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Summary

Blue-light phototherapy has been an essential therapeutic tool in the management
of neonatal jaundice for decades. Rarely, it is accompanied by acute dermatologi-
cal and systemic side-effects, but fortunately these are reversible and can be ade-
quately and promptly treated in routine neonatal practice. In contrast, much less
is known about the potential long-term side-effects of neonatal blue-light photo-
therapy (NBLP). Many of the data that are currently available on how NBLP influ-
ences melanocytic naevus (MN) development are controversial. The results of
recent well-designed epidemiological surveys suggest that NBLP could well be a
risk factor for MN formation, and highlight the need for additional in vivo and in
vitro studies. NBLP is at present the mainstay of treatment for neonatal jaundice,
but in the future greater consideration should be given to its long-term side-
effects when phototherapy is indicated. It is relevant to emphasize the importance
of appropriately restricted and adequate clinical guidelines, and strict monitoring
of the management of hyperbilirubinaemia, in order to avoid the unnecessary
overtreatment of newborn infants.

What’s already known about this topic?

• Neonatal blue-light phototherapy (NBLP) is at present the mainstay of treatment

for neonatal jaundice, and has proved to be an essential and generally safe modality

for the prevention of bilirubin encephalopathy.

• Many of the data that are currently available on how NBLP influences melanocytic

naevus development are controversial.

What does this study add?

• This review article assesses the available dermatological and ophthalmological evi-

dence regarding the possible effects of NBLP on melanocytic naevus development.

Neonatal blue-light phototherapy (NBLP) has been an essential

therapeutic tool in the management of neonatal jaundice for

decades (Fig. 1). Millions of full-term and preterm infants

have received this very effective, simple and safe therapy to

reduce the concentration of serum bilirubin. NBLP may be

accompanied by acute dermatological and systemic side-

effects, but fortunately these are reversible, and can be ade-

quately and promptly treated in routine neonatal practice.

Thanks to the restricted treatment protocols, the prevalence of

short-term adverse events is currently very low. These minor

and transient complications include skin burns, erythematous

skin rash, purpuric and bullous eruptions, retinal damage,

thermoregulatory instability, irritability, loose stools, dehydra-

tion, feeding difficulties and the ‘bronze-baby’ syndrome.1–3

Chen et al.4 have reported significant alterations in circadian

gene expression and melatonin secretion among neonates

receiving NBLP, resulting in changes in circadian rhythm and

behaviour.

In contrast, much less is known about the potential long-

term side-effects of NBLP. It should be recalled that the wave-

lengths of blue light (BL) and ultraviolet (UV) radiation are

adjacent, and their biological effects might therefore partially

overlap. Moreover, the traditional and widely used BL lamps

emit a minor UVA radiation component in addition to the

therapeutic blue wavelengths (Fig. 2).5 The erythema and tan-

ning of the newborn skin observed after phototherapy might
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be due to this small amount of UV irradiation.6 UV irradiation

has profound immunosuppressive and immunomodulatory

effects; it induces melanocyte proliferation and plays an impor-

tant role in naevogenesis. Visible light has similar physiological

effects to those of UV radiation, as it induces the production of

reactive oxygen species and increases the release of proinflam-

matory cytokines.7 Visible light can penetrate deeper into the

skin than can UV irradiation, and may possibly give rise to

significant biological effects on the epidermal and dermal cells.

Similarly to UV radiation, BL may exert cytotoxic effects,

inducing significant oxidative stress, DNA damage and sister

chromatid exchange, and may also influence the immune sys-

tem.8–11 Aspberg et al.10 reported a possible association

between neonatal phototherapy and asthma in hospitalized

children, as a long-term consequence of the influence of

phototherapy on the immature immune system.

Immediate adverse effects of NBLP on the neonatal eye are

well known in clinical practice: accidental exposure can cause

periocular skin erythema, bacterial infection and photokerati-

tis. This latter damage of the corneal epithelium is a conse-

quence of direct exposure of the anterior surface of the eye.

Retinal photodamage was investigated in primates in one

study by Messner et al.12 Newborn monkeys were continu-

ously exposed to high-intensity fluorescent light. The animals

could open and close their eyelids as desired during the expo-

sure. The newborn primate retina was damaged in a progres-

sive manner. Morphological retinal damage could be proven

as early as after 12 h of exposure (the shortest interval exam-

ined). With increasing periods of exposure, the retinal damage

became more extensive.12

The long-term effects have been only poorly investigated.

In a group of 4-year-old children who participated in NBLP,

Dobson et al.13 did not observe any ophthalmological changes,

including a lack of electroretinographic alterations. The possi-

bility of an association between ocular and cutaneous melano-

cytes follows from the fact that uveal melanocytes and

melanocytes of the conjunctiva and the skin all originate in

the neural crest and migrate to their respective sites during

embryological development. These morphologically similar

dendritic melanocytes, which reside in the skin, conjunctiva,

iris, ciliary body and choroid, may give rise to naevi or mela-

nomas at these respective sites.14,15 As far as we are aware,

our 2011 article provided the first literature survey of ocular

pigmented alterations in patients treated with NBLP during the

early neonatal period.16

As some attempts have been made in the past few years to

investigate the possible long-term impacts of NBLP concerning

the development of melanocytic naevus (MN), in this review

article we set out to assess the available dermatological and

ophthalmological evidence.

Neonatal blue-light phototherapy and
cutaneous melanocytic naevus

In the first study in the literature, Bauer et al.17 conducted a

cross-sectional study on 1812 white children aged 2–7 years.

A notably high number (n = 333) of the children had

received NBLP. It was concluded from both bivariate and mul-

tivariate analyses that NBLP was not associated with an

increased risk of the development of MN; the untreated and

the treated children exhibited the same median number of

MNs.17

In a prospective case–control study, Matichard et al.18 found

that intensive NBLP was a strong risk factor for the develop-

ment of naevi in childhood. They compared the naevus count

in two groups of 8–9-year-old children, one group consisting

of 18 subjects treated with intensive NBLP in the first few

days of life, and the control group consisting of 40 untreated

children. The number of naevi measuring ≥ 2 mm was

Fig 1. Neonatal blue-light phototherapy.

Fig 2. Emission spectrum of the commonly used, traditional blue-

light lamp with Plexiglas cover between the fluorescent bulbs and the

infant. According to measurements, the emission spectrum of the

blue-light lamps used in Hungary is between 370 nm and 600 nm,

with a maximum at 450 nm. Approximately 0�3% of the output

comprises ultraviolet (UV) A radiation. Our measurements were made

with a QE6500 spectrophotometer (Ocean Optics, Dunedin, FL,

U.S.A.) at the exact position of the infants, and suggest that a minor

component of UVA radiation can transmit through the Plexiglas cover.
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significantly higher in the exposed group. When the analysis

was limited to naevi measuring 2–5 mm, the difference

proved to be even more significant. Conversely, the associa-

tion between NBLP and the total naevus count was not signifi-

cant for naevi < 2 mm or > 5 mm in size. However, the

relatively small groups limited the power of the results.18

In the multicentre study by Mah�e et al.19 on a homogeneous

population of 9-year-old children, NBLP was not associated

with an increase in the number of naevi, irrespective of their

location or size. In total, 180 of the 828 children studied had

received phototherapy. Naevi measuring < 2 mm, 2–5 mm

and > 5 mm were counted separately, and the evaluation was

blinded for the history of NBLP.

Our own initial study revealed a significantly higher preva-

lence of clinically atypical MNs (CAMNs) among schoolchil-

dren aged 14–18 years who had received NBLP. In total, 747

schoolchildren were investigated to determine the prevalence

of common MN (CMN) and CAMN. Data were recorded with

regard to the neonatal history, such as prematurity, neonatal

jaundice and NBLP; 44�6% of the children had received NBLP.

The prevalence of dysplastic naevi was 19�1% in the untreated

group and 25�2% in the treated group. NBLP resulted in a rel-

ative risk of 1�32 for the development of CAMN. The preva-

lence of CMN was quite similar in the treated and the

untreated children, but the exposed subjects were somewhat

more likely to exhibit multiple moles.20

It is worthy of mention that NBLP has been utilized for the

treatment of neonatal jaundice in Hungary since 1968. We

therefore considered the question of whether there was a dif-

ference in the prevalence of CAMN between those born before

or after the introduction of NBLP. In 2006, in the course of

an employment screening programme, 618 healthy, unse-

lected subjects underwent whole-body skin examinations. We

found that the prevalence of CAMN was significantly higher

among those born in or after 1968 than among those born

before 1968. The prevalence of CAMN in the two groups was

36�3% and 21�2%, respectively.21
Nevertheless, it is important to bear in mind the possibility

that the increasing prevalence of MN among white popula-

tions in recent decades might be explained in part by the

increased UV exposure due to climatic changes, the depletion

of the protective ozone layer and the changes in sunbathing

habits and sun-protection methods.

The striking results mentioned above led us to investigate

the impact of NBLP on MN development in a more homoge-

neous population, where the role of environmental factors

appears to be more similar. We examined monozygotic and

dizygotic twins, where one of the twins had received photo-

therapy for neonatal jaundice, whereas the other had not.

Fifty-eight pairs of twins (15 monozygotic and 43 dizygotic)

and one set of triplets, of white origin, aged 3–30 years, were

included in the study.16 Univariate analysis revealed that NBLP

was associated with a significantly higher prevalence of both

CMN and CAMN in the examined twin pairs (Fig. 3). When

the analysis was focused separately on the monozygotic and

dizygotic twin pairs, a statistically significant difference in the

number of naevi was still observed between the exposed and

nonexposed subjects in the case of the monozygotic twins.

For the dizygotic twin pairs, the number of CMNs and the

overall number of MNs differed in a statistically significant

manner between the treated and untreated twin members.

Multivariate linear regression analysis demonstrated that the

number of MNs was also significantly and independently asso-

ciated with a history of NBLP. A standardized questionnaire

was used to assess the data relating to constitutional or sun

exposure and other variables. These factors proved to be very

consistent in the examined monozygotic twin pairs. The

phenotypic characteristics of the dizygotic twins did differ

to some extent, but the environmental impacts were very

similar until adulthood.16

Various epidemiological data indicate that the presence of

large numbers of CMNs and CAMNs is the most important

independent phenotypic risk factor for the development of

malignant melanoma in fair-skinned populations, and our

results therefore raise the question of whether NBLP could also

be a risk factor for melanoma. A preliminary case–control

study suggested that there was no significant risk of the devel-

opment of childhood malignant melanoma after NBLP.22 Mel-

anoma was not observed either in the NBLP-exposed subjects

or in the control groups in our surveys, but the follow-up

period was relatively short.

Neonatal blue-light phototherapy and the
neonatal eye

It has long been known that BL can induce retinal photorecep-

tor degeneration in rats and in mammals.23,24 Experimental

results outlining the potentially retinotoxic effect of BL con-

tinue to accumulate. In general, the outer photoreceptor seg-

ments are the structures that are first injured, and this is

followed by damage to the retinal pigment epithelial cells.25

Widespread apoptotic cell death has been demonstrated in the

albino rat retina after BL illumination.26 A very similar effect

Fig 3. Difference in the number of melanocytic naevi in a

monozygotic twin pair. The twin on the right-hand side, who

received blue-light phototherapy, demonstrates a significantly higher

naevus count than that of the sibling on the left-hand side, who did

not receive neonatal phototherapy.
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observed in BL-irradiated, cultured human retinal pigment

epithelial cells could be prevented through use of a blue-

blocking filter.27–29 These effects might be due to BL having a

considerable capacity to remove electrons from molecules,

resulting in reactive oxygen species. This photoelectric effect

in the 400–500 nm interval has its peak at 440 nm and is

referred to as the BL hazard.

There have been previous surveys of the possibility of expo-

sure to BL eliciting the malignant transformation of uveal mel-

anocytes (Fig. 4). Manning et al.30 found that long-term

exposure to fluorescent BL resulted in the development of

uveal epithelioid melanoma in rats. In another experimental

animal model, Di Cesare et al.31 observed that exposure to BL

led to a significantly higher rate of proliferation of human

uveal melanoma cells relative to the unexposed, control group.

The in vitro model utilized by Marshall et al.32 revealed that

exposure to BL induced a significant increase in the rate of

proliferation of four different human uveal melanoma cell

lines.

There are a number of factors that may influence the extent

to which the retinal pigment epithelial cells and photorecep-

tors are damaged. The spectral composition, duration, inter-

mittence and intensity of the radiation, and the light

transmittance characteristics of the given structures, besides in-

terindividual variations, can all influence the degree of biolog-

ical damage.33

The amount of radiation reaching different ocular structures

additionally depends on the transmission profile of the ocular

media. The cornea effectively filters UV radiation below

295 nm and transmits most of the UVA and UVB and visible

spectrum throughout life, with merely a relatively minor

reduction in percentage transmission in the elderly.34 Trans-

mittance increases rapidly above 300 nm, reaching > 90%

above 500 nm. The characteristics of the light transmission of

the crystalline lens are highly age dependent. Whereas in neo-

nates the lens transmits > 90% of the light with wavelengths

below 450 nm, this declines to < 20% by 80 years of age

due to the progressive accumulation of lenticular chromato-

phores.35–37

Our twin study demonstrated that NBLP was associated with

a substantially higher prevalence of benign ocular pigmented

lesions.16 The number of melanocytic lesions of the iris in our

study proved to be independent of age. This can be explained

by the time course of iris pigmentation: the melanin concen-

tration peaks during early childhood, thereafter usually

remaining constant throughout life unless affected by certain

Fig 4. Blue-light exposure of cutaneous and uveal melanocytes during phototherapy. Ocular melanocytes consist of two different cell types:

conjunctival and uveal melanocytes. Uveal melanocytes reside in the middle layer of the eyeball: in the iris, the ciliary body and the choroid.

Conjunctival melanocytes are located in the conjunctiva (thin layers of epithelium and underlying connective tissue covering the anterior surface

of the sclera and the posterior surface of the eyelids).

© 2013 The Authors

BJD © 2013 British Association of Dermatologists

British Journal of Dermatology (2013) 169, pp243–249

246 Long-term hazards of neonatal blue-light phototherapy, J. Ol�ah et al.



ocular disorders, which can lead to hypopigmentation or hy-

perpigmentation.38,39

In contrast with cutaneous MN and cutaneous melanoma,

only inconsistent data are available regarding both the factors

that may influence the formation of uveal pigmented lesions

and the role of benign pigmented ocular lesions as melanoma

risk indicators. Nordlund et al. and Albert et al.40,41 reported

that the total number of iris naevi was significantly higher in

patients with cutaneous melanoma than in controls. Weis

et al.15 recently published a meta-analysis that supports the

correlation of uveal melanoma with CAMNs, CMNs and iris

naevi. We earlier found a substantially higher prevalence of

ocular pigmented findings (conjunctival and uveal naevi) in

patients with dysplastic naevus syndrome compared with dys-

plastic naevus-free volunteers.42 In another study, we observed

an increased rate of cutaneous dysplastic naevi in patients with

uveal melanoma or with cutaneous melanoma. The relative

risks of uveal melanoma and cutaneous melanoma in patients

bearing atypical moles proved to be 4�36 and 4�22, respec-

tively.43 Our investigations have additionally revealed that the

presence of cutaneous dysplastic naevi in patients with uveal

melanoma is associated with higher proportions of the prog-

nostically worst forms of uveal melanoma.44

The ocular media of neonates are highly transmissive rela-

tive to those of adults, especially in the blue and UV regions

of the spectrum. In the course of NBLP, the eyes are routinely

patched or shielded with phototherapy hoods in order to

exclude ocular exposure.45,46 Such protective measurements

can exclude > 90% of the light emitted by phototherapy

sources, but accidental exposure may occur.47,48 In one study,

the eye shields were displaced in over half of all observa-

tions.49 On the other hand, precise patching of an infant’s eye

may be of secondary importance in comparison with more

immediate and potentially life-preserving interventions.

Although the potential hazard of BL is alleviated by the fact

that neonates tend to keep their eyes shut in bright light, it is

known that light in the visible spectrum penetrates the skin.

The level of BL transmission through the closed eyelids of

infants cannot be assessed with accuracy. The peak transmis-

sion is at the red end of the spectrum, and approximately

14% of the light at this wavelength can be transmitted in the

adult, and 21% in the preterm infant.50,51 It has been esti-

mated that at both ages around 3% of the light with wave-

lengths below 580 nm can pass through the eyelid. Light does

not enter the eye exclusively through the pupil, as the sclera

and choroid also transmit about 14% of the light falling on

them, but it does predominantly at the red end of the spec-

trum. With regard to the light transmissibility profile of the

neonatal eye, which allows the penetration of an appreciable

amount of potentially harmful light into the eye, further stud-

ies are needed to clarify the possible long-term effects of neo-

natal BL exposure on the melanocytic proliferation of the

uveal tract.37,52 In the event of unavoidable phototherapy

treatment, alternative methods of eye protection should be

used in order to minimize accidental BL exposure of the extre-

mely vulnerable neonatal eye.

Discussion

As with many of the findings of pivotal importance in medical

science, the recognition of the beneficial effect of natural light

on neonatal jaundice was serendipitous.53 Phototherapy is

now widely and successfully applied to the treatment of neo-

natal jaundice in order to reduce the plasma bilirubin concen-

tration and hence to prevent the need for exchange

transfusion. Bilirubin absorbs light most strongly in the blue

region of the spectrum (425–475 nm). The absorption of

light by dermal and subcutaneous bilirubin induces various

photochemical reactions, and the toxic, native, unconjugated

bilirubin is converted to less toxic, water-soluble photoisom-

ers, which are excreted in the bile and urine without requir-

ing conjugation. Commonly used phototherapy units include

daylight, cool-white, green, blue or ‘special blue’ fluorescent

tubes. Other units involve tungsten–halogen lamps, high-

intensity gallium nitride light-emitting diodes or fibre-optic

systems.54 When the total serum bilirubin level approaches

the range in which intensive phototherapy is recommended, it

is particularly important to use lamps with the clinically most

effective blue emission spectrum. The American Academy of

Pediatrics currently recommends the application of special

blue fluorescent lamps or light-emitting diode lights.55

A large number of term and preterm infants are treated

with phototherapy worldwide. The considerable variations

between international and national guidelines often result in

the overuse of phototherapy.56 It is relevant to clarify the

potential prompt and long-term hazards of this widely

accepted and used therapeutic modality as there is a growing

body of evidence that phototherapy can potentially exert vari-

ous effects on neonates, because of the unique physiological

and pharmacological characteristics of this population.

In this review article we have attempted, as far as possible,

to survey the results of previous clinical studies relating to the

effects of NBLP on naevus development. In four of the six

studies, an association was found between NBLP and naevus

development,16,18,20,21 whereas the other two studies did not

confirm this.17,19 It is rather difficult to compare the outcomes

of these six surveys for several reasons. The sizes of the study

populations differed significantly from each other: some stud-

ies involved large populations,17–19 and others much smaller

populations with less statistical power.18 Similarly, the age of

the population is another important factor in an interpretation

of the results. One of the major limitations of some of the

investigations was the relatively young age of their study pop-

ulations.17–19 As adolescence and young adulthood are critical

periods as concerns the development of MN, it appears essen-

tial to focus separately on these age groups, too.

It appears doubtful to make use of recollected anamnestic

data regarding the neonatal history of the subjects. It is unac-

ceptable simply to rely on data obtained from interviews with

the parents without utilization of the official neonatal medical

charts. The treatments had often occurred years or even dec-

ades before the clinical surveys, and after such a long time it

is not always easy to reconstruct exactly the phototherapeutic
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modalities applied, e.g. the dose and intensity of NBLP, which

can significantly influence the potential long-term side-effects.

Most studies to date have investigated the effects of NBLP

on full-term infants. Certain clinical observations point to the

possibility of different effects of NBLP on full-term and pre-

term infants; the potential minor complications of photothera-

py, such as dehydration, temperature instability and

electrolyte imbalance are generally fairly benign in mature

neonates, but they can be much more serious in low-birth-

weight infants.57,58 In their multicentre, randomized trial,

Morris et al.59 found an increase in mortality rate in extremely

low-birthweight infants (< 750 g) who received aggressive

phototherapy. Phototherapy may significantly affect the hae-

modynamics of various organs, increase the cerebral and

peripheral blood flow, enhance transepidermal water loss,

decrease the cardiac output and the renal and mesenteric

blood flows, and cause reopening of the ductus arteriosus in

preterm infants by modifying the blood endothelin and nitric

oxide levels.57,60 NBLP can induce a higher frequency of sister

chromatid exchanges in the peripheral lymphocytes of preterm

icteric neonates,61,62 and also lead to oxidative stress.8 The

antioxidant defence capacity of low-birthweight, immature

infants is considerably lower than that of term neonates. In

preterm infants, the thickness of the stratum corneum is sig-

nificantly reduced, and the production of melanin in the

immature melanocytes is deficient, resulting in a limited

photoprotective capacity. In view of the special characteristics

of their skin, preterm infants may be particularly sensitive to

intensive phototherapy, and it appears advisable to investigate

the MN count of this special study population, too.

In conclusion, many of the data that are currently available

on how NBLP influences naevus development are controversial.

The results of recent well-designed epidemiological surveys

suggest that NBLP could well be a risk factor for MN forma-

tion, and highlight the need for additional in vivo and in vitro

studies. NBLP is at present the mainstay of the treatment of

neonatal jaundice, and has proved to be an essential and gener-

ally safe modality for the prevention of bilirubin encephalopa-

thy, but in the future greater consideration should be given to

its long-term side-effects when phototherapy is indicated. It is

relevant to emphasize the importance of appropriately

restricted and adequate clinical guidelines, and strict monitor-

ing of the management of hyperbilirubinaemia, in order to

avoid the unnecessary overtreatment of newborn infants.
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