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Abstract

Accidental ocular injuries caused by laser devices used in non-medical settings are rare but potentially vision-
threatening. This case report describes a 24-year-old woman who sustained a full-thickness macular hole (FTMH)
in the right eye following accidental diode laser exposure during a hair removal procedure at a beauty center.
The injury occurred when the laser probe was inadvertently activated, striking the patient’s unprotected eye. The
patient presented with profound visual loss in the affected eye, with visual acuity reduced to the level of hand
motion. Comprehensive ophthalmological examination revealed a FTMH in the right eye, confirmed by optical

coherence tomography (OCT), which showed complete disruption of the foveal retinal layers and cystic changes

at the margins of the hole. The patient underwent surgical intervention with pars plana vitrectomy (PPV), internal
limiting membrane (ILM) peeling, and gas tamponade to promote macular hole closure and restore retinal integrity.
Despite successful anatomical closure of the macular hole, the patient’s visual prognosis remained guarded due to
extensive photothermal damage to the retinal pigment epithelium and photoreceptor layers. This case underscores
the devastating consequences of inadequate laser safety protocols in non-medical environments, the critical role of
OCT in diagnosing and managing laser-induced retinal injuries, and the importance of timely surgical intervention.
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Introduction

Laser technology has become an indispensable tool
across various medical and aesthetic fields due to its
precision, versatility, and efficacy [1]. Among its many
applications, diode lasers have gained widespread popu-
larity in dermatological and cosmetic procedures, par-
ticularly for laser hair removal. Diode lasers operate at
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a wavelength of 800-810 nm in the near-infrared spec-
trum, targeting melanin in hair follicles to achieve selec-
tive photo thermolysis and permanent hair reduction.
Their ability to penetrate deeply into the dermis while
sparing surrounding tissues has made them a preferred
choice for hair removal across a wide range of skin types,
especially lighter-to-medium skin tones [2, 3]. However,
despite their safety and effectiveness when used appro-
priately, diode lasers represent a significant risk to ocular
tissues if accidental exposure occurs [4].

The eye is particularly vulnerable to laser-induced dam-
age because of its natural ability to focus light on the ret-
ina, amplifying the energy density of any incoming beam
[5]. The retina, particularly the macula, is at risk from
visible and near-infrared lasers, as melanin and hemoglo-
bin in the retinal pigment epithelium (RPE) and choroid
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strongly absorb energy [6]. Diode lasers can cause photo-
thermal injury, leading to coagulative necrosis of the RPE
and photoreceptor layers, resulting in irreversible retinal
damage [7]. Depending on the energy and exposure dura-
tion, injuries can range from mild pigmentary changes to
severe complications, such as macular holes, retinal scar-
ring, or vision loss [8].

Accidental laser-induced ocular injuries are rare but
more common in non-medical environments, such as
beauty centers, where operators often lack formal train-
ing in laser safety [9]. Improper handling of laser devices,
absence of protective eyewear, and accidental activation
of laser beams can result in severe, vision-threatening
injuries with long-term implications for visual function
and quality of life. Delayed access to specialized oph-
thalmological care in such settings may further worsen
outcomes.

Advanced imaging, particularly optical coherence
tomography (OCT), is essential for assessing the extent
of retinal damage, including macular holes, subretinal
fluid, or retinal thinning, and for guiding treatment deci-
sions [10].

In cases of full-thickness macular holes (FTMH)
caused by laser injuries, surgical intervention with pars
plana vitrectomy (PPV) and internal limiting membrane
(ILM) peeling is often required to restore the anatomical
integrity of the retina and optimize visual outcomes [11,
12]. However, the prognosis for visual recovery remains
dependent on the extent of damage to the photoreceptor
and RPE layers, as these are critical for central vision.

In this report, we present the case of a 24-year-old
woman who sustained a FTMH with profound visual loss
due to accidental exposure to a diode laser during a hair
removal procedure. The case highlights the devastating
consequences of inadequate laser safety protocols, the
critical role of OCT in diagnosing and managing retinal
injuries, and the importance of timely surgical interven-
tion. This case also underscores the need for stricter
regulations and mandatory training for laser operators in
non-medical settings to prevent such injuries.

Case report

A 24-year-old healthy woman presented to the oph-
thalmology emergency department with complaints of
severe right eye pain, redness, and photophobia follow-
ing an accidental laser exposure. The incident occurred
during a routine diode laser hair removal session at a
beauty center. According to the patient and accompany-
ing staff members, the laser operator was cleaning the
laser probe when an unexpected discharge from the laser
device occurred, striking the patient directly in the right
eye. The patient reported an immediate onset of intense
ocular pain, accompanied by blurred vision and persis-
tent tearing.

Page 2 of 6

The staff at the beauty center promptly contacted
emergency medical services (EMS). Upon arrival, the
EMS team noted conjunctival erythema and significant
discomfort in the patient’s right eye. The patient was
transported to a tertiary care hospital with a dedicated
ophthalmology emergency ward for further evaluation
and management.

On arrival at the emergency department, the patient
was alert and oriented, with stable vital signs. She
endorsed no prior history of ocular disease, refrac-
tive errors, or laser exposure. The patient underwent a
comprehensive ophthalmological examination follow-
ing accidental diode laser exposure to the right eye. The
most significant finding was a full-thickness macular hole
(FTMH) in the right eye, which was associated with pro-
found visual impairment. The left eye remained entirely
normal.

Visual acuity in the right eye was reduced to the level
of hand motion (HM), while the left eye retained normal
vision at 20/20. External examination showed mild con-
junctival injection in the right eye, with no abnormali-
ties in the eyelids, cornea, anterior chamber, iris, or lens
bilaterally. Fundoscopy of the right eye revealed a well-
demarcated FTMH in the central macula, consistent with
laser-induced photothermal injury. This was likely caused
by the absorption of the diode laser’s energy by the reti-
nal pigment epithelium (RPE), resulting in damage to the
overlying photoreceptor layers.

The optic disc, retinal vessels, and peripheral retina
were normal in both eyes. Intraocular pressure was 14
mmHg in the right eye and 13 mmHg in the left, both
within normal limits.

Optical coherence tomography (OCT) confirmed the
presence of the FTMH in the right eye, showing com-
plete disruption of the foveal retinal layers with cystic
changes at the margins of the hole. There was no evi-
dence of epiretinal membrane (ERM) or vitreomacular
traction (VMT). The macular architecture of the left eye
was entirely normal.

The findings of this case highlight the significant reti-
nal damage caused by accidental laser exposure, with the
FTMH being the most severe consequence, resulting in
profound visual impairment in the affected eye. (Fig. 1).

The patient underwent a detailed evaluation and man-
agement plan following the accidental diode laser expo-
sure to the right eye, which resulted in a FTMH and
profound visual impairment. Optical coherence tomog-
raphy (OCT) was performed to confirm the diagnosis
and assess the extent of retinal damage. The OCT find-
ings FTMH in the right eye, characterized by a complete
disruption of the retinal layers at the fovea. The inner
retinal layers were retracted, and there was a loss of con-
tinuity in the outer retinal layers, including the ellipsoid
zone and retinal pigment epithelium (RPE). The central
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Fig.1 Full-Thickness Macular Hole in the Right Eye. A full-thickness macu-
lar hole (FTMH) visible in the central macula, characterized by a well-de-
marcated defect in the retinal layers. The edges of the macular hole show
cystic changes, indicative of intraretinal edema

macular thickness was significantly reduced, and the
edges of the hole demonstrated cystic changes, indicative
of intraretinal edema. There was no evidence of epireti-
nal membrane (ERM) or vitreomacular traction (VMT),
suggesting that the macular hole was primarily caused
by the photothermal injury from the diode laser. The left
eye showed normal macular architecture on OCT, with
intact retinal layers and no abnormalities.

Given the severity of the findings and the profound
reduction in visual acuity to the level of hand motion in
the right eye, the patient was counseled regarding the
need for surgical intervention. The patient underwent
pars plana vitrectomy (PPV) with internal limiting mem-
brane (ILM) peeling and gas tamponade to address the
full-thickness macular hole (FTMH) and restore retinal
integrity. She was counseled on the procedure’s risks,
benefits, and guarded visual prognosis due to extensive
photoreceptor and retinal pigment epithelium (RPE)
damage caused by the laser injury.

In addition to surgical planning, the patient was started
on topical corticosteroids (e.g., prednisolone acetate 1%)
to reduce any residual inflammation and preservative-
free artificial tears to alleviate ocular surface discomfort.
Oral antioxidants, including lutein and zeaxanthin, were
prescribed to support retinal health and potentially aid in
the healing process. The patient was instructed to avoid
any further exposure to laser devices and to wear protec-
tive eyewear in environments where laser use is possible.

In cases of laser-induced macular holes, the prognosis
depends on the extent of retinal damage and the timing
of surgical intervention. Early surgical repair is associated
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with higher rates of anatomical closure and better visual
outcomes. However, in this case, the profound reduction
in visual acuity and the OCT findings of significant dis-
ruption to the outer retinal layers suggest that the visual
prognosis may be guarded. The patient was provided
with realistic expectations regarding the potential for
visual recovery and the importance of adherence to post-
operative care.

Discussion

The case presented in this report illustrates the severe
consequences of accidental diode laser exposure to the
eye, resulting in a FTMH and profound vision loss. While
diode lasers are considered safe when used appropriately,
improper handling and inadequate safety measures, such
as the absence of protective eyewear, can lead to devas-
tating ocular injuries.

Laser-induced ocular injuries can occur through three
primary mechanisms: photothermal, photochemical, and
photo disruptive damage, depending on the laser’s wave-
length, pulse duration, and energy delivered. Photother-
mal damage, the most common mechanism, results from
heat generation in pigmented tissues, leading to protein
denaturation and tissue necrosis. Photochemical damage
occurs due to prolonged exposure to low-energy ultravio-
let or blue light, producing reactive oxygen species and
molecular damage. Photo disruptive damage, associated
with high-energy pulsed lasers, causes mechanical dis-
ruption of tissues through plasma formation and shock-
wave propagation [13, 14].

Different laser types can cause macular holes and other
retinal injuries under specific scenarios:

+ Diode lasers (800—810 nm): Commonly used in
dermatological and cosmetic procedures, diode
lasers can cause photothermal damage to the RPE
and photoreceptor layers, leading to FTMH, as
presented in this case [7, 8].

+ Nd: YAG lasers (1064 nm/532 nm): Used in
ophthalmology for posterior capsulotomy or
iridotomy, Nd: YAG lasers can induce photo
disruptive damage to retinal structures when
misdirected [13].

+ Laser pointers (650—-532 nm): Recreational laser
pointers, particularly high-powered models, can
cause macular injury through photothermal and
photo disruptive effects, especially in children and
untrained users [15].

+ Intense Pulsed Light (IPL): Frequently used in
cosmetic treatments, IPL can cause thermal injury to
the retina, especially when protective eyewear is not
utilized [16].

+ Alexandrite lasers (755 nm): Commonly employed
in dermatology, alexandrite lasers can cause retinal
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Table 1 Laser types, mechanisms of injury, and preventive strategies
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Laser type Wavelength Mechanism of Common scenarios Preventive strategies
injury
Diode Laser 800_810 nm Photothermal Cosmetic procedures (e.g., hair removal) Operator training, protective eye-

Nd: YAG Laser 1064 nm, 532 nm Photo disruptive

Laser Pointer 532_650 nm Photothermal, Photo
disruptive

Intense Pulsed Light  Broad spectrum Photothermal

(IPL) (515-1200 nm)

Alexandrite Laser 755nm Photothermal

Ophthalmic procedures (e.g., capsulotomy,
iridotomy)
Recreational use, especially in children

Cosmetic treatments (e.g,, facial
rejuvenation)

Dermatologic procedures near periorbital
areas

wear, avoid accidental activation
Proper alignment, training,
protective eyewear

Regulation of laser power, educa-
tion on safe usage
Wavelength-specific protective
eyewear, operator training

Eye shields, avoidance of treat-
ment near eyes

damage through photothermal mechanisms when
used near the periorbital region without appropriate
eye protection [17].

The risk of laser-induced ocular damage can be
minimized by adhering to strict safety protocols,
including proper training of operators, use of wave-
length-specific protective eyewear, and avoiding laser
activation in unprotected environments. Table 1 summa-
rizes the mechanisms, scenarios, and preventive strate-
gies for different laser types.

As previously mentioned, Photothermal damage, the
most common mechanism, results from localized heat
buildup, causing protein denaturation, tissue necrosis,
and scarring. In the presented case, accidental diode laser
exposure caused a FTMH and significant vision loss due
to thermal damage, highlighting the severe consequences
of inadequate safety measures [14, 15]. The resulting
damage led to the formation of a macular hole, which is a
rare but vision-threatening complication of laser-induced
retinal injury [8].

Advanced imaging, particularly optical coherence
tomography (OCT), played a critical role in this case by
enabling high-resolution visualization of retinal architec-
ture and confirming the presence of a FTMH [18]. OCT
findings, including disruption of the foveal retinal layers
and cystic changes at the margins of the hole, were con-
sistent with the diagnosis and offered valuable insights
into the extent of retinal damage [19]. This aligns with
existing literature, which highlights OCT as an essential
diagnostic tool for assessing laser-induced retinal injuries
and guiding management decisions [20, 21].

Spontaneous closure of FTMH has occasionally been
reported in idiopathic cases; however, the likelihood of
spontaneous closure in laser-induced macular holes is
exceedingly rare [22]. This is due to the extensive pho-
tothermal damage to the RPE and photoreceptor lay-
ers, which significantly reduces the potential for natural
anatomical repair [23]. While the incidence of spontane-
ous closure in laser-induced macular holes is not well-
documented, the available evidence suggests that severe

retinal damage in such cases makes spontaneous resolu-
tion highly unlikely [22].

Given this, the treatment of laser-induced macular
holes typically involves PPV with ILM peeling and gas
tamponade. This approach is widely regarded as the
gold standard for achieving anatomical closure of mac-
ular holes, regardless of their etiology [24, 25]. In cases
where surgery is not immediately feasible, a short obser-
vation period of 4—6 weeks with close monitoring using
OCT may be considered. However, prolonged delays in
surgical management could negatively impact both ana-
tomical and functional outcomes, as demonstrated by the
guarded visual prognosis in the present case [26, 27].

In this case, PPV with ILM peeling and gas tamponade
successfully achieved anatomical closure of the macular
hole. However, visual recovery was limited due to the
extent of RPE and photoreceptor damage. This outcome
underscores the importance of laser safety protocols
to prevent such injuries, as the potential for functional
recovery remains dependent on the severity of initial
damage [28, 29].

A review identified 119 cases of ocular injuries associ-
ated with dermatologic laser treatments, with 60 involv-
ing direct damage to ocular structures, primarily due to
inadequate eye protection (73%). Laser hair removal of
the face was the most common procedure (58%), and
nearly all injuries (98%) were specific to the laser’s wave-
length and chromophore affinity. Most cases were pre-
ventable, highlighting the critical need for proper safety
measures [7].

Maganti et al. reported the first case of macular hole
formation following intense pulsed light (IPL) therapy for
hair removal in a 68-year-old woman who experienced
blurry vision and a FTMH after accidental IPL exposure
without proper eye protection. Like the case presented
in this study, the mechanism of injury was attributed
to thermal damage at the level of the RPE, highlighting
the vulnerability of retinal tissue to light-based cosmetic
treatments. While Maganti et al. focused on IPL-induced
injury, the current case involves diode laser-induced
FTMH, emphasizing the risks associated with different
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laser technologies and the shared importance of strict
adherence to safety protocols, including the use of wave-
length-specific protective eyewear, to prevent potentially
vision-threatening ocular injuries [16].

In another study, Hammes et al. re ported a 33-year-old
woman with a port-wine stain underwent multiple laser
treatments, including a session with a 755-nm alexan-
drite laser in the periorbital region, during which pro-
tective eye shields were not used. Postoperatively, she
developed photophobia, blurred vision, scleral inflam-
mation, posterior synechia, and an irregular, non-reactive
left pupil. Despite treatment, the pupil remained irregu-
lar and dilated at three months. Eleven months after the
procedure, there was significant improvement in pupil
motility due to constant topical treatment with diclof-
enac sodium; however, photophobia persisted, and the
patient reported vision distortion during movement [17].

The case presented in this study underscores the criti-
cal importance of adhering to stringent laser safety proto-
cols to prevent severe, vision-threatening ocular injuries
during dermatologic procedures. Numerous studies have
identified gaps in safety practices, including the absence
of mandatory reporting, inadequate training, and a lack
of regulation for non-physician operators, all of which
increase the risk of preventable injuries [30-32]. The
American National Standards Institute (ANSI) guidelines
highlight the need for wavelength-specific protective
eyewear and detailed safety protocols to mitigate risks,
particularly in procedures involving the periorbital area
[30, 31]. Furthermore, Kalashnikova et al. emphasized
the role of operator error, neglect of treatment protocols,
and inadequate safety measures as primary causes of
complications, stressing the importance of patient selec-
tion, device maintenance, and adherence to treatment
protocols [32]. Glover and Richer also noted that 73% of
ocular injuries from laser procedures could have been
avoided with proper eye protection, further demonstrat-
ing the necessity of rigorous safety measures and stan-
dardized operator training [30]. This case reinforces the
need for comprehensive safety guidelines, regular audits,
and improved reporting systems within clinical and non-
medical settings to reduce the incidence of preventable
laser-induced ocular injuries.

Conclusion

This case highlights the severe and vision-threatening
complications that can occur from accidental diode laser
exposure, particularly in non-medical environments
where safety protocols are often disregarded. The devel-
opment of a FTMH in this patient underscores the criti-
cal importance of proper laser safety measures, including
the mandatory use of wavelength-specific protective eye-
wear and operator training. While timely surgical inter-
vention successfully restored retinal integrity, the extent
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of retinal damage limited visual recovery, emphasizing
the need for prevention over treatment.

This report reinforces the necessity of stricter regula-
tory oversight, standardized safety protocols, and public
awareness to minimize the risk of laser-induced ocular
injuries and safeguard patients’ vision in both medical
and non-medical settings.
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