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Abstract
Background: Jaundice is a common problem in neonates and the most common cause of hospitalization in Iran. The aim of this study was to compare
safety and efficacy of LED and conventional phototherapy to treat hyperbilirubinemia.

Conclusion: LED phototherapy is as effective as
conventional phototherapy and reduces the treatment time and a further reduction of the relative
change in TSB. The LED phototherapy has less
frequent side effects and lower costs.

Materials and methods: A randomized clinical trial
was conducted on 130 term and near term infants
over 35 weeks, hospitalized in a neonatal care unit
and who needed conventional phototherapy. Samples were randomly divided into two groups: LED
and conventional phototherapy. Outcomes included the rate of fall of total serum bilirubin (TSB, mg/
dL/hour) and measured duration of phototherapy.
Data were analyzed by SPSS software with descriptive statistics, t-test, and analysis of variance
(ANOVA).
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Results: TSB level was not different in the two
groups before the intervention (P=0.187). LED
phototherapy was more effective in reduction of
the level of TSB at 6, 12, and 24 hours. (P<0/05).
Of the reduction from 12 hours to 24 hours, the
highest and the lowest decrease in TSB occurred
between 6 and 12 hours. Treatment duration was
50.18±6.7 in LED and 65±13.7 hours in the conventional group (P<0.05).
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Introduction
Jaundice is a common condition in newborns. In total 60%
of term babies and 80% of preterm babies are affected
in the first week after birth (1, 2). Indirect bilirubin levels
exceed 20 mg/dl and increase the risk of neurologic
system disorder and bilirubin bonding with basal nuclei
and brainstem nuclei (1).
Disregarding the cause, treatment of hyperbilirubinemia is
focused on prevention of neurotoxicity (3). Phototherapy is
still a major treatment for preserving serum total bilirubin
levels below pathogenic level (4). Yet in case of failure,
exchange transfusion is the last option (3).
Considering abundant complications of exchange
transfusion in newborns such as hypoglycemia,
hypocalcaemia and sepsis risk, thrombocytopenia, and even
death, phototherapy is the first choice in hyperbilirubinemia
treatment in newborns (5). Phototherapy is the commonest
interventional procedure for severe hyperbilirubinemia
prevention and treatment. This procedure has been greatly
effective in reducing hyperbilirubinemia complications and
transfusion in millions of newborns all over the world (6).
Bilirubin absorbs blue light with a wavelength of 420-470
manometers better. Bilirubin in skin absorbs light energy
and causes a large number of photochemical reactions
(5).
The light source used in conventional phototherapy is
made up of four lamps placed 40 centimeters away from
the body. The effect depends on factors such as bilirubin
levels, type of phototherapy used, exposure area, use
of aluminum foil and white cloth for better reflection, and
use of fiber optic blankets (7,8). In a study conducted by
Maisels et al in 2007, a randomized controlled trial, the
study mentions a number of advantages for the lightediting diodes (LED) technique including: lower energy
consumption, longer endurance time of the lamps,
infrared- free and ultraviolet- free radiation, and higher
cost efficiency (9). To the best of our knowledge on LED
phototherapy, more randomized controlled trials on the
issue seem necessary (10) since neonatal jaundice is a
common cause for newborn hospitalization in our country
(8) and a large number of beds host these babies in our
country every year. Also, since various techniques are
being applied in different parts of the world as an attempt
to treat the condition through reducing phototherapy
complications (11), lowering hospitalization period(12),
and decreasing bilirubin levels in a shorter time(13), this
study was conducted to investigate the efficiency of LED
and conventional phototherapy regarding hospitalization
period, bilirubin reduction, and easing the complications.

Materials and methods
This randomized controlled trial was conducted on all
term and preterm newborns hospitalized for more than 35
weeks in Hajar Hospital affiliated with Shahrekord Medical
University in 2012- 2013. Using two- range sampling test,
out of 130 babies admitted to the hospital, 130 newborns
were selected randomly.
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Subjected were divided into two groups of similar size.
Sixty five newborns with Total Serum Bilirubin (TSB) >220
mm/dl (D12.9 mg/dl) were assigned to LED phototherapy
group and 65 newborns with TSB above 300 mm/dl (17.6
mg/dl) during phototherapy were excluded from the study
and received intensive phototherapy. Any subject with the
following criteria were excluded: TSB more than 17.6 mg/dl,
received phototherapy prior to hospital admittance, mother
and the newborn took phenobarbital, Jaundice was due to
hemolytic diseases, ABO discrepancy, and RH disorders, a
subject which needed to be taken care of in The Neonatal
Intensive Care Unit (NICU), Owing to change in general
health conditions, subjects underwent sepsis workup.
After developing a special questionnaire and applying it,
history taking, interviewing parents, and precise clinical
examination, data were collected and recorded. These
included weight, sex, delivery type, age in hours, and
nutrition through breast feeding, history of phototherapy
of siblings, phototherapy prior to admittance, RH and
ABO disorders, and glucose-6-phosphate dehydrogenase
(G6PD) enzyme. Upon dividing the subjects into the two
groups, TSB was measured at admittance, and 6, 12, 24
hours after admission and was recorded. Also TSB level
and phototherapy duration were also recorded at hospital
discharge time.
Reliability and validity of the questionnaire were set based
on guidelines of the American Pediatric Society designed
according to Butani monogram and were confirmed by
determining TSB levels in the danger zone (15).
Demographic data and the necessary background
variables including weight, sex, delivery type, age, feeding
type, were recorded after simple sampling. Then, TSB
levels at admission, six, twelve, and twenty–four hours
after phototherapy, the last TSB levels, and phototherapy
duration, were recorded. In the control group, 69 newborns
were first studied; and three for ABO discrepancy and
one for G6PD enzyme deficiency were excluded. In the
intervention group, 71 newborns were studied initially;
four for ABO discrepancy and two for G6PD deficiency
due to TSB levels exceeding 17.6 and needing intensive
phototherapy, were excluded. Data were analyzed with the
use of SPSS 18.

Results
Findings indicated that mothers’ pregnancy mean age
was 38.05-0.94 weeks. Cesarean type of childbirth was
commoner than natural birth. Fifty-eight subjects (44.6%)
were female and 72 (55.4%) were male. Mean and
Standard Deviation (SD) for weight were 3.58- 0.323.
Mean and SD of weight for newborns with jaundice were
89.51-17.06. To achieve two identical groups, chi- square
and independent t-tests were applied (p<0.05). The results
of paired t-test on TSB (mg/dl) reduction before and
after conventional phototherapy revealed that in all three
measurements, conventional phototherapy had reduced
neonatal jaundice. The greatest reduction occurred in the
last measurement (between12-24hours) and the least
between 6-12 hours (Table 1).
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Table 1: Demographic characteristics of samples in different therapeutic groups

*P<0.05; **P<0.01
Results of repeat measurement show significant differences in TSB at different times and that was descending.
(F= 360.591 df=1.473 P-value=0.000). Also TSB was significantly lower in the LED phototherapy group. (F= 19.240
df=1 P-value=0.000). TSB was significantly lower in the LED group at all times and with a more descending rate in this
group. (F= 14.603
df=1.473 P-value=0.000). (Table 2, Chart 1)
Table 2: Results of TSB in LED and Routine phototherapy
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Chart 1: Mean TSB in two groups in different times

Results of repeated measure test at different times:
TSB has a descending rate and significantly different rate in all times (F= 114.892 df=1.050
P-value=0.000). TSB was significantly different in the two groups and was higher in the LED phototherapy group. (F=
137.382
df=1
P-value=0.000). TSB changes were more in the LED group and had a greater descending rate in
the LED group (F= 14.603
df=1.473 P-value=0.000) (Table 3, Chart 2).
Table 3: Results of TSB changes in two groups
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Chart 2: Mean VTSB in two groups in different times

Discussion
In order to investigate TSB levels before and after inventions,
paired t-test was applied. The findings showed that in all
three measurements, LED phototherapy had effectively
reduced TSB levels. The highest reduction occurred in
the last measurement (between 12 and 24 hours) and the
lowest occurred in the measurement between 6 and 12
hours. The conventional phototherapy also reduced TSB
levels in all three measurements. The highest reduction
happened in the first measurement (between 0 and 6
hours) and the lowest in the measurement between 6 and
12 hours. In the randomized controlled trial by Martins
et al. on preterm neonates, comparing indium gallium
nitrate LEDs with halogen phototherapy, results showed
greater decrease in TSB levels and shorter duration of
phototherapy in the LEDs group. These results could be
attributed to the lesser irradiance of halogen lamps and
broad spectrum of light emitted by them in comparison to
LEDs. [16]
Independent t-test was applied for the comparison of
neonatal jaundice at hospital admission, six, twelve, twentyfour hours later, at discharge time, TSB levels changes at
those times, and finally time spent on phototherapy.
Findings showed there was no significant difference in TSB
at hospital admittance time (p=0.05), but 6, 12, and 24 hours
after the invention, there was a significant difference in TSB
levels in the two groups. In fact, LED phototherapy reduced
TSB levels more than the conventional method. The results
of Mohammadizadeh study showed that LED light source
is as effective as fluorescent tubes for the phototherapy of
preterm infants with indirect hyperbilirubinemia(17).

Regarding time spent on phototherapy, findings showed
in LED phototherapy less time had been spent. As for
TSB levels at particular times after the invention, findings
indicated there was a significant difference between the
two interventions (p <0.05). It was also noticed that TSB
reduction slowed down with the passage of time and
the reduction was more when LED phototherapy was
used. Bertini and colleagues showed that conventional
phototherapy units result in a significant increase of transepidermal water loss in preterm infants, and this side effect
was not observed with LED units. [18]
The findings are similar to those of a study by Maisels et
al. conducted in 2007 in Turkey, and Sheng in 2012 (7 ,11).
These studies suggest that there is a significant difference
in phototherapy duration and efficiency between LED and
conventional phototherapy. However, in a study by Kurmar
P et al. in 2010 in India and also another study by Kurmar
P et al in 2011 in India it was shown that there was no
significant difference in neither TSB reduction speed nor
phototherapy, which is not similar to the findings of the
present study (12, 19). The dissimilarity could be due to
different sample size, different races of the subjects, and
application of first generation LED phototherapy devices
rather than the newer super LED lamps in those studies.
Also, one difference between the present study and those
conducted by Karago et al. in Turkey (20) and Maisels MJ
et al. in America (6) was that TSB levels were measured 6,
12, and 24 hours after hospital admittance, and therefore
could provide a more precise judgment about TSB
reduction speed TSB changes in different time periods.
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Conclusion
LED phototherapy produces less heat, is free from infrared
and ultraviolet rays, consumes less wattage, is less bulky,
has longer lamp life, and is easier to use. The benefits make
the technique qualified as a recommended phototherapy
method. However, the high cost of the devices is a big
disadvantage that should also be considered.
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