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Introduction: Laser pointers are devices that produce & weak laser beam of 630-680 nm
wavelength and 1-5 mW power (ClassIl or IIT A laser). These devices generally emil a red
beam that is used by lecturers and teachers for presentations. Some children use pointers as
toys and somelimes direct the beam to their own or others’ eyes,

Material and Methods: Fallowing irradiation by a laser pointer beam for & seconds
the eyes of Chinchilla rabbits were examined by opthalmoscope, and fluorescein angiography
was performed 5, 10 and 15 min after the exposure. The rabhits were killed immediately or
24 h after exposure, the eyes were enucleated, and the histological features of sections from
fundus, retina and choroid were observed by transmission electron microscapy.

Results: A fuorescein block was found in the irvadiated area immediately after irradiation
and it increased in size with increasing time after exposure. The ultrasiruciural study showed
acule oedema shortly after exposure, and thick collagenic bundies after 24h,
Conclusion: Laser pointers with labelled power of less than lmW are capable of

producing visible and ultrastructual lesions in pigmented rabbit cyes,
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Introduction

Teachers and lecturers use laser pointers 10
highlight key areas on chars and screens during visual
prasentations.  Commonly  available  laser  pointers
generally emit red light (between 630 and 680 nm
wavelsngth) although more expensive devices are
available which emit gresn light (532 nm) . When used
in a responsible manner, laser peinters are not
considered 1o be hazardous (1, 2, 3). Howewver, as the
availability of such devices has increased so have
repors of their misuse. As a result, the Food and Drug
Administration (FDA) issued a warning in December
1997 on the possibility of eye injury to children from
handheld laser pointers (4). OF paricular concem was
the promotion of laser products as children's toys.
Unfortunately, children do foolish things, and they are
at highest risk of laser injury because of their clear
acular media {5). In the wake of repors of eye injuries
involving young children caused by [aser pointers, the
American Academy of Ophthalmology (October 1398)
upgraded an earlier caution to a warning, stating that
laser pointers can be hazardous and should be kept
away from children {2, 6). In one case a 19-year-old
woman had an acute reduction of visual acuity in the
right eye after deliberately staring into a commercial
class || laser pointer for approximately 10 seconds (3).
Alsa the clinical history and foveal findings of Sell and
Bryan in an  1l-year-old patient are convincing
evidence of pointer injury (7).

The potertial for a specific laser 1o produce eye
damage depands on the type of laser, the distance
fram the laser, the energy of the laser, and total
exposure  time.  The British  Standards  Institute
classification system for lasers and their potential to
cause ocular

damage (8, Class |,

incapable of producing damage; Class I, Low- Power

| includes:

emission (<1mW)} in the visible spectrum capable of
producing damage after chronic expasure {the human
aye's aversion responss will limit exposure after 0,255
of exposure to Class |l light); Class 1A, (<=5 mW) can
cause permanent injury from prolonged viewing or
when viewed through optical instruments, Class Il B,
(5-500mW or =10 J.om?® for a pulsed system) can

cause injury upon direct viewing of the beam and

specular reflections and Class IV, high-power
emission (=500mW or=10 J.om?) which is injuricus to
eyes and skin, and poses a fire hazard (10, 11). The
FDA classified laser pointers and reguires that they
have a warning label that cautions users to refrain from
staring at the laser beam (1, 5).

Tha pathophysiological effects of retinal exposure
to laser may range from the transient visual effects of
glare or flash blindness to more permanent injuries,
such as thermal or hemorrhagic lesions. Glare and
flashblindness occur in a mannar similar 1o the effects
of a camera flashbulb. Photoreceptor cell saturation
results in an afterimage, which gradually fades with
tima. Only wavelengths in the visible spectrum produce
glare and flash blindness. The comea and lens are
damaged by ultraviolet and far-infrared wavelengths.
The resultant photokeratitis, comeal bumns,  and
cataracts are caused by a photochemical process or
thermal denaturization of proteins in the comea and
lens (10, 12, 13).

The retina, itzelf, is as susceptible as any other part
of the body to iaser damage. The optical system of the
eye intensifies the energy of the laser and renders it
more harmful to the retina and choroid. The comea
and lens are capable of concentrating the laser energy
100,000 tmes before it reaches the retina (14, 15).
Lasers can damage the retina and choroid by
photochemical, thermal and ablative mechanisms (16,
17, 18, 18).

The human eye is inherently sensilive to some
wavelengths, Most laser pointers are red or red ocrange
in colour, with wavelengths ranging from &30 to 680
nm. The 650 nm wavelength pointer is often selected
because of its relatvely low cost and increased
brightness, about two times that of the 670 nm laser
pointer (1, éﬂ].

The aim of the currant study was to understand the
effect of a laser pointer beam on pigmented rabbit
retina and choroid.

Material and Methods

Six mature male pigmented Chinchilla rabbits each

waighing from 2327 kg, were maintained under




standard laboratory conditions (12h light-12h dark).
Rabbils 40 to 60 wk of age were used because the
power of the comea and lens undergoes considerable
changes in the first 30 wk of life concomitant with the
increase in size during growth (21, 22, 23). The rabbits
were screened before exposure to ensure that ayes
were intact. All procedures were performed during the
light cycle. The rabbits were divided into cantrol group,
and A and B experimental groups. Experimental rabbits
were  anesthetized by intramuscular  injection  of
retamine (10 mg /kg) and the pupils were dilated with
a drop of phenylephrine and tropicamid, Eyelids were
kept open with adhesive tape. The beam of 2 laser
pointer, with 630-670 nm wavelength and labeled as
emitting <1 mW power (class |l laser) was directed into
the rabbits eyes for 8s (24, 25 26) Note: power
measurement of this pointer shawead that its real output
waz 3.9 m.

Direct ophthalmoscopic axamination wWas
underiaken immediately (group A) and 24 h (group B)
affer exposure. The eyes were also examined by the
use of fluorescein angiography. Two ml of a 10%
solution of fluorescein were injected in the marginal ear
vein and photographs of the fundus were taken 5, 10
and 15 min later (27, 28).

Heidart et al Q

For uitrastructural studies the animals of control and
experimental groups (group A, shaortly, and group B 24
h after laser exposure) were sacrificed. The enucleated
ayes were fixed by 2% glutaraldehyde and 2%
paraformaldehyde in 0.1 M phosphate buffer at pH 7.4,
After remaoval of cormea and lens the eyes were
resected and were kept in the fixative at 40, In the next
days the eyecups were inspected  with &
slereomicroscope. The iradiated areas were localized
(damage spot remained visiole as a whitish spat in the
resected eye cup), tissue segments containing them
and adjacent, unexposed, retina were excised, The
tissue segments were rinsed in buffer and post fiked in
1% osmium tetroxide for 1.5h, then dehydrated in
acetone, and embedded in Epon. Thin sections (50
nm) were cut and stained with urary! acetate and lead

citrate (27, 28).

Results
+ Ophthalmoscopy

Immediately after exposure, retinal damage was
detectable in the rabbit eyes by direct ophthalmoscopy.
The laser spot was grayish white and, the eye fundus
became cedematous withoul hemarhags. The lesion

sxpanded 240 after exposure, the cedema remained

and scar tissue was formed,
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Figure 1: Fluorescein angiographs performed 5(aA), 10{B] and
15 min |:C:| after 1he exposure. The angiogmaphs show 2 small fuarescert
Bleck (v i e incadiated spel (A) thal is mereasing o size a5 Lme increases {H
ané O respectivelyl Also Licve @ an insresse in e cetinal opacity and a Jecveass in

chearance of choroidal vessels (M) s time nereases (A, B oand O respectively)

= Angiography

Fluorescein angiography 5 min after exposure of
the fundus showed a small fluorecert block in the
iradiated spot (Figure 14} that increased with time
{figures 1B and 1C).

Figure 2. Electron micrograph of chorowd, group A Thees are wide
spaces { %} betwesn clorsidal cells that shows existence of osdema in chercid.
x 14000, P oplesma cell, B fibroblast

Also, there was an increase in the retinal opacity
and reduction in clearance of choroidal vessels as time
after exposure increased to 10 and 15 min.

; .‘t’akptehm

Figure 3. Flectron micrograph of choroid, gronp B. Thee i oedema
[ * ) in cheroid. High density eollagen fibers [l are ohsamved in interceliufar

spaces. & 14K

= Electron microscopy

In exparimentzl rabbits {Groups A and B) the ratinal
their
appeared intact uitrastructurally. The melanin granules

pigmented  epithelium  and melanin - grandles
were apically located at their primary site. No damage
could be detected in the choriccapillaries, and Bruch's
membrane was intact. In group A there were wide
spaces between choroidal cells that showed existance
of oedema in the choroid (Figure 2).

10 and 15 min,

Figure 4: Electren micrograph of choroid, group B. Cros section of
thick colagen fibers (M) 5 abvious x 20000 Melanocsie Ly




Figure 5. Electron micrograph of cheroul, Contrel group. Tie cels

ars sel regulache Withous any spaces hetweer Inem. Compare with fig T 3 4 x 140

In group B rabbits there ware thick collagenic
bundles that showsd scar formation in the iradiated
area of the choroidal layer (Figures 3, 4), Figure 5 is an
glectron micrograph of the chorion of a rabbit from the
control group for comparison with Figures 2,3 and 4.

Discussion

Laser pointers emitting light with a wavelengtn that
is close to the eye's peak response, have the capability
of producing an adequate visual stimulus at lower
radiant powers. The laser pointer baam is focused by
the cormsa and lens, and absorbed by the reting and
choroid,  Injury  coccurs when the energy  level and
curation of the laser exposura are sufficient 1o damage
the eye. As the power oulput of laser pointers is
relatively low (=5 mW) the beam causes injury when
directed from 2 close range (10 feet or less) and for
spveral secands o a few minutes. These injuriss can
sometimes result in permanant visual impairment(1, 239,
any.

The clinical apnearance of retinal lesions aftar laser
pxpasure is related 1o the type of laser involved and
fne power output. Retinal injuries may demonsirate
gedema, NECIoss, subretinal  or  intraretinal
hemarrhage, wvitreous hemorrhage, and macular ar
retinal holes (100 Retinal and choroidal damage may

alzo be associated with a specific type of laser. Pulsed

................................................... Yalf\hbell&\
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lasers in the wisible or near infrared spectrum nhave
bean associated with significant retinal hemorrhage.
Circumscribed retinal and choreidal lesions without
significant hemaorrhage may indicate that a visitle laser
in the continuous wave mode, such as a laser pointer,
has besn used (10). Also pulsed laser irradistion can
result in damaga 1o both the inner and cuter retinzl
layers, while the continuous laser radiation produces
damage to the outer retinal layer and choroid A
sufficient level of laser light transmitted 1o the choroid
can induce small vessel ccclusions andior ocedema
{31).
constituent collagen fibers exhibit signs of thermal

Bruch's membrans remains  intact,  akhaugh
damage such as increasad density and cross sectional
diameter {27}, as shown in this study.

Using the theoretical model of Manister et al the
increased temperature produced in the retina after
exposure 1o light can be calculated (32). The thermal
response is dependent upon the wavelength of the
incident light. A lasar pointer with an autput energy of 5
mW can produce a temperature increase of 15 1o 20C
after 0.1 5 exposure and this is sufficient 1o produce
tharmal injury (33, 34), An ophthalimoscopcally visible
damage threshold was detected with 9-15 mW far
1580-270 ms exposure in the visible range. Othar much
rmare sansitive methods for damage detection, such as
fluorescein  angiography,  microscopy  and  electron
micrescopy, lead 1o a maximum permissible exposure
(MPE} value to be defined as 1/10 of the determined
visitle threshold {33, 34).

klein et al, measured the power of mare than 40
laser painters from vanous manufacturers. They found
that most fall in laser class Il B which means that they
have an output power of mare than 1MW and were not
correctly classified by the manufacturer (34, 35, 36).
The power of the painter used in this study was naarly
4-times greater than stated an the labsl.

In summary, when used properly, the risk of eye
injury from a laser pointer IS extremely  low. An
individual who receives a transient exposure may
exparience a dazzling effect, resulting in distraction or
termporary visual impairment. The duration and severity
of these effects wares Detween individuals and with
their state of dark adaptation at the time of exposure

et}



-

-, . s
[ T Laser pointer and eve
-
P

An eye examination to rule out permansnt aye injury
from a laser illumination should be performed if afer
images persist for several hours or if a loss of clarty is
apparent (1, 3, 5, 30).

To reduce the rsk of eye injury, should they fall into
the hands of children or irrespansiole individuals, Class
Al are
recommended for use by the general public, An

Il laser pointers  (rather than Class |l
increase in the perceived brighiness of red laser
pointers can ba achieved without the nesd for
additional power by selecting those that emit light of
wave lengths sharter than 670 nm. While Class Il A

lager pointers can continue to be used by responsible

adults, they should be replaced by lower powered

pointers whenever possible,
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