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Abstract

When exposed to light, bilirubin undergoes photoisomerization which are
water-soluble and can be excreted in bile and urine. Photoisomerization starts
as soon as the lights turned on, and risk of bilirubin encephalopathy is lower in
infants who receive phototherapy even in the same serum bilirubin levels. Blue
light is absorbed most readily if bilirubin is in a tube, but skin penetration and
albumin binding shift of the most effective light to blue-green region. However,
there is no consensus on the most effective wavelength for phototherapy. The
light sources used in conventional phototherapy are fluorescent bulbs, halogen
lamps or light-emitting diodes (LED) with equally effective in reducing serum
bilirubin levels. Fiberoptic devices are less effective. Despite higher irradiance
in double or triple phototherapy, there is no superiority in clinical settings.
Hyperthermia and skin rashes are higher when used super (high-intensity)
LED devices. Watery loose stools may cause dehydration in preterm infants.
Riboflavin loss and lipid peroxidation are prevented with using dark tubing or
covering the line with aluminum foil. The consequences of light penetration
into deep brain in newborn infants because of open wide fontanel and thin skull
is unknown. Non-ocular light exposure and suppressed melatonin secretion
may affect autonomic and behavioral disturbances. Phototherapy-induced
hypocalcemia may be prevented by covering the head. Phototherapy does not
effect ductal patency or reopening, its effect on the incidence of retinopathy of
prematurity have yielded conflicting results. Neonatal phototherapy increases
the risk of asthma and allergic disorders in older age groups. Aggressive (low-
threshold) phototherapy increase mortality risk in small preterm infants less
than 750 g at birth, which may be related to the reduced bilirubin with its
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antioxidant effects. In conclusion, phototherapy is
not a treatment without side effects and overtreatment
should be reevaluated in small preterm infants.
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Introduction

About 1 out of 2 of term and 8 out of 10 of preterm
babies develop jaundice, which generally appears
2 to 4 days after birth, and resolves spontaneously
after 7-14 days. In most infants with physiological
jaundice bilirubin levels do not rise to a point that
requires treatment. However, in some infants with
exaggerated physiological jaundice, and in many
infants with pathological jaundice, bilirubin in
the blood reaches very high levels that put the
infant at risk for acute and chronic encephalopathy
(kernikterus). In these cases, treatment aimed at
decreasing bilirubin level is required in order to
avoid kernikterus. Effective treatments to decrease
serum bilirubin levels with severe jaundice include
phototherapy and exchange transfusion.

The decreasing effect of light on serum bilirubin
levels in neonates with jaundice was first described
by Cremer et al. in 1958 [1]. Since that time,
phototherapy has been effectively used as a relatively
inexpensive and noninvasive method of treating
neonatal hyperbilirubinemia. Today exchange
transfusions are rare and are only used as a rescue
therapy to avoid kernikterus in newborns with severe
jaundice when phototherapy is inadequate.

Mechanism of action

When exposed to light, a fraction of native
bilirubin IXa (4Z,15Z) in skin undergoes
photochemical conversion reactions occurring at
different rates and resulting in several different
products. Configurational isomerization (4Z,15E;
4E,157; 4E,15E; briefly Z,E; E,Z; EE; respectively)
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is reversible; and is much faster than structural
isomerization which is irreversible and results in
lumirubin (Z-lumirubin; E-lumirubin). Lumirubin is
quickly eliminated by the liver. Thus, the excretion
of lumirubin is considered quantitatively to be more
important during phototherapy than excretion of Z,E-
bilirubin. Therefore, transformation to lumirubin is
primarily responsible for the phototherapy effect.
Photooxidation may also occur. But it occurs much
more slowly, and is thought to be less important than
than the others [2].

Metabolism of bilirubin photoisomers

The metabolism of the photoisomers is not known
in detail. Due to increased polarity, these isomers
are water-soluble and can be excreted in bile and
urine, bypassing the need for conjugation. Thus,
their formation facilitates the biliary elimination of
bilirubin photoisomers when the normal pathway of
hepatic glucuronidation is inadequate as in neonatal
period.

E,E-bilirubin and E-lumirubin is completely
excreted in bile in unchanged form without
conjugation to glucuronides. Z,E- and E,Z-bilirubin,
and Z-lumirubin are excreted rapidly in bile partly
in unchanged form and partly as glucuronides,
whose formation is catalyzed presumably by
uridine-diphosphoglucuronate glucuronosyltransferase
(UGT1A1). In contrast to the corresponding (Z,7)
parent isomers, the photoisomers formed only
monoglucuronides.

Since Z,E-bilirubin and Z-lumirubin undergo
glucuronidation by the same enzyme (UGT1Al)
that catalyzes glucuronidation of the Z,Z-bilirubin
it is likely that they will compete with bilirubin for
glucuronidation. In this way, phototherapy might
retard the normal excretion of bilirubin. However,
this is unlikely to be a major effect because bilirubin is
always in excess in the circulation, and the molecular
structure of the native bilirubin has also advantage
for glucuronidation. The pigment composition of
bile of infants undergoing phototherapy is likely
to be more complex than previously believed.
Initially, the bile contain principally photoisomers
of bilirubin along with relatively low concentrations
of Z,Z-bilirubin formed by thermal reversion of its
configurational isomers in bile. However, as the
glucuronidating system in the liver becomes active
these pigments will be accompanied, not only by
mono- and diglucuronides of bilirubin, but by
monoglucuronides of Z-lumirubin, E,Z- and Z,E-
bilirubin [3].
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Phototherapy and serum bilirubin levels

The effect of phototherapy is typically measured
in reduction of serum total bilirubin (STB) level
which depends on the rates of formation as well
as the rates of clearance of the photoproducts. If
phototherapy is initiated during the first 3-4 days of
life when STB levels would normally be expected to
increase, an absolute reduction of STB levels may
not always be achievable. If phototherapy is started
after this period, effective phototherapy should lead
to a measurable reduction of STB within 4-6 hours,
and a decline in STB levels of 40-50% in 24 hours
can be achieved.

The commonly used laboratory methods for
clinical bilirubin analysis do not distinguish between
isomers [4], and changes in bilirubin photoisomers
induced by light exposure during clinical practice do
not influence the measured unbound bilirubin level
[5]. The presence of photoisomers has also received
much less attention in most clinical studies of
phototherapy. Substantial amounts of photoisomers
may be present in serum/plasma samples obtained
from icteric infants even before they undergo
phototherapy. These isomeric bilirubins are produced
during exposure of infants to visible light or by
incidental exposure of blood samples to light during
collection and processing. In infants who receive
phototherapy, photoisomer formation starts almost
as soon as the lights are turned on, and long before
significant changes in STB can be detected.

Phototherapy and bilirubin toxicity

Increase in serum Z,E-bilirubin earlier than
then the other isomers, it is more slowly cleared.
After 2 h of phototherapy STB is only minimally
reduced, while significant formation of the Z.E
photoisomer is detectable within 15 min, and the
Z,E photoisomer alone constitutes between 20-
25%, and other photoisomers, albeit present only
in low concentrations, nevertheless add to that
number. The change in STB is significant, although
the Z,E bilirubin may not have peaked by 4 h of
phototherapy [6].

Z.E-bilirubin is the most polar isomer of
bilirubin and is relatively more soluble in water
than the other isomers. Due to lower lipophilicity of
the photoisomers compared with the Z,Z isomer, it
could be expected to be less prone to cross the blood-
brain barrier and enter the brain. Unfortunately,
no studies investigating the transfer of bilirubin
photoisomers to brain have been published.
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However even in the same STB levels, risk of
bilirubin encephalopathy is lower in infants who
receive phototherapy, and photoisomer formation
might be directly neuroprotective, irrespective of
the effect on excretion [7, 8].

The evidence regarding bilirubin photoisomer
toxicity from in vitro studies is not definitive. In some
studies, it seems to be evidence of increased cellular
toxicity when cells are exposed to phototherapy in
the presence of bilirubin. However, given the study
conditions the results may not be relevant because
of increased significant amounts of photooxidation
products leading to oxidative cell damage [9].

Indications

To aid physicians in deciding when to initiate
phototherapy, several guidelines has been devel-
oped as ‘The American Academy of Pediatrics
Subcommittee on Hyperbilirubinemia Guidelines on
the Management of Hyperbilirubinemia in Newborns
35 or More Weeks Gestation” [10]. This guideline
includes an algorithm for the management of
jaundice in the newborn nursery as well as guidelines
for the initiation of phototherapy based on STB
levels, gestational age, age of the infant in hours, and
individual risk factors.

There are not evidence-based guidelines on the
indication for phototherapy in premature infants
less than 35 weeks’ gestation. However, commonly
used reference books provide tables, although these
are not evidence based but are primarily the result of
expert opinion. A commonly used rule of thumb is
to start phototherapy when the STB level is greater
than 5 times the birth weight. Thus, in a 1-kg infant,
phototherapy is started at a bilirubin level of 5 mg/dL;
in a 2-kg infant, phototherapy is started at a bilirubin
level of 10 mg/dL and so on.

Contraindications

There are few contraindications to phototherapy.
These include congenital erythropoietic porphyria,
or a family history of porphyria. Moreover,
photosensitizing drugs such as nonsteroidal
anti-inflammatory drugs (ibuprofen), diuretics
(furosemide, hydrochlorothiazide), and certain
antibiotics (ciprofloxacin, ofloxacin, levofloxacins)
should be avoided while infants are receiving
phototherapy. In general, however, photosensitivity
from medications are most likely to occur after
exposure to light in the ultraviolet spectrum. Because
phototherapy does not produce significant ultraviolet,
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phototoxic reactions in infants receiving these
medications are a rare condition [11].

Color of light

The human eye is sensitive to light which
lies in a very small region of the electromagnetic
spectrum labeled “visible light”. This “visible light”
corresponds to a wavelength range of 400-700
nanometers (nm) and the visible colors from shortest
to longest wavelength are: violet, blue, green, yellow,
orange, and red; e.g. blue and green lights have a
wavelength of about 475 nm (450-495 nm) and 510
nm (495-570 nm). The white light is a mixture of the
colors of the visible spectrum.

Bilirubin appears yellow because it strongly
absorbs blue and green light. Blue light around 450
nm is absorbed most readily if bilirubin is in a tube.
In a newborn infant other factors, including skin
penetration and albumin binding, combine causing a
color shift of the most effective light toward the blue-
green region. A recent review recommends light in
the wavelength range 400 to 520 nm and peaked at
450 + 20 nm. The recommendation of the American
Academy of Pediatrics is a more narrow range, 460
to 490 nm [10]. Presently phototherapy devices using
light have peak intensity near 460 nm which is based
on the absorption maximum of bilirubin bound to
albumin in vitro [13].

Blue light has been investigated intensively, and
has been shown to be effective. Blue fluorescent
lamps have been used worldwide with peak emission
at 452 nm and bandwidth of 55 nm with some studies
showing that its more effectiveness, and providing
more photoisomerization than green light or daylight
[14, 15]. However, there appears to be no clear benefit
in choosing either (daylight) fluorescent versus blue
fluorescent lamps [16] or either blue fluorescent
versus green fluorescent lamps [17, 18]. A recent
study shows that broad-spectrum light phototherapy
is more effective than blue LED phototherapy for
the treatment of hyperbilirubinemia in late preterm
and term infants. These findings are not due to the
different irradiance of the two phototherapy systems,
but probably depend on their different peak light
emissions [19].

A turquoise (blue-green) fluorescent source with
peak intensity near 490 nm is significantly more
effective than blue [20] or green fluorescent lamps
[21-24] in reducing the duration of phototherapy.
Explanation of this finding could be made different
capacity of photoisomerisation and skin penetrance.
Both the configurational and structural bilirubin
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photoisomerizations are wavelength dependent
[25]. Blue spectrum, near the bilirubin absorption
maximum at 458 nm wavelength, may produce more
of the Z,E isomer, and light at longer wavelengths,
closer to the color turquoise, may produce more
Iumirubin [24]. Skin penetration is deeper at longer
than shorter wavelengths [20, 24]. Turquoise light
has longer wavelengths than blue light. Deeper
penetration into the skin, and greater production
of E,Z-bilirubin and lumirubin, in infants under
turquoise light has a greater bilirubin reducing effect
than blue light with equal irradiance. Furthermore,
presumably the absorbance of bilirubin in vivo in the
long-wavelength range is greater than that in vitro.
This suggests, given equal irradiances, that light in
the turquoise spectral range is preferable to the blue
in treatment of newborn jaundiced infants [24]. There
have been, however, continuous investigations and
reports concerning the question of the most effective
wavelength range for phototherapy with no apparent
resolution [2].

Antibacterial effects of blue light

Blue light, particularly in the wavelength
range of 405-470 nm, exhibits a broad-spectrum
antimicrobial effect against bacteria (either gram-
positive and gram-negative bacteria). Moreover,
blue light therapy is a clinically accepted approach
for P. acnes infections. Clinical trials have also
been conducted to study the use of blue light which
was delivered from a diode laser via a flexible
optical fiber passed through the biopsy channel
of the endoscope for H. pylori stomach infections
and have shown promising results. Studies on
blue light inactivation of important pathogenic
bacteria, including St. aureus and P. aeruginosa
have also been reported. The mechanism of blue
light inactivation of bacteria is proved to be the
photo-excitation of intracellular porphyrins and the
subsequent production of cytotoxic reactive oxygen
species. Certainly, further studies are required to
optimize the optical parameters (e.g., wavelength,
radiant exposure) and to ensure effective and safe
blue light therapies for infectious disease [26].

Hemoglobin and melanin

There is a competition for phototherapy light by
strongly absorbing substances in the skin, namely
hemoglobin and melanin [27]. Higher hemoglobin
level in the blood significantly reduce photoisomer
formation, and phototherapy efficacy during the
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early phase of phototerapy (15-60 min), which
disappeared at the later time points [28]. Since
hemoglobin is the main absorber of visible light in
the skin, it is the major competitor with bilirubin for
light absorption. Another possible explanation for
this phenomenon is that the proportion of plasma to
red cells is lower with high hemoglobin, so it takes
longer for the circulating bilirubin to be exposed to
phototherapy lights. Slower capillary circulation
due to the higher viscosity of high hemoglobin blood
may have the same effect, and as hemoglobin filters
the light, more bilirubin molecules are exposed to
less light. In addition, some light is back scattered
out of the skin, and any melanin present would also
present a significant competitive absorber of visible
light [2, 29].

Different skin colors manifest different traits
to light exposure. In fact skin color is primarily
determined by melanin that is synthesized in the
melanosome. Melanosomes in dark skin (African)
are larger and more heavily pigmented than those
in light skins (Asian and Caucasian). Since melanin
can reduce the penetration of light, neonates with
black skin may need more intensive phototherapy.
Thus, truly individualized therapy, considering
that the child’s characteristic and risks are deemed
acceptable, can obtain the most desired benefits
[28, 29].

Light sources

In the management of neonatal jaundice, different
phototherapy devices are being used worldwide. Two
types of phototherapy devices are currently available:
the conventional phototherapy light and the fiberoptic
phototherapy device. The common light sources used
in these devices are either fluorescent, or tungsten-
halogen lamps with wide emission spectrum, or
light-emitting diodes (LEDs) with narrow spectrum.

Conventional phototherapy devices

Conventional phototherapy devices use flurescent
lamps, tungsten halogen bulbs, a metal halide gas
discharge tubes or LEDs. Fluorescent tubes are the
most common type of light source used. These tubes
have the advantage of being inexpensive but their light
intensity and irradiance reduces with time and needs
to change after 1,000-1,500 hours. Quartz halogen
bulbs have not been noted to reduce in intensity
with age but they are quite fragile, especially when
hot. Gas discharge bulb is not frequently used, and
the lamb be changed after 1,000 hours. Today LED
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phototherapy is preferred in most of the neonatal
units.

A LED is a special type of semiconductor diode
which emits light when connected to an electrical
circuit. The light produced is of narrower bandwidth,
and the colour depends on the semiconductor
utilized. LED devices usually contain indium
or gallium nitrate or nitride as semiconductor
element. Such light sources emit high-intensity
light while generating little heat, and can be placed
closer to the infant, increasing spectral irradiance.
In addition LED phototherapy does not appear to
have a significant effect on transepidermal water
loss. Also, LEDs have useful features such as light
weight, compact size, non-fragile because of the
absence of glass parts and an ability to be focused
with a lens or through spatial orientation, in addition
to offering low energy consumption and lasting
durability without decreasing in intensity with age
(at least 3,000 hours). As LED devices utilize direct
current power supply, they do not usually produce
any flickering, a phenomenon that could be related
to nausea and dizziness in healthcare professionals.
These unique characteristics make LEDs convenient
for phototherapy.

LED phototherapy might be clinically more
effective than conventional phototherapy with blue-
white or green fluorescent tubes as judged by the
production of lumirubin in vitro studies [30].

However, there is no statistically significant
difference in the effectiveness of phototherapy using
blue-green LEDs, blue LEDs or conventional halogen-
quartz bulbs. In a recent meta-analysis including six
randomized controlled trials with five hundred and
eleven term or late preterm neonates, no significant
difference in STB rate of decrease was detected
between LED and other types of phototherapy [31].
In a Cochrane review including 630 neonates in six
randomised controlled trials (four studies compared
LED and halogen light sources, two papers compared
LED and compact fluorescent light sources, the dura-
tion of phototherapy, the rate of decline of STB,
treatment failure (defined as the need of additional
phototherapy or exchange blood transfusion),
side effects of phototherapy such as hypothermia,
hyperthermia, skin rash were all found similar to
phototherapy with conventional (compact fluorescent
lamp or halogen) light sources [32]. So LED and
other phototherapy devices appeared to be equally
effective in reducing STB. However, the variability
of phototherapy units and the lack of a standard
technique to measure spectral irradiance hamper the
interpretation of patient treatments in these trials.
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Fiberoptic phototherapy devices

Fiberoptic phototherapy, a new device using
optical fibers, has been reported to be effective in
reducing STB for neonates with jaundice. These
devices use a standard light source, usually a quartz
halogen bulb. The light from the bulb passes through
a fiberoptic bundle into a pad of woven optic fibers.
The pad can then be placed next to the neonate’s
skin. Thus, infants under fiberoptic phototherapy
can be nursed close to their parents without mother-
infant separation. Furtermore, retinal injury, or
complications such as eye irritation, corneal abrasion,
and conjunctivitis caused by eye shield can be
avoided because light from optical fibers is directly
delivered to the infant’s trunk. Therefore, fiberoptic
phototherapy is a safe alternative to conventional
phototherapy although it has a low spectral irradiance
and a lower spectral power, as it irradiates a minor
body surface and it is not advised for intensive
phototherapy in the most critical cases.

Although fiberoptic phototherapy is equally as
effective as conventional phototherapy in preterm
infants, these devices are less effective in decreasing
the STB level than the conventional phototherapy.
Combining a fiberoptic device with conventional
phototherapy is more effective than conventional
phototherapy alone. Infants should be nursed on the
postnatal ward on a fiberoptic device, if the baby is
over 48 hours old and there is no risk of rapidly rising
STB levels or the need of exchange transfusion.
Infants who have been initially treated with overhead
phototherapy can receive phototherapy by the
fiberoptic device as the bilirubin levels reduce.
The overall aim is to treat the jaundice but also to
minimise maternal and infant separation [33].

Filtered sunlight

Phototherapy may not be available in the less
developed countries because of the lack of devices and/
or of reliable electrical power. In these areas, modern
phototherapy devices are not readily affordable, often
break down because of electrical power surges, and
are difficult to maintain due to the unavailability of
replacement parts (which is recommended after 2,000
to 3,000 hours of use). Even where phototherapy
devices are available, most hospitals lack the resources
necessary to replace fluorescent lamps. Thus, it is
not uncommon, especially in areas without access to
phototherapy, for the parents/guardians of jaundiced
infants to place their babies in direct sunlight unaware
of the potential harm or safety risks.
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Using direct sunlight for phototherapy has a
number of clinical and practical drawbacks that could
make its use undesirable. Sunlight contains altitude-,
seasonal-, and time-of-day-dependent levels of
harmful ultraviolet A, B, and C radiation, which can
cause a serious and permanent damage to human
skin. It also contains significant levels of warming
infrared radiation, which, in the absence of sufficient
cooling, could raise core body temperatures to unsafe
levels.

It must be underlined that the use of sunlight, when
filtered to exclude the harmful spectral radiation,
is a novel, practical, and inexpensive method of
phototherapy that potentially offers safe and effica-
cious treatment strategy for management of neonatal
jaundice in tropical countries where conventional
phototherapy treatment is not available [34].

The most practical and low-cost filters of sunlight
are the commercially available window-tinting
films, widely used in vehicles and residential and
commercial structures in sunny climates. Window-
tinting films can effectively reduce sunlight
ultraviolet and infrared radiation, and offer a range
of significant attenuations of therapeutic blue light.
Although window-tinting films are traditionally
affixed to a glass surface, these films can also be
stretched over a support frame, under which an infant
basket, bassinet, or crib can be placed [35].

Irradiance

Irradiance is reported in watts per square meter
(irradiance) or in microwatts per square cm per
nm (UW/cm*nm) over a certain wavelength band
(spectral irradiance). The higher the irradiance the
larger the rate of STB decline [36]. There may be a
saturation point at 30 mW/cm*nm where an increase
in irradiance has no increased benefit in decreasing
STB levels. Therefore phototherapy devices should
be used to deliver at least 30 mW/cm?*nm [10].
Conventional daylight phototherapy lamps can be
expected to deliver an irradiance of approximately
8-10 uW/cm?/nm, and with special blue fluorescent
lamps irradiance levels may reach 30-40 pW/cm?%
nm. The irradiance of different phototherapy devices
varies widely and is dependent on a number of
factors, including the number of light sources, and
distance of the light source from the neonate.

Double or triple phototherapy

Despite significantly higher irradiance in the
double (fiberoptic plus conventional, or both
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conventional) or triple phototherapy, there is no
statistically significant differences in the treatment
[37-41]. Although STB values decrease significantly
more slowly in infants who received single
phototherapy than the double or triple phototherapy,
the actual difference in 0-4 h decrease is small [42,
43]. More studies are needed to evaluate the double
or triple phototherapy with high-energy phototherapy
units.

Super (high-intensity) phototherapy

Recently, significantly higher STB decline rates
were reported in newborns treated with the super
(high-intensity) [44]. However, another study shows
that the rate and level of photoisomerisation is not
influenced by irradiance and light source [19].

Distance of the light source

The irradiance decreases exponentially as the
distance from the baby increases. Irradiance is
maximized by bringing the light source lights as
close to the infant as possible. The distance from
the light source to the infants is 40 to 50 cm because
the heat formation from the fluorescent tubes risked
overheating the infants at reduced distance. For LED
lights this distance is 20 cm [36].

Reflecting lights

Aluminum foil or white cloth placed on either
side of the infant to reflect light will increase
irradiance [45]. Though hanging of white reflective
sling on sides of fluorescent phototherapy equipment
results in marginal increase in irradiance, it does not
decrease the duration of phototherapy [46]. Use of
mirrors behind the bulbs in tunnel phototherapy units
may lower STB levels earlier [47].

Overhead versus underneath phototherapy

A planar (horizontally flat) overhead
phototherapy lamp illuminates up to one third
of a baby’s skin surface area. For the treatment
of neonatal jaundice, commercially available
LED devices provide light from either above or
underneath the baby. The efficacy of these different
directions of application has not been thoroughly
investigated. Probably overhead is superior to
underneath LED phototherapy in the treatment of
neonatal jaundice because of the increased body
surface exposed to light [48].
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Intermittent versus continuous phototherapy

Intermittent phototherapy (on for 1 hour then off
1 hour; 12 hours on, 12 hours off; 1 hour on, 3 hours
off) is as effective as the continuous phototherapy
[49, 50].

Nursing during phototherapy
Skin care

To increase the speed of STB decrease, as much
of the neonate’s skin surface as possible should be
exposed to the light. Spectral power is optimized
by exposing the wider skin surface as possible,
exceptions being the need for protective covering
of the eyes and, if absolutely necessary, diapers
should be minimal; small or transparent nappies
are sometimes used. There is no difference in STB
reducing rate in partially clotted (dispossible nappy
only) versus naked infants [51].

Infants in isolettes who are less than 1,200 g are
generally nursed without a nappy on an absorbent
sheet protector. Infants in isolettes who are more
than 1,200 g may be nursed with a nappy on if STB
level is not rising rapidly. If intensive phototherapy is
required then the nappy should be removed.

Infant should be clean and dry. Only water is
used for cleaning. Oils or creams should not be
used to the exposed skin. Infants nursed in nappies
where the buttocks are not exposed may have zinc
and castor oil applied to areas of skin excoriation.
However application of clear topical ointment on
the skin of jaundiced small preterm infants receiving
conventional phototherapy in incubators reduces
transepidermal water loss significantly without
effect on STB level which may be related to the skin
thickness [52].

Care in incubator

Light bulbs should be as fresh as possible, and any
optical filters in the unit should be cleaned regularly.
In comparison with the measurement taken outside an
incubator, the mean spectral irradiance detected within
a single-walled incubator is significantly decreased,
and the reduction of spectral irradiance within an
incubator correlated with the degree of incubator wall
with a maximal loss of 15 percent [53].

The irradiance under the overhead daylight
fluorescent lamp phototherapy dose not change with
the increasing humidity (60-80%) in a double-wall
incubator which is kept at 36°C. However, above 90%
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humidity, when water vapour inside the incubator
is so saturated to the point of totally condensing
in the incubator walls, the measured irradiance
decreases 15% of the initial values with the blue LED
phototherapy and 45% with the halogen spotlight
phototherapy. Therefore health professionals should
be aware that mist and water condensation inside an
incubator may significantly reduce the efficacy of
photoherapy [54].

A clear perspex plastic headbox is used to increase
oxygen concentration of air for mild respiratory
distress, and a thin plastic sheet or a transparent
thermal blankets (plastic bubble blanket designed for
industrial packing) are widely used as heat shields
to reduce heat and evaporative losses in the very
low birthweight infant. Use of transparent plastic
insulation substantially decreases the transmission of
phototherapy light. A reduction in irradiance by 5%
was recorded with a perspex heat shield, 7% with a
single plastic sheet, and 11% with a thermal blanket.
Where difficulty in maintaining body temperature
is encountered there is a tendency to increase the
number of plastic layers. This reduces the irradiance
further. A perspex heat shield in addition to a double
layer of plastic or bubble sheet is used, reduces
irradiance 17% and 25%, respectively. Reflection of
light from the surface of the plastic is also a problem.
This increases if the surface is irregular. Thickness
and the type of plastic used have no effect [55, 56].

Changing position or massage

Turning newborns two to three hourly during
phototherapy, as is common practice, does not
increase the effect of phototherapy [57, 58]. The
principal sites of phototherapy action may localize
not only in the skin but also in capillary circulation
under the skin. Increase in capillary circulation in skin
with massage in preterm newborns with jaundice,
may delay a need for phototherapy [59].

Monitoring during phototherapy
Pulse oximetry monitoring

Infants under the blue lights need at least saturation
monitoring as it is difficult to assess the infants
colour under these lights. Well babies who receiving
white light phototherapy do not require monitoring.
It is important to underline that bilirubin, due to a
different spectrum of light absorption, has no effect
on pulse oximetry. Therefore, pulse oxymetry can
be used reliably for monitoring jaundiced patients,
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including neonates. But oxygen saturation monitor
probes must be shielded from broad-spectrum
phototherapy lights because light interferes with the
accuracy of pulse oximetry measurements. Patients
with severe hemolytic jaundice might also have
increased carboxyhemoglobin (COHD) levels, which
could potentially lead to erroneous pulse-oximetry
readings [60].

Transcutaneous bilirubin monitoring

Phototherapy units should be turn off during
phlebotomy for bilirubin levels. Obtaining venous or
heel stick blood samples is an invasive and painful
procedure. Transcutaneous bilirubin (TcB) is an easy,
time-saving, and painless alternative to decrease the
need for STB. Before phototherapy, there is a good
association between bilirubin concentrations in the
blood and the skin, as assessed through TcB optical
spectroscopy. With the initiation of phototherapy, a
rapid decrement in dermal bilirubin. Therefore, the
validity of TcB has been questioned during and after
phototherapy. Currently, TcB assessment is used
before initiating phototherapy only. According to the
findings of a prospective observational study of term
and preterm neonates TcB levels of were —7.3 mg/dL.
below the STB levels. After 8 hours, this value was
reduced to approximately —5.0 mg/dL. Therefore
TcB measurements remain a valuable tool after
phototherapy when time-dependent underestimation
of TcB is being accounted for [61]. Another study
also demonstrates a good correlation between TcB
and TsB by 8 hours even after phototherapy [62].

Another practical method is measuring TcB
on a patched area of the skin. It is well known
that blanching effect the light exposure occurs
only exposed areas, while shaded sites remain
icteric. A photo-opaque patch 2.5 cm in diameter
was positioned on the skin of forehead over the
measurement site prior to the start phototherapy,
and TcB was measured on an unpatched area of the
forehead skin and on the nearby site covered by the
photo-opaque patch by lifting the patch. This study
confirms that only patched (unexposed) skin of
the forehead can be safely used for the evaluation
of bilirubin levels in newborn infants under
phototherapy [63].

Transport and home phototherapy
Phototherapy during neonatal transport is

feasible and safe and may result in a decreased
requirement for subsequent exchange transfusion
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[64]. Home phototherapy in full-term infants with
non-hemolytic moderate hyperbilirubinemia, is a
potential option that avoids separation of mother and
infant, facilitating and maintening breast-feeding,
and is cheaper than hospitalization. It can be used
safely, provided that the total serum bilirubin level
is monitored regularly. This can be considered either
as a continuation of phototherapy commenced in
hospital or as a new treatment in babies whose gone
home on early discharge. However all these infants
should have full blood count, baby blood group
and direct Coombs test, and G6PD in male infants.
Home phototherapy cannot be offered for babies
living in remote areas, and the parents must be
educated about the use device prior discharge or at
home. Newer home fiberoptic phototherapy devices
should be more effective [2]. However, no high-
quality evidence is currently available to support or
refute the practice of home-based phototherapy for
non-haemolytic jaundice in infants at more than 37
weeks’ gestation [65].

Discontinuation of phototherapy

Intensive phototherapy can result in a decrement
of bilirubin values of 30 to 40% in the first 24 hours,
with the most pronounced decline occurring in the
first 4 to 6 hours; phototherapy can be discontinued
when the STB level has fallen below 13 to 14 mg/
dL. Although there are no established guidelines for
discontinuation of phototherapy, phototherapy can
be safely stopped in infants treated during the birth
hospitalization when the STB falls below the level at
which phototherapy was initiated [2].

Rebound bilirubin levels

A rebound in the STB level of 1-2 mg/dL (and
occasionally more) can occur after phototherapy is
discontinued. It is usually unnecessary to keep a baby
in the hospital to check for rebound.

Term babies who are readmitted for phototherapy
(usually between day 3-6) for jaundice do not require
a routine rebound STB level after lights are stopped.
Reasons to check a rebound bilirubin 24 hours
after stopping phototherapy may include positive
Coombs test, prematurity, bruising and early use of
phototherapy (started in 72 hours of life) [66, 67].
Children with bilirubin levels lowered to < 14 mg/dL
with phototherapy are also unlikely to receive repeat
phototherapy [68]. Consider using the TcB use to
assess the need for further bilirubin levels to prevent
unnecessary blood tests.
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Side effects

Although phototherapy has been used for more
than 60 years it has some complications which are
outlined below [69].

Short-term side effects
Interference with maternal-infant interaction

Neonatal phototherapy separates neonates from
mothers, which might interfere with establishing
parent-child bonding. Thus, unless jaundice is too
severe, fiberoptic devices could be used [33], or
phototherapy can be safely interrupted at feeding
time to allow breastfeeding, parental visits, and skin-
to-skin contact to maintain parent-child bonding
[49, 50]. ‘Family-centered phototherapy’ strongly
support the rooming-in, skin-to-skin contact, and
breastfeeding [70].

Hipo- or hyperthermia

LED phototherapy with low irradiances does
not cause significant hyperthermia similar to
conventional phototherapy with blue fluorescent
light. A randomised and controlled unicentric
clinical trial in Brasil showed that blue LED
phototherapy with heterogeneous irradiance
(which may be explained by the concentration
of nine bulbs in the centre of device providing a
higher small illuminated area) exhibited a similar
efficacy as daylight fluorescent lamp phototherapy
from below with uniform irradiance in decreasing
bilirubinemia in newborns with a gestational age
of > 35 weeks. However, patients who received
LED phototherapy exhibited more hypothermia
(35-36.0°C) than patients treated with fluorescent
phototherapy (23% vs. 9%; p=0.02), so there is a
greater need for more rigorous control of the room
temperature [71].

LED phototherapy with high irradiances (60-
120 pW/cm?nm) significantly increases body
temperature in  hyperbilirubinemic  newborns
compared to infants who received conventional
phototherapy with fluorescent lamps (10-15 uW/
cm?nm) or LED phototherapy (26-60 uW/cm*nm).
Thus the increase in body temperature is a function
of increase of irradiance rather than the type of the
light source [72]. Hyperthermia might be related to
release of pyrogenic cytokines, although effects of
light with different wave-lenghts and irradiances on
serum cytokine levels are not known [73].
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Benign skin rashes

Although benign skin rashes are reported as less
than 3% in studies conducted different aims, until
recently, there has not been single systematic study
of the putative association between phototherapy
and the development of benign newborn rashes
[74]. In a recent study from Turkey reported that
dramatic increased incidence with the frequency
of skin eruptions was 36% in the conventional
phototherapy group and 33% in the LED group (p
= 0.83). The skin eruptions were macules in 22.4%,
papules in 8.6%, and maculopapular rashes in 3.4%
infants. There were no differences in the incidence
and extent of skin eruptions in preterm infants who
received conventional fluorescent phototherapy
group or LED group [75]. However, higher rates
of skin rash (39% vs 1%, P=0.002) were reported
in the super (high-intensity, or high-irradiant LED)
group compared with the fluorescent tubes-treated
group [44].

Purpuric and bullous eruptions

Neonates with cholestatic jaundice who are
receiving phototherapy may develop purpuric
(probably circulating porphyrins are the causative
factors) and bullous eruptions. The cause of the
elevated serum (copro- and proto-) porphyrins
is uncertain. Hepatic cholestasis may have been
a contributing factor to the increase in serum
porphyrins. Origin of circulating porphyrins may
also be through the hemolysis of young erythrocyte
precursors, such as reticulocytes which harbor a
tenfold higher concentration of porphyrins than
do mature erythrocytes. Photoactivated porphyrins
stimulate photodamage via reactive oxygen species
and free radicals. Clinically, the majority of the
cutaneous porphyrias demonstrate blistering, which
occurs by accumulation of water-soluble porphyrins.
Purpuric patches develops at sites of maximal
exposure to the phototherapy lights, with dramatic
sparing at shielded sites within 24 hours after
initiation of the phototherapy. On discontinuation
of phototherapy, all eruptions disappear within one
week [76].

Bronze baby syndrome
The bronze-baby syndrome (BBS) is a rare side-
effect of phototherapy which causes the appearance

of grey-brown discoloration of skin, serum, and
urine. BBS is harmless, and pigmentation returns
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slowly to normal if phototherapy is discontinued.
BBS occurs only in newborns with cholestasis and
with elevated plasma levels of both unconjugated
and conjugated bilirubin. It is important to underline
that not all babies with cholestasis develop the
BBS during phototherapy, but all babies who do
should be investigated for underlying liver disease.
The presence of direct hyperbilirubinemia is not
considered a contraindication for phototherapy.
When phototherapy is stopped and cholestasis
resolves, the coloration disappears [2].

The mechanismsresponsible for the onsetof BBS,
and the chemical nature of the abnormal pigment(s)
have not been identified. The abnormally high serum
levels of porphyrins present in these newborns are
likely to be due to cholestasis, which also determines
an enhanced copper level in the serum and in the
liver. The coincidence of the two events induces
the formation of copper-porphyrins. The presence
of copper partially prevents enzymatic conversion
of the porphyrin molecule along the sequence of
uro-, copro- and protoporphyrin. Copper-porphyrin
undergo photodestruction sensitized probably by
bilirubin yielding uncharacterized photoproducts
causing brown-discoloration [77].

Despite the copper-porphyrin theory has
gained acceptance in the literature, copper-
porphyrins are chemically robust molecules, and
bilirubin photosensitize degradation of copper-
porphyrins seems unlikely. Moreover, bilirubin is
a poor photosensitizer, and does not photosensitize
degradation of copper-porphyrin. Thus the basic
premise of the copper-porphyrin hypothesis, that
it stems from degradation of copper-porphyrins
photosensitized by bilirubin, is incorrect. That
is not to say that copper-porphyrins do not
accumulate in serum during cholestasis. However,
there is no evidence that they cause the hallmark
hyperpigmentation of the BBS; despite the well-
known metallic association between copper and
bronze-colored pigmentation [78].

A post-mortem report suggests that the
photodecomposed pigmented products of bilirubin
are unable to pass the blood-brain barrier [79].
Although it is generally believed that BBS is
harmless, and pigmentation generally returns
slowly to normal if phototherapy is stopped, BBS
may constitute an additional risk for developing
kernicterus. Management of hyperbilirubinemia
(especially the hemolytic kind) in the presence of
BBS may include an exchange transfusion carried
out at lower TSB concentration than previously
recommended [80].
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lleus

Jaundice appears to inhibit gastric emptying,
and phototherapy influences emptying indirectly
by lowering STB level. This effect is likely to
be of clinical significance in a small minority of
jaundiced infants [81].

Phototherapy may be an independent risk factor
for ileus in small preterm neonates. A significantly
higher proportion of neonates under phototherapy
developed ileus than those without phototherapy
(63% vs.9%)[82].Ileus in such a situation occurred
frequently in the absence of associated risk
factors like enteral feeds, electrolyte imbalance,
medications like morphine, and sepsis.

Ileus during conventional phototherapy due
to photorelaxation of gut smooth muscle as in
vascular smooth vessels possibly either by nitric
oxide-cyclic guanosine monophosphate pathway
or direct photorelaxation is thus biologically
plausible [83]. Changes in peripheral blood
flow and cardiac output during conventional
phototherapy may also contribute to ileus during
conventional phototherapy in preterm neonates
[84]. However, superior mesenteric artery
blood flow does not change significantly during
phototherapy. Therefore mesenteric ischemia is
unlikely to be a contributing factor towards ileus
during phototherapy [85].

Loose watery stools

Phototherapy-associated diarrhea (possibly
due to an increased intestinal secretion) and
altered transepithelial electric potential difference
have been well-documented in neonates under
conventional phototherapy [86, 87]. Intestinal
absorption of water, sodium chloride, and
potassium is significantly impaired in the patients
receiving phototherapy. Such impairment is
transient, as it is not apparent when phototherapy
is stopped [86].

The high concentration of bilirubin and bile salts
found in the colonic contents of neonates during
phototherapy would appear to be a factor in the
pathogenesis of phototherapy-associated diarrhea
in the jaundiced neonate [88]. Unconjugated
bilirubin significantly increases the permeability
of intestinal epithelium with triggering a reversible
redistribution of tight junctional occluding,
without affecting nutrient digestion or absorption
in an in vitro study. This effect is maximal at 6 h
and tended to be reversed at 48 h [89].
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Dehydration

Conventional phototherapy changes the thermal
environment of infants, which leads to increased
insensible water loss, and dehydration. Phototherapy-
induced loose stools also increase the intestinal
fluid losses. Therefore, newborn infants undergoing
phototherapy should be closely monitored and
appropriate fluid supplementation should be given
when necessary, especially in very low birth weight
infants. Preterm infants have about a 20% increase
in transepidermal water loss when they receive
phototherapy despite being nursed in humidity and
a double walled crib. The daily fluid rate may need
to be increased by 10-15 ml/kg per day to prevent
dehydration [90].

It has been demonstrated that intravenous fluid
supplementation 70 mL/kg (50 mL/kg equivalent
to mild dehydration plus 20 mL/kg) of N/5 (2%)
saline in 5% dextrose for a period of 8 hours,
and, in addition, breast/formula feed ad libitum
as they were taking before in term neonates with
nonhemolytic severe hyperbilirubinemia could
decrease the rate of exchange transfusion and
the duration of phototherapy [91]. The findings
of this trial reevaluated by using isotonic versus
hypotonic fluid supplementation. Hypotonic fluid
supplementation (0.2% saline in 5% dextrose)
increases the incidence of hyponatremia, whereas
isotonic fluid (0.9% in 5% dextrose) decreases the
incidence of hyponatremia but increases the risk
of hypernatremia. Both equally decrease the rate
of blood exchange transfusion and phototherapy
duration. Post hoc calculations suggest that N/3
(0.3%) saline in 5% dextrose may have the least risk
of hyponatremia as well as hypernatremia [92].

However, according to the findings of two
studies, intravenous fluid therapy has no effect on the
rate of decrease in STB and decrease in duration of
phototherapy compared the breastfeeding in healthy
term newborns with no dehydratation [93, 94].
Insensible fluid loss is increased during phototherapy,
so oral feeding is important for protection of
hydration status of newborns. Using the oral route
avoids the need for intravenous cannulae and their
attendant complications. No need any intravenous
fluid supplementation unless the presence of severe
dehydration.

Riboflavin deficiency

Riboflavin is highly sensitive to light. It is because
of its photoreactivity and its presence in almost
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all body fluids and tissues that riboflavin assumes
importance in phototherapy of neonatal jaundice. The
absorption maxima of both bilirubin and riboflavin
in the body are nearly identical. In consequence,
blue visible light will cause photoisomerization
of bilirubin accompanied by photodegradation of
riboflavin. This results in diminished erythrocyte
glutathione reductase, which indicates generalized
tissue riboflavin deficiency and red cell lysis.
Riboflavin deficiency is progressive with the duration
of phototherapy. Many newborns, especially if
premature, have low stores of riboflavin at birth.
The absorptive capacity of premature infants for
enteral riboflavin is likewise reduced. Consequently,
inherently low stores and low intake of riboflavin
plus phototherapy for neonatal jaundice will cause
a deficiency of riboflavin at a critical period for the
newborn. Supplementation to those infants most
likely to develop riboflavin deficiency is useful [95].
But riboflavin deficiency induced by phototherapy
in full-term neonates is not of sufficient severity to
metabolic disorders [96].

Lipid peroxidation

Parenteral lipids are susceptible to light-induced
peroxidation, particularly under phototherapy.
Because lipid hydroperoxides are cytotoxic and
can cause adverse effects in preterm neonates.
Phototherapy light-induced formation of triglyceride
hydroperoxides is prevented with using dark tubing
or covering the intravenous lipid line with aluminum
foil. This method also prevents loss of riboflavin in
intravenous multivitamin solution [97]. If the infant
is receiving breast milk via a tube feed, keep this
away from the phototherapy lights to prevent lipid
peroxidation in the milk [98].

Enlightening the brain, and its consequences

In mammals, light — mostly long wavelengths —
penetrate the skull in several species investigated,
including human [99]. While unfixed human
cadaver studies do not reflect all the conditions seen
in the living condition, transcranial application of
808 nm wavelength light penetrated the scalp, skull,
meninges, and brain to a depth of approximately
40 mm [100]. Significant amount of light penetrate
into deep brain is more probable in newborn infants
because of open wide fontanel and thin skull.

Light can effect mammalian brain physiology
independent of retinal function, and cerebral
cortical tissue responds even to low-intensity visible
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light [101]. Low levels of visible light which is
approximately equal to the amount of light that
can penetrate the rat head through fur, scalp, skull,
and dura mater, enhances neurotransmitter release
[102]. More interestingly, the extracranial light
stimulus consisted of a 3-hour pulse of light by using
a fiberoptic phototherapy device presented to the
popliteal region, the area directly behind the knee
joint, can change circadian body temperature changes
probably via ‘humoral phototransduction’ [103].

Extra-retinal tissues provide non-image-forming
photoreception [104]. Nonvisual photoreceptors
present in the deep brain (septal and hypothalamic),
pineal gland and retina play a role in the circadian and
circannual regulation of periodic functions. Various
opsins and other members of the phototransduction
cascade have been demonstrated in telencephalic
and hypothalamic groups of the periventricular
cerebrospinal fluid (CSF)-contacting neurons sitting
in the wall of the brain ventricles that send a ciliated
dendritic process into the CSF [101].

Circadian rhythm refers to an endogenous
biologic clock with a period of approximately 24
hours. In mammals, the circadian pacemaker is
located in the suprachiasmatic nuclei (SCN) of the
anterior hypothalamus. There is some evidence that
circadian rhythms develop prenatally. At least 12
genes have been reported to be involved in regulating
the circadian rhythm; e.g. Cryl is a negative
regulator, whereas Bmall is a positive regulator.
These genes oscillate not only in the SCN, but also
at the peripheral tissues, such as liver, kidney, skin,
oral mucosa, fibroblast cells, and peripheral blood
mononuclear cells. In a recent study it has been shown
that 24 hour blue light phototherapy significantly
increases the expression of the circadian gene Cry!
and decreases Bmall and plasma melatonin levels.
During phototherapy, the infant’s eyes are routinely
covered to avoid retinal damage. Consequently,
nonocular light exposure can alter the expression of
circadian genes in the peripheral tissues of human
beings. Whether such subtle changes in circadian
gene expression during phototherapy may translate
into neonatal behavior disturbances, e.g. increased
crying, jitteriness, alterations in normal heart rate or
blood pressure circadian pattern or sleep patterns,
needs further study [105].

The role of melatonin in the control of circadian
rhythm has been extensively investigated. Circulating
melatonin is largely derived from the pineal gland,
although other organs producing melatonin include
gastrointestinal tract, epithelial hair follicles, skin,
retina, salivary glands platelets, lymphocytes and
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developing brain. Its synthesis and secretion is
controlled by light and dark conditions, whereby
light decreases and darkness increases its production.
Thus, melatonin is also known as the ‘hormone of
darkness’. It performs a clock and calendar function
in body. Along with antioxidant actions, melatonin
is a biological modulator of mood, sleep, sexual
behavior and circadian rhythm. Decrased melatonin
production and altered nocturnal melatonin secretion
have been linked to various central nervous system
disorders. Low levels of melatonin have also been
shown in obesity, diabetes, ocular diseases, immune
disorders, cardiovascular diseases reproductive
system disorders, cancer [106]. Short- and long-
term effects of prolonged whole body illumination in
newborn infants are unknown.

Hypocalcemia

Phototherapy can lead to decreased total and
ionized calcium levels of neonates, especially
in preterm neonates [107]. This effect might be
attributable to increased urinary calcium excretion
[108]. In addition, light can affect calcium homeostasis
by inhibiting pineal secretion of melatonin and
consequently leading to hypocalcemia. Melatonin
seems to promote bone formation and prevent
bone resorption via several mechanisms which
include the increase in the osteoblastic activity and
differentiation, as well as the reduction in osteoclastic
differentiation and activity, and by increasing
osteoprotegerin expression and scavenging the
free radicals responsible of bone resorption [109].
Fortunately, only a few hypocalcemic neonates
present clinically, and in almost all hypocalcemic
neonates serum levels of calcium return to normal
24 h after ending phototherapy [110]. Therefore, no
need prophylactic calcium during phototherapy.

Phototherapy caused hypocalcemia can be
prevented by covering the head (wearing a hat) during
phototherapy [111, 112]. Although these studies was
conducted on full-term neonates, it seems logical
to apply the hat on preterm neonates as well as the
incidence of the phototherapy-induced hypocalcemia
is higher in the latter than in full-term neonates. This
may due to the higher penetration of light in preterm
neonates.

Patent ductus arteriosus
It is hypothesized that light can penetrate the thin

chest wall of extremely preterm infants, and causes
the relaxation of aortic smooth muscle through the
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activation of the nitric oxide-cyclic GMP pathway
and Ca’-dependent K* ion channels [113, 114].
Therefore, neonatal phototherapy may exert a
relaxing effect on the smooth muscles of the ductus
arteriosus in neonates, thus prevents the closure of
patent ductus arteriosusu (PDA) and may cause the
reopening the ductus arteriosus [115]. In addition,
phototherapy has been reported to increase the heart
rate, diminish the mean arterial blood pressure and
increase peripheral blood flow [116-118]. These
alterations may also affect the closure of PDA, and it
has been speculated that phototherapy may be a risk
factor for PDA, especially in the infants with a birth
weight less than 1,500 g.

In 1986, a positive relationship between
phototherapy and PDA was firstly reported in
premature infants with respiratory distress syndrome
[119]. This observation was supported by a study in
which infants with a birth weight of 501 to 999 g who
received neonatal phototherapy had a significantly
increased incidence of PDA compared to those not
receiving phototherapy (76% vs. 53%) [120]. It has
also been reported that the ductus arteriosus were
reopened during phototherapy in more than 50% of
the small preterm infants (gestational age < 32 weeks,
average birth weight < 1,400 g), all of whom had a
closed ductus arteriosus before phototherapy [121].

Infants treated with fiberoptic blankets are at
lower risk for PDA compared with those treated with
the other PT devices. Although it is speculated with
different physiological effects for a small preterm
infant lying on their back on a fiberoptic blanket
vs. an overhead phototherapy light [122]. However
the recent NICHD phototherapy trial did not show
a difference in the relative risk of PDA between the
aggressive and conservative groups despite a very
significant difference in the duration of phototherapy
treatment [123].

Rosenfeld et al. [119] have been reported that
chest shielding during phototherapy reduced the
incidence and severity of PDA by 50% in small
preterm infants, and have speculated that if shielding
reduces the occurence of PDA, then phototherapy
may have a role in ductal patency. However in
this study, the evaluation of ductal patency was
based on presence of murmur. Echocardiographic
evaluation was performed only in those with a
murmur consistent with PDA. So, the real incidence
of PDA was not definite in this randomized, non-
blinded study. Another study on chest shielding
in extremely preterm infants revealed that chest
shielding did not have any effect on the incidence
or severity of PDA, ductal diameter and LA/Ao
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ratio. The limitation of this prospective study
was the usage of indomethacin which has lead to
interference while evaluating the data [124]. In a
recent study, similarly, no statistical difference was
detected in ductal patency, ductal diameter, LA/Ao
ratio before and after phototherapy [125].

After birth, the balance between vasoconstricting
and vasodilating forces regulates ductus contractility.
Prostaglandins (PGs) and nitric oxide which are
locally produced in endothelial cells of the ductus
contribute to ductal patency. Among vasodilator
prostaglandins (PGE,, PGI,), particularly PGE,
plays an important role in maintaining the patency
of the ductus during fetal and neonatal life [126].
Since blood vessels have been shown to be capable
of prostaglandin synthesis, the superficial vessels
underlying the skin surface which exposed to
phototherapy might affect the synthesis and plasma
levels of prostaglandins. Therefore it has been
hypothesized that, during phototherapy, PG levels
will be increased in parallel with the patency of ductus
after phototherapy. However, the findings showed
that phototherapy did not effect ductal patency and
did not have any enhancing effect on PGE, and PGI,
levels [125]. Therefore, further studies are necessary
to verify if phototherapy is truly linked to PDA or if
some confounding factors present in small preterm
infants already affected by several concurrent
diseases.

Retinal damage

The plastic cover of the lamp and the incubator
wall filter out ultraviolet light. But excessive exposure
to visible light causes photochemical lesions in the
retina. The damaging light is absorbed by rhodopsin,
a visual pigment which triggers several reactions
causing lipid peroxidation and apoptosis. Therefore
retina has greater susceptibility to blue light than
green light. Short time exposure to blue light has
deleterious effects on retinal morphology in rat models
[127]. Recent studies have shown a protective role of
blue light-filtering lenses in human retinal pigment
epithelium exposed to light, illustrating the toxic
effect of blue light [128]. These findings show the
importance of accidental removal of eye coverings
during neonatal blue light phototherapy especially in
premature infants.

The infant’s eyes should be protected from the light
with eye pads or the head shields. Before applying the
eye pads ensure that they are the correct size for the
infant, that the infant’s eyes are closed and that the
eye pads are secured comfortably. The pads should
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be removed every four hours to check for irritation
and relieve pressure, which could occlude the nostrils
or put the infant at risk of suffocation. Removal of
pads should be coordinated with parental visits, as
lack of eye contact with the infant can interfere with
bonding. Eye cares attended with normal saline.

A modified oxygen (orange) headbox has been
described to prevent the complications of eye patches
including eye infection, suffocation with displaced
eye-patches, accidental exposure of the eyes to
light, periorbital skin irritation and eye infection,
and provide a convenient and inexpensive means of
eye protection especially in busy and understaffed
neonatal units where continual vigilant eye-care of
infants receiving phototherapy may not be possible.
The perspex head shields can be used if the serum
bilirubin level is not too high. Position the shield over
the infant’s head but ensure that it is not too low down
so as to prevent the phototherapy light from reaching
the upper part of the body. The neonatal head has a
much larger surface area ratio to their body, so use of
a tinted shield risks covering a lot of area that could
be exposed to the treatment lights [129].

Retinopathy of prematurity

Retinopathy of prematurity (ROP) is a multi-
factorial disease, still not completely understood, in
which free oxygen radicals seem to play a pivotal
role. Since small premature infants have weaker
intracellular defence mechanisms against oxygen
radicals than term infants, theoretically, by promoting
bilirubin, a potent in vitro antioxidant excretion,
phototherapy could decrease the oxidation resistance
in preterm infants and facilitate the development
of ROP. However, the effects of neonatal bilirubin
levels on the incidence of ROP, have yielded
conflicting results. Whereas some authors [130-133]
have found a marginally beneficial role for elevated
bilirubin levels, others [134-137] have shown there is
little significance to the levels, and some others [138-
140] have found elevated bilirubin levels may be a
risk factor for ROP.

In a recent a case-control study to examine the
independent and combined effects of serum bilirubin
and breast milk feeding on ROP risk in infants less
than 32 weeks gestation or with birth weight less than
1,500 g has been shown that the peak bilirubin levels
were lower in ROP cases than in controls (mean 7.2
vs. 7.9 mg/dL; p = 0.045) with a negative association
between highest serum bilirubin level and risk of
ROP (OR = 0.82 per 1-mg/dL change in bilirubin;
p =0.006) [141]. Therefore, further trials are required
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to assess the risk of neonatal phototherapy on the
development of ROP in with small preterm infants.

Hematological effects

The exposure of red cells to phototherapy light
in the presence of bilirubin resulted in oxidative
injury to the cellular membrane as manifested by
a significant increase in the concentration of the
products of lipid peroxidation in the membrane and
hemolysis [142]. Increase in the mean end-tidal
carbon monoxide (ETCO) provides a direct index of
heme turnover, hemolysis and bilirubin production.
Although in one study of preterm neonates standard
phototherapy produced a modest, but statistically
significant increase in the mean ETCO [143],
a recent study no increased ETCO levels were
determined in newborn infants > 35 weeks gestation
receiving intensive phototherapy [144]. Therefore
phototherapy does not produce hemolysis in newborn
infants. If phototherapy increases hemolysis in some
newborns, this effect is generally small although
there is a subgroup of infants who, for unknown
reasons, (e.g. genetic) tend to hemolyze when
exposed to phototherapy. An in vitro study shows that
bilirubin may make the plasma membrane of normal
erythrocytes more fragile, therefore newborns
with hereditary spherocytosis may be sensitive to
phototherapy [145]. However, the measurement of
blood viscosity and erythrocyte aggregation and
filtration do not show significant alterations during
the overall time of phototherapy [146].

Mild or moderate, but usually asymptomatic
and transient thrombocytopenia (platelet count
below 150,000/cm®) may be seen in 79% or
newborn infants after 48 hours of phototherapy
[147]. In the presence of bilirubin the in vitro
irradiation of platelets with visible light induces
significant lysis. The extent of platelet lysis is a
function of irradiation time, being about 20% after
2 h of irradiation [148]. If pre-phototherapy the
platelet count is low, it may fall after phototherapy.
When bone marrow compensation is adequate, no
platelet count difference is detected before and
after phototherapy [149].

Transient DNA damage

Phototherapy may lead to oxidative injury to
the cell membrane and, as a result, increases the
levels of lipid peroxidation products [150]. Free
oxygen radicals in excess may give rise to injury
to host cells and may induce DNA strand breaks.
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Accumulation of DNA damage with time can lead
to gene modifications in cells that may be mutagenic
or carcinogenic. This is of particular concern for
newborns, as they have a lower antioxidant activity
if compared with adults. Single- and double-strand
DNA breaks and oxidative modifications to DNA
can lead to oxidative stress-related diseases such as
necrotizing enterocolitis in newborn infants and even
increase the risk for cancer development in their
future life. An experimental study has demonstrated
that apoptosis in the small intestine of neonatal rats
that expose the abdomen to 72 h phototherapy light
placed under 4-7 cm under wire netting flour [151].

Peripheral blood lymphocytes are commonly used
to monitor environmentally induced genetic damage.
DNA damage in lymphocytes is usually determined
by use of the alkaline comet assay or sister chromatid
exchange. Phototherapy causes DNA damage and
induces apoptosis in peripheral blood lymphocytes
of full-term infants [152-155]. Recently, both
hyperbilirubinemia and phototherapy were found to
enhance apoptosis of peripheral blood lymphocytes
(increased the frequency of micronuclei and DNA
fragmentation), probably through downregulation of
BCL?2 gene (an anti-apoptotic oncogene) expression
and upregulation of BAX gene (a promoter gene of
apoptosis) expression [156].

Intensive and conventional phototherapies
similarly increase DNA damage in newborns
[157], and the DNA damage increased significantly
with the duration of phototherapy [153, 155].
Although it has been demonstrated a strong
correlation between admission STB levels and
DNA damage frequency [158] and a significant
increase in DNA fragmentation and micronuclei
in lymphocytes of hyperbilirubinemic compared
to non-hyperbilirubinemic neonates [156],
hyperbilirubinemia does not probably induce
DNA damage and apoptosis in peripheral blood
Iymphocytes of full-term infants [154, 155]. Before
making a conclusion as hyperbilirubinemia does not
influence DNA damage and apoptosis, more studies
are needed.

Although DNA damage is induced in human
cells through exposure to phototherapy light, these
alterations do not result in immediate or widespread
harmful consequences: in fact, no serious side
effects have been reported in thousands of babies
who had received phototherapy for management
of hyperbilirubinemia for a long time. Furtermore,
genotoxic effect of phototherapy is restricted within
the phototherapy period only; after, DNA damage
disappears [159]. This shows that human cells have
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some capacity for the repair of phototherapy-induced
DNA damage.

Testicular effects

Continuous phototherapy for 72 h on the newborn
rat testicle decreases spermatogonia numbers per
tubule, tubular fertilization index and sperm sertoli
cell index which are the most reliable methods
in estimating future fertility potential, without
significant difference in DNA index [160, 161]. But
these results have not been confirmed with human
studies. Although damage of the gonads during
phototherapy is unlikely because the period of
exposure is relatively short and gonads are shielded
by the skin over the subcutaneous tissue, in most
of the neonatal wards infant’s gonads keep covered
during phototherapy with a small nappy or with the
nappy tucked down as far as possible, to protect
gonads from potentially harmful exposure to light.
Diapers may be used for hygiene but are not essential
for testicular protection [162].

Possible long-term side effects
Allergic diseases

Aspberg et al. [163] first found the association
between neonatal phototherapy and an increased risk
for childhood bronchial asthma in 2007. Allergic
rhinitis are also more common in children who
have history of jaundice and/or phototherapy during
neonatal period [164]. Then several studies have
found a link between neonatal hyperbilirubinemia
and/or neonatal phototherapy and childhood allergic
diseases. Since the number of patients in reported
studies is small, further epidemiological research with
larger groups is needed to evaluate this relationship
[165-168].

In a recent systematic review a total of seven
good quality studies including 101,499 children up
to 12 yr of age, there is a significant increase in the
odds of asthma and allergic rhinitis after neonatal
hyperbilirubinemia [asthma, OR 4.26 (95% CI
4.04-4.5); allergic rhinitis, OR 5.37 (95% CI 4.16-
6.92)] and after neonatal phototherapy [asthma,
OR 3.81 (95% CI 3.53-4.11); allergic rhinitis, OR
3.04(95% CI 2.13-4.32)] [169]. Another large study
(27,693 neonates with neonatal jaundice and 55,367
matched non neonatal jaundice cohorts) which was
not evaluated in this systematic review, also found
similar association between neonatal jaundice and the
development of allergic diseases in early childhood.
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The incidence density and hazard ratios (HRs) of the
five allergic diseases, namely allergic conjunctivitis,
allergic rhinitis, atopic dermatitis, asthma, and
urticaria are greater in the neonatal jaundice cohort
than in the non neonatal jaundice cohort, and the HRs
declined modestly with age. The HRs for allergic
rhinitis (HR = 2.51, 95% confidence interval [CI] =
2.43-2.59) and atopic dermatitis (HR = 2.51, 95%
CI = 2.40-2.62) are the highest, and that for urticaria
was the lowest (HR = 2.06, 95% CI = 1.94-2.19).
The HRs of allergic diseases are substantially greater
for boys and those requiring phototherapy. The HRs
of the allergic diseases, except urticaria (HR = 2.49,
95% CI = 1.57-3.97), were not significantly different
between the neonatal jaundice regardless of whether
the patients received exchange transfusion [168].
Such an association is also found between neonatal
phototherapy and insulin-dependent diabetes mellitus
(OR 1.95; 1.19-3.20) [170].

There are some speculations to explain the
association between neonatal phototherapy and
childhood allergic diseases. Immune competence
is in a state of equilibrium between humoral
immunity (Th-2 cells) and cellular immunity (Th-
1 cells). Normally, the immune system shifts from
mainly Th-2 immune responses towards more Th-1
responses after birth. Abnormalities in Th-2/Th-1
switch caused by environmental factors including
phototherapy contribute in many allergic diseases
during childhood and later in life. Phototherapy
can cause changes in cytokine levels. Although
there are no differences in serum IL-8, IL-10, IL-
Ibeta, and TNF-alpha levels, but decreased IL-6
levels after 24 hours on phototherapy [171], at 72 h
of exposure to phototherapy serum TNF-alpha, IL-
1beta and IL-8 levels are increased, while the serum
IL-6 level at the same time is not changed [172]. In
addition the percentage of CD3* lymphocyte subset
is significantly lower in newborns at 72 h of exposure
to phototherapy [172]. Phototherapy also causes
direct DNA damage to lymphocytes in jaundiced
infants [154], and the DNA damage increases with
the duration of phototherapy, at 24, 48, and 72 h (p
< 0.001) [153]. These changes of cytokine levels,
and DNA damage to lymphocytes may contribute to
the Th-2/Th-1 switch disorder. Th-2/Th-1 switching
disorder due to phototherapy may partly be due
to decreased bilirubin levels, because bilirubin
inhibits complement activation through the classical
pathway [173] and prevents leukocyte migration
[174]. The decreased bilirubin level induced by
phototherapy may result in impaired antioxidant
defense and airway damage, and contribute to later
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development of asthma [164]. Eosinophilic cationic
protein (ECP) is one of several highly basic proteins
present in the secretory granule of the eosinophils
and its increase reflects eosinophilic activation.
Phototherapy increases ECP levels that may play a
role in developing allergic diseases later in life [175].

Melanocytic nevi, melanoma, skin cancer, and café-au-lait
macules

Increased numbers of common melanocytic nevi
or clinically atypical melanocytic nevi are risk factors
for the development of cutaneous melanoma [176].
In previous years, several studies have been made to
investigate a possible association between neonatal
blue light phototherapy and the development of
common melanocytic nevi and clinically atypical
melanocytic nevi in childhood. While some studies
could show an increasing incidence of common
melanocytic nevi or clinically atypical melanocytic
nevi after neonatal blue light phototherapy [177-180],
others could not confirm these results and did not find
higher numbers of melanocytic nevi or melanoma
after neonatal blue light phototherapy [181-183].

Twin studies showed increased numbers of
common and atypical melanocytic nevi in association
with neonatal blue light phototherapy [178, 179].
Environmental factors are usually similar in twins,
and genetic traits are the same in monozygotic twins;
hence, this type of study population seems to be ideal
for comparison. However, the age of the twin pairs
at the time of examination ranged from 3 to 30 years
[179] and from 6 to 30 years [178], respectively.
This finding was not supported later which was
confined to an age group of 5 to 6 years [184]. These
different results could be explained with the time of
skin examination, since the development of nevi is
generally increasing with age [185].

Differences in results could also be due to the
ultraviolet A portion in the lamps used used for
neonatal phototherapy. Unfortunately, information
related to the type of light sources, information
on devices and safety standards used for neonatal
phototherapy is missing in most of the studies [177-
181, 183]. In some earlier studies, the information on
neonatal phototherapy was taken from the parents via
questionnaires, making it difficult to provide exact
details on the type of phototherapy, such as light
source and intensity [177, 181, 183].

In the twin study conducted Csoma et al. [179], the
emission spectrum of lamps ranged from 370 to 600
nm with approximately 0.3% ultraviolet A radiation.
In the other twin study, the emission spectrum
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was blue light (460 to 490 nm) in accordance with
safety standards and thus did not contain significant
ultraviolet radiation [184]. Although it is postulated
that the immature skin of preterm children could be
more sensitive to blue light and may thus result in
increased numbers of nevi [183], this is not confirmed
later [184]. However, there is no independent study
for preterm infants.

The relationship between neonatal phototherapy
and skin cancer has also been studied. It seems
that neonatal phototherapy is not a risk factor for
melanoma [186] and squamous cell or basal cell
carcinoma [187]. However, the follow-up time in
these studies is within 30 years, which is not long
enough for an observation of the development of skin
cancer because the risk of skin cancer is relatively
low in persons under the age of 30 years.

Although there is no reported risk of melanoma
development from café-au-lait macules, a sig-
nificantly higher prevalence of these macules was
found in 5- to 6-year old children with neonatal blue
light phototherapy. The association between café-au-
lait macules and blue light is not known [184].

Uveal melanoma

Uveal melanoma is considered the second most
common primary malignancy of the eye worldwide
after childhood retinoblastoma. Moreover it is
the principal fatal intraocular disease in adults.
Uveal melanoma can be diagnosed at any age
but it is more common in middle to later life.
Although it is a relatively rare neoplasm, uveal
melanoma is associated with particularly high
mortality, primarily due to its association to a
high level of metastatic liver disease. Ultraviolet
exposure, coupled with specific skin pigment
gene polymorphisms, is a prominent factor in
the development of cutaneous melanoma. A link
between ultraviolet exposure and uveal melanoma,
as observed with cutaneous melanoma, has
been suggested, but the evidence for this is not
conclusive. These findings are consistent with the
properties of the adult crystalline lens and cornea,
which collectively filter out all wavelengths
below 400 nm. Unlike ultraviolet radiation, blue
light (400-500 nm) can reach the posterior uveal
tract while retaining sufficient energy to be
deleterious to biological structures. This damage
can generally result in cell dysfunction or death,
the main causes of cellular aging and age-related
macular degeneration, but may also contribute to
tumorigenesis, including uveal melanoma [188].
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Blue light phototherapy has been reported to
increase the risk of dysplastic nevus development
in eye. A very interesting follow-up study of
monozygotic and heterozygotic twins aged 3 to 30
years (in which one of each pair had received and one
had not neonatal blue light therapy), found an increase
in benign ocular pigmented lesions of the iris in the
cohort who had received blue light therapy. Although
broad-spectral emission bulbs are frequently used
in this therapy (370-600 nm, maximal emission 450
nm), ultraviolet A contamination remains negligible
at approximately 0.3% of output. These finding is
surprising because eye protection is worn in neonatal
blue light therapy; however, accidental removal of
eye coverings may occur and the neonatal eye allows
greater transmission of lower frequency blue light
relative to the adult eye [179].

During neonatal phototherapy the nurses monitor
babies periodically for around 10 minutes in every
hour with most of them working within 30 cm of
the phototherapy source from the direct or reflected
radiation beam. Some of the equipment may present
relevant spectral emission also in the ultraviolet
A region. Taking into account that the exposure to
ultraviolet in childhood has been established as an
important contributing factor for melanoma risk in
adults, it is recommended that special safety training
be provided for the affected employees, in particular
protective eyewear can be necessary during newborn
assistance activities carried out in proximity of light
sources [189].

Is phototherapy absolutely safe for small preterm
infants?

Low bilirubin kernicterus in preterm neonates,
though rare, remains an unpredictable and refractory
form of brain injury. Despite compulsive attention
to STB levels, hypoalbuminemia, co-morbid CNS
insult(s), infection, and inflammation are contributing
causes that, in many cases, appear to interact in
potentiating bilirubin neurotoxicity. However, we
have also to take into account the risks and benefits
of any intervention, including phototherapy [190].

Prophylactic versus threshold phototherapy

A multi-center observational study shows that blue
LEDs performed better than conventional fluorescent
lights and fiberoptic blankets but similar to halogen
spotlights in the treatment of preterm infants with
hyperbilirubinemia [191]. This information could
be important for starting phototherapy on ELBW
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infants with a high serum bilirubin level where a
rapid response is desired to minimize the possibility
of bilirubin encephalopathy, need for an exchange
transfusion and exposure to phototherapy.

The efficacy and safety of prophylactic
phototherapy in preventing jaundice in preterm
infants were evaluated in a meta-analysis covering
a total of nine clinical trials representing 3,449
infants. Based on the available data there is evidence
that prophylactic phototherapy initiated soon after
birth (within 36 hours) prevents a significant rise
in unconjugated hyperbilirubinaemia, reduces the
need for exchange transfusion and may reduce long-
term neurodevelopmental impairment. Although a
recent study shows that prophylactic phototherapy
is not associated with any improvement in neonatal
outcomes [192], further well-designed studies are
needed to determine the efficacy and safety of
prophylactic phototherapy on long-term outcomes
including neurodevelopmental outcomes [191].

Lower (aggressive) versus high (conservative)
threshold phototherapy

In infants weighing less than 1,000 g at birth
who received conservative phototherapy (if serum
bilirubin levels exceeded 8.8 mg/dL) has a tendency
for poor neurodevelopmental outcome compared to
in infants who received aggressive phototherapy (12
h of age) [193]. It has also been shown that among
newborn infant who weighed less than 2,000 g at
birth whether less than 1,000 g or not, there were
no statistically significant differences in mortality
between those infants who treated with phototherapy
as compared with the control group [194]. To revaluate
these findings, a multicenter, National Institute of
Child Health and Human Development Neonatal
Research Network randomized trial was conducted to
compare the effects of aggressive-phototherapy with
conservative-phototherapy on the incidence of death
or neurodevelopmental impairment in 1,974 infants
with extremely low birth weight (ELBW) at 18 to
22 months after the expected date of delivery (the
corrected age). For infants with a birth weight of 501
to 750 g, the aggressive phototherapy was continued
or restarted whenever the bilirubin level was found to
be 5 mg/dL or higher. For infants with a birth weight
of 751 to 1,000 g, the aggressive phototherapy was
continued or restarted whenever the bilirubin level
was found to be 5 mg/dL or higher during the first
7 days after birth and 7 mg/dL or higher during the
next 7 days. Conservative phototherapy was initiated,
continued, or restarted whenever the bilirubin level
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was 8 mg/dL or higher for infants weighing 501 to 750
g at birth and 10 mg/dL or higher for infants weighing
751 to 1,000 g at birth [123].

Aggressive phototherapy, as compared with
conservative phototherapy, significantly reduced the
mean peak serum bilirubin level but not the rate of
death. The rate of neurodevelopmental impairment
at 18 to 22 months was lower with aggressive
phototherapy than with conservative therapy (26%
vs. 30%; relative risk, 0.86; 95% CI, 0.74 to 0.99). In
subgroup analyses, the rates of death were 39% with
aggressive phototherapy and 34% with conservative
phototherapy for infants with a birth weight of 501
to 750 g (relative risk, 1.13; 95% CI, 0.96 to 1.34),
although the rates of death were similar in both
groups in infants with a birth weight of 751 to 1,000
g. However, aggressive phototherapy did reduce
neurodevelopmental impairment at 18-22 months
corrected age (after term) (RR = 0.86; [0.74-0.99]),
a reduction due almost entirely to a reduction in
profound impairment (RR = 0.68; [0.52-0.89]) [123].
The possibility that aggressive phototherapy increases
mortality of ventilated infants < 750 g BW treated
is supported by our Bayesian analyses performed to
complement the frequentist analyses [195].

Therefore, aggressive phototherapy may be
preferred for infants with birth weights of 751 to
1,000 g, because of significant neurodevelopmental
benefits in this subgroup and no evidence that the
therapy increased the rate of death or other adverse
outcomes at 18 to 22 months. However, for infants
with a birth weight of 501 to 750 g, the possibility that
increased mortality may offset any potential benefits
of aggessive phototherapy must be considered [123].

Increased mortality after neonatal phototherapy
in infants less than 750 may be explained with
reduced tissue bilirubin levels. It is controversial
whether modest elevations of serum bilirubin cause
brain damage in preterm infants. Some observational
studies of preterm infants have suggested that
bilirubin levels as low as 5 mg/dL or even lower
may cause neurodevelopmental deficits [131,
196]. However, other observational studies have
suggested that moderately higher bilirubin levels
have no neurotoxic effects [146, 197] or might even
benefit these infants [198], because bilirubin is a
powerful antioxidant. The reduction in bilirubin with
phototherapy might increase the susceptibility of
extremely low birth weight (1,000 g or less) infants
whose skin readily transmits light and who would be
most vulnerable to oxidative injury.

Bilirubin is a non-enzymatic endogenous anti-
oxidant. Low concentrations of bilirubin scavenge
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reactive oxygen species (ROS), reduce oxidant-
induced cellular injury and attenuate oxidant stress.
Physiologic jaundice is accepted as a protective
mechanism for the newborn infant against ROS in the
first days of life [195, 199, 200]. Furthermore in term
neonates total bilirubin up to 20 mg/dL has a positive
correlation with total antioxidant capacity (TAC) and
negative correlation with malondialdehyde (MDA),
an important marker of lipid peroxidation [201].

However, in preterm infants, STB level does
not exert a meaningful antioxidant effect in vivo;
heme oxygenase does not exert a pro-oxidant effect
involving an non-transferrin-bound iron increase and
that, on the contrary, it could exert an antioxidant
effect; and the concurrent heme oxygenase and
erythrocyte CuZn superoxide dismutase activity
increase could indicate a synergic antioxidant effect
of the two enzymes [202].

In addition to STB lowering effect, phototherapy
induces the release of cutaneous reactive nitrogen
species and reactive oxygen species, and photolysis
products that are cytotoxic and are associated with
the production of free oxygen radicals. In term and
late-preterm infants phototherapy leads to lower
TAC levels, and increase oxidative stress index
(OSI) regardless of the type of the light source and
intensity with a weak but significant correlation
between the decline in STB and decrease in TAC.
Serum total oxidant status (TOS) increases after
conventional phototherapy with blue fluorescent
lights and intensive LED phototherapy with high
irradiances and to a lesser extent after intensive LED
phototherapy with low irradiances [203].

Nevertheless, decrease in TAC cannot be
attributed to decrease in antioxidant bilirubin alone
which has only a small contribution (2.4%) to TAC.
Other components of TAC are probably affected
by phototherapy as well. Serum vitamin C and uric
acid which are non-enzymatic antioxidants decrease,
whereas serum TAC does not change significantly
48 h after phototherapy in term neonates although
serum TOS, lipid hydroperoxide and finally OSI are
higher after phototherapy [204]. In term neonates
after phototherapy reduced TAC and glutathione
significantly decrease whereas MDA, superoxide
dismutase and catalase increase [142]. All these
results show that phototherapy disturb oxidant/
antioxidant balance in favor of oxidants.

Vigintiphobia: use or abuse of phototherapy

Current recommendations for evaluating and
treating jaundice in term babies include a strict
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monitoring of all babies closely for jaundice,
obtaining several laboratory tests in those with early
jaundice or bilirubin levels more than 12 to 13 mg/
dL, using phototherapy to try to keep bilirubin levels
below 20 mg/dL, and doing exchange transfusions
if phototherapy fails, regardless of the cause of the
jaundice. This is called “vigintiphobia” (fear of 20).
Most of the experts believe that hyperbilirubinemia
in “healthy” infants without other complications is
overtreated, and the recommendations are likely to
lead to unnecessary testing and treatment of jaundiced
term infants [205]. Bilirubin toxicity is rare in term
babies without hemolysis, most jaundiced infants
have no underlying illness, and jaundice subsided
spontaneously in most of these mature infants. In
this low-risk group, the risks and cost of identifying
and treating high bilirubin levels may exceed the
benefits. New treatment recommendations that are
less aggressive than those recommended previously
were set forth.

New treatment recommendations that are less
aggressive than those recommended previously
were set forth, including a goal of keeping STB
levels below 23.4-29.2 mg/dL. among healthy
term infants without hemolytic disease, with either
phototherapy (treatment threshold 17.5-22 mg/dL)
or exchange transfusion (treatment threshold: 25-29
mg/dL) [206]. In contrast to many previous jaundice
management recommendations, serum bilirubin
treatment thresholds were given as ranges rather
than as single numbers. However, newborns with
hemolytic disease should be followed more closely,
and their bilirubin levels kept below 20 mg/dL [207].
These recommendations should be reevaluated
continuously [208].

Because there is no consensus on the level of
STB for which therapy should be initiated, the use
of neonatal phototherapy currently varies widely,
especially for preterm infants. As it is to difficult
to quantify the risk of bilirubin-associated brain
damage, prophylactic phototherapy to prevent
infants from bilirubin encephalopathy has been
over-used in clinical practice, possibly resulting in
many unnecessarily irradiated babies in the neonatal
intensive care unit. Although phototherapy is assumed
to be both effective and safe for ELBW infants, as
mentioned above phototherapy has some potential
side effects in these infants. The best current strategy
for phototherapy is to use it only when really needed,
considering risks and benefits, and following the
officially available guidelines. Therefore strategies
to optimize the risk/benefit ratio in achieving low
STB, e.g., use of lowered irradiance levels, LED
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phototherapy units, and cycled (intermittent)
phototherapy, deserve rigorous evaluation [209].

Declaration of interest
The Author declares that there is no conflict of interest.
References

1. Cremer RJ, Perryman PW, Richards DH. Influence of light on the
hyperbilirubinaemia of infants. Lancet. 1958;1(7030):1094-7.

2. Maisels MJ, McDonagh AF. Phototherapy for neonatal jaundice. N
Engl J Med. 2008;358(9):920-8.

3. McDonagh AF. Bilirubin photo-isomers: regiospecific acyl
glucuronidation in vivo. Monatsh Chem. 2014;145(3):465-82.

4. Ruud Hansen TW. Phototherapy for neonatal jaundice — therapeutic
effects on more than one level? Semin Perinatol. 2010;34(3):231-4.

5. Okada H, Kusaka T, Koyano K, Koyano K, Kunikata J, Iwase T,
Yasuda S, Isobe K, Itoh S. Influence of bilirubin photoisomers
on unbound bilirubin measurement in clinical settings. Ann Clin
Biochem. 2012;49(Pt 6):595-9.

6.  Mreihil K, McDonagh AF, Nakstad B, Hansen TW. Early
isomerization of bilirubin in phototherapy of neonatal jaundice.
Pediatr Res. 2010;67(6):656-9.

7. McDonagh AF, Vreman HJ, Wong RJ, Stevenson DK. Photoisomers:
obfuscating factors in clinical peroxidase measurements of unbound
bilirubin? Pediatrics. 2009;123(1):67-76.

8. McDonagh AF. Controversies in bilirubin biochemistry and their
clinical relevance. Semin Fetal Neonatal Med. 2010;15(3):141-7.

9. Christensen T, Kinn G, Granli T, Amundsen 1. Cells, bilirubin and
light: formation of bilirubin photoproducts and cellular damage at
defined wavelengths. Acta Paediatr. 1994;83(1):7-12.

10. Bhutani VK; Committee on Fetus and Newborn; American
Academy of Pediatrics. Phototherapy to prevent severe neonatal
hyperbilirubinemia in the newborn infant 35 or more weeks of
gestation. Pediatrics. 2011;128(4):1046-52.

11. O’Gorman SM, Murphy GM. Photosensitizing medications and
photocarcinogenesis. Photodermatol Photoimmunol Photomed.
2014;30(1):8-14.

12. Bhutani VK, Cline BK, Donaldson KM, Vreman HJ. The need to
implement effective phototherapy in resource-constrained settings.
Semin Perinatol. 2011;35(3):192-197.

13.  Ennever JF. Blue light, green light, white light, more light: treatment
of neonatal jaundice. Clin Perinatal. 1990;17(2):467-81.

14. Ennever JF, Sobel M, McDonagh AF, Speck WT. Phototherapy for
neonatal jaundice: in vitro comparison of light sources. Pediatr Res.
1984;18(7):667-70.

15. Costarino AT Jr, Ennever JF, Baumgart S, Speck WT, Polin RA.
Effect of spectral distribution on isomerization of bilirubin in vivo.
J Pediatr. 1985;107(1):125-8.

16. Sisson TR, Kendall N, Shaw E, Kechavarz-Oliai L. Phototherapy of
jaundice in the newborn infant. II. Effect of various light intensities.
J Pediatr. 1972;81(1):35-8.

Yurdakok



Journal of Pediatric and Neonatal Individualized Medicine - vol. 4 - n. 2 - 2015

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ayyash H, Hadjigeorgiou E, Sofatzis I, Dellagrammaticas H,
Sideris E. Green or blue light phototherapy for neonates with
hyperbilirubinaemia. Arch Dis Child. 1987;62(8):843-5.

Vecchi C, Donzelli GP, Sbrana G, Pratesi R. Phototherapy for
neonatal jaundice: clinical equivalence of fluorescent green and
“special” blue lamps. J Pediatr. 1986;108(3):452-6.

Pratesi S, Di Fabio S, Bresci C, Di Natale C, Bar S, Dani C. Broad-
spectrum light versus blue light for phototherapy in neonatal
hyperbilirubinemia: a randomized controlled trial. Am J Perinatol.
2015;32(8):779-84.

Ebbesen F, Madsen P, Stovring S, Hundborg H, Agati G. Therapeutic
effect of turquoise versus blue light with equal irradiance in preterm
infants with jaundice. Acta Paediatr. 2007;96(6):837-41.

Donzelli GP, Pratesi S, Rapisardi G, Agati G, Fusi F, Pratesi R.
1-Day phototherapy of neonatal jaundice with blue-green lamp.
Lancet. 1995;346(8968):184-5.

Seidman DS, Moise J, Ergaz Z, Laor A, Vreman HJ, Stevenson DK,
Gale R. A prospective randomized controlled study of phototherapy
using blue and blue-green light-emitting devices, and conventional
halogen-quartz phototherapy. J Perinatol. 2003;23(2):123-7.
Ebbesen F, Agati G, Pratesi R. Phototherapy with turquoise versus
blue light. Arch Dis Child Fetal Neonatal Ed. 2003;88(5):F430-1.
Ebbesen F, Madsen P, Stgvring S, Hundborg H, Agati G. Therapeutic
effect of turquoise versus blue light with equal irradiance in preterm
infants with jaundice. Acta Paediatr. 2007;96(6):837-41.

Agati G, Fusi F, Pratesi R, McDonagh AF. Wavelength dependent
quantum yield for Z—E isomerizarion of bilirubin complexed with
human serum albumin. Photochem Photobiol. 1992;55(2):185-90.
Dai T, Gupta A, Murray CK, Vrahas MS, Tegos GP, Hamblin
MR. Blue light for infectious diseases: Propionibacterium
acnes, Helicobacter pylori, and beyond? Drug Resist Updat.
2012;15(4):223-36.

Pratesi R, Ronchi L, Cecchi G, Sbrana G, Migliorini MG, Vecchi C,
Donzelli G. Skin optics and phototherapy of jaundice. Photochem
Photobiol. 1984;40(1):77-83.

Lamola AA, Bhutani VK, Wong RJ, Stevenson DK, McDonagh
AF. The effect of hematocrit on the efficacy of phototherapy for
neonatal jaundice. Pediatr Res. 2013;74(1):54-60.

Zonios G, Bykowski J, Kollias N. Skin melanin, hemoglobin
and light scattering properties can be quantitatively assessed
in vivo using diffuse reflectance spectroscopy. J Invest Derm.
2001;117(6):1452-57.

Okada H, Abe T, Etoh Y, Yoshino S, Kato I, Iwaki T, Okubo K,
Yasuda S, Kawada K, Kusaka T, Namba M, Nishida T, Imai T,
Isobe K, Itoh S. In vitro production of bilirubin photoisomers by
light irradiation using neoBLUE. Pediatr Int. 2007;49(3):318-21.
Tridente A, De Luca D. Efficacy of light-emitting diode versus
other light sources for treatment of neonatal hyperbilirubinemia:
a systematic review Paediatr.
2012;101(5):458-65.

Kumar P, Chawla D, Deorari A. Light-emitting diode phototherapy

and meta-analysis. Acta

for unconjugated hyperbilirubinaemia in neonates. Cochrane
Database Syst Rev. 2011;(12):CD007969.

Phototherapy in the newborn: what’s new?

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

www.jpnim.com Open Access

Mills JF, Tudehope D. Fibreoptic phototherapy for neonatal
jaundice. Cochrane Database Syst Rev. 2001;(1):CD002060.
Slusher TM, Vreman HJ, Olusanya BO, Wong RJ, Brearley
AM, Vaucher YE, Stevenson DK. Safety and efficacy of filtered
sunlight in treatment of jaundice in African neonates. Pediatrics.
2014;133(6):e1568-74.

Vreman HJ, Slusher TM, Wong RJ, Schulz S, Olusanya BO,
Stevenson DK. Evaluation of window-tinting films for sunlight
phototherapy. J Trop Pediatr. 2013;59(6):496-501.

Vandborg PK, Hansen BM, Greisen G, Ebbesen F. Dose-response
relationship of phototherapy for hyperbilirubinemia. Pediatrics.
2012;130(2):e352-7.

Nuntnarumit P, Naka C. Comparison of the effectiveness between
the adapted-double phototherapy versus
phototherapy. J Med Assoc Thai. 2002;85(Suppl 4):S1159-66.
Romagnoli C, Zecca E, Papacci P, Vento G, Girlando P, Latella

conventional-single

C. Which phototherapy system is most effective in lowering
serum bilirubin in very preterm infants? Fetal Diagn Ther.
2006;21(2):204-9.

Boonyarittipong P, Kriangburapa W, Booranavanich K.
of double-surface

Effectiveness intensive phototherapy

versus  single-surface neonatal
hyperbilirubinemia. J Med Assoc Thai. 2008;91(1):50-5.
Naderi S, Safdarian F, Mazloomi D, Bushehri E, Hamidian R.

Efficacy of double and triple phototherapy in term newborns

intensive phototherapy for

with hyperbilirubinemia: the first clinical trial. Pediatr Neonatol.
2009;50(6):266-9.

Abd Hamid 1J, M Iyen MI, Ibrahim NR, Abd Majid N, Ramli
N, Van Rostenberghe H. Randomised controlled trial of single
phototherapy with reflecting curtains versus double phototherapy in
term newborns with hyperbilirubinaemia. J Paediatr Child Health.
2013;49(5):375-9.

Costarino AT, Ennever JF, Baumgart S, Speck WT, Paul M, Polin
RA. Bilirubin photoisomerization in premature neonates under low-
and high-dose phototherapy. Pediatrics. 1985;75(3):519-22.
Mreihil K, Madsen P, Nakstad B, Benth J§, Ebbesen F, Hansen
TW. Early formation of bilirubin isomers during phototherapy for
neonatal jaundice: effects of single vs. double fluorescent lamps vs.
photodiodes. Pediatr Res. 2015;78(1):56-62.

Sherbiny HS, Youssef DM, Sherbini AS, El-Behedy R, Sherief
LM. High-intensity light-emitting diode vs fluorescent tubes for
intensive phototherapy in neonates. Paediatr Int Child Health. 2015
Apr 6. [Epub ahead of print].

Hansen TW. The role of phototherapy in the crash-cart approach
to extreme neonatal jaundice. Semin Perinatol. 2011;35(3):171-4.
Sivanandan S, Chawla D, Misra S, Agarwal R, Deorari AK. Effect
of sling application on efficacy of phototherapy in healthy term
neonates with nonhemolytic jaundice: a randomized conrolled trial.
Indian Pediatr. 2009;46(1):23-8.

Salehzadeh F, Rahimi MM, Janhangiri S, Habibzadeh S, Sani NA,
Samshirgara M, Sharghi A. Mirror covered tunnel phototherapy
increases the efficacy of phototherapy for neonatal jaundice. Iran J
Neonatol. 2010;1(1):20-3.

21/26



www.jpnim.com Open Access

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62.

63.

64.

Tayman C, Tatli MM, Aydemir S, Karadag A. Overhead is superior
to underneath light-emitting diode phototherapy in the treatment
of neonatal jaundice: a comparative study. J Paediatr Child Health.
2010:46(5):234-7.

Lau SP, Fung KP. Serum bilirubin kinetics in intermittent phototherapy
of physiological jaundice. Arch Dis Child. 1984;59(9):892-4.
Niknafs P, Mortazavi A-A, Torabinejad MH, Bahman-Bijari B,
Niknafs N. Intermittent versus continuous phototherapy for reducing
neonatal hyperbilirubinemia. Iran J Pediatr. 2008;18(3):251-6.
Pritchard MA, Beller EM, Norton B. Skin exposure during
conventional phototherapy in preterm infants: a randomized
controlled trial. J Paediatr Child Health. 2004;40(5-6):270-4.
Wananukul S, Praisuwanna P, Kesorncam K. Effects of clear topical
ointment on transepidermal water loss in jaundiced preterm infants
receiving phototherapy. J Med Assoc Thai. 2001;84(6):837-41.
Chien CH, Tsou Yau KI. The influence of incubator wall on the
irradiation intensity of phototherapy. Zhonghua Min Guo Xiao Er Ke
Yi Xue Hui Za Zhi. 1996;37(2):92-5.

de Carvalho M, Torrao CT, Moreira ME. Mist and water condensation
inside incubators reduce the efficacy of phototherapy. Arch Dis Child
Fetal Neonatal Ed. 2011;96(2):F138-40.

Stutchfield PR, Modi N, Weindling AM. Phototherapy and the use
of heat shields in very low birthweight infants. Arch Dis Child.
1988;63(5):552-4.

Karsdon J, Schothorst AA, Ruys JH, Berger HM. Plastic blankets
and heat shields decrease transmission of phototherapy light. Acta
Paediatr Scand. 1986;75(4):555-7.

Donneborg ML, Knudsen KB, Ebbesen F. Effect of infants’ position
on serum bilirubin level during conventional phototherapy. Acta
Paediatr. 2010;99(8):1131-4.

Lee Wan Fei S, Abdullah KL. Effect of turning vs. supine position
under phototherapy on neonates with hyperbilirubinemia: a
systematic review. J Clin Nurs. 2015;24(5-6):672-82.
Basiri-Moghadam M, Basiri-Moghadam K, Kianmehr M, Jani
S. The effect of massage on neonatal jaundice in stable preterm
newborn infants: a randomized controlled trial. J Pak Med Assoc.
2015;65(6):602-6.

Fouzas S, Priftis KN, Anthracopoulos MB. Pulse oximetry in
pediatric practice. Pediatrics. 2011;128(4):740-52.

Grabenhenrich J, Grabenhenrich L, Biihrer C, Berns M.
Transcutaneous bilirubin after phototherapy in term and preterm
infants. Pediatrics. 2014;134(5):e1324-9.

Juster-Reicher A, Flidel-Rimon O, Rozin I, Shinwell ES. Correlation
of transcutaneous bilirubinometry (TcB) and total serum bilirubin
(TsB) levels after phototherapy. ] Matern Fetal Neonatal Med. 2014
Sep 30. [Epub ahead of print].

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;85(8):537-40.

‘Waterham M, Bhatia R, Donath S, Molesworth C, Tan K, Stewart
M. Phototherapy in transport for neonates with unconjugated
hyperbilirubinaemia. J Paediatr Child Health. 2015 Aug 19. [Epub
ahead of print].

22/26

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

79.

80.

81.

82.

Journal of Pediatric and Neonatal Individualized Medicine - vol. 4 - n. 2 - 2015

Malwade US, Jardine LA. Home- versus hospital-based
phototherapy for the treatment of non-haemolytic jaundice in infants
at more than 37 weeks’ gestation. Cochrane Database Syst Rev.
2014;6:CD010212.

Maisels MJ, Kring E. Rebound in serum bilirubin level
following intensive phototherapy. Arch Pediatr Adolesc Med.
2002;156(7):669-72.

Kaplan M, Kaplan E, Hammerman C, Algur N, Bromiker R,
Schimmel MS, Eidelman Al. Post-phototherapy neonatal bilirubin
rebound: a potential cause of significant hyperbilirubinaemia. Arch
Dis Child. 2006;91(1):31-4.

Berkwitt A, Osborn R, Grossman M. The utility of inpatient rebound
bilirubin levels in infants readmitted after birth hospitalization for
hyperbilirubinemia. Hosp Pediatr. 2015;5(2):74-8.

Xiong T, Qu Y, Cambier S, Mu D. The side effects of phototherapy
for neonatal jaundice: what do we know? What should we do? Eur J
Pediatr. 2011;170(10):1247-55.

Szucs KA, Rosenman MB. Family-centered, evidence-based
phototherapy delivery. Pediatrics. 2013;131(6):1982-5.

Branddao DC, Draque CM, Saiiudo A, de Gusmao Filho FA, de
Almeida MF. LED versus daylight phototherapy at low irradiance
in newborns 235 weeks of gestation: randomized controlled trial. J
Matern Fetal Neonatal Med. 2014;5:1-6.

Aydemir O, Soysald1 E, Kale Y, Kavurt S, Bas AY, Demirel N.
Body temperature changes of newborns under fluorescent versus
LED phototherapy. Indian J Pediatr. 2014;81(8):751-4.

Kurt A, Aygun AD, Kurt AN, Godekmerdan A, Akarsu S, Yilmaz
E. Use of phototherapy for neonatal hyperbilirubinemia affects
cytokine production and lymphocyte subsets.
2009;95(3):262-6.

Maisels MJ, Ramaswamy D, Kring EA. Does phototherapy

Neonatology.

cause benign skin rashes in newborn infants? Acta Paediatr.
2014;103(3):e133-5.

Surmeli-Onay O, Korkmaz A, Yigit S, Yurdakok M. Phototherapy
rash in newborn infants: does it differ between conventional and light
emitting diode phototherapy? Pediatr Dermatol. 2013;30(5):529-33.
LaRusso J, Wilson J, Ceilley R. Phototherapy-induced purpuric
eruption in a neonate. J Clin Aesthet Dermatol. 2015;8(3):46-8.
Rubaltelli FF, Jori G, Reddi E. Bronze baby syndrome: a new
porphyrin-related disorder. Pediatr Res. 1983;17(5):327-30.
McDonagh AF. Bilirubin, copper-porphyrins, and the bronze-baby
syndrome. J Pediatr. 2011;158(1):160-4.

Clark CF, Torii S, Hamamoto Y, Kaito H. The “bronze baby”
syndrome: postmortem data. J Pediatr. 1976;88(3):461-4.

Bertini G, Dani C, Fonda C, Zorzi C, Rubaltelli FF. Bronze
baby syndrome and the risk of kernicterus. Acta Paediatr.
2005;94(7):968-71.

Costalos C, Russell G, Bistarakis L, Pangali A, Philippidou A.
Effects of jaundice and phototherapy on gastric emptying in the
newborn. Biol Neonate. 1984;46(2):57-60.

Raghavan K, Thomas E, Patole S, Muller R. Is phototherapy a risk
factor for ileus in high-risk neonates? ] Matern Fetal Neonatal Med.
2005;18(2):129-31.

Yurdakok



Journal of Pediatric and Neonatal Individualized Medicine - vol. 4 - n. 2 - 2015

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Furchgott RF. Endothelium-dependent relaxation, endothelium
derived relaxation factor and photorelaxation of blood vessels.
Semin Perinatol. 1991;15(1):11-5.

Walther FJ, Wu PY, Siassi B. Cardiac output changes in newborns
with hyperbilirubinemia treated with phototherapy. Pediatrics.
1985;76(6):918-21.

Kadalraja R, Patole SK, Muller R, Whitehall JS. Is mesenteric
blood flow compromised during phototherapy in preterm neonates?
Arch Dis Child Fetal Neonatal. 2004;89(6):F564.

Jaehrig K, Ballke EH, Koenig A, Meisel P. Transepithelial electric
potential difference in newborns undergoing phototherapy. Pediatr
Res. 1987;21(3):283-4.

De Curtis M, Guandalini S, Fasano A, Saitta F, Ciccimarra F.
Diarrhoea in jaundiced neonates treated with phototherapy: role of
intestinal secretion. Arch Dis Child. 1989;64(8):1161-4.

Berant M, Diamond E, Brik R, Yurman S. Phototherapy-
associated diarrhea. The role of bile salts. Acta Paediatr Scand.
1983;72(6):853-5.

Raimondi F, Crivaro V, Capasso L, Maiuri L, Santoro P, Tucci M,
Barone MV, Pappacoda S, Paludetto R. Unconjugated bilirubin
modulates the intestinal epithelial barrier function in a human-
derived in vitro model. Pediatr Res. 2006;60(1):30-3.
Maayan-Metzger A, Yosipovitch G, Hadad E, Sirota L.
Transepidermal water loss and skin hydration in preterm infants
during phototherapy. Am J Perinatol. 2001;18(7):393-6.

Mehta S, Kumar P, Narang A. A randomized controlled trial of fluid
supplementation in term neonates with severe hyperbilirubinemia. J
Pediatr. 2005;147(6):781-5.

Balasubramanian K, Kumar P, Saini SS, Attri SV, Dutta S. Isotonic
versus hypotonic fluid supplementation in term neonates with
severe hyperbilirubinemia — a double-blind, randomized, controlled
trial. Acta Paediatr. 2012;101(3):236-41.

Boo NY, Lee HT. Randomized controlled trial of oral versus
intravenous fluid supplementation on serum bilirubin level during
phototherapy of term infants with severe hyperbilirubinaemia. J
Paediatr Child Health. 2002;38(2):151-5.

Demirsoy U, Nalbantoglu B, Nalbantoglu A, Cakan M, Say A. Effect
of fluid supplementation on serum bilirubin level during phototherapy
of exclusively breastfed term infants with hyperbilirubinemia.
Breastfeed Med. 2011 Nov 2. [Epub ahead of print].

Sisson TR. Photodegradation of riboflavin in neonates. Fed Proc.
1987;46(5):1883-5.

Amin HJ, Shukla AK, Snyder F, Fung E, Anderson NM, Parsons
HG. Significance of phototherapy-induced riboflavin deficiency in
the full-term neonate. Biol Neonate. 1992;61(2):76-81.

Neuzil J, Darlow BA, Inder TE, Sluis KB, Winterbourn CC,
Stocker R. Oxidation of parenteral lipid emulsion by ambient and
phototherapy lights: potential toxicity of routine parenteral feeding.
J Pediatr. 1995;126(5 Pt 1):785-90.

Van Zoeren-Grobben D, Molson RM, Ester WH, Berger HM. 1993.
Lipid peroxidation in human milk and infant formula: Effect of
storage, tube feeding and exposure to phototherapy. Acta Paediatr.
1993:82(8):6459.

Phototherapy in the newborn: what’s new?

99.

100.

101.

102.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

www.jpnim.com Open Access

Persinger MA, Dotta BT, Saroka KS. Bright light transmits through
the brain: Measurement of photon emissions and frequency-
dependent modulation of spectral electroencephalographic power.
‘World J Neurosci. 2013;3(1):10-6.

Tedford CE, DeLapp S, Jacques S, Anders J. Quantitative analysis
of transcranial and intraparenchymal light penetration in human
cadaver brain tissue. Lasers Surg Med. 2015;47(4):312-22.

Vigh B, Manzano MJ, Zadori A, Frank CL, Lukdts A, Rohlich P,
Sz€l A, Dévid C. Nonvisual photoreceptors of the deep brain, pineal
organs and retina. Histol Histopathol. 2002;17(2):555-90.

Wade PD, Taylor J, Siekevitz P. Mammalian cerebral cortical tissue
responds to low-intensity visible light. Proc Natl Acad Sci USA.
1988;85(23):9322-6.

3. Campbell SS, Murphy PJ. Extraocular circadian phototransduction

in humans. Science. 1998;279(5349):396-9.

Fernandes AM, Fero K, Driever W, Burgess HA. Enlightening
the brain: linking deep brain photoreception with behavior and
physiology. Bioessays. 2013;35(9):775-9.

Chen A, Du L, Xu Y, Chen L, Wu Y. The effect of blue light
exposure on the expression of circadian genes: bmall and
cryptochrome 1 in peripheral blood mononuclear cells of jaundiced
neonates. Pediatr Res. 2005;58(6):1180-4.

Singh M, Jadhav HR. Melatonin: functions and ligands. Drug
Discov Today. 2014;19(9):1410-8.

Eghbalian F, Monsef A. Phototherapy-induced hypocalcemia in
icteric newborns. Iran J Med Sci. 2002;27(4):169-71.

Hooman N, Honarpisheh A. The effect of phototherapy on urinary
calcium excretion in newborns. Pediatr Nephrol. 2005;20(9):
1363-4.

Sanchez-Barcel6 EJ, Mediavilla MD, Tan DX, Reiter RJ.
Scientific basis for the potential use of melatonin in bone diseases:
osteoporosis and adolescent idiopathic scoliosis. J Osteoporos.
2010;2010:830231.

Karamifar H, Pishva N. Prevalence of phototherapy-induced
hypocalcemia. Iran J Med Sci. 2002;27(4):166-8.

Kargar M, Jamshidi Z, Beheshtipour N, Pishva N, Jamali M. Effect
of head covering on phototherapy-induced hypocalcaemia in icterus
newborns; a randomized controlled trial. Int J Community Based
Nurs Midwifery. 2014;2(2):121-6.

Ezzeldin Z, Mansi Y, Abdelhamid TA, Sabry M. The effect of
hat on phototherapy-induced hypocalcemia in jaundiced full-term
neonates. Res Rep Neonatol. 2015;5:73-8.

Venturini CM, Palmer RM, Moncada S. Vascular smooth muscle
contains a depletable store of a vasodilator which is light-activated
and restored by donors of nitric oxide. J Pharmacol Exp Ther.
1993;266(3):1497-500.

Batenburg WW, Kappers MH, Eikmann MJ, Ramzan SN, de Vries
R, Danser AH. Light-induced vs. bradykinin-induced relaxation of
coronary arteries: do S-nitrosothiols act as endothelium-derived
hyperpolarizing factors? J Hypertens. 2009;27(8):1631-40.
Benders MJ, Van Bel F, Van de Bor M. Cardiac output and ductal
reopening during phototherapy in preterm infants. Acta Paediatr.
1999;88:1014-9.

23/26



www.jpnim.com Open Access

116.
117.
118.

119.

120.
121.

122.

123.

124.

125.

126.

127.

128.

Bader D, Kugelman A, Blum DE, Riskin A, Tirosh E. Effect of
phototherapy on cardiorespiratory activity during sleep in neonates
with physiologic jaundice. Isr Med Assoc J. 2006;8(1):12-6.

Liu GS, Wu H, Wu BQ, Huang RZ, Zhao LH, Wen Y. Effect of
phototherapy on blood endothelin and nitric oxide levels: clinical
significance in preterm infants. World J Pediatr. 2008;4(1):31-5.
Weissman A, Berkowitz E, Smolkin T, Blazer S. Effect of
phototherapy on neonatal heart rate variability and complexity.
Neonatology. 2009;95(1):41-6.

Rosenfeld W, Sadhev S, Brunot V, Jhaveri R, Zabaleta I, Evans
HE. Phototherapy effect on the incidence of patent ductus arteriosus
in premature infants: prevention with chest shielding. Pediatrics.
1986;78(1):10-4.

Barefield ES, Dwyer MD, Cassady G. Association of patent ductus
arteriosus and phototherapy in infants weighing less than 1000
grams. J Perinatol. 1993(5);13:376-80.

Benders MJ, Van Bel F, Van de Bor M. Cardiac output and ductal
reopening during phototherapy in preterm infants. Acta Paediatr.
1999;88(9):1014-9.

Morris BH, Tyson JE, Stevenson DK, Oh W, Phelps DL, O’Shea
TM, McDavid GE, Van Meurs KP, Vohr BR, Grisby C, Yao Q,
Kandefer S, Wallace D, Higgins RD. Efficacy of phototherapy
devices and outcomes among extremely low birth weight infants:
multi-center observational study. J Perinatol. 2013;33(2):126-33.
Morris BH, Oh W, Tyson JE, Stevenson DK, Phelps DL, O’Shea
TM, McDavid GE, Perritt RL, Van Meurs KP, Vohr BR, Grisby C,
Yao Q, Pedroza C, Das A, Poole WK, Carlo WA, Duara S, Laptook
AR, Salhab WA, Shankaran S, Poindexter BB, Fanaroff AA,
Walsh MC, Rasmussen MR, Stoll BJ, Cotten CM, Donovan EF,
Ehrenkranz RA, Guillet R, Higgins RD; NICHD Neonatal Research
Network. Aggressive vs. conservative phototherapy for infants with
extremely low birth weight. N Engl J Med. 2008;359(18):1885-96.
Travadi J, Simmer K, Ramsay J, Doherty D, Hagan R. Patent ductus
arteriosus in extremely preterm infants receiving phototherapy: does
shielding the chest make a difference? A randomized, controlled
trial. Acta Paediatr. 2006;95(11):1418-23.

Surmeli-Onay O, Yurdakok M, Karagoz T, Erkekoglu P, Ertugrul
I, Takei S, Giray BK, Aykan HH, Korkmaz A, Yigit S. A new
approach to an old hypothesis; phototherapy does not affect
ductal patency via PGE2 and PGI2. J Matern Fetal Neonatal Med.
2015;28(1):16-22.

Gournay V. The ductus arteriosus: physiology, regulation, and
functional and congenital anomalies. Arch Cardiovasc Dis.
2011;104(11):578-85.

Grimm C, Wenzel A, Williams T, Rol P, Hafezi F, Remé C.
Rhodopsin-mediated blue-light damage to the rat retina: effect
of photoreversal of bleaching. Invest Ophthalmol Vis Sci.
2001;42(2):497-505.

Kernt M, Walch A, Neubauer AS, Hirneiss C, Haritoglou C,
Ulbig MW, Kampik A. Filtering blue light reduces light-induced
oxidative stress, senescence and accumulation of extracellular
matrix proteins in human retinal pigment epithelium cells. Clin

Experiment Ophthalmol. 2012;40(1):e87-97.

24/26

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

Journal of Pediatric and Neonatal Individualized Medicine - vol. 4 - n. 2 - 2015

Fok TF, Wong W, Cheung KL. Eye protection for newborns under
phototherapy: comparison between a modified headbox and the
conventional eyepatches. Ann Trop Paediatr. 1997;17(4):349-54.
Hegyi T, Goldie E, Hiatt M. The protective role of bilirubin
in oxygen-radical diseases of the preterm infant. J Perinatol.
1994;14(4):296-300.

Yeo KL, Perlman M, Yong H, Mullaney P. Outcomes of extremely
premature infants related to their peak serum bilirubin concentrations
and exposure to phototherapy. Pediatrics. 1998;102(6):1426-31.
Benaron DA, Bowen FW. Variation of initial serum bilirubin rise in
newborn infants with type of illness. Lancet. 1991;338(8759):78-91.
Heyman E, Ohlsson A, Girschek P. Retinopathy of prematurity and
bilirubin. N Eng J Med. 1989;320(4):256.

Fauchére JC, Meier-Gibbons FE, Koerner F, Bossi E. Retinopathy
of prematurity and bilirubin — no clinical evidence for a beneficial
role of bilirubin as a physiological anti-oxidant. Eur J Pediatr.
1994;153(5):358-62.

Gaton DD, Gold J, Axer-Siegel R, Wielunsky E, Naor N,
Nissenkorn I. Evaluation of bilirubin as possible protective factor
in the prevention of retinopathy of prematurity. Br J Ophthalmol.
1994;75(9):532-4.

DeJonge MH, Khuntia A, Maisels MJ, Bandagi A. Bilirubin levels
and severe retinopathy of prematurity in infants with estimated
gestational ages of 23 to 26 weeks. J Pediatr. 1999;135(1):102-4.
Drury JA, Nycyk JA, Baines M, Cooke RW. Does total antioxidant
status relate to outcome in very preterm infants? Clin Sci.
1998;94(2):197-201.

Romeo MG, Tina LG, Scuderi A, Di Pietro M, Caracciolo M,
Distefano G. Variations of blood bilirubin levels in the newborn
with and without retinopathy of prematurity (ROP). Pediatr Med
Chir. 1994;16(1):59-62.

Teng RJ, Wu TJ, Yau KI. Retinopathy of prematurity in very-low-
birthweight neonates: Epidemiology and risk factors. Chung-Hua
Min Kuo Hsiao Erh Ko i Hsueh Hui Tsa Chih. 1997;38(5):370-4.
Milner JD, Aly HZ, Ward LB, El-Mohandes A. Does elevated
peak bilirubin protect from retinopathy of prematurity in very low
birthweight infants. J Perinatol. 2003;23(3):208-11.

Kao JS, Dawson JD, Murray JC, Dagle JM, Berends SK,
Gillen SB, Bell EF. Possible roles of bilirubin and breast milk
in protection against retinopathy of prematurity. Acta Paediatr.
2011;100(3):347-51.

Ostrea EM Jr, Cepeda EE, Fleury CA, Balun JE. Red cell membrane
lipid peroxidation and hemolysis secondary to phototherapy. Acta
Paediatr Scand. 1985;74(3):378-81.

Aouthmany M. Phototherapy increases hemoglobin degradation and
bilirubin production in preterm infants. J Perinatol. 1999;19(4):271-4.
Maisels MJ, Kring EA. Does intensive phototherapy produce
hemolysis in newborns of 35 or more weeks gestation? J Perinatol.
2006;26(8):498-500.

Roll EB, Christensen T, Gederaas OA. Effects of bilirubin and
phototherapy on osmotic fragility and haematoporphyrin-induced
photohaemolysis of normal erythrocytes and spherocytes. Acta
Paediatr. 2005;94(10):1443-7.

Yurdakok



Journal of Pediatric and Neonatal Individualized Medicine - vol. 4 - n. 2 - 2015

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Tozzi E, Tozzi-Ciancarelli MG, Di Giulio A, D’ Alfonso A, Farello G,
Spennati GF, de Matteis F. In vitro and in vivo effects of erythrocyte
phototherapy on newborns. Biol Neonate. 1989;56(4):204-9.
Bhargava O, Sutrakar SK, Ghanghoria P, Verma A. Incidence
of thrombocytopenia in hyperbilirubinemic neonates following
phototherapy. Asian J Res Chem. 2015;8(4):221-30.
Tozzi-Ciancarelli MG, Amicosante G, Menichelli A, Di Giulio
S, Del Principe D. Photodynamic damage induced by bilirubin on
human platelets: possible relevance to newborn pathology. Biol
Neonate. 1985;48(6):336-40.

Beken S, Aydin B, Zenciroglu A, Dilli D, Ozkan E, Dursun
A, Okumus N. The effects of phototherapy on eosinophil and
eosinophilic cationic protein in newborns with hyperbilirubinemia.
Fetal Pediatr Pathol. 2014;33(3):151-6.

Anitha NT, Parkash C, Vishnu BB, Sridhar MG, Ramachandra RK.
Assessment of DNA damage in babies treated with phototherapy for
neonatal jaundice. Curr Pediatr Res. 2013;17(1):45-7.

Tanaka K, Hashimoto H, Tachibana T, Ishikawa H, Ohki T.
Apoptosis in the small intestine of neonatal rat using blue light-
emitting diode devices and conventional halogen-quartz devices in
phototherapy. Pediatr Surg Int. 2008;24(7):837-42.

Gathwala G, Sharma S. Oxidative stress, phototherapy and the
neonate. Indian J Pediatr. 2000;67(1):805-8.

Tatli MM, Minnet C, Kocyigit A, Karadag A. Phototherapy increases
DNA damage in lymphocytes of hyperbilirubinemic neonates. Mutat
Res. 2008;654(1):93-5.

Aycicek A, Kocyigit A, Erel O, Senturk H. Phototherapy causes
DNA damage in peripheral mononuclear leukocytes in term infants.
J Pediatr (Rio J). 2008;84(2):141-6.

Yahia S, Shabaan AE, Gouida M, El-Ghanam D, Eldegla H, El-
Bakary A, Abdel-Hady H. Influence of hyperbilirubinemia and
phototherapy on markers of genotoxicity and apoptosis in full-term
infants. Eur J Pediatr. 2015;174(4):459-64.

El-Abdin MY, El-Salam MA, Ibrhim M, Koraa SS, Mahmoud
E. Phototherapy and DNA changes in full term neonates with
hyperbilirubinemia. Egypt ] Med Hum Genet. 2012;13(1):29-35.
Karadag A, Yesilyurt A, Unal S, Keskin I, Demirin H, Uras N,
Dilmen U, Tatli MM. A chromosomal-effect study of intensive
phototherapy versus conventional phototherapy in newborns with
jaundice. Mutat Res. 2009;676(1-2):17-20.

Karakukcu C, Ustdal M, Ozturk A, Baskol G, Saraymen R.
Assessment of DNA damage and plasma catalase activity in healthy
term hyperbilirubinemic infants receiving phototherapy. Mutat Res.
2009:;680(1-2):12-6.

Kahveci H, Dogan H, Karaman A, Caner I, Tastekin A, Ikbal M.
Phototherapy causes a transient DNA damage in jaundiced newborns.
Drug Chem Toxicol. 2013;36(1):88-92.

Ko¢ H, Altunhan H, Dilsiz A, Kaymak¢i A, Duman S, Oran B,
Erkul I. Testicular changes in newborn rats exposed to phototherapy.
Pediatr Dev Pathol. 1999;2(4):333-6.

Cetinkursun S, Demirbag S, Cincik M, Baykal B, Gunal A.
Effects of phototherapy on newborn rat testicles. Arch Androl.
2006;52(1):61-70.

Phototherapy in the newborn: what’s new?

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

www.jpnim.com Open Access

Dahl MV, Blake JS. Genital protection in phototherapy units. J] Am
Acad Dermatol. 2011;64(2):437.

Aspberg S, Dahlquist G, Kahan T, Kéllén B. Is neonatal phototherapy
associated with an increased risk for hospitalized childhood bronchial
asthma? Pediatr Allergy Immunol. 2007;18(4):313-9.

Gloria-Bottini F, Bottini E. Is there a role of early neonatal events in
susceptibility to allergy? Int J Biomed Sci. 2010;6(1):8-12.

Aspberg S, Dahlquist G, Kahan T, Killén B. Confirmed association
between neonatal phototherapy or neonatal icterus and risk of
childhood asthma. Pediatr Allergy Immunol. 2010;21(4 Pt 2):¢733-9.
Ku MS, Sun HL, Sheu JN, Lee HS, Yang SF, Lue KH. Neonatal
jaundice is a risk factor for childhood asthma: a retrospective cohort
study. Pediatr Allergy Immunol. 2012;23(7):623-8.

Sun HL, Lue KH, Ku MS. Neonatal jaundice is a risk factor for
childhood allergic rhinitis: a retrospective cohort study. Am J Rhinol
Allergy. 2013;27(3):192-6.

Wei CC, Lin CL, Shen TC, Kao CH. Neonatal jaundice and risks of
childhood allergic diseases: a population-based cohort study. Pediatr
Res. 2015;78(2):223-30.

Das RR, Naik SS. Neonatal hyperbilirubinemia and childhood
allergic diseases: a systematic review. Pediatr Allergy Immunol.
2015;26(1):2-11.

Dahlquist G, Kallen B. Indications that phototherapy is a risk factor
for insulin-dependent diabetes. Diabetes Care. 2003;26(1):247-8.
Procianoy RS, Silveira RC, Fonseca LT, Heidemann LA, Neto EC.
The influence of phototherapy on serum cytokine concentrations in
newborn infants. Am J Perinatol. 2010;27(5):375-9.

Kurt A, Aygun AD, Kurt AN, Godekmerdan A, Akarsu S, Yilmaz E.
Use of phototherapy for neonatal hyperbilirubinemia affects cytokine
production and lymphocyte subsets. Neonatology. 2009;95(3):262-6.
Basiglio CL, Arriaga SM, Pelusa F, Almard AM, Kapitulnik J,
Mottino AD. Complement activation and disease: protective effects
of hyperbilirubinaemia. Clin Sci (Lond). 2009;118(2):99-113.
Keshavan P, Deem TL, Schwemberger SJ, Babcock GF, Cook-
Mills JM, Zucker SD. Unconjugated bilirubin inhibits VCAM-
1-mediated transendothelial leukocyte migration. J Immunol.
2005;174(6):3709-18.

Beken S, Aydin B, Zenciroglu A, Dilli D, Ozkan E, Dursun
A, Okumus N. The effects of phototherapy on eosinophil and
eosinophilic cationic protein in newborns with hyperbilirubinemia.
Fetal Pediatr Pathol. 2014;33(3):151-6.

Gandini S, Sera F, Cattaruzza MS, Pasquini P, Abeni D, Boyle P,
Melchi CF. Meta-analysis of risk factors for cutaneous melanoma: 1.
Common and atypical naevi. Eur J Cancer. 2005;41(1):28-44.
Csoma Z, Hencz P, Orvos H, Kemeny L, Dobozy A, Dosa-Racz
E, Erdei Z, Bartusek D, Olah J. Neonatal blue-light phototherapy
could increase the risk of dysplastic nevi development. Pediatrics.
2007;119(5):1036-7.

Csoma Z, Kemeny L, Olah J. Phototherapy for neonatal jaundice. N
Engl J Med. 2008;358(23):2523-4.

Csoma Z, Toth-Molnar E, Balogh K, Polyanka H, Orvos H, Ocsai
H, Kemeny L, Szell M, Olah J. Neonatal blue light phototherapy and
melanocytic nevi: a twin study. Pediatrics. 2011;128(4):e856-64.

25/26



www.jpnim.com Open Access

180.

181.

182.

183.

184.

185.
186.

187.

188.

189.

190.

191.

192.

193.

194.

Matichard E, Le Henanff A, Sanders A, Leguyadec J, Crickx B,
Descamps V. Effect of neonatal phototherapy on melanocytic
nevi count in children. Arch Dermatol. 2006;142(12):1599-604.
Bauer J, Buttner P, Luther H, Wiecker TS, Mohrle M, Garbe C.
Blue light phototherapy of neonatal jaundice does not increase
the risk for melanocytic nevi development. Arch Dermatol.
2004;140(4):493-4.

Brewster DH, Tucker JS, Fleming M, Morris C, Stockton DL,
Lloyd DJ, Bhattacharya S, Chalmers JW. Risk of skin cancer
after neonatal phototherapy: retrospective cohort study. Arch
Dis Child. 2010;95(10):826-31.

Mahé E, Beauchet A, Aegerter P, Saiag P. Neonatal blue-light
phototherapy does not increase nevi count in 9-year-old children.
Pediatrics. 2009;123(5):e896-900.

Wintermeier K, von Poblotzki M, Genzel-Boroviczény O,
Vogel S, Schotten K, Berking C, Giehl KA. Neonatal blue
light phototherapy increases café-au-lait macules in preschool
children. Eur J Pediatr. 2014;173(11):1519-25.

Darlington S, Siskind V, Green L, Green A. Longitudinal study
of melanocytic nevi in adolescents. J Am Acad Dermatol.
2002;46(5):715-22.

Berg P, Lindelof B. Is phototherapy in neonates a risk factor for
malignant melanoma development? Arch Pediatr Adolesc Med.
1997;151(12):1185-7.

Brewster DH, Tucker JS, Fleming M, Morris C, Stockton DL,
Lloyd DJ, Bhattacharya S, Chalmers JW. Risk of skin cancer
after neonatal phototherapy: retrospective cohort study. Arch
Dis Child. 2010;95(10):826-31.

Logan P, Bernabeu M, Ferreira A, Burnier MN Jr. Evidence for
the role of blue light in the development of uveal melanoma. J
Ophthalmol. 2015;2015:386986.

Pinto I, Bogi A, Picciolo F, Stacchini N, Buonocore G,
Bellieni CV. Blue light and ultraviolet radiation exposure
from infant phototherapy equipment. J Occup Environ Hyg.
2015;12(9):603-10.

Watchko JF, Maisels MJ. The enigma of low bilirubin
kernicterus in premature infants: why does it still occur, and is it
preventable? Semin Perinatol. 2014;38(7):397-406.

Okwundu CI, Okoromah CA, Shah PS. Cochrane Review:
Prophylactic phototherapy for preventing jaundice in preterm
or low birth weight infants. Evid Based Child Health.
2013;8(1):204-49.

Rolnitsky A, Lee SK, Piedbouf B, Harrison A, Shah PS;
Canadian Neonatal Network. Prophylactic Interventions in
Neonatology: How do they fare in real life? Am J Perinatol.
2015 Jul 14. [Epub ahead of print].

Jangaard KA, Vincer MIJ, Allen AC. A randomized
trial of aggressive versus conservative phototherapy for
hyperbilirubinemia in infants weighing less than 1500 g:
short- and long-term outcomes. Paediatr Child Health.
2007;12(10):853-8.

Lipsitz PJ, Gartner LM, Bryla DA. Neonatal and infant mortality
in relation to phototherapy. Pediatrics. 1985;75(2 Pt 2):422-6.

26/26

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

Journal of Pediatric and Neonatal Individualized Medicine - vol. 4 - n. 2 - 2015

Tyson JE, Pedroza C, Langer J, Green C, Morris B, Stevenson
D, Van Meurs KP, Oh W, Phelps D, O’Shea M, McDavid GE,
Grisby C, Higgins R; Eunice Kennedy Shriver National Institute
of Child Health and Human Development Neonatal Research
Network. Does aggressive phototherapy increase mortality
while decreasing profound impairment among the smallest and
sickest newborns? J Perinatol. 2012;32(9):677-84.

Graziani LJ, Mitchell DG, Kornhauser M, Pidcock FS, Merton
DA, Stanley C, McKee L. Neurodevelopment of preterm
infants: neonatal neurosonographic and serum bilirubin studies.
Pediatrics. 1992;89(2):229-34.
Wong RIJ,
current methods and future directions.
2004;28(5):326-333.

Roll EB, Christensen T. Formation of photoproducts and

Vreman HIJ, Stevenson DK. Phototherapy:

Semin Perinatol.

cytotoxicity of bilirubin irradiated with turquoise and blue
phototherapy light. Acta Paediatr. 2005;94(10):1448-54.
Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, Ames BN.
Bilirubin is an antioxidant of possible physiological importance.
Science. 1987;235(4792):1043-6.

Sedlak TW, Snyder SH. Bilirubin benefits: cellular protection
by a biliverdin reductase antioxidant cycle. Pediatrics.
2004;113(6):1776-82.

Shekeeb Shahab M, Kumar P, Sharma N, Narang A, Prasad R.
Evaluation of oxidant and antioxidant status in term neonates:
a plausible protective role of bilirubin. Mol Cell Biochem.
2008;317(1-2):51-9.

Dani C, Masini E, Bertini G, di Felice AM, Pezzati M, Ciofini
S, Rossetti M, Gallori G, Ciuti R, Buonocore G, Paffetti P,
Mannaioni PF, Rubaltelli FF. Role of heme oxygenase and
bilirubin in oxidative stress in preterm infants. Pediatr Res.
2004;56(6):873-7.

Kale Y, Aydemir O, Celik U, Kavurt S, Isikoglu S, Bas AY,
Demirel N. Effects of phototherapy using different light sources
on oxidant and antioxidant status of neonates with jaundice.
Early Hum Dev. 2013;89(12):957-60.

Aycicek A, Erel O. Total oxidant/antioxidant status in jaundiced
newborns before and after phototherapy. J Pediatr (Rio J).
2007;83(4):319-22.

Lewis HM, Campbell RH, Hambleton G. Use or abuse of
phototherapy for physiological jaundice of newborn infants.
Lancet. 1982;2(8295):408-10.

Newman TB, Maisels MJ. Evaluation and treatment of jaundice
in the term newborn: a kinder, gentler approach. Pediatrics.
1992;89(5 Pt 1):809-18.

Eberhard BA, Drew JH. Perhaps vigintiphobia should only
apply to infants with Rhesus erythroblastosis. J Paediatr Child
Health. 1994;30(4):341-4.

Watchko JF. Vigintiphobia revisited. Pediatrics. 2005;115(6):
1747-53.

Arnold C, Pedroza C, Tyson JE. Phototherapy in ELBW
newborns: does it work? Is it safe? The evidence from

randomized clinical trials. Semin Perinatol. 2014;38(7):452-64.

Yurdakok



	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Mechanism of action
	Metabolism of bilirubin photoisomers
	Phototherapy and serum bilirubin levels
	Phototherapy and bilirubin toxicity

	Indications
	Contraindications
	Color of light
	Antibacterial effects of blue light
	Hemoglobin and melanin

	Light sources 
	Conventional phototherapy devices
	Fiberoptic phototherapy devices 
	Filtered sunlight

	Irradiance
	Double or triple phototherapy
	Super (high-intensity) phototherapy
	Distance of the light source
	Reflecting lights
	Overhead versus underneath phototherapy
	Intermittent versus continuous phototherapy 

	Nursing during phototherapy
	Skin care

	Care in incubator
	Changing position or massage

	Monitoring during phototherapy
	Pulse oximetry monitoring
	Transcutaneous bilirubin monitoring

	Transport and home phototherapy
	Discontinuation of phototherapy
	Rebound bilirubin levels
	Side effects 
	Short-term side effects 
	Interference with maternal-infant interaction
	Hipo- or hyperthermia
	Benign skin rashes
	Purpuric and bullous eruptions
	Bronze baby syndrome
	Ileus
	Loose watery stools 
	Dehydration
	Riboflavin deficiency
	Lipid peroxidation
	Enlightening the brain, and its consequences
	Hypocalcemia
	Patent ductus arteriosus
	Retinal damage
	Retinopathy of prematurity
	Hematological effects
	Transient DNA damage
	Testicular effects

	Possible long-term side effects 
	Allergic diseases
	Melanocytic nevi, melanoma, skin cancer, and café-au-lait macules
	Uveal melanoma


	Is phototherapy absolutely safe for small preterm infants?
	Prophylactic versus threshold phototherapy
	Lower (aggressive) versus high (conservative) threshold phototherapy

	Vigintiphobia: use or abuse of phototherapy
	Declaration of interest
	References

