diazo,
direct spectrophotometry, and high-performance liquid chro-
matography were described as low risk.16 In the section
Flow and Timing, an interval <60 minutes between TcB and
TSB measurements was described as appropriate. Uncertain-
ties were solved in consensus.

Statistical Analysis

To obtain a pooled MD and SD, we used the Mantel-
Haenszel weighted approach described by Williamson

et al: A statistical method for pooling Bland-Altman data
that was used before in several systematic reviews as-
sessing the agreement of 2 continuous measurements
(Supplemental Fig 3).17–19 The meta-analysis was exe-
cuted in Excel. Forest plots were created using R software.
We analyzed data before, during (covered and uncovered),
and after (covered and uncovered) phototherapy separately.
We hypothesized a priori the following sources for clinical
heterogeneity and performed subgroup analyses accordingly:
Covering of skin during phototherapy, location of TcB mea-
surement, gestational age (<37 weeks and $37 weeks), and
type of TcB device. We considered an MD between TcB and
TSB $ ± 50 lmol/L (�3 mg/dL) clinically relevant.7

RESULTS

Study Selection

The study selection is illustrated in Fig 1. The literature
search identified 550 records, of which 201 studies potentially
qualified for inclusion on the basis of screening of titles and
abstracts. The 201 full-text records were screened and 67
studies met all inclusion criteria. Of these 67 studies, 54 stud-
ies reported results separately to a group before (48 studies),

during, and/or after phototherapy

Bland-Altman graph

FIGURE 1
Study flow diagram. The 54 studies are not the sum of studies before, during, and after phototherapy because some studies included measurements both
before, during, and/or after phototherapy; the same accounts for covered and uncovered in the groups during and after phototherapy.
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during (respectively, 14 and 13 studies in covered and uncov-
ered skin), and after phototherapy (respectively, 5 and 2 stud-
ies in covered and uncovered skin), and were selected for
final inclusion and analysis.

Study Characteristics

The study characteristics of the 54 included studies are re-
ported in Table 1, including a total of 17236 patients and
23882 paired measurements. We cannot exclude that this
number of paired measurements may not be completely cor-
rect because several studies compared >1 TcB measure-
ment; for example, different locations or different kinds of
TcB devices to 1 TSB measurement.20–34 In most studies,
TcB was measured on the forehead (37 of 54 studies;
68.5%) or sternum (30 of 54 studies; 55.5%), some in com-
bination with other more caudal locations. In 1 study, only
the hipbone was used,35 in another the ear pinna,36 and
1 study did not mention the location.37 Six of 54 studies
(11.1%) included only term infants ($37 weeks of preg-
nancy) and 13 of 54 studies (24.1%) included only preterm
infants. The other studies included both term and preterm
neonates (33 of 54 studies; 61.1%) or didn’t report gesta-
tional age (n 5 2). The most frequent reported TcB device
was JM-103 (26 of 54 studies, 48.1%) and BiliChek (22 of
54 studies, 40.7%), followed by JM-105 (11 of 54, 20.4%).
MBJ-20 and BiliCare were used in 2 studies, and JHC20-1C
in 1. Excluded studies with reason for exclusion are pre-
sented in Supplemental Table 4.

Quality Assessment

Quality assessment according to Quality Assessment of
Diagnostic Accuracy Studies-2 is summarized in Table 2.
In general, quality of the included studies was good and
risk of bias in most studies was estimated low. We con-
sidered consecutive or convenience sampling both as low
risk of bias in the domain of patient selection. We as-
sessed retrospective studies as unclear risk (8 of 54;
17.8%) because of the possibility of missing data. None
of the studies had risk of bias in the domain of index
test. In the domain reference test, 1 study (1.9%) was
judged to have high risk of bias because the reference
test was not based on 1 of the 3 well-known TSB meth-
ods.38 Four of 54 studies (7.4%) had unclear risk of bias
in this domain because the reference method was not
mentioned.22,24,25,39 Concerning flow and timing, 4 of 54
studies (7.4%) had high risk of bias because the time be-
tween TcB and TSB measurement was 60 minutes or
more.40–43 In another 4 studies, time between TcB and
TSB measurement was not mentioned and risk of bias
was therefore unclear.28,38,44,45

Meta-Analysis

The pooled MD, pooled SD, and pooled 95% LoA before,
during (covered and uncovered), and after (covered and

uncovered) phototherapy including subgroup analyses
for location of TcB measurement, gestational age, and device
of the TcB measurement are listed in Table 3.17 Figures 2A–E
depict the corresponding forest plots.

Before Phototherapy

We identified 48 studies (18630 paired measurements in
15544 patients) applicable for meta-analysis before photother-
apy, resulting in a pooled MD (TcB � TSB) of 2.5 lmol/L (SD
20.8; LoA �38.3 to 43.3 lmol/L). See Table 3 and Fig 2A.

Subgroup analysis revealed diminished agreement between
TcB and TSB measurements, with LoA outside the safety mar-
gin of 50 lmol/L when TcB was measured on the sternum
(MD 19.7 lmol/L; LoA �32.7 to 72.1 lmol/L) compared
with TcB measurements on the forehead (MD �0.4 lmol/L;
�45.5 to 44.8 lmol/L). In term infants, the LoA were just
outside the 50 lmol/L range (�54.3 to 57.8 lmol/L),
whereas in preterm infants, they were within this range
(�43.1 to 38.5 lmol/L). Subgroup analyses comparing dif-
ferent TcB devices revealed adequate LoA, except for JM-
105 (�39.2 to 65.7 lmol/L), MBJ-20 (�41.9 to 60.8 lmol/
L), and JH20-1C (�63.3 to 60.3 lmol/L).

During Phototherapy

We identified 14 studies (2355 paired measurements in
1613 patients) applicable for analysis during photother-
apy on covered skin, with a pooled MD of �0.3 lmol/L
(SD 17.6 lmol/L; LoA �34.8 to 34.2 lmol/L). The forest
plot is presented in Fig 2B.

Subgroup analysis of studies reporting comparisons of
TcB and TSB measured during phototherapy on the cov-
ered sternum showed LoA outside the 50 lmol/L range
(�67.7 to 69.3 lmol/L) compared with LoA well within this
range when TcB was measured on the forehead (�21.0 to
32.9 lmol/L). In term infants, the LoA of TcB measurements
during phototherapy on covered skin were marginally out-
side the 50 lmol/L range (�51.4 to 45.9 lmol/L) and
within this range in preterm infants (�27.2 to 25.8 lmol/L).
Subgroup analysis within the category during phototherapy
on covered skin per TcB devices all showed LoA agreement
outside the 50 lmol/L (Table 3).

The 13 studies (2796 paired measurements in 1806 pa-
tients) applicable for analysis during phototherapy on uncov-
ered skin showed large heterogeneity (Fig 2C). Although
strictly pooling should not be done in case of substantial het-
erogeneity, the calculated pooled MD was �28.6 lmol/L (SD
39.3 lmol/L; LoA �105.7 to 48.5 lmol/L).

All subgroup analyses including TcB measurements
during phototherapy on uncovered skin gave LoA outside
the 50 lmol/L safety margin (Table 3).

After Phototherapy

We pooled 5 studies (648 paired measurements in 555
patients) applicable for analysis after phototherapy on
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TABLE 2 Quality Assessment of Included Studies-2

Study (y of Publication)

Risk of Bias

Patient Selection Index Test Reference Standard Flow and Timing

Shapiro et al (2022)44 1 1 1 ?

Mohamed (2022) 1 1 1 1

Panda et al (2021)64 1 1 1 1

Ho et al (2021)51 ? 1 1 1

Cat et al (2021)21 1 1 1 1

Khajehei et al (2021)22 1 1 ? 1

Jegathesan et al (2021)23 1 1 1 1

Gothwal et al (2021)52 1 1 1 1

Lucanova et al (2021)24 1 1 ? 1

Mendoza-Chuctaya et al (2021)25 1 1 ? 1

Alptekin et al (2021)26 ? 1 1 1

Maya-Enero et al (2021)53 1 1 1 1

Jeon et al (2020)27 ? 1 1 1

Ying et al (2020)40 ? 1 1 —

Yang et al (2019)41 ? 1 1 —

Hulzebos et al (2019)35 1 1 1 1

Raba et al (2020)50 1 1 1 1

Raba et al (2020)39 1 1 ? 1

Costa-Posada et al (2020)54 1 1 1 1

Castro et al (2019)55 1 1 1 1

Lee et al (2019)42 1 1 1 —

Rohsiswatmo et al (2018)38 1 1 — ?

Chokemungmeepisarn et al (2018)36 1 1 1 1

Ercan et al (2018)56 1 1 1 1

Chimhini et al (2018)65 1 1 1 1

De Luca et al (2017)66 1 1 1 1

Katayama et al (2017)67 ? 1 1 1

Olusanya et al (2017)37 ? 1 1 1

Murli et al (2016)28 1 1 1 ?

Olusanya et al (2016)57 1 1 1 1

Radfar et al (2016)68 1 1 1 1

Alsaedi (2016)69 1 1 1 1

Rylance et al (2014)45 1 1 1 ?

Chawla et al (2014)29 1 1 1 1

Kosarat et al (2013)30 1 1 1 1

Romagnoli et al (2012)31 1 1 1 1

Campbell et al (2011)70 1 1 1 1

Wickremasinghe et al (2011)43 1 1 1 —

Kaynak-T€urkmen et al (2011)32 ? 1 1 1

Qualter et al (2010)71 1 1 1 1

Bental et al (2009)58 1 1 1 1

Zecca et al (2009)72 ? 1 1 1

Schmidt et al (2009)59 1 1 1 1

Jangaard et al (2006)60 1 1 1 1

Rodr�ıguez-Capote et al (2009)73 1 1 1 1

Lam et al (2008)74 1 1 1 1

Sanpavat et al (2007)61 1 1 1 1

De Luca et al (2007)75 1 1 1 1

Ho et al (2006)76 ? 1 1 1

Sanpavat et al (2005)33 1 1 1 1

Sanpavat et al (2004)62 1 1 1 1

Slusher et al (2004)77 1 1 1 1

Maisels et al (2004)34 1 1 1 1

Bhutani et al (2000)63 1 1 1 1

1, low risk; ?, unclear risk; �, high risk.
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TABLE 3 Pooled MDs, SDs, and LoA Between Transcutaneous Bilirubin and Total Serum Bilirubin Measurements; Unit lmol/L (1 mg/dL 5 17.1 lmol/L)

Before PT During PT, Covered During PT, Uncovered After PT, Covered After PT, Uncovered

Total

n studies (M) 48 (22 746) 14 (2511) 13 (3703) 5 (684) 2 (142)

MD 2.5 �0.3 �28.6 �34.3 �21.1

SD 20.8 17.6 39.3 26.7 34.4

95% LoA �38.3 to 43.3 �34.8 to 34.2 �105.7 to 48.5 �86.7 to 18.1 �88.6 to 46.4

Location

Forehead

n studies (M) 28 (9662) 9 (1265) 3 (757) 1 (108) 1 (42)

MD �0.4 6.0 �45.3 5.1 �18.8

SD 23.1 13.7 44.0 24.9 26.2

95% LoA �45.5 to 44.8 �21.0 to 32.9 �131.6 to 40.9 �43.7 to 53.9 �71.8 to 32.5

Sternum

n studies (M) 20 (7703) 4 (755) 9 (1475) 3 (284) 1 (100)

MD 19.7 0.8 �23.4 �6.2 �23.9

SD 26.7 34.9 38.7 31.5 44.5

95% LoA �32.7 to 72.1 �67.7 to 69.3 �99.3 to 52.4 �68.1 to 55.6 �111.2 to 63.3

Gestational age

$37 wk

n studies (M) 13 (3600) 4 (323) 5 (529) 2 (73) 1 (21)

MD 1.8 �2.8 9.3 2.4 �22.2

SD 28.6 24.8 37.9 23.1 20.9

95% LoA �54.3 to 57.8 �51.4 to 45.9 �64.9 to 83.5 �42.9 to 47.7 �66.7 to 18.8

<37 wk

n studies (M) 16 (3837) 8 (1105) 7 (2174) 4 (511) 1 (21)

MD �2.3 �0.7 �18.0 �41.2 �16.3

SD 20.8 13.5 36.8 26.1 31.9

95% LoA �43.1 to 38.5 �27.2 to 25.8 �90.2 to 54.2 �92.3 to 10.0 �78.7 to 46.2

TcB device

BiliChek

n studies (M) 18 (8191) 7 (1176) 4 (812) 2 (208) 1 (100)

MD �0.7 �1.0 �57.6 6.5 �23.9

SD 21.0 25.5 45.6 29.0 44.5

95% LoA �42.0 to 40.5 �51.0 to 49.0 �147.0 to 31.9 �50.2 to 63.3 �111.2 to 63.3

JM-105

n studies (M) 9 (3338) 2 (333) 2 (1552) 0 0

MD 13.2 20.4 �19.6 — —

SD 26.8 32.9 38.9 — —

95% LoA �39.2 to 65.7 �44.2 to 84.9 �95.8 to 56.6 — —

JM-103

n studies (M) 20 (8436) 3 (503) 6 (1030) 2 (334) 1 (42)

MD 1.6 �51.1 �22.7 �54.7 �18.81

SD 19.7 31.2 35.5 24.8 26.17

95% LoA �37.0 to 40.2 �112.3 to 10.1 �92.4 to 47.0 �103.3 to �6.1 �71.82 to 32.49

BiliCare

n studies (M) 2 (314) 1 (200) 0 0 0

MD 1.3 — — — —

SD 8.0 — — — —

95% LoA �14.4 to 17.0 — — — —

MBJ-20

n studies (M) 2 (366) 0 0 0 0

MD 9.5 — — — —

SD 26.2 — — — —

95% LoA �41.9 to 60.8 — — — —

JH20-1C

n studies (M) 1 (271) 0 0 0 0

MD �1.7 — — — —

SD 31.6 — — — —

95% LoA �63.3 to 60.3 — — — —

M, number of measurements; PT, phototherapy; —, not applicable.
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covered skin, resulting in a pooled MD of �34.3 lmol/L
(SD 26.7 lmol/L; LoA �86.7 to 18.1 lmol/L). In this cat-
egory, we observed an outlier affecting the results clearly
in case of exclusion (MD �1.4 lmol/L; SD 28.7 lmol/L;

LoA �54.9 to 57.7 lmol/L).35 This specific study mea-
sured the TcB on the hipbone covered by a diaper.

The 2 studies (142 measurements in 142 patients) ap-
plicable for analysis after phototherapy on uncovered

A

FIGURE 2A
Forest plot before phototherapy. MD TcB� TSB; unit lmol/L (1 mg/dL5 17.1 lmol/L). 2B–C, forest plots during phototherapy on covered skin (B) and dur-
ing phototherapy on uncovered skin (C). MD TcB� TSB; unit lmol/L (1 mg/dL5 17.1 lmol/L). 2D–E, forest plots after phototherapy on covered skin (D) and
after phototherapy on uncovered skin (E). MD TcB� TSB; unit lmol/L (1 mg/dL5 17.1 lmol/L).
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skin revealed a pooled MD of �21.1 lmol/L (SD 34.4
lmol/L; LoA �88.6 to 46.4 lmol/L). All LoA of the differ-
ent subgroup analyses in this category showed LoA out-
side the 50 lmol/L margin (Table 3).

All measurements after phototherapy for both covered
and uncovered were at least 8 hours after discontinuing
phototherapy. Not enough data were available to access
the agreement separately for timing after discontinuing
phototherapy.

DISCUSSION

This systematic review included 54 studies with >17 000
term and preterm neonates reporting >22 000 paired
measurements of TcB and TSB depicted in Bland-Altman
plots. The results show good agreement before and dur-
ing phototherapy, provided that TcB is measured on cov-
ered skin. The pooled LoA of ± 40.6 lmol/L, respectively,
before and ± 34.5 lmol/L during phototherapy on cov-
ered skin are within the safety margin of 50 lmol/L.

This safety margin of 50 lmol/L is in accordance with
the current guidelines of the American Academy of Pedi-
atrics, where TSB measurements are advised when TcB
is within 3 mg/dL (�50 lmol/L) from the phototherapy
threshold.7

In contrast, the results after phototherapy on covered skin
show that TcB underestimates TSB, with LoA >50 lmol/L.
However, the number of studies after phototherapy on cov-
ered skin are relatively small, with only 5 studies reporting
648 paired measurements in 555 patients. Sensitivity analy-
sis showed that 1 study acted as outlier with deviating re-
sults from the other 4 studies.35 In this study, TcB was
measured on the hipbone, which may explain the lower TcB
values compared with measurements on the forehead or
sternum because of cephalocaudal progression.46 The role of
the method used for skin covering may also have played a
role in the underestimation of TcB in this study in which a
diaper was used. We are not aware of studies comparing
the effect of different methods of skin covering during

D

E

FIGURE 2
Continued
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phototherapy on TcB measurements; for example, between a
specially designed photo-opaque patch (eg, BiliEclipse) and a
diaper. However, Abdulkadir et al researched the irradiance
under different kinds of eye protecting during phototherapy
and found a difference in shielding from phototherapy with
different kinds of material.47 More studies investigating the
agreement between cranial and sternal TcB and TSB meas-
urements using different methods of covering are needed for
this purpose. The results during, as well after, phototherapy
on uncovered skin show that TcB underestimates TSB. A
point to mention is that we did not account for the length
of time after discontinuing phototherapy. Time of discontin-
uing phototherapy may have an influence on the difference
between TcB on uncovered skin and TSB measurements. It
is assumed that this difference will be negligible after 8 to
18 hours of discontinuing phototherapy.48–50 Therefore, in
several guidelines, the use of TcB measurements after pho-
totherapy is restricted to at least 24 hours after discontinu-
ation phototherapy.7 Because of lack of studies and original
data, we were not able to provide subgroup analysis for
this aspect.

Subgroup analysis for location of TcB measurement be-
fore phototherapy showed better agreement between
TcB and TSB on the forehead compared with the ster-
num. However, because the sternal TcB measurements tend
to overestimate the TSB before phototherapy, the use of
sternal TcB measurements is still acceptable and safe at
least. We found that TcB is reliable in term, as well as in pre-
term, infants, with LoA just outside the 50 lmol/L range in
term infants and thus better agreement in preterm infants.
Concerning the type of TcB device, BiliChek and JM-103 have
smaller pooled MDs and SDs compared with JM-105. How-
ever, more inclusions are available with BiliChek and JM-103
in comparison with JM-105. For BiliCare, MBJ-20 and JH20-
1C, only few studies were available.

Our study represents an up-to-date review of TcB
agreements, with TSB using preferred methodology. One
of the strengths of this systematic review is the extensive
search of studies and the pooling of Bland-Altman statis-
tics. Results of Bland-Altman analysis can easily be trans-
lated to the clinical practice and are therefore useful for
formulating new policy.

Our study results are difficult to compare with the results
of the other already existing systematic reviews of TcB meas-
urements during phototherapy because of different statistical
methods used for pooling. As described above, correlation co-
efficients indicate the strength of a linear relationship and not
the agreement of 2 variables. A high correlation does not im-
ply good agreement between 2 variables.

Our systematic review has some limitations. First, our litera-
ture search was limited to English, German, and Dutch lan-
guages, leading to the exclusions of 9 possible relevant studies.
Secondly, several of the included studies have >1 TcB
measurement at 1 moment of paired measurement, mostly TcB
measurements at different locations or with different kinds of
TcB devices compared with 1 serum bilirubin measurement.20–34

Also, several of the included studies have repeated paired meas-
urements per neonate.23,28–30,33,35,38,39,44,45,50–63 In earlier litera-
ture, it is postulated that TcB values in the higher ranges
(above 256 lmol/L [3 mg/dL]) are not reliable.7 We were
not able because of lack of original data to separately assess
the agreement in the higher ranges. Furthermore, despite
save recommendations in the American Academy of Pediat-
rics, the influence of the amount of skin melanin and there-
fore different skin color stays controversial. In our review, we
could not address the influence of skin color. Most inclusions
were neonates from Caucasic and Asian origin, and most stud-
ies with mixed inclusions did not deliver data separately for
different skin colors.

In conclusion, this systematic review shows that TcB meas-
urements before and during phototherapy on covered skin
show acceptable accuracy compared with TSB measurements
in both term and preterm newborns. This suggests that, in
addition to the use of TcB for screening of hyperbilirubine-
mia before the application of phototherapy, the use of TcB
may be extended to the use during phototherapy, provided it
is measured on covered skin. Evidence of the best method of
skin covering does not exist yet, but the use of photo-opaque
patches can be recommended. TSB measurements are ad-
vised when TcB measurements are above or below but
within 50 lmol/L of the phototherapy threshold.7 The fore-
head is the preferred location for measurement of TcB; how-
ever, the sternum is also safe to use. The use of TcB during
phototherapy on uncovered skin is not advised. More studies
are needed to evaluate the accuracy of TcB compared with
TSB after the application of phototherapy on covered skin.

ACKNOWLEDGMENTS

We thank Joyce Peper, MSc, for her contribution.

ABBREVIATIONS

LoA: limits of agreement
MD: mean difference
TcB: transcutaneous bilirubin
TSB: total serum bilirubin

Address correspondence to Jolita Bekhof, MD, PhD, Department of Pediatrics, Isala Zwolle, Dr van Heesweg 2, 8000 GK Zwolle, Netherlands. E-mail: j.bekhof@isala.nl

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright© 2023 by the American Academy of Pediatrics

PEDIATRICS Volume 152, number 6, December 2023 13

Downloaded from http://publications.aap.org/pediatrics/article-pdf/152/6/e2023062335/1578534/peds.2023-062335.pdf
by Rijksuniversiteit Groningen Library user
on 13 February 2024

mailto:j.bekhof@isala.nl


FUNDING: No external funding.

CONFLICT OF INTEREST DISCLOSURES: The authors have indicated they have no conflicts of interest relevant to this article to disclose.

REFERENCES

1. Amos RC, Jacob H, Leith W. Jaundice in newborn babies under
28 days: NICE guideline 2016 (CG98). Arch Dis Child Educ Pract
Ed. 2017;102(4):207–209

2. Riskin A, Tamir A, Kugelman A, Hemo M, Bader D. Is visual assessment
of jaundice reliable as a screening tool to detect significant neonatal
hyperbilirubinemia? J Pediatr. 2008;152(6):782–787, 787.e1–787.e2

3. Wainer S, Parmar SM, Allegro D, Rabi Y, Lyon ME. Impact of a
transcutaneous bilirubinometry program on resource utilization
and severe hyperbilirubinemia. Pediatrics. 2012;129(1):77–86

4. McClean S, Baerg K, Smith-Fehr J, Szafron M. Cost savings with
transcutaneous screening versus total serum bilirubin measure-
ment for newborn jaundice in hospital and community settings:
a cost-minimization analysis. CMAJ Open. 2018;6(3):E285–E291

5. van den Esker-Jonker B, den Boer L, Pepping RMC, Bekhof J.
Transcutaneous bilirubinometry in jaundiced neonates: a ran-
domized controlled trial. Pediatrics. 2016;138(6):e20162414

6. el-Beshbishi SN, Shattuck KE, Mohammad AA, Petersen JR. Hyper-
bilirubinemia and transcutaneous bilirubinometry. Clin Chem.
2009;55(7):1280–1287

7. Kemper AR, Newman TB, Slaughter JL, et al. Clinical practice guideline
revision: management of hyperbilirubinemia in the newborn infant 35
or more weeks of gestation. Pediatrics. 2022;150(3):e2022058859

8. Hassan Shabuj M, Hossain J, Dey S. Accuracy of transcutaneous
bilirubinometry in the preterm infants: a comprehensive meta-
analysis. J Matern Fetal Neonatal Med. 2019;32(5):734–741

9. Nagar G, Vandermeer B, Campbell S, Kumar M. Reliability of
transcutaneous bilirubin devices in preterm infants: a systematic
review. Pediatrics. 2013;132(5):871–881

10. Hynes S, Moore Z, Patton D, O’Connor T, Nugent L. Accuracy of
transcutaneous bilirubin versus serum bilirubin measurement in
preterm infants receiving phototherapy: a systematic review. Adv
Neonatal Care. 2020;20(6):E118–E126

11. Nagar G, Vandermeer B, Campbell S, Kumar M. Effect of photo-
therapy on the reliability of transcutaneous bilirubin devices in
term and near-term infants: a systematic review and meta-analysis.
Neonatology. 2016;109(3):203–212

12. Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet.
1986;1(8476):307–310

13. Moher D, Ghersi D, Dooley G, Stewart L, Clarke M, Macleod M.
PROSPERO. Available at: https://www.crd.york.ac.uk/prospero/#about
page. Accessed September 23, 2022

14. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology–a proposal for reporting. JAMA.
2000;283(15):2008–2012

15. Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS-2 Group.
QUADAS-2: a revised tool for the quality assessment of diagnostic
accuracy studies. Ann Intern Med. 2011;155(8):529–536

16. Kazmierczak SC, Robertson AF, Catrou PG, Briley KP, Kreamer BL,
Gourley GR. Direct spectrophotometric method for measurement
of bilirubin in newborns: comparison with HPLC and an auto-
mated diazo method. Clin Chem. 2002;48(7):1096–1097

17. Williamson PR, Lancaster GA, Craig JV, Smyth RL. Meta-analysis
of method comparison studies. Stat Med. 2002;21(14):2013–2025

18. Geijer H, Udumyan R, Lohse G, Nilsagård Y. Temperature meas-
urements with a temporal scanner: systematic review and meta-
analysis. BMJ Open. 2016;6(3):e009509

19. Wells M, Goldstein LN, Bentley A. The accuracy of emergency
weight estimation systems in children-a systematic review and
meta-analysis. Int J Emerg Med. 2017;10(1):29

20. Mohamed M, Ibrahim NR, Ramli N, Abdul Majid N, Yacob NM, Na-
sir A. Comparison between the transcutaneous and total serum
bilirubin measurement in Malay neonates with neonatal jaun-
dice. Malays J Med Sci. 2022;29(1):43–54

21. Cat FC, Cat A, Cicek T, Gulec SG. Evaluation of the relationship be-
tween transcutaneous bilirubin measurement and total serum
bilirubin in neonatal patients followed for jaundice. Sisli Etfal Ha-
stan Tip Bul. 2021;55(2):262–267

22. Khajehei M, Chua SC, Gidaszewski B, Swain J. Comparing JM-105
and MBJ-20 transcutaneous bilirubinometers according to the
area tested in ethnically diverse late-preterm and term neo-
nates. J Perinat Neonatal Nurs. 2021;35(3):E30–E37

23. Jegathesan T, Campbell DM, Ray JG, et al. NeoHBC. Transcutane-
ous versus total serum bilirubin measurements in preterm in-
fants. Neonatology. 2021;118(4):443–453

24. Casnocha Lucanova L, Zibolenova J, Matasova K, Docekalova L,
Zibolen M. Accuracy of enhanced transcutaneous bilirubinometry
according to various measurement sites. Turk Pediatri Ars.
2021;56(1):15–21

25. Mendoza-Chuctaya G, Ramos-Chuctaya KR, Maraza-Aquino EJ,
Ruiz-Esquivel JE, Vel�azquez-C�ordova LAS. Accuracy of transcutane-
ous bilirubin measurement in full-term newborns at 3400 meters
above sea level. Bol M�ed Hosp Infant M�exico. 2021;78(2):116–122

26. Alptekin B, Sarici S€U, Serdar MA, Altun D. Comparison of the cor-
relation of various site transcutaneous bilirubin measurements
with serum bilirubin levels at the end of phototherapy. Acta Pae-
diatr. 2021;110(7):2072–2073

27. Jeon J, Lim G, Oh KW, Lee NM, Park HW, Chung ML. The forehead is
a better site than the sternum to check transcutaneous bilirubin
during phototherapy in sick infants. BMC Pediatr. 2020;20(1):548

28. Murli L, Thukral A, Sankar MJ, et al. Reliability of transcutaneous
bilirubinometry from shielded skin in neonates receiving photo-
therapy: a prospective cohort study. J Perinatol. 2017;37(2):
182–187

29. Chawla D, Jain S, Kaur G, Sinhmar V, Guglani V. Accuracy of
transcutaneous bilirubin measurement in preterm low birth
weight neonates. Eur J Pediatr. 2014;173(2):173–179

14 TEN KATE et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/152/6/e2023062335/1578534/peds.2023-062335.pdf
by Rijksuniversiteit Groningen Library user
on 13 February 2024

https://www.crd.york.ac.uk/prospero/#aboutpage
https://www.crd.york.ac.uk/prospero/#aboutpage


30. Kosarat S, Khuwuthyakorn V. Accuracy of transcutaneous bilirubin
measurement in term newborns. J Med Assoc Thai. 2013;96(2):
172–177

31. Romagnoli C, Zecca E, Catenazzi P, Barone G, Zuppa AA. Transcu-
taneous bilirubin measurement: comparison of Respironics Bili-
Check and JM-103 in a normal newborn population. Clin Biochem.
2012;45(9):659–662

32. Kaynak-T€urkmen M, Aydo�gdu SA, G€okbulut C, Yenisey C, S€oz O,
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