October- December, 2014/ Vol 1/ Issue 3 ISSN 2349-5499

Research Article
Light-emitting Diodes versus Compact Fluorescent Tubes for
Phototherapy in Neonatal Jaundice: A randomised control trial

Reddy TR!, Prasad PK?, Parakh H3, Nagar P*

'Dr T Raghunath Reddy, Cosultant Pediatrics, 2Dr P Krishna Prasad, Cosultant Pediatrics, *Dr Hemant parakh, Consultant
Peditrics, Dr Pritesh nagar, Consultant Pediatric Intensivist, Aditya Hospital Hyderabad, Telangana, India

Address for correspondence: Dr Pritesh Nagar, Email: priteshnagar@gmail.com

Abstract

Introduction: Newer light emitting diodes (LED) phototherapy units have become indigenous part in the management of
neonatal hyperbilirubinemia almost replacing the conventional compact fluorescent light (CFL) units. Only few studies from
India available compare the efficacies of two, so a randomised control study was undertaken. Methods: 60 healthy neonates
> 35 weeks gestational age were randomised into CFL and LED groups using computerised random number sequence. The
rate of fall of bilirubin levels at 6 hours and at completion along with total duration of phototherapy in both groups was
measured. Results analysed by standard statistical methods. Results: LED phototherapy units showed higher rate of fall
bilirubin at 6hrs (LED 0.41+ 0.10mg/dl/hr VS CFL 0.23+ 0.17 mg/dl/hr, C.I=95%, p<0.05) and after completion of therapy
(LED 0.29+ 0.08 mg/dl/hr VS CFL 0.19+ 0.06 mg/dl/hr with p<0.05 C.I 95%) compared to CFL group. There was no
statistically significant difference in total duration of therapy in both the groups (LED 18.848hrs VS CFL 20+6 hrs C.I=95%
p=0.56). 2 among CFL group had failure of phototherapy whereas 1 was lost to follow up in LED group. Both groups didn’t
show any side effects. Conclusion: The LED phototherapy units are more efficacious in terms of higher rate of fall of
bilirubin levels in similar time duration compared to CFL units. But the total duration of phototherapy was equal; it can be
because there was significant difference between both the groups in terms of bilirubin levels at start and at end of therapy
which couldn’t be prevented even after effective randomisation.
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Introduction
time. Other factors suggesting a non-physiologic cause of

jaundice are family history of haemolytic disease, pallor,
hepatomegaly, splenomegaly, failure of phototherapy to
lower the bilirubin level, vomiting, lethargy, poor feeding,
excessive weight loss, bradycardia, abnormal vital signs
(including hypothermia), light coloured stools, dark urine
positive for bilirubin, and signs of kernicterus [1][3][5].

Neonatal hyperbilirubinemia is one of the common
conditions encountered in day to day practice.
Approximately 60% of term and 80% of preterm babies
develop jaundice in the first week of life, and about 10% of
breast fed babies are still jaundiced at Imonth of age.
Jaundice occurs in new born physiologically and becomes
visible on the 2nd or 3rd day, usually peaking between the
2nd and 4th days at 5-6 mg/dL and decreasing to <2 mg/dL
between the 5th and 7th days of life. This physiological
jaundice is due to shorter life span of circulating RBCs
resulting in increased destruction along with transient
impairment of the neonatal liver for conjugation of the
bilirubin. It was found that overall 6-7% of full-term infants
have indirect bilirubin levels >13 mg/dL and less than 3%
have levels >15 mg/dL[1].

The most dreaded complication of neonatal jaundice is
kernicterus which is due to deposition of bilirubin in the
brain causing yellowish discoloration of the brain, leading
to bilirubin encephalopathy[2][3]. The exact level of
bilirubin that is likely to cause neurotoxicity in any baby
varies, and depends on the interplay of the multiple factors
which includes acidosis, gestational and postnatal age, and
rate of rise of serum bilirubin, serum albumin concentration,
and concurrent illness. Asian babies being are at higher risk
due to breast-feeding, variant-glucuronosyl transferase
activity (1A1), and alterations of the organic anion
transporter 2 gene[1] Bilirubin which is produced by the
catabolism of haemoglobin is conjugated in liver and further

Jaundice is considered pathological if it appears in the
first 24-36 hours of life, serum bilirubin rising at a rate
faster than 5 mg/dL/24 hr, jaundice persists after 10-14
days of life, direct bilirubin fraction is >2 mg/dL at any
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reticuloendothelial system, heme is broken down into
biliverdin and carbon monoxide. Biliverdin is reduced to
bilirubin by biliverdin reductase. Unconjugated bilirubin
binds to albumin and transported to liver where it is
conjugated by glucuronosyltransferase to  bilirubin
diglucuronide, which is water soluble and easily excreted by
the liver and biliary tract. In the intestine, some bilirubin
may be converted back to its unconjugated form by a
glucuronidase and reabsorbed by the intestine. Increased
levels of unconjugated bilirubin levels can cross blood brain
barrier and can cause kernicterus. It is vital to treat
hyperbilirubinemia at lower levels to prevent developing of
kernicterus.

There are many modalities available in the treatment of
neonatal jaundice. Among them the time tested ones are
exchange transfusion and phototherapy. Exchange
transfusion is done since late 1930s and is one of the most
practiced methods in bringing down the bilirubin levels.
The main advantage of exchange transfusion is that it can
rapidly decrease the bilirubin levels to safe levels.
Potential complications from exchange transfusion
include metabolic acidosis, electrolyte abnormalities,
hypoglycemia, hypocalcemia, volume overload, graft
versus host disease etc[3][4].

Phototherapy being non-invasive, cheap, safe and with
fewer side effects have become the treatment of choice for
the management of neonatal jaundice worldwide[5][6][7].
Phototherapy causes conversion of bilirubin levels into
water soluble isomers which are excreted in urine through
photooxidation, configurational isomerisation and
structural isomerisation. Phototherapy uses light in range
of blue-green spectrum (400-520 nm) [8][9][10][11] since
the beginning of the phototherapy as the treatment of
neonatal jaundice many novel light sources were
developed and used. Among them the most popularly
used ones are halogen spot light, fluorescent lamp
devices, fiberoptic pads, compact fluorescent tubes and
the latest ones light emitting diodes. The problems with
the initial light sources were they were large, produced
excessive heat and with poorer irradiance levels and
requirement of frequent replacement of the tubes or bulbs
[12][13].

Among the light sources mentioned above the most
commonly sources used worldwide now days are
conventional compact fluorescent light units followed by
which newly developed light emitting diode phototherapy
units. Compact fluorescent light units are less space
occupying had higher irradiances and have lower power
consumption compared to older units. The problems of
significant heat production was still pertaining along with
emission of unstable broad wavelength, requirement of
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frequent assessment of irradiance and timely change of
the light units[14][15][16][17][18].

LED phototherapy units which were developed in late
90’s by incorporating gallium nitrite light emitting diodes
proved to be giving higher irradiance with cheaper cost,
less heat production, extended life span, narrow spectrum
wavelength, duration of change of bulbs nearly 20,000
hours compared to 2000 hours of conventional fluorescent
lights. In theory these lights are far superior to
conventional phototherapy units[19][20]. Since the
incorporation of LED phototherapy wunits in the
management of neonatal jaundice large number of studies
have been done worldwide comparing the efficacies with
different light sources. But only few published studies are
available from India comparing compact fluorescent light
units with LEDs[21].  Theoretically speaking LED
phototherapy units are better and more efficacious in
treatment of neonatal jaundice. Hence, we conducted this
study to answer the question “whether LED phototherapy
is as efficacious as the standard compact fluorescent light
(CFL) phototherapy in management of healthy term and
late preterm neonates with non-haemolytic jaundice”.

Method

This was a single centre randomized controlled trial
conducted in neonatal intensive care unit of Aditya
hospital Hyderabad from January 2013 to May 2014. The
study protocol was approved by institutional ethics
committee of Aditya hospitals. A written informed
consent was obtained from one of the parents after
explaining about the present study through the subject
information sheet.

Subjects

Newborn infants born at 35 or more completed weeks of
gestation were eligible for enrolment, if they developed
hyperbilirubinemia needing phototherapy within first 7
days of life. The decision to start phototherapy was made
by bedside physicians on the basis of institutional
protocol devised from American Academy of Paediatrics
guidelines[23], National Neonatology forum
guidelines[25] and Bhutani et al normograms[22] [24].
Phototherapy was stopped when serum total bilirubin
levels were measured less than 12 mg/dl (as per American
academy of paediatrics guidelines [23] and by the
institutional protocol).

Exclusion Criteria

Infants with perinatal asphyxia (Apgar score <4 at 1
minute or <7 at 5 minute), onset of jaundice within 24 h
of age, evidence of haemolysis (positive direct Coombs
test), rhesus haemolytic disease, culture-positive or
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clinical sepsis, need for exchange transfusion at the time
of enrolment, and major congenital malformations,
already received phototherapy, high direct
hyperbilirubinemia, age <ld or>7days, gestational age
<35 weeks, infants of diabetic mother, neonates with
hypothyroidism and those who refused to give consent
were excluded from the study.

Intervention

Enrolled infants were randomized to receive single
surface LED or CFL phototherapy. Allocation of infants
into 2 groups was done by using a web-based random
number generator. A written informed consent was
obtained from parents before enrolment. The LED
phototherapy units (LED PT 100, Phoenix India Pvt Ltd)
had 6 LED bulbs arranged in an area of about 68x90 cm.
The unit was having emission spectral wavelength
between 450 -460nm.

Commercially available CFL units consisting of 6 special
blue compact fluorescent bulbs were used for the study.
Two phototherapy units of CFL type and one LED were
designated as ‘study machines’ for the study cohort. New
lamps were installed in all the units at the start of the
study. Irradiance was measured at the start of study and
there after every 6 months till the completion of study.
Irradiance was measured with Ohmeda’s Biliblanket
Meter II. In both the groups, each enrolled neonate
received phototherapy using a single overhead
phototherapy unit. A distance of 35cm was maintained
between the baby and the lamp surface for both types of
units.

Outcome variables

The rate of fall of bilirubin and the duration of
phototherapy were the primary outcomes. Rate of fall of
bilirubin was calculated at 6 hours and after completion of
total duration of intervention. The total duration of
phototherapy was calculated by subtracting age at start of
phototherapy from age at end of phototherapy in hours.
There were brief periods of discontinuation of
phototherapy for the purpose of feeding or changing
nappy and were not excluded while calculating total
duration. The secondary outcomes analysed were failure
of phototherapy, occurrence of hypothermia or
hyperthermia and rashes. ‘Failure of phototherapy’ was
defined as serum total bilirubin levels rising bilirubin
level above the bilirubin at beginning after 6 hours of
phototherapy or bilirubin levels reaching exchange
transfusion.

Data collection and monitoring
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Clinical monitoring was done for side effects of
phototherapy like dehydration and skin rash; and a
periodic axillary temperature measurement was done to
detect episodes of hypothermia or hyperthermia. Serum
total bilirubin was initially measured at 6 hours later it
was measured every 12th hourly till intervention was
completed, using samples collected by prick method and
sent for biochemical analysis. Bilirubin levels were
analysed by Konelab 20 analyser using photometric test
using 2-4dichloroaniline method.

Sample size

There is limited data from Indian studies regarding the
comparison of compact fluorescent light and LED light
units for hyperbilirubinemia in neonates. Hence a proper
sample size could not be generated by standard statistical
methods. Instead we included 30 subjects in each group;
where sample size 30 is large number as far as statistical
theory (central limit theorem, probability theory) is
concerned[26]. Total sample size of 60 neonates was
taken.

Statistical analysis

Data entry and analysis were done using Windostat
Version 9.2 software. Continuous data with normal
distribution was analysed by student t-test and non-
normally distributed data by Mann Whitney U test.
Categorical data was analysed by chi-square or Fisher
exact test. A P value of <0.05 was taken as significant.
The study was conducted as per protocol.

Results

The study enrollment is depicted in Table 1.

During the study there were 2 subjects in CFL group who
had failure of phototherapy and one neonate was lost to
follow up in LED group. As the study was conducted as
per protocol, the results of the above 3 neonates was not
included in the final analysis. The two groups were
comparable with each other in terms of birth weight,
gestational age, sex, age at the start of phototherapy,
weight at the start of phototherapy (Table 2).

There was significant difference in the bilirubin levels at
the beginning of phototherapy in both groups. the
bilirubin  levels were higher in LED group
(16.2+1.8mg/dl) compared to CFL group(15+1.4 mg/dl).
The bilirubin levels at the end of phototherapy were
significantly lower in LED group (10.8£0.74 mg/dl)
compared to CFL group (11.25+ 0.57 mg/dl).

There was higher rate of fall of bilirubin levels after 6
hours of continuous phototherapy. (Table 3) The mean
was LED (0.41+0.10 mg/d/hr) VS CFL (0.234+0.18
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mg/dl/hr) p<0.05 C.I 95%. Similarly there was higher rate
of fall of bilirubin levels for entire duration of
phototherapy. The mean was LED (0.294+0.08 mg/dl/hr)
VS CFL (0.20+0.06 mg/dl/hr) p<0.05 C.I 95%. Total
duration of phototherapy for both the groups didn’t show

Chart 1: Patient selection process
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statistically significant difference. The mean was LED
(18.8+£8) VS CFL (20+6) p=0.56 C.I 95%. There were no
side effects noted in any of the neonate enrolled in the
study.

Total nicu admissions: 652

Total number neonates received
phototherapy: 229

Included: 60

Excluded: 169

Age <1d or>7days: 34

Rh incompatibility: 3

Sepsis: 26

Gestational age <35 wks: 22
Already Received PT: 19
High direct bilirubinemia: 4
Near exchange transfusion: 32

Coombs positive ABO
incompatibility: 3

Seizure disorder: 7
Refused consent: 14
Diabetic mother: 2

Hypothyroidism: 3

Randomisation based on random number
sequence
LED ( n=28) CFL (n=32)

Cltd: 27 Lost: 1 Cltd :30 Fail : 2
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Led (n=28) Cfl (n=32) P
Birth weight (kg) 2.93+0.37 2.81+0.35 0.23
Male/female 13/15 12/20
Gestational age(wks) 38 37 0.22
Age at start (days) 4.62 4.64 0.95
Weight at start (kg) 2.69+0.38 2.64+0.38 0.61
Weight at end (kg) 2.69+0.38 2.66+0.35 0.72
Bilirubin at start(mg/dl) 16.2+1.8 15.0+1.4 0.006
Bilirubin at end ( mg/dl) 10.8(x0.74) 11.254+0.57 0.03
Pcv at beginning 49.8 53.7
Pcv at end 48.4 52.4
Irradiance (pW/cm?/nm)
At beginning 65 25
At the end 56 22

Table 3: Comparision of final results and analysis
Led (n=28) Cfl (n=32) P

Rate of fall of billirubin after 6hours | 0.41 ( £0.10) 0.23 (+0.18) 0.00002
Rate of fall of bilirubin during total | 0.29 (£0.08) 0.20 (£0.06) 0.00001
Total duration (hrs) 18.8 (£8) 20+6 0.56
Failure of phototherapy 0 2

Discussion

The management of neonatal jaundice which is
potentially a benign condition have been changing over
years. Higher blirubin levels if allowed to circulate in the
blood for longer duration can cause irreversible damage to
brain especially in preterm babies due to immaturity of
blood brain barrier to prevent seepage of unconjugated
bilirubin entering in to the brain. Thus it is essential for
the rapid assessment and prevention of unconjugated
bilirubin levels reaching levels which can cause brain
damage. Exchange transfusion brings down bilirubin
levels effectively but it had its own potential
complications and side effects. Phototherapy being non
invasive and safe method has been used since decades in
decreasing neonatal hyperbilirubinemia. There is gradual
evolution and improvement in the types of light sources,
gradually decreasing the drawbacks like poor irradiance,
excessive heat production, poor durability etc since
advent of phototherapy[2][4][12][22].

Among phototherapy devices being used worldwide, the
newer devices i.e; compact fluorescent lights and light
emitting diode phototherapy units have almost replaced
most of the older devices. Their compactness, decreased
heat production and ability to deliver irradiance at
constant levels made them suitable to be used even in
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preterm babies who are most vulnerable for temperature
and humidity changes. Their efficacy in bringing down
bilirubin levels which have been assessed in multiple
studies done worldwide have helped in decreasing the
need for exchange transfusions and its potential
complications. Among the compact fluorescent light units
and light emitting diode units, LED units are better in
terms of higher irradiance, at cheaper cost, less heat
production, extended life span, narrow spectrum
wavelength, compared to conventional fluorescent lights.
In theory so far these lights are far superior to
conventional phototherapy units [12][13].

The present study compared compact fluorescent lights
(CFL) and high intensity Light emitting diode (LED)
lights used for phototherapy. In the present study
conducted on 60 babies, high intensity LED phototherapy
was found to be more effective than conventional
fluorescent phototherapy with respect to bilirubin photo
degradation. During the study it was found that there was
higher rate of fall of bilirubin levels after 6 hours of
continuous phototherapy. Similarly there was higher rate
of fall of bilirubin levels for entire duration of
phototherapy. Total duration of phototherapy for both the
groups didn’t show statistically significant difference.
This is explained by the observation that the mean
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bilirubin levels at start of therapy were significantly
higher in the LED group compared to CFL group. Also,
the bilirubin level at the end of therapy was significantly
lower in LED group compared to CFL group. This bias
couldn’t be eliminated even after effective randomisation.
LED group showed higher efficacy than CFL group. The
study was conducted as per protocol so the subjects who
had failure of phototherapy and those lost to follow up
were not included in final analysis.

There was no significant change in the haematocrit of
neonates in both the groups during the study. There were
no rashes observed in any of subject during study, no
incidence of hypothermia, hyperthermia during the period
of study.

In comparison to previous studies one done by Kumar et
al[27][28] a multicentre trial for comparison LED and
CFL showed that the two groups were equally efficacious
in terms of rate of fall of bilirubin and total duration of
phototherapy. The median duration of phototherapy (IQR)
in the two groups was comparable (26 (22-36) h vs.
25(22-36) h; P=0.44). The rate of fall of serum total
bilirubin (STB) during phototherapy and the incidence of
“failure of phototherapy’ were also not different. Similar
proportion of neonates had a rebound increase in serum
total bilirubin needing restarting of phototherapy. Martin s
et al [29] adjusted the devices to obtain a similar exposed
surface area and found that higher irradiance in the LED
group resulted in a better efficacy. In Belma Saygyly
Karagol et al [30] study on CFL and LED phototherapy
units and observed that there were significant differences
in the absolute change in serum bilirubin level per hour
(CFL 0.13£0.1 mg/dV/hr VS LED 0.30+£0.2 mg/dl/hr
p=0.003) and relative change in serum bilirubin level at
24 hour between CFL and LED (p<0.05). Duration of
phototherapy was shorter in the LED phototherapy group
but this was not statistically significant. As per Cochrane
review [29] LED and CFL light sources were comparable
in pooled estimates of duration of phototherapy ( 0.29
hours, 95% CI -1.31 to 1.8 ) as well as the rate

of decline of serum total bilirubin ( 0.01mg/dL/hour, 95%
CI -0.03 to 0.04) concluding the two units equally
efficacious. Study done by J.Viau Colindres et al [31]
LED phototherapy using low-cost set of LED lights found
that these lights were as effective as conventional
phototherapy  in  the  treatment of  neonatal
hyperbilirubinemia.

Although phototherapy has been used for the treatment of
neonatal hyperbilirubinemia for more than 40 years, a
method with least side effects and maximum efficacy is
yet to be developed. There is a need to conduct cost-
benefit analysis of different phototherapy devices. There
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is also a need for studies to compare different types of
LED devices. The present study has demonstrated that
LED units can cause a greater fall of bilirubin levels in a
unit time compared to CFL units. So we propose that LED
units can be used with better efficacy when bilirubin
levels nearing exchange transfusion or in preterms but
further studies are required to confirm the same.

Limitations

Larger Sample size and more time duration is required to
overcome the bias of higher bilirubin levels at start of
phototherapy even after effective randomisation for better
comparison of both groups.
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