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Abstract- Background: Neonatal jaundiceis one of the main reasons for prolonged hospitalization
in newborns, and its progress and treatment depends on serum bilirubin values. Phototherapy
remains the mainstay of treatment of pathological jaundice in newborn babies. Though,
transcutaneous bilirubinometer has been used as a screening device for measuring bilirubin, its
role during phototherapy has always been questioned.

Objective: To study the correlation between Transcutaneous bilirubinometer (TcB) values with
serum bilirubin levels (TSB) in infants during phototherapy in term and late preterm babies.

Materials and Methods: The study was conducted in a tertiary new-born center from November
2014 to June 2016. The inclusion criteria included all babies above 34 weeks gestation and
exclusion criteria included babies with established direct hyperbilirubinemia, neonatal
septicemia, major congenital/ gastrointestinal malformations, and those on phototherapy.
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Can we Rely on Transcutaneous Bilirbinometry
during Phototherapy?

Dr. Pearl Mary Varughese

Absiract- Background: Neonatal jaundiceis one of the main
reasons for prolonged hospitalization in newborns, and its
progress and treatment depends on serum bilirubin values.
Phototherapy remains the mainstay of treatment of
pathological jaundice in newborn babies. Though,
transcutaneous bilirubinometer has been used as a screening
device for measuring bilirubin, its role during phototherapy has
always been questioned.

Objective: To study the correlation between Transcutaneous
bilirubinometer (TcB) values with serum bilirubin levels (TSB) in
infants during phototherapy in term and late preterm babies.

Materials and Methods: The study was conducted in a tertiary
new-born center from November 2014 to June 2016. The
inclusion criteria included all babies above 34 weeks gestation
and exclusion criteria included babies with established direct
hyperbilirubinemia, neonatal septicemia, major congenital/
gastrointestinal malformations, and those on phototherapy.
The sample size was 550, and after taking into consideration
the inclusion and exclusion criteria, 450 babies were recruited.
TSB and TcB were taken at 24 hours of age in all babies. A
photo-opaque patch was placed on the sternum.
Transcutaneous bilirubin was measured both in covered and
uncovered (forehead) regions, and simultaneous serum
bilirubin is taken. The correlation was measured for TSB and
TcB- exposed (TCB-E) and covered regions (TCB-C), in 54
babies who required phototherapy. Statistical analysis was
done using Spearman’s correlation, ROC curves and Bland
Altman plots.

Resulfs: TcB and TSB showed good correlation (0.948) at 24
hrs of age before initiation of phototherapy but with a poor
agreement (mean difference overestimating by 1.5mg/dl). The
correlation was better for TcBE and TSB within 24 hours of
phototherapy, and as the duration increased, the correlation
for TcBC was better than TCBE and serum bilirubin. Bland
Altmann shows good agreement too.

Conclusion: During phototherapy, transcutaneous
bilirubinometry can estimate bilirubin better in covered regions
when compared to exposed regions.

Keywords: serum bilirubin, transcutaneous  bilirubin,
phototherapy, jaundice, rebound bilirubin, newborns.

[. [NTRODUCTION
hyperbilirubinemia  is

eonatal jaundice or
Nobserved during the first week of life in
approximately 60% of term and 80% of preterm
infants(1). Neonatal hyperbilirubinemia occurs when

there is an imbalance between the production and
elimination of bilirubin, a breakdown product of
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hemoglobin. Kernicterus, which is due to severe
hyperbilirubinemia, is the most easily preventable cause
of neonatal mortality and brain death. With the
increasing demand for a shorter length of hospital stay
for babies after delivery, there is an increased risk of
unrecognized or delayed hyperbilirubinemia resulting in
an increased incidence of babies affected with
kernicterus(2)

The problem of finding an accurate and specific
method of bilirubin assay has for 50 years occupied the
attention of many workers. In the early days, jaundice
was assessed by the clinical evaluation of the babies.
The conventional method of measuring serum bilirubin
requires repeated blood sampling, which causes undue
pain to the babies and emotional stress to the
parents(3).Over the last three decades, transcutaneous
bilirubinometry has emerged as a safe, simple, cost-
effective non- invasive modality in the screening and
monitoring of jaundiced newborns(4),(5). But its clinical
utility is limited to a screening method rather than a
replacement for invasive blood sampling.

Phototherapy has been widely used in
pathological jaundice to reduce bilirubin levels. During
phototherapy, frequent blood sampling is necessary to
measure infants’ bilirubin levels and to assess treatment
efficacy to manage hyperbilirubinemia adequately (6).
The usefulness of transcutaneous bilirubinometer (TcB)
measurements during phototherapy in South Indian
new-borns remain unclear. This study is being done to
find out the correlation of transcutaneous bilirubinometer
index (TcBl) with serum bilirubin levels in term and late
preterm neonates during phototherapy and to study the
reliability of TcBI during phototherapy in exposed and
unexposed regions.

[I. METHODS

Study Population: This was a prospective observational
study on inborn babies more than 34 weeks gestational
age, from November 2014 to June 2016 in a neonatal
unit of a medical college hospital in South India. The
exclusion criteria included babies with established direct
hyperbilirubinemia,  neonatal  septicemia, = major
congenital/ gastrointestinal malformations, and those
started on phototherapy.

The sample size was calculated using the formula:

_ Z2p(1-p))

n 22
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7Z%=1.96 at 95% confidence interval

P= proportion of infants with hyperbilirubinemia = 20%,
d= error margin or precision=4%

The minimum sample required was 385. In the
present study, 450 samples were collected. The study
protocol was approved by the institutional review board
and ethics committee. Written informed consent was
obtained from the mothers for using their baby’s de-
identified data. Confidentiality was maintained
throughout the study. The clinical and dimorphic profile
of the mother and the baby was collected using a
proforma.

Transcutaneous bilirubin levels (TcB) were
estimated with Drager Jaundice Meter JM-105 Dby
placing the instrument on the baby’s sternum. The
sternum was taken as the principal site of measurement,
as several studies have shown excellent correlation with
TSB compared to the other sites(7)(8). An average of
three readings was taken as the TcB value. After each
baby, the probe was cleaned with sterile gauze before
using it for the next baby.

Approximately 1 ml of venous blood was
collected in a microtainer clot activator tube for
assessing total serum bilirubin (TSB) level under strict
aseptic precautions after the mother was explained
about the procedure. Serum bilirubin measurements
were measured using the Diazo method (modified
Jendrassik-Grof method) in the automated analyzer
Cobas Integra 400 plus from Roche Diagnostics. The
maximum interval of time between the transcutaneous
measurement and the collection of blood for total serum
bilirubin was 30 minutes.

A disposable temperature probe cover (Phoenix
Medical Systems Ltd) was used as the phototherapy
patch on the sternum of the babies. The patch was
secured to the skin using liquid adhesive present on the
inner surface and would remain in place till the end of
phototherapy. The patch measures 32mm in diameter
with a thickness of 2mm. (Figure 3)

All babies were visually examined every 6 hours
on the first day of life by a trained physician and twice a
day after that. At 24 hours TSB and TcB were done on
all babies and later repeated as per attending clinician’s
discretion. If phototherapy is required, the babies were
started on phototherapy after informed consent was
obtained, and AAP guidelines were followed(9).
Phototherapy lights used were the standard CFL 101
model (Phoenix Ltd) consisting of six CFL lights
providing blue light at -30 uW/cm?/nm with an intensity
of up to 40uW.A pre-set height of 45cm from the bed
was made for the phototherapy lights. The eyes and
genitalia of the babies would be covered before starting
phototherapy. Phototherapy units are maintained and
used according to manufacturer guideline. The
phototherapy patch would be placed on the sternum,
and the transcutaneous bilirubin measurements are
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taken from both the covered regions (area under the
patch) and the exposed regions (the forehead of the
baby). (Figure 4 and 5)

Four hours after the starting of phototherapy,
the blood samples were taken for hemolytic work up
according to the Department protocol. The phototherapy
light would be switched off before the blood samples
were taken. During phototherapy, whenever the blood
sample was taken for bilirubin values, simultaneously
the TcBI-E and TcBI-C measurements were also taken.

Data were entered in Microsoft Excel and
analyzed using the SPSS version 20.0 for Windows
software. Pearson’s correlation and Bland Altman
analysis were used for studying the data.

I11. RESULTS

The total number of babies delivered at the
Pondicherry Institute of Medical Sciences during the
study period (November 2014- April 2016) was 1950.
567 babies were recruited, and after taking into
consideration the inclusion and the exclusion criteria,
450 babies were included considering be the incidence
of hyperbilirubinemia to 20%. Of this, only 54 babies
developed hyperbilirubinemia. (Figure 1)

The mean serum bilirubin of the entire cohort
before phototherapy was 6.2 =+ 1.4mg/dl, and the
simultaneous mean TcB value was 7.7 = 1.4mg/dl. In
the 54 babies with significant hyperbilirubinemia, 23
babies (42.6%) were males, and 31 babies (57.4%) were
females. In the 54 babies with significant
hyperbilirubinemia, 10 babies (18.5%) were late preterm
babies, and 42 babies (77.8%) were from 37-39 ¢ weeks
of gestation. Only 2(3.7%) babies were post-dated who
developed significant hyperbilirubinemia.
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Figure 1. Distribution Based on Babies with Significant Hyperbilirubinemia
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Figure 2: Distribution of Babies Based on Duration of Phototherapy
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before phototherapy

Figure 3: Placing the patch on the sternum  Figure 4: Measuring TcBI C at the sternum
after the patch is removed

Figure 5: Measuring TcBI E (Exposed) at the forehead of the baby

Table 1: Correlation of Tcbie (Exposed) and Tcbic (Covered) with Tsb at Different Time Intervals after Starting

Phototherapy
Time Number (%) Correlation Co-efficient Value
4 hours TcBI-E (EXPOSED) WITH TSB 54 (100) 0.931
TcBI-C (COVERED) WITH TSB 0.886
8-12 hours TcBI-E (EXPOSED) WITH TSB 22 (100) 0.932
TcBI-C (COVERED) WITH TSB 0.885 <0.001
13- 24 hours TcBI-E (EXPOSED) WITH TSB 39 (100) 0.980
TcBI-C (COVERED) WITH TSB 0.957
25-36 hours TcBI-E (EXPOSED) WITH TSB 6 (100) 0.829
TcBI-C (COVERED) WITH TSB 0.869
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As shown in Figure 6, after 4 hours of starting
phototherapy TcBI levels in both the covered and
exposed regions showed good correlation with TSB (r=
0.931 and r= 0.886 respectively). After 8-12 hours of
starting phototherapy, 22 babies were evaluated. The
remaining 32 babies had lower risk, or the slower rise of
bilirubin levels, so were pricked at a later time interval.
There was a better correlation with serum bilirubin in
exposed regions than covered regions within 12 hours
of starting phototherapy with r= 0.932 and r= 0.885,

respectively. As the duration of phototherapy increases,
there was a significant correlation of TcB with TSB in
both the exposed and covered regions (r = 0.980 in
exposed regions and r= 0. 957 in covered regions).
After 24 hours of starting phototherapy, though there is a
significant correlation for both, the correlation was better
in the covered regions (r = 0.829 in exposed regions
and r= 0. 869 in covered regions). Further correlations
as the duration of the phototherapy increases could not
be done as there were very few cases.

A) TCBI-E (EXPOSED) VS TSB (B) TCBI-C (COVERED) VS TSB
4 1T R=0.931 p<0.001 T R=0.886 p<0.001
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Figure 6. Graphs Showing Correlation of Tcbie and Tcbic with Tsb at Different Time Intervals during Phototherapy
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Table 2: Statistical Analysis According to the Bland Altman Plot for the Babies Who Had Significant
Hyperbilirubinemia

MEAN STANDARD
TIME VARIABLES NUMBER (N) (MG/DL) DEVIATION
TcBI C with TSB 54 2.1 1.9
4 hours  after  starting
phototherapy TcBI E with TSB 54 13 0.6
TcBI C with TSB 39 1.6 0.7
13-24 hours after starting
phototherapy .
TcBI E with TSB 39 0.7 0.6

As shown in table 2, 4 hours after starting
phototherapy, the TcBlover- estimates TSB by 2.1 =
1.9mg/dl in covered regions and by 1.3 = 0.6mg/dl in
exposed regions. Within 13-24 hours after starting
phototherapy, the TcBI over- estimates TSB by1.6 =
0.7mg/dl in covered regions and only by 0.7 = 0.6mg/dI
in exposed regions.

IV. DISCUSSION

Transcutaneous  bilirubinometry has been
extensively used as a substitute for serum bilirubin as it
is reliable, safe, quick, and cost- effective. But when the
babies are subject to phototherapy, serum bilirubin
continues to be the ideal choice of many pediatricians
for assessing the progression of jaundice. There have
been conflicting ideas when the correlation of
transcutaneous bilirubin and serum bilirubin  during
phototherapy has been discussed with differing
characteristics like the site of assessment, covered and
exposed regions, type of lights, and type (continuous or
intermittent) of phototherapy. With the initiation of
phototherapy, a rapid decrement in dermal bilirubinis
caused by photoisomerization ofalbumin-bound bilirubin
in interstitial places and subcutaneous capillaries
intolumirubin and other photo isomers (10). Studies
have shown that the rate of decrease of dermal bilirubin
as measured by TcBI is non — linear concerning the
duration of phototherapy. Serum bilirubin shows an
exponential decline that is independent of the logarithm
of light dose. Skin bilirubin decreases more than the
plasma bilirubin causing the bilirubin gradient between
the two. The possible rationale behind the difference in
shielded and exposed regions could be that TcB in
exposed regions underestimates bilirubin levels owing
to bleaching with phototherapy while dermal bilirubin at
the shielded site, doe not participate in the phototherapy
induced conversion of bilirubinto its photo isomers as
much as the exposed skin (11). Vogl et al. using
Gosset’s icterometer, showed that light does not bleach
the covered skin, and a clear demarcation exists
between bleached and icteric skin(12).
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With the forehead being covered, Zecca et al.
concluded that transcutaneous bilirubin measurement of
covered skin could be a reliable method for use during
phototherapy, reducing blood sampling(13). Mitra
Radfaretal. too proved that post-phototherapy
correlation was 0.92 among term and 0.887 among
preterm neonates in patched area (forehead), while it
was 0.666 among term and 0.756 among preterm
neonates post-phototherapy in unpatched areas(14).
Most of the studies show that the covered regions had a
better correlation to serum bilirubin values during
phototherapy compared to the exposed regions in both
term and preterm babies(15) (16) (17) (18).But a
systemic review conducted showed that there was no
statistically significant difference in the pooled estimates
of the correlation coefficients in the covered regions and
the exposed regions (r= 0.71 and 0.65 respectively)(19).
But these results were conflicting to the results obtained
by a few authors who proved that TcB could not be
used as a surrogate measure of TSB once phototherapy
has started (20). Murli et al. did notfind agreement
between TcB and TSB in 34- 41week gestation neonates
receiving phototherapy (21). Fok et al. and Tudehope et
al. reported a lower correlation between TcB and TSB
both in the exposed and unexposed areas of the skin of
the forehead in term neonates receiving phototherapy
(22) (23).

In our study though there is a statistically
significant difference, the correlation is found to be
better in exposed regions in the first 24 hours, and after
24 hours, the correlation not only decreased but is found
to be better in covered regions than exposed.

This study was the first of its kind to be done in
the South Indian population. Most of the studies showed
correlation  coefficients, but we have used both
correlation coefficients and Bland Altman plots. Bland
Altman plots do not depend on treatment thresholds
and are more useful than correlations in clinical practice.
But there were a few limitations in our study. Firstly, it is
not a population-based study, and it represents the data
of a single tertiary care hospital in South India. The
sample size was small compared to other studies.



Lastly, further correlations as the duration of the
phototherapy increases (after 36 hours) could not be
done as there was very few cases.

V. CONCLUSION

Significant correlations exists between TcB and
serum bilirubin levels in both the exposed and covered
group. But the exposed group is overestimating the
bilirubin level at different points of time more than that of
the covered group. Hence the TCB prediction of bilirubin
is better in covered areas when compared to exposed
areas after 24 hours of starting phototherapy.

Conflict of Interest: There was no conflict of interest.
Funding: This was a self- funded study.

REFERENCES REFERENCES REFERENCIAS

1. Ambalavanan N, Carlo WA. Jaundice and
Hyperbilirubinemia in the Newborn. In Kliegmann
RM, Stanton BF, Schor NF, St. Geme JW editors.
Nelson Textbook of Pediatrics 20" edition 2015.p
871-880.

2. Romagnoli C, Tiberi E, Barone G, Curtis MD, Regoli
D, Paolillo P, et al. Development and validation of
serum bilirubin nomogram to predict the absence of
risk for severe hyperbilirubinaemia  before
discharge: a prospective, multicenter study. Ital J
Pediatr. 2012 Feb 1; 38:6.\

3. Yap SH, Mohammad I, Ryan CA. Avoiding painful
blood sampling in neonates by transcutaneous
bilirubinometry. Ir J Med Sci. 2002 Oct;
171(4):188-90.

4. Stillova L, Matasova K, Mikitova T, Stilla J,
Kolarovszka H, Zibolen M. Evaluation of
transcutaneous bilirubinometry in preterm infants of
gestational age 32-34 weeks. Biomed Pap. 2007
Dec 1; 151(2):267-71.

5. Boo N-Y, lIshak S. Prediction of severe
hyperbilirubinaemia using the Bilicheck
transcutaneous bilirubinometer. J Paediatr Child
Health. 2007 Apr; 43(4):297-302.

6. Hulzebos CV, Vader-van Imhoff DE, Bos AF, Dijk
PH. Should transcutaneous bilirubin be measured in
preterm infants receiving phototherapy? The
relationship between transcutaneous and total
serum bilirubin in preterm infants with and without
phototherapy. PloS one. 2019 Jun 14,
14(6):e0218131.

7. Nagar G, Vandermeer B, Campbell S, Kumar M.
Reliability of transcutaneous bilirubin devices in
preterm infants: a systematic review. Pediatrics.
2013 Nov; 132(5):871-81.

8. Kurokawa D, Nakamura H, Yokota T, Iwatani S,
Morisawa T, Katayama Y, et al. Screening for
Hyperbilirubinemia in Japanese Very  Low
Birthweight Infants Using Transcutaneous
Bilirubinometry. J Pediatr. 2016 Jan; 168:77-81.e1.

10.

11.

12.

13.

14,

15.

16.

17.

18.

20.

21.

22.

American Academy of Pediatrics Subcommittee on
Hyperbilirubinemia.  Management of  hyperbi-
lirubinemia in the newborn infant 35 or more weeks
of gestation. Pediatrics. 2004 Jul; 114(1): 297-316.
Hegyi T, Hiatt IM, Gertner IM, Zanni R, Tolentino T.
Transcutaneous bilirubinometry II. Dermal bilirubin
kinetics during phototherapy. Pediatric research.
1983 Nov; 17(11):888.

Chakrabarti R. Correlation of Transcutaneous
Bilirubin and Total Serum Bilirubin after Photo
Therapy where a Definite Spot of Skin Remains
Patched in Case of Indian Brownish Complexioned
Babies.

Vogl TP. Phototherapy of neonatal
hyperbilirubinemia: Bilirubin in unexposed areas of
the skin. J Pediatr. 1974 Nov 1; 85(5):707-10.
Zecca E, Barone G, De Luca D, Marra R, Tiberi E,
Romagnoli C. Skin bilirubin measurement during
phototherapy in preterm and term newborn infants.
Early Hum Dev. 2009 Aug; 85(8):537-40.

Radfar M, Hashemieh M, Shirvani F, Madani R.
Transcutaneous Bilirubinometry in Preterm and
Term Newborn Infants before and during
Phototherapy. Arch Iran Med. 2016 May; 19(5):
323-8.

Povaluk P, Shwetz EA, Kliemann R. Comparative
study between plasma and transcutaneous bilirubin
measurements in newborns. Rev Paul Pediatr. 2011
Mar; 29(1):6-12.

Alsaedi SA. Transcutaneous Bilirubin Measurements
Can Be Used to Measure Bilirubin Levels during
Phototherapy. International journal of pediatrics.
2018; 2018.

Nanjundaswamy S, Petrova A, Mehta R, Hegyi T.
Transcutaneous bilirubinometry in preterm infants
receiving phototherapy. American journal of
perinatology. 2005 Apr; 22(03):127-31.

Dagli PP, Vasava S. Accuracy of Transcutaneous
Bilirubinometry in Neonates Receiving
Phototherapy. Journal of Nepal Paediatric Society.
2018 Nov 19; 38(1):1-7.

. Nagar G, Vandermeer B, Campbell S, Kumar M.

Effect of Phototherapy on the Reliability of
Transcutaneous Bilirubin Devices in Term and Near-
Term Infants: A Systematic Review and Meta-
Analysis. Neonatology. 2016; 109(3):203-12.
Panburana J, Boonkasidach S, Rearkyai S.
Accuracy  of  transcutaneous  bilirubinometry
compare to total serum bilirubin measurement. J
Med Assoc Thai. 2010 Feb 1; 93(Suppl 2):S81-6.
Murli L, Thukral A, Sankar M, Vishnubhatla S,
Deorari A, Paul V et al. Reliability of Transcutaneous
bilirubinometry from shielded skin in neonates
receiving phototherapy: a prospective cohort study.
J Perinatol 2016;37(2):182-187.

FOK TF, LAU SP, HUI CW, FUNG KP, WAN CW.
Transcutaneous bilirubinometer: its use in Chinese

© 2020 Global Journals

E Year 2020

(F)



Global Journal of Medical Rescarch ( F) Volume XX Issue V Version I E Year 2020

23.

term infants and the effect of haematocrit and
phototherapy on the TcB index. Journal of
Paediatrics and Child Health. 1986 May;22(2):107-9.
Tudehope DL, Chang A. Non-invasive method of
measuring bilirubin levels in newborn infants.
Medical Journal of Australia. 1982 Feb;1(4):165-8.

© 2020 Global Journals



	Can we Rely on Transcutaneous Bilirbinometry during Phototherapy?
	Author
	Keywords
	I. Introduction
	II. Methods
	III. Results
	IV. Discussion
	V. Conclusion
	References Références Referencias

