Int Ophthalmol (2023) 43:2397-2405
https://doi.org/10.1007/s10792-023-02638-w

ORIGINAL PAPER

q

Check for
updates

Incidence and long-term outcome of laser pointer

maculopathy in children

Navid Farassat - Daniel Boehringer - Jan Luebke - Thomas Ness *
Hansjuergen Agostini - Thomas Reinhard - Wolf Alexander Lagréze -

Michael Reich

Received: 18 November 2022 / Accepted: 10 January 2023 / Published online: 20 January 2023

© The Author(s) 2023

Abstract

Purpose Single center study to evaluate the inci-
dence and long-term outcome of laser pointer macu-
lopathy (LPM).

Methods Medical records of 909,150 patients vis-
iting our institution between 2007 and 2020 were
screened in our electronic patient record system using
the keywords "laserpointer,” "laser pointer," and
"solar."

Results Eight patients (6/2 male/female, 11 eyes)
with a history of LPM were identified by fundos-
copy and optical coherence tomography (OCT), all
of whom were children (6/2 male/female). Mean
age at injury was 12.1 years (range 6—16). Five chil-
dren (62.5%) were injured between 2019 and 2020,
three (37.5%) between 2007 and 2018. Median best-
corrected visual acuity (BCVA) of affected eyes at
first presentation was 20/25 (range 20/50-20/16).
Follow-up examination was performed in seven
children (10 eyes) with a median follow-up period
of 18 months (range 0.5-96). BCVA improved in 4
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children (5 eyes; BCVA at follow-up 20/22.5, range
20/40-20/16). Three of these four children were
treated with oral steroids. OCT revealed acute signs
such as intraretinal fluid to resolve quickly, while
outer retinal disruption persisted until the last follow-
up in eight of eleven eyes. These lesions resembled
lesions of patients with solar retinopathy of which
seven cases (11 eyes) were identified between 2007
and 2020.

Conclusion Readily available consumer laser point-
ers can damage the retina and the underlying retinal
pigment epithelium, possibly leading to long-lasting
visual impairments. The number of laser pointer
injuries has increased over the last years. Therefore,
access to laser pointers for children should be strictly
controlled.

Keywords Children - Laser injury - Laser pointer -
Retinal damage - Solar retinopathy

Introduction

Laser pointers play an increasingly important role
as tools and toys in the modern world. However,
the risks of handling laser pointers are often under-
estimated. In particular, vulnerable groups such as
children are at risk of irreversible injury to them-
selves and others through irresponsible use of mostly
imported and incorrectly labeled laser pointers [1, 2].
While all ocular compartments can be damaged by
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lasers, [3] the retina represents a predilection site due
to the focusing of light onto the macula as well as the
fixation behavior [4].

The risk and extent of the injury to the retina
depend on the power and wavelength of the laser.
Lasers are classified according to their accessible
emission limits (AEL) by the IEC (International Elec-
trotechnical Commission) 60,825 standard. Expo-
sure to class IIT and IV lasers (>1 mW) is known to
have potentially detrimental effects on the eye [4, 5].
Thus, lasers are regulated in the USA by the Ameri-
can National Standard Institute[6] and in the Euro-
pean Union by the European Commission Decision of
February 5, 2014, [7] allowing only the sale of up to
class ITIR lasers (<5 mW) in the USA and up to class
2 lasers (< 1 mW) in Europe [8, 9].

However, ownership and use of higher-power laser
pointers are not restricted, and higher-power laser
pointers are readily available on the Internet [2].

Accordingly, it is not surprising that cases of laser
pointer maculopathy (LPM) have been reported
with increasing frequency in recent years [10-12].
Therefore, the purpose of this study is to investigate
the number of such cases in the recent past and the
respective short- and long-term clinical consequences
of laser pointer injuries. Thus, we aim to raise aware-
ness for this sight-threatening condition and pro-
vide data to facilitate market regulations by national
legislators.

Methods
Study design

In this retrospective, monocentric, observational
study, we identified patients with unintended reti-
nal laser injury, seen in the University Eye Center
Freiburg, from the medical records of a total of
909,150 patients who were referred between 2007 and
2020. The keywords "laser pointer," "laserpointer”
and "solar retinopathy" were used for screening in our
electronic patient record system.

Examinations
The clinical investigations performed were part of

routine clinical care. Visual acuity, pupil dilation,
color fundus photography (FF 450 Plus Fundus

@ Springer

Camera, Zeiss), and spectral domain OCT (Spectra-
lis OCT, Heidelberg Engineering) were performed in
all children. Case notes including case history, fundus
photography and optical coherence tomography were
reviewed.

Ethics

The study has been approved by the Central Ethics
Commission in Freiburg (#21-1610) on November
4th, 2021. We comply with the Declaration of Hel-
sinki, local laws and ICH-GCP.

Data presentation and statistical analysis

A probability (P) value of <0.05 was considered sta-
tistically significant. For the descriptive data analysis,
median values and minimal and maximal values were
calculated. Visual acuity is given as decimal. For
comparison of BCVA improvements between chil-
dren treated with oral steroids (Prednisolone 1 mg/kg
body weight) and children not treated with oral ster-
oids, we performed a two-way ANOVA test with the
factors therapy (steroids or no steroids) and time of
presentation (first and last presentation).

Results
Number of laser pointer cases from 2007 to 2020

Twelve patients with suspected laser pointer-induced
retinal injuries were identified (Fig. 1, dashed line).
Organic damage was confirmed in eight of these
patients (11 eyes, Fig. 1, solid line). Five of these
eight patients (62.5%) sustained injury in 2019/2020,
while only three patients (37.5%) suffered injury
between 2007 and 2018.

Spectrum of cases with laser pointed-induced
maculopathy

Detailed information of every case is presented in
Table 1. Three patients were affected bilaterally, five
only unilaterally. All eight patients with confirmed
laser pointer-induced maculopathy (LPM) were chil-
dren (6/2 male/female). The mean age at the time of
injury was 12.1 years (range 616 years).
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Fig. 1 Temporal distribution of laser pointer maculopathy
cases in the eye center of the university Freiburg, Germany,
from 2007 to 2020. Temporal distribution of cases with sus-
pected laser injury from laser pointers (dashed line, triangles)
and cases with confirmed laser injury from laser pointers (solid
line, circles)

In half of the cases, the retinal injuries occurred
during school excursions, in the other half while play-
ing with siblings or friends. The laser pointers emit-
ted either red or green light. The eyes were exposed
to direct laser light for 3-20 s at a distance of a few
centimeters to one meter. One laser pointer could be
obtained for laser power measurements (patient no.
7). This laser pointer emitted red light and had a max-
imum power of around 5.8 mW as measured with a
laser power meter (measured with full batteries and in
the immediate vicinity of the sensor; Thorlabs S130
VC), which would place the laser pointer in laser
class ITIB (see Online Resource 1).

Functional damage

Out of the eight injured children, four suffered from
blurred vision and three children complained of
a central scotoma in the affected eye(s). One child
reported no visual deterioration. Median best-
corrected visual acuity (BCVA) of affected eyes at
first presentation was 20/25 (range 20/25-20/16).
Follow-up examination was performed in seven
children (10 injured eyes) with a median follow-up
period of 18 months (range 0.5-96 months). BCVA
improved in five of these eyes (median BCVA at
follow-up examination 20/22.5, range 20/40-20/16).
Overall, six of seven children (7 of 10 eyes) describ-
ing functional problems at initial examination

described clinical residuals at follow-up that were
qualitatively similar to the original symptoms but
mostly milder.

Influence of oral steroids on functional outcome

Half of the children received oral steroid therapy
(Prednisolone 1 mg/kg body weight)—either for five
days (three children) or tapering off over 6 weeks
(one child). Visual acuity improved slightly in four
of five affected eyes of children being treated with
oral steroids (median BCVA at initial presentation
20/32, range 20/50-20/20; median BCVA at follow-
up 20/25, range 20/40-20/20) compared with one
in five affected eyes of children not treated with
oral steroids (median BCVA at initial presentation
20/20, range 20/40-20/16; median BCVA at follow-
up 20/20, range 20/40-20/16). BCVA improve-
ments between first and last presentation were not
significantly different between groups (two-way
ANOVA: no statistically significant interaction
between the effects of therapy (steroids or no ster-
oids) and time of presentation (first and last presen-
tation), p =0.37).

Structural damage at initial examination

Slit lamp microscopy did not reveal damage to the
anterior segment of the eye in any of the cases. Fig-
ure 2 shows macular OCT images and fundus pho-
tography of the macula at the initial examination of
the eight patients with confirmed LPM. Fundoscopy
revealed multifocal, partially confluent, yellowish-
gray spots in the macula of the affected eyes. The
lesions had varying phenotypes: Some were round in
shape and rather small in diameter (case eye, 1 OD,
3 0D, 4 0S, 5 OD), some were likewise round but
larger in diameter (7 OS, 8 OD), and others were
organized as streaks (6 OD, 6 OS) or in a dendritic
configuration (4 OD).

Macular OCT images of affected eyes also dis-
played heterogeneous lesion phenotypes ranging
from hyperreflective streaks in the outer retinal layers
(1 OD, 3 OD, 3 0S, 6 OD, 6 OS), disruptions of the
outer retina (all affected eyes), intraretinal and subret-
inal fluid (1 OD, 6 OD, 6 OS,8 OD). All affected eyes
showed loss of the ellipsoid zone.

@ Springer
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Fig. 2 Fundoscopy and macular OCT of LPM lesions at initial Affected eyes are marked with red borders. OD =ocular dexter,
presentation. Macular OCT images and fundus photography OS =ocular sinister, N.A. =not available
of the macula of patients with confirmed laser pointer injury.
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Time course of the structural damage

Figure 3 shows the time course of retinal damage and
the development of BCVA. In three of eight children
(4 of 11 eyes, cases 4, 5 and 7), the initial presenta-
tion in our clinic took place more than 6 months after
the causative injury, so that the acute course could
not be assessed in these children. In the remaining
children, the initial presentation was less than a week
after the incident. Patient No. 8 did not show up for
follow-up examinations.

In the first days after the causative event, sub- and
intraretinal fluid was observed in a few cases with
extensive damage (case 1 OD, 6 OD, 6 OS, 8 OD).
We also saw irregularities of the outer retina with
(case 3 OD) or without (case 2 OS) hyperreflective
linear streaks. Sub- and intraretinal fluid resolved
within days (case 1 OD) whereas outer retinal irregu-
larities such as pigment epithelium clumping (case 1
OD, 4 OD) and especially ellipsoid zone disruption
persisted longer (all injured eyes with follow-up), in
some cases even for years (case 2 OS, 4 OD, 4 OS,
5 OD, 6 OD, 6 OS). In fundoscopy, lesions did not
show marked changes at follow-up compared with
initial presentation (data not shown).

Comparison of laser pointer maculopathy with solar
retinopathy

We also identified seven patients (11 eyes) with con-
firmed solar retinopathy (SR) in the same timeframe
(2007-2020). Five patients were male, and two were
female. The median age at the time of injury was
32.5 years (range 18-49 years). Four patients were
affected bilaterally and three unilaterally. The symp-
toms of these patients resembled those of patients
with LPM: Four complained of a central scotoma and
three of blurry vision in the respective eyes. Fundo-
scopic lesions were unifocal, sometimes ring-shaped
and yellowish (data not shown).

We compared the macular OCT phenotypes
of solar retinopathy lesions with lesions found in
patients with LPM shown before. Online Resource
2 shows macular OCT images of affected eyes at the
first and last presentation with the respective BCVAs
at each examination. Similar to cases of LPM, we
could identify distinct lesion phenotypes depending
on the time that had passed after the acute incident.
Macular OCTs that were acquired only few days after
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the causative incident showed hyperreflective linear
streaks in the outer retina (case 1 OD, case 4 OU). As
in patients with LPM, these hyperreflective streaks
fully resolved but disruptions of the outer retina,
especially the ellipsoid zone, could persist (cases 1
and 2).

Discussion

We demonstrate that the number of cases of laser
pointer-induced retinal injury has increased in south-
western Germany from 2007 to 2020. Our data also
illustrate that the OCT phenotype of laser pointer-
induced retinal lesions varies depending on the time
passed since injury. In addition, we show that in
macular OCT, these lesions strongly resemble lesions
found in patients with solar retinopathy.

Concerning time course of the number of patients
with LPM, five of eight children were injured in
2019/2020 compared to only three between 2007 and
2018 suggesting an increase in the recent past. On
the other hand, the number of cases of SR cases was
stable over the same time period (data not shown).
In accordance with our data, increasing incidence of
LPM has been reported lately [10]-12. The underly-
ing causes remain elusive, but could be attributable
to the nonrestrictive legislation regarding the posses-
sion and use of higher-power laser pointers in the EU
and the US, as well as the easy availability of such
devices via the Internet [2].

Patient history may be difficult to obtain since
children often do not directly report laser pointer
use. Therefore, it is important to look for early reti-
nal signs, which may indicate the past use of a laser
pointer. Regarding laser pointer-induced structural
retinal damage, our data illustrate that its tempo-
ral course is subject to dynamic changes, especially
in the first weeks after retinal injury: Acute signs
of laser pointer-induced damage in macular OCT
include sub- and intraretinal fluid and hyperreflective
linear streaks. While these acute signs resolve within
days, irregularities or disruptions of the outer retina
can persist for long periods of time. Of note, even
years after laser pointer-induced retinal damage, we
saw disruptions of the ellipsoid zone.

While the spontaneous course is generally posi-
tive if the Bruch membrane stays intact and while
secondary choroidal neovascularization occurs only
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case no. - eye 1st presentation BCVA 1st Follow-up BCVA 2nd Follow-up BCVA

Fig. 3 Time course of LPM lesions in macular OCT. Time after injury is indicated at the top of each image. BCVA at the respective
time is given on the right of the image
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in very rare cases [13, 14], the ongoing complaints of
patients and the persisting changes in macular OCT
even years after the causative incident suggest that
some damage may indeed be irreversible [5, 15, 16].

Therapeutic options are limited. Corticosteroids
have been proposed for the treatment of laser-induced
retinal damage and are used in clinical practice,
although their benefit is debatable. Both preclinical
and clinical data are partially contradictory and dif-
ficult to interpret due to the positive natural course of
disease [1, 17, 18]. Our data do not indicate a benefi-
cial effect of oral steroids on the functional outcome
in patients with LPM. However, our sample size is
small, and therefore, we cannot make any conclusive
statement about the effect of oral steroids on the func-
tional outcome after retinal laser pointer injury. Since
most, if not all causally related incidents are avoid-
able, the focus should therefore be to better prevent
such laser pointer-induced retinal injuries.

It is known that fixation of the sun can lead to
similar injuries [19, 20]. Pathophysiologically, higher
power lasers induce photothermal retinal damage
within microseconds to seconds, while longer retinal
exposure to sunlight leads to photochemical damage
[4]. We hence asked whether these pathophysiologi-
cal differences translate into morphological differ-
ences in macular OCT. Patients with LPM and SR
shared phenotypic features both in the acute phase
and in follow-up examinations. De Silva and col-
leagues demonstrated that near-infrared reflectance
autofluorescence imaging may facilitate discriminat-
ing between these disease entities [19]. Other dis-
criminators between these disease entities have been
proposed: On the one hand, the age of patients at ini-
tial presentation and on the other hand the (multi-)
focality of lesions [19, 20]. This is in accordance with
our data. While LPM mainly affected children (range
in our study: 6-16 years), SR affected patients of all
ages (range in our study: 18—49 years). In patients
with SR, lesions were unifocal while laser pointers
induced multifocal lesions.

Our study has a number of limitations. Of note, the
sample size was low due to the monocentric design of
the study. Multicentric approaches and meta-analyses/
reviews are needed to confirm the notion of increas-
ing incidence of LPM. It has recently been shown that
LPM leads to changes in OCT angiography [21] and
near-infrared reflectance autofluorescence [19]. Small
scotomata often being reported by patients with LPM

@ Springer

can be detected by microperimetry. However, due to
retrospective nature of the study, these methods were
not used in our study. In addition, fundus and macu-
lar OCT images were not recorded in a standardized
manner. Regarding the temporal course of structural
damage in macular OCT, three of eight children did
not present to the clinic until 6 months after laser
pointer injury. Therefore, the acute course could not
be assessed in these children. Also, one child did not
appear for follow-up examinations.

In conclusion, our study indicates an increase
in cases of LPM in children in recent years. Since
LPM is characterized by retinal changes and corre-
sponding symptoms that can persist for years, pre-
vention—especially in vulnerable populations such
as children—is of great importance. We therefore
recommend that access to laser pointers for children
needs to be strictly controlled.
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