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Abstract

Background: Light emitting diode (LED) devices have been shdwhe as effective as any other phototherapy @dsjcin vitro and few in vivo
studies, but the clinical data comparing LEDs weitimpact fluorescent lamp (CFL) phototherapy uni¢slianited. Objectives: To compare the
effectiveness of Gallium nitride derived LED versOBL phototherapy unitdMethods: Hemodynamically stable neonates of >34 weeks of
gestation age, suffering from neonatal hyperbiiinemia and requiring phototherapy were includedhi@ study. Rh and ABO incompatible
babies were also included. Jaundiced newborn whe veguiring or already received exchange transfysick newborns (e.g. birth asphyxia,
acidosis, hypoglycaemia, respiratory distress,icapmia etc.), newborns with conjugated hypertiiinemia and babies who developed any
significant complication during the course of phb&yapy were excludedResults: The mean baseline photo irradiation in CFL grougsw
40.63+8.03 pW/cm2/nm, compared to 48.91+9.24 pW/om2in LED group (p value - 0.0006) and mean fallerof serum bilirubin was
significantly more in LED group (0.18+0.059 mg/d)las compared to CFL group (0.16+0.050 mg/dl/pryglue - 0.022), and mean duration of
phototherapy in CFL group was 38.35+14.96 hourspamed to 33.83+12.82 hours in LED group (p valie02). Conclusion: Results of our
study shows that LED phototherapy unit is bettentlCFL phototherapy unit for management of neorjataidice in terms of rate of fall of
serum bilirubin, shorter duration of phototherapg @ower saving device with minimal adverse effects
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INTRODUCTION

Pathological or uncontrolled physiological neongtaindice
can result in varying degree of neurologicdeficit or even

death in extreme casE5Therefore, to prevent the long term

crippling devastating encephalopathy and deathedds extra
caution, vigilance and early intervention. Variom®dalities

source for the optimal phototherapy unit.

Although, LED devices have been shown to be more
effective than any other phototherapy device byitiro and few
in vivo studies, but the clinical data comparing D<sE with
compact fluorescent lamp (CFL) and conventionalkgih@rapy
units are limited®® Therefore, we planned the present study to

have been developed for the management of neonai@mpare the efficacy of LED device with respectbtiirubin

hyperbilirubinemia  including  phototherapy, exabe
transfusion and drug theraffy/Phototherapy is relatively safe,
non-invasive, and preferred modality for the mamaget of
neonatal jaundice with minimal side effects. Vasidypes of
phototherapy devices were evolved over the periotinee,
and efficacy of these depends on the spectrungbf émitted,
spectral irradiance, the surface area exposeddiatahce from
light and initial serum bilirubin levéf!

Recently, the blue Gallium nitride derived lightiéing
diodes (LEDs) have been utilized as light sourcehintotherapy
units which emit a high intensity narrow band otéllight
overlapping the peak spectrum of bilirubin breakdowEDs
have several advantages which conventional dedcedacking
such as light weight, compact size, high energicieficy, low
voltage battery and extreme long life (20,000 hpfifs These
unique characteristics of LEDs make them an attradight
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photo-degradation with commercially used converdion
fluorescent tubes phototherapy device.

MATERIAL AND METHODS

The present study was carried out on newborns ipiiege
with jaundice at a neonatal unit in the Departnwdraediatrics of
a tertiary care centre of Jaipur between Novemb@tl2and
October 2012. Hemdynamically stable neonates ofentban 34
weeks of gestation, suffering from neonatal hygeutinemia and
requiring phototherapy (as per AAP chaffsyyere included in the
study. Rh and ABO incompatible babies were alstuded in the
study. Jaundiced newborn who were requiring oradlyereceived
exchange transfusion, sick newborns (e.g. birttngsp, acidosis,
hypoglycaemia, respiratory distress, septicaemia),ehewborns
with conjugated hyperbilirubinemia and babies wiealoped any
significant complication during the course of phlib&yapy were
excluded.

All the neonates were clinically screened for jaoed
Those suspected to have clinically significant f@ioce were
investigated for blood serum bilirubin level for némmation.
Neonates who met inclusion criteria were enrolled the study
after taking informed written consent from mothaitier/legal
guardian. These neonates were enrolled on congedodisis and
recruited alternatively in two treatment groupsa#d B. Neonates
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of group A were managed with blue LED phototherapit at
a height of 25 cm while neonates of group B weraagad
with special blue CFL phototherapy unit at a height0 cm
according to manufacturer's guidelines.

Serum bilirubin concentration was measured jusoiteef
starting phototherapy (0 hours) and then at 6 lamar then every
24 hours as per AAP guideliffé.New light sources were used
initially in both types of phototherapy units foramagement of
neonatal hyperbilirubinemia. Before starting phioéoépy on each
subject, the spectral irradiance was checked fdh ligpe of
phototherapy unit by photo radiometer. Our targa$ W0 maintain
irradiance above 15uW/cm2/nm at all the times aglat kources
were replaced whenever necessary, to maintairirthgiance. All
Infants were kept unclothed under phototherapydautitalia and
eye were covered. All the newborn in study were agad with
single surface continuous phototherapy and remofen
phototherapy only for feeding, changing and bloathgling. All
babies were examined thoroughly daily and monitczeery 12
hourly for vitals, weight, urine output, temperaturclinical
jaundice, and development of rashes, number ofsstal sign of
dehydration. Mother and care taker were advised fifequent
feeding of baby. Time and date of starting and atifouing
phototherapy was noted exactly.

CFL phototherapy units used in our neonatal unitewe
supplied by BIRD MEDITECH Mumbai, India comprised 4
special blue CFL's (PHILIPS PL-L 18w/52/4p, madePioland)
and 2 white CFL's (OSRAM DULUX L 18W/865 FPL 18E D,
made in Korea) mounted on metal frame with adjustakights.
The lamps were covered by special transparent shatfocuses
and prevent scattering of light. The LED phototlpgraunits
(BIRD MEDITECH, Mumbai) comprise of 9 special blgallium
nitride LED bulb (12w, operational voltagel00-2508@Hz),
emit blue light in 450-470nm (peak absorb wave 48Bmvith
irradiance of >25puw/cm?/nm. It has wide effectivea long life
(20,000 hour), do not emit infrared radiation. RPhoadiometer
(FLUXMETER, Model-FLM) to measure irradiance was dea
and supplied by MEDITRIN INSTRUMENTS, Mumbai-400Q95
India.

Phototherapy was discontinued when total serumubitn
level fell below the phototherapy range (as per AélRarts).
Outcome variables were mean fall in serum bilirulewel per
hour, total duration of phototherapy, clinicallyssiovable adverse
effects, and failure of phototherapy. Failure obtherapy was
considered when bilirubin level rises despite obtptherapy or
does not decreased at 24 hour or reached to vad3édower than
those that would indicate a need for

Table 1: Demographic profile of study population

exchange transfusid#.

All collected data were entered in excel sheetrapare
master chart. Qualitative data were summarisedeaseptage
and quantitative data were summarised as meanstandard
deviation. Chi-square test was used to find outsifaificance
of difference between proportions and percentagi/bile
unpaired 't' test was used to find out significantelifference
between two means. 'P' value less than 0.05 (<@v@5)taken
as significant difference.

RESULTS

In this study, a total 200 patients were recruitet
divided into 2 groups, group A & B, each consistioig100
babies. Babies in group A were given phototheragih w
gallium nitride LED and group B were given photatigy with
special blue CFL phototherapy unit. A total of 2&ses were
excluded from the study due to various reasonsudiag
refusal to consent (4 patients), requiring or alyegeceived an
exchange transfusion or double surface phototherédy
patients), sick newborns (6 patients), newborns witnjugated
hyperbilirubinemia (9 patients).

Various demographic variables were comparable ith bo
groups (Table 1). There were no statistical diffieeein terms of
birth weight, gestational age, gender, and routdeti/ery, age at
admission to the neonatal unit, blood group incaibpdy and
serum bilirubin level at the initiation of therapyse of oxytocin
was found to be the most common risk factor formagal jaundice
in newborn (15%) followed by cephalohematoma (13.5%
Distribution of above risk factors were comparaibléoth groups
with no statistically significance difference (plwa >0.05).

There were significant differences in the absotltenge
in serum bilirubin level per hour and change irugsemilirubin
level in first 24 (p value - 0.009) and 48 hoursvgbue - 0.006)
after initiation of therapy but was not significantbetween 48
to 72 hours (p value - 0.739) (Table 2). Duratioh o
phototherapy was shorter in the LED phototherapugrand
this was statistically significant (p value-<0.05).

Commonest adverse effect was fever in 25 (12.5%g<sa
followed by rash in 21 (10.5%) cases and the leasimon was
dehydration in 10 (5%) cases. In CFL group, maximmumber of
cases (24%) developed fever while hypothermia wees least
common side effect (1%). On the contrary, hypothierh0%) was
the most common side effect in LED group. Othee sffects were
very less in number (Table 3). So, LED group haghificantly
lesser side effects as compared to CFL group (peva0.05)
except hypothermia which was more in LED group.

CFL Group LED Group P value
Gender (M/F) 47/5: 44/5¢€ 0.607
Birth weight (in kg) (Mean+SD) 2.54 £ 0.4 2.56 + 0.3 0.83¢
Gestational Age (week) (Mean+SL 38.42+1.6 38.48+1.4 0.84¢
Admission Age (days) (Mean+SD 3.30 £ 0.9, 3.36 + 1.0« >0.0¢
Vaginal/ Caesarean sectic 45/5¢k 49/5] 0.47
TSB at admission(gm/dl) (Mean+SC 16.78+ 2.2. 16.79+ 1.9 0.977.
ABO incompatibility 38 39 0.88¢
Rh incompatibility 15 14 0.84:
Feeding (breast feeding/ topeeding 81/1¢ 83/17 0.74:
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Table 2: Comparison of study outcomes

Study Outcome CFL Group LED Group P value
Serum bilirubi n fall 2.45+1.65 mg/dl/de 3.07+1.82 mg/dl/de 0.009¢
in 0-24 hours (MeantSD)

Serum bilirubin fall 2.55+1.08 mg/dl/de 3.26+1.26 mg/dl/de 0.006¢
in 24-48 hours (Mean+SD)

Serum bilirubin fall 2.82+1.53 mg/dl/da 2.65+0.49 mg/dl/de 0.73¢
in 48-72 hours (Mean+SD)

Total fall in serum bilirubin 0.164 mg/dl/h 0.182 mg/dl/h 0.02:
Duration of phototherapy (hrs) 38.3¢ 33.8: 0.02:
Photo irradiation (pw/cm‘/nm) 40.63+8.0. 49.91+9.2. 0.000¢

Table 3: Distribution of clinically observable sideeffects in both groups

adverse | (oo | (Neroo | Nepoo. || G P
effects No. 1% INo. T % I No. T % || Square | Value
Dehydration 8 8 2 10 5 2.63 0.1048
Fever 24 124 1 1| 25 | 125| 22.12 | 0.0000
Loose Motion | 14 | 14 | 4 18 9 4.94 0.0262
Rashes 17 117 | 4 4 | 21 | 105 7.66 | 0.0056
Hypothermia 1 1 10 | 10 11 5.5 8.53 0.0035

Among 200 cases, failure of phototherapy was foimtbtal 5
(2.5%) neonates and these required double surfagc®tberapy,
among these two were in LED and 3 were in CFL group

25cm) from body surface of neonate compared to tk25Aa
30cm). It would be possible that babies in theidgtexposed to
lesser photo-irradiance as compared to our study,we
observed that on reducing distance of photothemapgiance
was increased.

DISCUSSION In our study, duration of phototherapy in the pase

Recently, LED phototherapy had been used as afeceiving LEDs was significantly shorter than tho'e_eCFL
upcoming modality in the management of neonataffoup. In a study by Karagol et &I, the duration  of
hyperbilirubinemia with variable effects as comphreo Phototherapy in LED was apparently less than threveotional
conventional phototherafy:® In our study, mean baseline photo Unit but was not significant that might be becaofemaller
irradiation was significantly higher in LED group aompared to Nnumber of cases in their study. Incidence of failuof
CFL group which is in collaboration with previousidy done by ~Phototherapy in our study was 5 (2.5%) and amoregeh3
Kumar et af?! In this study, LED phototherapy was found to be(3%) cases were in CFL group and 2% were in LEigrthat
more effective than conventional fluorescent phwoapy with required double volume exchange transfusion ance wen-
respect to bilirubin photodegradation. LED photedipy reduced  Significant similar to a previous stufy.

TSB level in the first 48 hour of phototherapy sigantly and In present study, the most common observed adverse

these were comparable with previous studies by ¢@ret al and
Chang et af that reported a significant higher efficacy of LED
in bilirubin photodegradation than conventional faioerapy both
in vitro and in vivo. However, in our study thereasv no
significant difference between two treatment mdadi after 48
hours, which could due to be a major fall in fid§ hours. More
effective reduction in serum bilirubin by LED phtterapy units
may be because of higher photo-irradiance and cmmeise peak
wavelength (458nm) as compared to CFL ufit$dowever, some
of the other previous studies, efficacy of CFL ah&D
phototherapy units in terms of reduction rate dirdbin were
equal®*? The probable cause of this may be that Maisel,&t'a
used the strategy of similar photo-irradiance byusithg the

effects in CFL group were fever (25%) followed tgshes
(17%) while in LED group, it was hypothermia (10féNowed

by diarrhoea (4%). In our study, side effects wagmificantly

less in LED group in comparison to CFL group thatrev
contradictory with the study by Kumar etal.

Our study does have few limitations like we have no
calculated the exact sample size, and smaller nocasfes.
Evaluation of the effect of various determinanke Ibody surface
area, distance and photo wavelength, which cartatfie efficacy
of phototherapy devices, was not done. We also havestudied
the difference in the rate of fall of bilirubin lelin relation to the
underlying causes of hyperbilirubinemia, inborn \sutborn

distance while second stuiywas conducted 3 year back when Patiénts and neonates already admitted in the tadsgs. who

LED phototherapy was just introduced in Indian nearfor the
management of neonatal jaundice. LED phototherapyjcd used
in our study was probably more advanced & impraviaad we
kept the LED light source at relatively closedistance (20-

came directly from home. Therefore, before layingwvd any
recommendation for universal use of LED photothgrap
neonatal jaundice, further studies are requireprdve its superior
efficacy. These studies should be undertaken tgpaoennot only
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