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Abstract---Hyperbilirubinemia is one of the most common clinical
phenomena found in newborns, which is about 60% of term infants
and 80% of preterm infants in the first week of life. Severe
hyperbilirubinemia can cause encephalopathy and permanent
neurodevelopmental damage with an incidence that varies between
4% - 60.3% and mortality rate of 13% to 56.8% worldwide.
Phototherapy and exchange transfusion are therapeutic modalities for
infants with severe hyperbilirubinemia. Intensive phototherapy has
fewer side effects and can reduce the need for exchange transfusion.
This treatment is rarely needed if intensive phototherapy is effective,
current guidelines for the management of hyperbilirubinemia focus on
the use of intensive phototherapy as initial treatment. This literature
review aims to discuss intensive phototherapy as the initial
management of severe hyperbilirubinemia in neonates.
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Introduction

Hyperbilirubinemia is one of the most common clinical phenomena in newborns.!
Approximately 60% of term infants and 80% of preterm infants suffer from
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jaundice in the first week of life.2 Severe hyperbilirubinemia can cause bilirubin
encephalopathy and then kernicterus, which in turn will cause permanent
neurodevelopmental damage.3 In the United States, as many as 65% of newborns
develop jaundice in the first week of life.3 Several countries in Africa report that
the incidence of severe hyperbilirubinemia varies from 17.7% to 60.3% with a
mortality rate of 13% to 56.8%. In Asia, especially in developing countries, the
incidence of severe hyperbilirubinemia is in the range of 4% to 46%.45
Phototherapy is a safe and effective therapeutic modality for infants with severe
hyperbilirubinemia, aiming to control serum bilirubin levels so that they do not
reach values that can cause bilirubin encephalopathy and then kernicterus.3
Phototherapy has fewer side effects and can reduce the need for exchange
transfusion.” Exchange transfusion is a rapid method of reducing high serum
bilirubin concentrations. This treatment is rarely needed if intensive phototherapy
is effective, current guidelines for the management of hyperbilirubinemia focus on
the use of intensive phototherapy as initial therapy.8 This literature review aims to
discuss intensive phototherapy as the initial management of severe
hyperbilirubinemia in neonates.

Severe Hyperbilirubinemia in neonates

Hyperbilirubinemia is an increase in total bilirubin levels in the first week of
birth, in adults it will appear when the serum bilirubin is >2 mg/dL (>17
mmol/L), whereas in neonates it is only seen when the serum bilirubin is >5
mg/dL (>86 mmol/L).9 Formation of bilirubin that occurs in the
reticuloendothelial system, then released into the circulation where it will bind to
albumin. When red blood cells undergo hemolysis, hemoglobin is released. In the
reticuloendothelial system, heme is converted by heme oxygenase to biliverdin
and carbon monoxide. Furthermore, biliverdin is converted by biliverdin
reductase into indirect bilirubin. Indirect bilirubin binds to albumin and is
transported to the liver.10

Kernicterus is a state of bilirubin toxicity, which is a chronic and permanent
neurological sequel. If the TSB (Total serum bilirubine) level is more than 25
mg/dL without signs of hemolysis, acute bilirubin toxicity should be
considered.10 Acute bilirubin toxicity occurs in three phases during the first week
after birth. The first phase occurs 1-2 days after birth which causes the baby to
become lazy to drink, shrill cries, decreased consciousness, hypotony to seizures.
The second phase occurs in the middle of the first week after birth and results in
hypotonia of the extensor muscles, opisthotonos, retrocollis and fever. The third
phase occurs after the first week of birth and causes hypotonia. If the bilirubin
concentration is not lowered, BIND (Bilirubin-induced Neurological Dysfuntion)
will occur. Neuronal damage usually occurs in the basal ganglia and brainstem
nuclei, but damage can also occur in the hippocampus and cerebellum.!3

Severe hyperbilirubinemia when the total serum bilirubin value is more than 25
to 30 mg/dL (428-513 mmol/L) is associated with an increased risk of BIND
which occurs when bilirubin crosses the blood-brain barrier and binds to brain
tissue.5 Severe hyperbilirubinemia is associated with significant morbidity and
mortality, this is due to accumulation of bilirubin in the basal ganglia and brain
stem nuclei causing kernicterus.5 Causes of severe hyperbilirubinemia are
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categorized as hemolytic (blood group incompatibility, sepsis, G6PD deficiency) or
non-hemolytic (breastfeeding jaundice, internal bleeding, gestational diabetes,
pyloric stenosis, hypothyroidism and multiple mutations in liver enzymes).12
Prematurity, jaundice within the first 24 hours of life, history of jaundice before
hospital discharge, history of jaundice receiving phototherapy in siblings and race
Asia is another predisposing factor for severe hyperbilirubinemia.!2

Intensive phototeraphy in neonates

Phototherapy is a therapeutic modality using blue light which is used for the
treatment of hyperbilirubinemia (unconjugated) or jaundice in newborns. The goal
of phototherapy is to control serum bilirubin levels so that they do not reach
values that can lead to bilirubin encephalopathy or kernicterus.2 Phototherapy
will convert the bilirubin present in the superficial capillaries and intestinal
spaces into a water-soluble isomer that can be extracted without further
metabolism by the liver. Maisels, a bilirubin researcher, states that phototherapy
is a percutaneous drug.15 Light penetration increases with increasing wavelength,
so phototherapy rays with a maximum energy range of 460-490 nm (as in blue
light) are most effective.15

Clinically significant phototherapy toxicity has rarely been reported.3 In infants
with cholestasis (direct hyperbilirubinemia), phototherapy can produce the baby
bronze syndrome, in which the skin, serum and urine darken and have a grayish-
brown color.!7” Purpuric and bullous eruptions have also rarely been reported in
infants with jaundice due to severe cholestasis undergoing phototherapy.1%:19 An
erythematous rash may appear in infants treated with tin-mesoporphyrin (an
experimental drug used to prevent and treat hyperbilirubinemia) and subsequent
exposure to sunlight and fluorescent light.19.20.21 Blistering and agitation during
phototherapy can be symptoms of a congenital porphyria.22.23.24 The effect of
phototherapy on oxidative stress and its effect on antioxidant/oxidant balance
over a period of time after conventional, LED (Light emitting diode), and fiberoptic
phototherapy have been investigated and shown that phototherapy is indicated to
disrupt oxidant/antioxidant balance and induce oxidative stress.2526.28 Effect of
phototherapy on oxidative stress and its effect on antioxidant/oxidant balance
over a period of time after conventional, LED, and fiberoptic phototherapy have
been investigated and shown that phototherapy is indicated to disrupt
oxidant/antioxidant balance and induce oxidative stress.25:26.28

According to American Academy of Pediatric (AAP) guidelines, intensive
phototherapy is defined as the use of phototherapy with blue light (with a
wavelength of 430-490 nm) delivered at 30 W/cm2/nm or more on the body
surface. The dual phototherapy model is also known as intensive phototherapy
which is given to neonates who experience a very rapid increase in serum
bilirubin.29:30.31 Blue super LEDs that emit high intensity, generate heat and use
lower energy and have a longer lifespan, so they are considered more efficient for
intensive phototherapy.3? Recently developed Bilisphere360 is a new neonatal
phototherapy device designed to provide blue light exposure to the entire surface
of the baby's skin. Bilisphere360 is called the most effective intensive neonatal
phototherapy with high irradiance levels and coverage area with a horizontal
cylindrical chamber containing 16 20W /52 fluorescent blue TL tubes.33
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Intensive phototherapy in neonates with severe hyperbilirubinemia

In 2007 a phototherapy system was developed using an LED that emits high-
intensity blue light with a maximum peak level of 450 nm to later become the
forerunner to the formation of a nanotechnology called Blue Super LED.32 Study
by Sherbiny et al 2016 assessed and compared therapeutic efficacy and safety of
Blue super LED with conventional intensive phototherapy in the management of
severe hyperbilirubinemia in neonates. In this study it was found that
phototherapy success rates were significantly higher in neonates in the hemolytic
and non-hemolytic subgroups treated with Blue super LED phototherapy
compared to those treated with conventional intensive phototherapy (87% vs 64%,
P = 0.003.32 Study by Azlin 2011 compared the decrease in bilirubin levels in
single phototherapy with multiple phototherapy (intensive) with a total sample of
60 divided by 30 samples in each group (group I single phototherapy and group II
dual phototherapy) diagnosed with hyperbilirubinemia according to the APP
criteria. The results of the study it was found that intensive (double) phototherapy
produced a larger beam and was more effective in reducing bilirubin levels in
neonates with hyperbilirubinemia compared to single phototherapy. single
phototherapy.3?

Study by Osama El Feky et al 2016 assessed the effectiveness of intensive
phototherapy in lowering bilirubin levels in neonates and reducing the need for
exchange transfusion (ET) and duration of phototherapy over a 7 month period
reported that of 200 neonates with hyperbilirubinemia based on APP criteria were
divided into 2 groups showed a statistically significant difference in the decrease
in bilirubin levels after assessment at 12-48 hours of phototherapy (decreased
rate of 6.6mg / dl (21.3%) for the bilisphere group vs. 3.5 mg / dl (11.4%) for the
control, p = 0.05).43 The same study was previously conducted by Amira Abdel et
al in 2014 with a sample size of which is more, namely 360 neonates in the
observation period of 4 months, the result is that there is a statistically significant
difference in p there was a decrease in bilirubin levels after assessment at 12-48
hours of phototherapy (rate of reduction 6.1mg/dl (21.4%) for the bilisphere
group vs. 3.6mg/dL (11.4%) for the control, p=0.05) . In this study the Bilisphere
group also showed a shorter duration of phototherapy than the control group
(mean 2.7 £ 1.5 days versus mean 4.2 + 1.4). Another result was that 19 neonates
(10.4%) in the bilisphere group required ET vs. 130 neonates (73.4%) in the
control group.** Another study by Nashwan et al 2013 compared the effectiveness
of intensive phototherapy with conventional phototherapy with a total sample of
252 neonates with hyperbilirubinemia who were observed for 12 months. In group
I 142 hyperbilirubinemic neonates were treated with conventional phototherapy
(three EXZ quartz halogen lamps emiETing white light of wavelength 400-520
nanometers having an intensity of at least 10 w/cm2/nm placed at 43 cm from
the neonate) and in group II 110 hyperbilirubinemic neonates. treated with
intensive phototherapy (Bilisphere 360). From this study, it was found that the
mean rate of decrease in the percentage of TSB per hour in the first 6 and 6-12
hours after phototherapy was significantly greater in group II compared to group
I. The mean percentage of TSB decreased in the second 12 hours after
phototherapy among neonates in the group. II was significantly higher and the
value was twice that of group I (43.45 £ 14.83 vs 17.03 = 14.22; p < 0.001),
respectively.*>
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Study by Yasser Ahmed et al in 2018 aimed to evaluate the effectiveness of
intensive phototherapy using Bilisphere360 in severely hyperbilirubinemic
neonates with a sample of 100 neonates who were observed for 6 months divided
into 2 groups (hemolytic and non-hemolytic). The results showed no significant
change between hemolytic and nonhemolytic jaundice regarding the hourly
decrease in total bilirubin and direct bilirubin after 8 hours. This is in line with
Abd-Ellatif's 2012 study which stated that of the total 212 neonates with severe
hyperbilirubinemia who received intensive phototherapy with Bilisphere360, only
13 required exchange transfusion. In contrast to another study by De Carvalho in
2011 quoted from the 2012 Abd-Ellatif study which reported that of the 116 total
samples with severe hyperbilirubinemia who received intensive phototherapy,
none of them underwent exchange transfusion, this difference was due to the long
duration of intensive phototherapy 35.4 + 19, 5 hours compared to the study
above only 8 hours. Quoted from the 2012 Abd-Ellatif study, Al-Hafidh's 2013
study also reported no neonates with severe hyperbilirubinemia who underwent
exchange transfusion after receiving intensive phototherapy, this difference was
related to lower baseline TSB levels (18.85+4.57mg/dl). Study by Abdelazeem KS
et al 2017 compared the effectiveness of intensive phototherapy with conventional
phototherapy in reducing the need for ET and duration of phototherapy in the
management of severe hyperbilirubinemia in neonates. In this study the subjects
were divided into 2 groups, group I received intensive phototherapy, and group II
received conventional phototherapy and was observed for 11 months. The results
of the study showed that the decrease in mean TSB after 6 hours of phototherapy
was significantly higher in the intensive phototherapy group (0.56 *= 0.12
mg/dl/hour) than the control group (0.17 + 0.05 mg/dL/hour). In this study, it
was also found that intensive phototherapy shortened the duration of
hospitalization in hyperbilirubinemic patients, the average duration of
phototherapy in group I was 2.5 = 1.5 days compared to group II 4.0 = 1.4 days.
Other results also showed that the need for ET in group I was only 16 neonates
(32%) compared to 31 neonates (62%) in group II1.47

A study by Saboute et al 2017 assessed the effect of intensive phototherapy on
reducing TSB levels to reduce patient morbidity, with a sample size of 40 per
group divided into 4 groups divided based on the etiology of hyperbilirubinemia
observed for 2 years (2014-2016). To determine the effect of intensive
phototherapy on reducing TSB levels, subjects were divided into 2 groups of
neonates with a bilirubin level of more than 14 mg/dl and less or equal to 14
mg/dl. Intensive phototherapy was administered according to AAP criteria, with
measurement of TSB levels evaluated 6 and 24 hours after phototherapy was
started. The results showed that the mean level of bilirubin reduction after 6 and
24 hours of intensive phototherapy was 4 and 6.2 mg/dl, respectively, TSB levels
after 6 hours of intensive phototherapy decreased more significantly in neonates
with TSB levels of more than 14 mg/dl than TSB levels. less than equal to 14
mg/dl.48 A recent study by Guetta al 2019 which compared the rate of reduction
in TSB levels in hyperbilirubinemic neonates receiving LED phototherapy with
conventional phototherapy. The study was conducted for 2 years in a hospital in
India with a total sample of 166 neonates divided into 2 equal groups (LED
phototherapy group and conventional phototherapy group), neonates with need
for ET, ventilator, <35 weeks, culture positive with clinical sepsis were excluded
from the study. in this journal. The results showed that the mean reduction in
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TSB was higher in the LED phototherapy group compared to the conventional
phototherapy group. From the above study it was concluded that LED
phototherapy has a faster rate of reduction in TSB compared to conventional
phototherapy in neonatal hyperbilirubinemia.4°

Conclusion

Hyperbilirubinemia is one of the most common clinical phenomena found in
newborns. It is said to be severe hyperbilirubinemia if the total serum bilirubin
level is more than 25 to 30 mg/dL and then it can develop to cause bilirubin
encephalopathy then kernicterus and cause permanent neurodevelopmental
damage. Phototherapy is a therapeutic modality used for neonates with
hyperbilirubinemia that is safe and effective for controlling serum bilirubin levels.
Intensive phototherapy is phototherapy with waves 430-490 nm delivered at 30
W/cm2/nm or more on the body surface. Various studies have shown that
intensive phototherapy is very effective in reducing TSB compared to conventional
phototherapy, intensive phototherapy can also significantly shorten the duration
of hospital stay, and the need for ET in neonates with severe hyperbilirubinemia.
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