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ABSTRACT

Objective: To determine what adverse effects of neonatal
phototherapy have been identified and the general breadth of the
research.

Data Sources: A search for relevant sources was conducted using
PubMed, The Cochrane Database, Ovid, and Clinical Key via EBSCO
Discovery Search from January 2013-January 2023.

Study Selection: Sources were included if participants had
undergone phototherapy for hyperbilirubinemia during their first
weeks of life, including term and preterm infants. Twenty-three
sources met the inclusion criteria.

Data Extraction: Extraction included citation, design, context, aim,
participants, outcomes, and main results.

Data Synthesis: General concepts leading the synthesis included
adverse effects of neonatal phototherapy. In addition, specific
subgroups of adverse effects explored included childhood allergies,
childhood cancers, patent ductus arteriosus (PDA), migraine
headaches, attention deficit hyperactivity disorder, autism spectrum
disorder, eye disorders and acoustic disorders.

Conclusion: While the quality of studies varies, more rigorous
research on adverse effects of neonatal phototherapy would benefit
from careful selection of methods and reference standards, direct
measures of each adverse outcome identified in adults and children,
and prospective cohort studies linking early neonatal exposure with
each adverse outcome outcomes throughout childhood and
adolescence.

Elucidating the effects of hyperbilirubinemia versus neonatal
phototherapy on each potential adverse outcome will help to
determine if new treatment methods for infants with
hyperbilirubinemia need to be developed.
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Background

Per algorithm recommendations of The American
Academy of Pediatrics (AAP), and many other
professional organizations, newborn infants with
elevated levels of unconjugated bilirubin are
treated with phototherapy. Research and
development of algorithms by Bhutani, et al. has
improved the care of newborns  with
hyperbilirubinemia by through appropriate testing
and treatment as needed with phototherapy.!
Phototherapy is typically provided using special
blue light. Double phototherapy consists of special
blue light with the addition of fiberoptic
phototherapy. For the past twenty years AAP has
recommended an irradiance of >30UW /cm-2nm-!
and a wavelength of 430-490nm for treatment of
hyperbilirubinemia.2

The dose of phototherapy is a key factor in how
quickly it works; dose in turn is determined by the
wavelength of the light, the intensity of the light
(spectral irradiance), the distance between the
light and the baby, and the body surface area
exposed to the light (irradiance footprint).
Commercially available phototherapy systems
include those that deliver light via fluorescent
bulbs, halogen quartz lamps, light-emitting diodes,
and fiberoptic mattresses. It has been used for this
purpose for newborns since the 1950s when the
first publication on phototherapy for treatment of
neonatal hyperbilirubinemia was published.?

The newest clinical practice guidelines on
management of neonatal hyperbilirubinemia were
released by the American Academy of Pediatrics
(AAP) in July 2022. 2 These guidelines have raised
the transcutaneous bilirubin (TCB) level for infants
>35 weeks gestation prior to recommended use of
phototherapy based on gestational age, days of
life and risk factors with the intent to avoid
adverse effects of phototherapy while providing
safe care for infants with hyperbilirubinemia.
Sunlight is also known to help with bilirubin
breakdown but is not generally recommended
when phototherapy devices are available due to
harmful ultraviolet light and infrared radiation,
with potential for sunburn, skin damage, and
hyperthermia or hypothermia.

Approximately 50% full-term newborns and 80%
preterm newborns will present with
hyperbilirubinemia usually between day 2-4 of
life.4  Bilirubin in higher amounts can be toxic to
cells of the brain. In a large retrospective cohort
study by Tsao, et al. the risks of long-term adverse
neurodevelopmental outcomes including cerebral
palsy, hearing loss and developmental delay,
were 2-3 times higher in infants with significant
neonatal jaundice, irrespective of treatments
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including phototherapy, intense phototherapy, and
exchange transfusion.>

If a baby has severe jaundice, there's a risk of
bilirubin passing into fat cells of the brain, a
condition called acute bilirubin encephalopathy.
Prompt treatment may prevent significant lasting
damage. Permanent damage to the brain due to
acute bilirubin  encephalopathy is known as
kernicterus. Phototherapy is a method for
breaking down bilirubin by transforming bilirubin
into water-soluble isomers for elimination via urine
and stools without conjugation in the liver.
Phototherapy is used for newborns with elevated
levels of  bilirubin to prevent bilirubin
encephalopathy. In a study by Auger, N., et al., of
32,314 infants born between 2006-2016, 4.1%
of newborns were exposed to phototherapy for
treatment of jaundice.¢

A study by Jasprova, et al.” utilized in vitro and
ex vivo experimental models of photo-oxidative
products of hyperbilirubinemia. Exposure to
bilirubin oxidative products, even at high levels
did not affect cell viability in vitro. However,
there was an increase in pro-inflammatory
cytokines that may be implicated in negative
neurological outcomes according to the study.
Concerns about adverse effects of phototherapy
have been expressed since its inception. After
almost seventy years as the primary treatment for
neonatal jaundice, these questions regarding
neonatal phototherapy persist.

Following incidental comments on public blogs
regarding adverse effects of phototherapy for
infants, a scoping review of the recent literature
was undertaken to determine what adverse effects
have been identified and the general breadth of
the research. For infants treated  with
phototherapy what is the rate of complications? s
it the hyperbilirubinemia or the phototherapy that
caused the problem? What is known and what
aspects need further investigation? It is unclear
what kind of information is available in the
literature about adverse effects of phototherapy
and ultimately safety of this treatment to prevent
bilirubin encephalopathy. As the primary
treatment for a potentially devastating sequelae,
if there are significant risks of phototherapy to the
infant, they need to be better understood so that
research on mitigation or alternative treatments
can be developed. Additionally, in discussing risks
versus benefits with the infant’s parents,
determining what risks exist is critical. For these
reasons, a scoping review was conducted to
systematically map the research done in this areaq,
as well as to identify any existing gaps in
knowledge on adverse outcomes related to
neonates with hyperbilirubinemia treated with
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determine the extent
phototherapy  safety  research  has  been
undertaken and the prevalence and health
outcomes associated with neonatal phototherapy.8

phototherapy to

Design

A scoping review of adverse effects of neonatal
phototherapy was undertaken. Scoping reviews
are a type of knowledge synthesis. This
methodology begins with a topic and follows a
systematic approach to identify knowledge gaps
by mapping evidence on a topic and identification
of main concepts, theories, and sources.8 A checklist
was developed with guidance from the EQUATOR
(Enhancing the QUAIlity and Transparency Of
health Research) Network. The checklist comprises
20 reporting items and 2 optional items and is
known as the PRISMA-ScR (Preferred Reporting
Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews). The intent of the
PRISMA-ScR is to help readers (including
researchers, publishers, commissioners,
policymakers, health care providers, guideline
developers, and patients or consumers) develop a
greater understanding of relevant terminology,
core concepts, and key items to report for scoping
reviews? (see Figure 1).

Online databases including PubMed, The Cochrane
Database, Ovid, and Clinical Key were searched
via EBSCO Discovery Search from January 201 3-
January 2023. A general search for adverse
effects of neonatal phototherapy was conducted.
In addition, specific subgroups of adverse effects
explored included neonatal phototherapy as well
as; childhood allergies, childhood cancers, nevis or
rashes, patent ductus arteriosus (PDA), migraine
headaches, attention deficit hyperactivity disorder,
autism spectrum disorder, eye disorders and
acoustic disorders. All English language studies that
included term or preterm infants with jaundice
treated with phototherapy with exploration of
adverse effects were included in the review.
Excluded from the review were studies that were
completed earlier than 2013 or were not
prospective or retrospective studies conducted
directly  involving infants  that  received
phototherapy.

Results

Summary

There were 25 studies included in the scoping
review (see Table 1). Allergic reactions appear to
be significantly increased in infants exposed to
phototherapy for treatment of hyperbilirubinemia.
Causation of PDA in preterm infants by
phototherapy and the role of chest-shielding for
prevention of PDA are not confirmed in the
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literature. Mixed results were found for
phototherapy and childhood cancer rates. ADHD
rates were increased with exposure to
phototherapy and higher bilirubin rates. ASD rates
were not significantly increased with
hyperbilirubinemia although phototherapy was not
a specific objective this study. Phototherapy was
not found to cause significant negative
ophthalmologic outcomes. Adverse neurological
and hearing loss outcomes appear to be increased
by use of phototherapy for neonatal
hyperbilirubinemia according to Erdeve, et al.l°
and Tsao, et al.’> but were not found to be
significant by Can, et al.''  Phototherapy dose
dependent changes were found for magnesium
levels in one study and in another study without
dose of phototherapy as a variable. There were
decreased sodium levels demonstrated in preterm
and low birth-weight infants that underwent
phototherapy in another study. Potassium levels
were not found to be influenced by phototherapy.
No research literature was found for the selected
timeframe that explored the relationship between
migraine headaches and neonatal phototherapy
use.

Few studies were able to differentiate results from
phototherapy versus hyperbilirubinemia.

Immune or Inflammatory/Childhood Allergies

Five studies were included that sought to determine
if neonatal phototherapy may lead to immune and
inflammatory reactions potentially resulting in
childhood allergies. In the systematic review by
Das and Naike'? a significant increase in allergic
asthma and rhinitis  following neonatal
hyperbilirubinemia and neonatal phototherapy
was demonstrated and hospitalization due to
asthma after neonatal phototherapy was
increased [OR 3.56 (95% Cl 2.93-4.33)]. There
was a significant positive correlation found by El
Sheikh between total serum bilirubin and both
eosinophil count and eosinophil % (r = 0.281and r
= 0.339), respectively (P < 0.001) after PT.’3 A
significant positive correlation was also found
between both tumor necrosis factor alfa and
eosinophil % after PT (r = 0.545, P < 0.001)3.
The increased serum tumor necrosis factor-alpha
and  eosinophilic count following neonatal
phototherapy indicates an allergic response.
Faulhaber, et al. conducted a systematic review on
adverse effects of neonatal phototherapy. This
review that included five studies specifically
exploring childhood allergies as an adverse
outcome of neonatal phototherapy indicated a
possible association between neonatal
phototherapy and childhood allergies.™
Following LED neonatal phototherapy on 30
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infants with severe hyperbilirubinemia Beken, et al.
found significantly increased levels of eosinophil

cationic protein  which may lead to the
development of allergic diseases.’> Aydin et al.
demonstrated  that  bilirubin  levels and/or

phototherapy might be responsible for an increase
in the peripheral eosinophil count in infants with
elevated bilirubin levels treated with
phototherapy.1¢

Patent Ductus Arteriosus (PDA)

Three studies were included exploring causation of
PDA in preterm infants by phototherapy. The role
of chest-shielding for prevention of PDA is not
confirmed in the literature. A Cochrane Review by
Bhola, et al. explored older studies that found that
PDA is an adverse outcome from neonatal
phototherapy in preterm babies.'” No conclusions
could be drawn on the use of chest shielding to
prevent this adverse outcome. In contrast, a meta-
analysis by Mannan J, et al. found a decrease in
PDA among preterm infants receiving
phototherapy with chest shielding. With regards
to PDA,'® Surmeli-Oney, et al. concluded from
their prospective study that phototherapy does not
cause PDA through altered prostaglandins levels.!?
Migraine Headaches

Although there is incidental non-scientific blog
discussions regarding neonatal phototherapy and
migraine headaches, no research literature was
found that explored the relationship between
neonatal  phototherapy use and migraine
headaches.

Childhood Cancers

Mixed results were found for phototherapy and
childhood cancer rates among the four studies
included in this scoping review. A systematic
review and meta-analysis that included 11 studies
indicated that neonatal phototherapy might be a
possible risk factor for childhood cancer in
general, and specifically, leukemia. The findings of
one study by Hemati, et al. show
that phototherapy was  significantly  associated
with an increased risk of all types of cancers (RR =
1.28; 95% CI (1.08, 1.51)).20 A cohort study by
Digitale, et al. included a sample of 139,100
infants <35 weeks gestation from 1995 to 2017,
and followed through March 16, 2019, and a
sample of 40,780 children with 5 years of follow-
up from their previous report. In this large study
no association with any cancer diagnoses at age
>4 years of age was found.?!

A retrospective cohort study by Auger, et al. with
a sample of 786,998 infants determined that
neonatal phototherapy may be associated with a
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slightly increased risk of solid tumors in childhood.¢
The study was not able to determine whether the
slightly increased risk of solid tumors was an effect
of phototherapy versus the effect of bilirubin.
Sabzevari, et al. conducted a case control study to
explore if there was a relationship between
neonatal phototherapy and all cancer types in
116 children up to age four. The study results
indicated that no correlation was found between
neonatal phototherapy and childhood cancers.22

Attention Deficit Hyperactivity Disorders (ADHD)
or Autism Spectrum Disorder (ASD)

Three studies were included that explored either
ADHD or ASDs. A retrospective observational
study by Wei, et al. explored the adverse
outcome of ADHD due to neonatal phototherapy.
The study included 24,950 neonatal jaundice cases
and 69,964 matched non-jaundice controls. The
risk of ADHD increased for neonates with higher
serum bilirubin levels that received phototherapy
and had longer inpatient stays. It is not clear if
hyperbilirubinemia or phototherapy is the cause.
The hazard ratio was higher for male, preterm,
and low-birth-weight infants.23 The second study
by Hung, et al. was a retrospective cohort study
exploring a link between hyperbilirubinemia and
ASD. This study included 67,017 neonates with
and without hyperbilirubinemia. ASD rates were
not significantly increased with hyperbilirubinemia
although phototherapy was not a specific
objective this study.24 In the third study by
Lozada, et al. a procedural treatment for jaundice
was documented in 107 (3.7%) of children with
ASD and 221 (2.5%) of controls (P < .001),
suggesting a significant increase in ASD for
children with a history of neonatal phototherapy
for hyperbilirubinemia.25

Ophthalmologic Disorders

One study was included in the scoping review
related to adverse ophthalmologic effects of
neonatal phototherapy. The study by Kara, et al.
was a retrospective chart review of 100 infants
with hyperbilirubinemia (57 phototherapy/43 no
phototherapy) and follow-up with prospective
ophthalmologic exams at 5-6 years of age. No
significant difference was found between the
groups in terms of the need for eyeglasses.
Significant difference between the groups in terms
of right cycloplegic spherical equivalent and left
cycloplegic spherical equivalent was coincidental
and clinically insignificant. Although convergence
near point was statistically significant between the
groups, it ranged from 2 to 5 cm, which remained
in normal limits. This indicates that this statistical
significance was clinically insignificant.2¢
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Neurological effects and hearing loss

Four studies were included that explored
neurological adverse effects and hearing loss due
to neonatal phototherapy exposure. In the study
by Newman, et al. a significant increase in the
rates of seizures were found for those exposed
versus not exposed to neonatal phototherapy
(crude IRR: 1.63; 95% Cl: 1.44 to 1.85; P
<.0001). The risk for seizures also was found to
increase over time. Groups found in unadijusted
analyses to be at higher risk of future seizures
included male sex, African American race, lower
gestational age, low birth weight, and being small
for gestational age.28 Rates of infantile cerebral
palsy, hearing loss, and developmental
delay were significantly higher within each cohort
in the study by Tsao, et al. This study had a large
sample size of 66,983.5 Results of the study by
Erdeve, et al. showed neurological abnormalities
(0.35%), and hearing loss (0.2%) without
differentiating  bilirubin  versus  phototherapy
causation.’®  Can, et al. found a non-significant
difference in auditory neuropathy among late
preterm infants with severe and non-severe
hyperbilirubinemia.!

Nevis and Rashes

The two studies exploring phototherapy as
causation of nevis and rashes demonstrated mixed
outcomes. Blue light phototherapy for neonatal
hyperbilirubinemia was not found to result in a
significant number of melantocytic nevis (p=0.53)
in a study by Lai, et al.28 Five studies were
included in their systematic review and meta-
analysis with a total sample of n=2,9210f which
642 received the phototherapy treatment.26  In
the systematic review by Olah, et al. six studies
were included with 923 subjects. Four of the
included studies found a relationship between
neonatal phototherapy and nevis (n=410) while 2
studies did not (n=513).2°

Electrolytes

Three studies were included that explored adverse
effects of neonatal phototherapy on electrolytes in
the infant. In one observational study including 70
NICU babies on phototherapy by Khatab, et al.
there was a significant decrease in magnesium
levels from the pre-phototherapy levels to 48
hours and at the conclusion of phototherapy with a
level of significance at each time of p<0.001.30
Potassium levels were not found to be influenced
by phototherapy.3®¢ In a study by Eghbalian, et
al. phototherapy dose dependent changes were
found for serum total magnesium levels. The
magnesium levels were significantly decreased
with use of double phototherapy (p=0.018) but
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not with single phototherapy.?’ In a three cohort
(infants at term, preterm and low birthweight)
prospective observational study with a total
sample of 100 by Chinnappa, et al. hyponatremia
was significant in study infants that underwent
phototherapy, especially in preterm and low
birthweight infants. Potassium changes in the study
by were non-significant.32

Discussion

Immune and Inflammatory/Childhood Allergies
Allergic reactions appear to be increased in
infants exposed to phototherapy for treatment of
hyperbilirubinemia. 1213141516 Although the study
by Das and Neike 2 was found to be of low
quality, the consistency of the evidence for this
adverse effect among all five studies included in
this review, appears to indicate that children with
a history of neonatal phototherapy immune should
be screened for immune and
inflammatory /childhood allergies during regular
pediatric visits as a potential adverse effect of the
neonatal phototherapy they received. There are
not findings that consistently demonstrate causation
of the «adverse effects stemming from
phototherapy versus hyperbilirubinemia versus a
combination of the two.

Patent Ductus Arteriosus (PDA)

There appears to be long-term evidence of PDA
as an adverse reaction in preterm newborns with
hyperbilirubinemia treated with neonatal
phototherapy. However, the intent of the
Cochrane Review by Bhola, et al. and the study by
Mannan, et al. included in this scoping study, were
intended to explore evidence for mitigation of this
adverse outcome through use of chest shielding for
preterm infants during phototherapy.!7.18 The
main weakness within the Cochrane Review was
only two trials were included, and both were
found to have a risk of bias.’> In use of chest
shielding, there is a loss of surface area exposed
to the phototherapy, in theory diminishing its
effectiveness. In the study by Mannan, et al. chest
shielding was found to be effective in PDA
reduction. Therefore, although PDA may be
increased in these infants, it is not confirmed
whether the causation is the phototherapy, the
hyperbilirubinemia, the preterm status, or a
combination of these.’®  The study by Surmeli-
Oney, et al. found that phototherapy effects on
prostaglandin does not mediate PDA as an
outcome in preterm infants. However, no other
causation was explored.’?
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Migraine Headaches

Although there was no research literature found
for this review on migraine headaches as an
adverse outcome from phototherapy, one
interesting intersection within this review is the
study by Khatab, et al. that found decreased
magnesium levels with double phototherapy.3°
Magnesium supplements are a first line treatment
for chronic migraines, indicating that lower
magnesium levels and migraines are potentially
related.39 Long-term follow-up of infants that
received phototherapy might be needed to
determine the risk of this adverse outcome.

Childhood Cancers

Although two of the included studies showed
significant results with increased risk of childhood
cancers,206 two of the studies demonstrated no
increased risk.2'22  As the role of confounding
factors were not controlled in the four studies
included in this scoping review, studies, future
large cohorts are necessary in this regard. In
addition, exploring the risk of cancer as an
adverse outcome of neonatal phototherapy in a
wider age range might present a clearer
understanding of childhood cancers as a risk from
neonatal phototherapy. The findings of the study
by Hemati, et al. underscore the importance of
greater adherence to scientific guidelines for
thresholds of bilirubin for minimizing unnecessary
exposure to phototherapy.20

Attention Deficit Hyperactivity Disorders (ADHD)
or Autism Spectrum Disorder (ASD)

All studies included for this category of neonatal
phototherapy adverse effects had very large
pools of subjects, strengthening their
conclusions.23:2425  The risk of ADHD was shown to
increase with higher serum bilirubin levels that
received phototherapy and had longer inpatient
stays. It is not clear if hyperbilirubinemia or
phototherapy is the cause. As infants with higher
bilirubin levels might receive higher levels of
phototherapy and for a longer time-period, this
may be a subgroup with higher risk for ADHD
versus all infants receiving phototherapy. With a
higher hazard ratio found for males, preterm, and
low-birth-weight infants23, screening for ADHD
might be indicated for these infants with a history
of neonatal phototherapy. In the study by Hung, et
al., ASD rates were not significantly increased with
hyperbilirubinemia.24  Although phototherapy was
not a specific objective this study, many of the
study infants did receive phototherapy. This would
lend some credence to an unlikely connection
between phototherapy and ASD. However, the
study by Lozada, et al. with a large sample size,

Medical Research Archives | https:

Neonatal Phototherapy Adverse Effects in Infants

found 47% increased odds of ASD in children who
had required neonatal phototherapy (OR = 1.47;
95% CI = 1.16-1.86; P = .001).25 The conflicting
outcomes in these studies may be due to variation
in population, study methodology, types of
phototherapy utilized, or additional unidentified
risk factors.

Ophthalmologic Disorders

The lack of significant adverse ophthalmologic
effects of neonatal phototherapy may be due to
the consistent practice of use of eye coverings for
infants during treatment. In addition, only one
study was found. The sample size consisted of
100 low birthweight infants; 57 with phototherapy
and 43 in the control group who all had an
ophthalmologic exam at 5 years of age or over.
Fundoscopic evaluation of the retina was normal
for all subjects. Electrophysiological evaluation
was not done and was noted as a limitation.
Other limitations included lack of information on
the type of phototherapy that was used, small
sample of infants with phototherapy, and inclusion
of only low birthweight infants that did not account
for gestational age or preterm infants with normal
birthweights.  These aspects may indicate a
continuing gap in knowledge related to
ophthalmologic disorders as a potential adverse
event due to neonatal phototherapy.

Neurological Disorders and Hearing Loss

Auditory neuropathy spectrum disorder (ANSD) is
a form of hearing loss in which some measures of
cochlear function are relatively normal, yet the
transmission of neural signals from the cochlea is
impaired.  Riboflavin depletion from bilirubin
degradation and/or phototherapy has been
identified as one potential pathway to ANSD by
James, et al.34  Use of neonatal phototherapy for

hyperbilirubinemia appeadrs fo increase
neurological adverse effects such as seizure
disorders,>27 infantile cerebral palsy,>

developmental delay,5 and hearing loss
outcomes.5 10 Specific neurological outcomes in the
study by Erdeve, et al. may be related to bilirubin
encephalopathy versus phototherapy due to
inclusion of these babies in the study.!® It appears
from these studies that there is evidence that
phototherapy might lead to adverse neurological
outcomes. However, it is not entirely clear whether
this is the result of hyperbilirubinemiaq,
phototherapy, or a combination of both. In the
one study by Can, et al. that found no significant
difference in adverse effects of phototherapy
between late preterm infants treated with
phototherapy for severe and non-severe
hyperbilirubinemia, the bilirubin levels for each
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group was also accounted for and therefore,
hyperbilirubinemia also did not appear to be a
causative factor.!!

Nevis and Rashes

Inclusion criteria for this systematic review and
meta-analysis by Lai included cohort, case—control,
or cross-sectional study designs.28  The age range
varied in the five studies included. In one study the
age range was 8-9 years and in another the age
for all participants was 8 years. The other three
studies had larger age ranges (2-7; 3-30 and
>56). In consideration of the differences, the
study designs and inclusion of older subjects
helped to strengthen the results of the meta-
analysis demonstrating no significant difference
between infants that received phototherapy and
those that did not in development of melanocytic
nevi.28

Electrolytes

Of the three studies that explored adverse effects
of neonatal phototherapy on electrolytes in the
infant, there were significant decreases in neonatal
magnesium levels3%3! and in sodium levels.30:32
Two of the studies did not find evidence of
significant changes in potassium levels.3032 |n the
study by Eghbalian, et al. where phototherapy
dose dependent changes were found for serum
total magnesium levels, one aspect to consider in
determination of phototherapy versus
hyperbilirubinemia as the causation, is that infants
with  higher bilirubin levels generally are
prescribed double phototherapy, while infants
without risk factors and with lower levels needing
phototherapy may be prescribed single
treatment.3! Although the study results may
provide information on an adverse effect of
decreased magnesium levels with higher levels of
neonatal phototherapy, it is important to consider
the physiologic aspects of magnesium in the
newborn.

According to Sapkota, N-methyl-D-aspartate
(NMDA) is a glutamate receptor

that has an important role in synaptic physiological
functions and memory.3>  Overactivation of the
glutamate receptor, degradation of its ion channel

Neonatal Phototherapy Adverse Effects in Infants

complex in the membrane, and ultimately exertion
of its neurotoxic effects may be due to bilirubin
binding to the neural synapses of NMDA.
Magnesium protects the nervous system against
hypoxia and neurotoxic effects of bilirubin. It
appears to apply these protective effects by
blocking the NMDA receptors. The effect of
double phototherapy in significantly decreasing
magnesium levels may decrease protective
mechanisms  against neurological effects of
hyperbilirubinemia.35  This appears to indicate a
phototherapy dose dependent reaction with
magnesium levels. Future studies may be indicated
to provide magnesium and sodium
supplementation for neonates undergoing intensive
phototherapy to mitigate its adverse effect on
specific electrolyte levels.

Implications for Practice

As phototherapy continues to be the primary
treatment for neonatal hyperbilirubinemia and has
no evidence-based alternative treatments, use of
this modality should be based on current American
Academy of Pediatrics guidelines. Infants
undergoing phototherapy should be evaluated for
known adverse reactions to maximize timely
interventions as needed. Future research on
maximizing hyperbilirubinemia treatment while
minimizing adverse events includes exploring
aspects of phototherapy dose and potential new
treatment modalities for improved safety.

Conclusions

While the quality of studies vary, more rigorous
research on adverse effects of neonatal
phototherapy would benefit from careful selection
of methods and reference standards, direct
measures of each adverse outcome identified in
adults and children, and prospective cohort studies
linking early neonatal exposure with each adverse
outcome outcomes throughout childhood and
adolescence.  Elucidating  the  effects  of
hyperbilirubinemia versus neonatal phototherapy
on each potential adverse outcome will help to
determine if new treatment methods for infants
with hyperbilirubinemia need to be developed.
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