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Abstract: It is imperative that primary care physicians as well as all eye care providers become more
aware of laser-induced ocular injuries, as laser devices are progressively more accessible to the
general population. Self-inflicted laser exposures as seen in the present clinical case can be
particularly challenging, as they can present with an occult history and are often under-reported.
Laser-induced ocular injuries may result in macular holes, retinal hemorrhages, and choroidal
neovascularization with associated reduced visual acuity and other variable sequelae. However,
clinical findings are often subtle and make the diagnosis challenging. Extensive history with tailored
clinical evaluation promotes more sensitive and specific diagnosis and management of such cases.
This clinical case highlights the importance of continuous patient dialogue, dilated fundus
examination, and advanced retinal imaging as the clinician determines the etiology for functional
visual disturbances despite relatively normal vision.
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1. Introduction

Laser devices are an intrinsic part of modern technology, being used in many industrial, military,
and community settings. Most of us encounter lasers daily. After all, such devices are key
components of daily life involved in everything from automatic doors, bar code scanners, surgical
medical devices, to holiday home decorations. It is common then to have chance community
exposures to laser light from such devices, and —while annoying—they typically cause no ocular
damage [1]. Perhaps the most ubiquitous lasers are in the form of laser pointers. These laser pointers
are hung on keychains for personal use, used by teachers in classrooms, and can be found in many
homes as toys for pets [1,2]. Unfortunately, they can then be used by pranksters—adult and children
alike—to intentionally expose co-workers, friends, or classmates. These exposures can be more than
annoying, as they can also induce fear and even anger [3]. Some of this fear is rational, as the point
source light from these lasers is focused by the anterior structures of the eye (i.e., cornea and lens)
and absorbed by the retina [4]. This results in a perceived brightness that far exceeds more common
community exposures [1,3,4]. There also seems to be a complex social or emotional component to
these experiences [3] which may be exacerbated in those with emotional or psychiatric disturbances
[2,3,5]. This creates both public health and personal medical concerns, as laser devices—easily
purchased online and often unregulated —can make their way into the hands of both children and
young adults [2,4,5]. This commercial availability of laser pointers and other devices has preceded an
increased incidence of retinal laser injuries [6], with laser pointers responsible for many of these [7].

An even greater health concern results from the at-home use of more powerful laser devices
used for cosmetic purposes [5,8,9]. Due to the worldwide popularity of tattoos [10] and the desire of
many to have them removed [11], there is a need for a safe and effective technique that results in
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healthy skin and good cosmesis [12,13]. Unfortunately, in-office tattoo removal can be painful,
expensive, time-consuming, and inconvenient [14]. Patients often then turn to high-energy at home
devices to self-perform these procedures [14]. One such device is the at-home laser tattoo removal
device, which is based on the current gold standard in-office yttrium aluminum garnet (YAG) laser
[15]. These devices deliver short invisible infrared (IR; 1064 nm), high-energy pulses that target and
remove pigment from under the skin. These lasers are also frequency-doubled, meaning they contain
a second wavelength (i.e., 532 nm) which is visible to the human eye. Both wavelengths (i.e., 532 and
1064 nm) are transmitted by the cornea, lens, and vitreous body and are absorbed by the retina [16].
As the goal of these tattoo removal lasers is to be absorbed by pigment, there is significant risk to the
retinal pigment epithelium (RPE) or the choroid [17]. This is particularly the case if the light is
intentionally viewed [18].

The following is a report of one such injury. An adult male experienced retinal damage while
attempting tattoo removal with an at-home laser device. While he self-reported a childhood history
of solar gazing, persistent questioning revealed a more recent history of a self-inflicted laser injury.
These conditions (i.e., laser and solar retinopathy) can masquerade as each other, and thorough case
history was essential to differentiating the two conditions [3]. In addition, etiologically distinguishing
characteristics of laser retinal damage were present, including foveal involvement, gray-white or
yellow-white retinal lesions, and retinal pigment epithelium (RPE) and/or photoreceptor disruption
on optical coherence tomography (OCT). We present the patient history, clinical findings, imaging,
and differentials used to arrive at the diagnosis.

2. Case Presentation
2.1. Patient History

A 33-year-old male presented to the Eye and Vision Care Clinic at Rosenberg School of
Optometry for a comprehensive eye examination. The chief complaint was mild blurry vision in both
eyes (OU) at distance with two-year-old habitual spectacles. He also reported a constant "white spot”
visually in the right eye (OD) which started two years ago. The patient was seen for an eye
examination 16 months prior, during which he reported an ocular laser exposure to both eyes while
self-removing a tattoo from his right temple for the purpose of employment. However, no significant
retinal findings were recorded at that time. Present and pertinent medical history includes diagnosis
of post-traumatic stress disorder (PTSD) and schizophrenia. Quetiapine fumarate 300 mg, prazosin
hydrochloride 1 mg, and risperidone 2 mg were all taken twice daily as prescribed for these
conditions.

2.2. Clinical Findings

Entering visual acuities (VA) were 20/20 OD, 20/302 left eye (OS; 20/20! with pinhole) at
distance. All other entrance testing (e.g., pupils, extraocular motilities, and confrontation fields via
finger count) were within normal limits (WNL). Best-corrected visual acuities improved with
refraction OS to 20/201. During the refraction, the patient stated that he was experiencing visual white
spots both monocularly and binocularly. He further described intact central vision with scotomas to
the left and right of fixation in each eye.

External examination revealed a large (1”x 3”) multi-colored scar on his right temple, which was
consistent with the history of tattoo removal. Slit lamp examination (SLE) was WNL. Dilated fundus
exam (DFE) revealed subtle epiretinal membranes (ERM) and pigment mottling of both maculae.
Foveal light reflexes were present but faint, and small, single, yellow white parafoveal lesions were
present in each eye. Optic nerve heads (ONH) were tilted in both eyes with mild temporal sectoral
atrophy, but no retinal nerve fiber layer defects were noted clinically. Cup to disc ratios were 0.50
round OD and 0.55 round OS. During the DFE, the patient was asked about sun-gazing behaviors,
and he reported that he did so as a child.
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2.3. Advanced Imaging (OCT)

Optical coherence tomography (OCT) of the macula OU was ordered, and the results of the 5-
line raster scan revealed parafoveal focal destruction of the RPE layer in each eye with disruption of
the overlying photoreceptor outer segments (Figure 1). The damage was superior temporal to the
fovea in the right eye and inferior temporal in the left eye, which correlate with the patient's reports

of bilateral fixation scotomas.
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Figure 1. Macular optical coherence tomography (OCT) scans of (a) right and (b) left eyes. Subtle
retinal pigment epithelium (RPE) and outer segment photoreceptor damage can be seen in the axial
(lower) scans in both eyes. While inconsistent with his subjective report of right eye symptoms, the
asymmetric lesions (i.e., left > right) lesions seen in the scans are consistent with the persistent (but
slightly) reduced visual acuity in the left eye.

2.3. Differential Diagnoses

While laser retinopathy can lead to secondary full or partial thickness macular holes, neither
were observed and —as traction forces were not observed on either retina—macular holes were ruled
out in this case [19]. Macular dystrophies such as Best and Stargardt disease were ruled out since best
corrected visual acuity (BCVA) was not significantly reduced, and elevated yellow lesions and/or
bull’s eye maculopathy were not present in our case [20]. Lastly, POHS was discounted since the
present patient lesions were not choroidal in nature.

2.4. Diagnosis

Solar retinopathy was the initial working diagnosis due to the patient’s report of childhood sun-
gazing and bilateral presentation of retinal trauma [21,22]. However, solar retinopathy
characteristically presents with symmetrical on-foveal damage [22]. The patient’s retinal damage was
asymmetric, parafoveal, and presumably would have been reported during the previous exam had
the damage been longstanding from childhood. As a result, the diagnosis of solar retinopathy was
no longer appropriate. Upon further questioning regarding laser exposure, the patient admitted that
he intentionally used a tattoo removal laser and inadvertently exposed his eyes during what he
described as a “manic schizophrenic episode” two years prior. Subsequently, the patient was
diagnosed with laser induced retinopathy OS>OD, without retinal breaks, holes, or choroidal
neovascularization. To address the patient’s chief complaint of blurry vision, he was also diagnosed
with compound myopic astigmatism OD and OS.
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2.5. Plan

While the consequences here were relatively mild, self-injury would typically require a referral
for behavioral management [18]. However, he was already receiving that care with Veterans Affairs.
Our plan for the laser retinopathy OU was to monitor for changes with annual exams and for the
patient to return to clinic sooner with any change or increase in symptoms. As best-corrected visual
acuity improved slightly with refraction, we also prescribed new spectacles.

3. Discussion
3.1. Case Summary

We present the findings of a case of self-inflicted laser retinopathy. The current case was
clinically very subtle, and it was only confirmed after continuous and comprehensive history as well
as advanced retinal imaging via optical coherence tomography (OCT). Causes of similar laser injury
range from simple pranks, occupational exposures, curiosity, and carelessness to intentional
exposures due to emotional or behavioral disturbances [3,23,24]. Regardless of the cause of the injury,
their assessment can challenge primary care physicians and eye care providers alike. We further
briefly discuss laser mechanisms as well as an evidence-based approach to the diagnosis and
considerations when managing laser injuries.

3.2. Notable Findings

The most common characteristics of laser retinopathy are unilateral or bilateral central or
paracentral scotomas and decreased vision [3]. The retina is particularly vulnerable to the
photocoagulation damage produced by laser devices. Acute etiologies often present with a complaint
of reduced visual acuity (VA) with a wide range of variability based on the power and length of
exposure. Although testing with an Amsler grid could be used to screen any patient that presents
with a recent laser incident for the presence of scotomas, OCT measurements of the macula, fundus
appearance, and history of laser exposure should be used to establish final diagnosis. Laser damage
to the retina can manifest with several different appearances from hypertrophy of the RPE to serous
chorioretinopathy, as well as retinal hemorrhages, choroidal neovascularization, and macular holes
[25]. One notable difference between the present case and previous reports is that laser induced
injuries are often focal with accidental laser exposures, while streak lesions are more often associated
with self-inflicted traumas [26,27]. We would then have expected the lesions in our patient to be
streak lesions, rather than the observed focal lesions in both eyes. However, our case is further
consistent with previous studies showing that 50% of intentional incidents involving individuals
older than 16 years of age were in patients with co-existing mental disturbances or illnesses [9].

3.3. Laser Summary

While brief laser exposures are not always vision-threatening [28] and can even be classified as
“safe” [6], laser radiation can damage the retina through multiple mechanisms [4,29]. In this case,
however, the patient used a pulse fired frequency-doubled 1064 nm (i.e., contains both visible 564
nm and IR 1064 nm light) Nd-YAG laser with the primary medical or cosmetic use of penetrating
deep into skin to interact with melanocytes [8]. Viewing the light from such devices correlates with a
high risk for damage, particularly causing focal RPE destruction [29]. After all, as such devices target
the pigment molecules in tattoo ink, they also target the pigment in the RPE layer exciting the
molecules and breaking down the cells [3,8]. Laser devices are regulated in the United States by the
Federal Drug Administration (FDA) and categorized based on characteristics such as power output,
spot size, duration, and whether they are pulsed or continuous [30,31]. As a rule, Class I lasers are
completely eye safe (regardless of the duration) and Class IV lasers should never be viewed
(regardless of duration)—without eye protection that filters out the produced wavelengths. While
the patient was not completely sure of the specific laser brand used, most tattoo removal lasers are
Q-switched Class II lasers which are not usually harmful to ocular structures if the proper eye
protection is worn or if the exposure is incidental [32]. However, Q-switching refers to the technique
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that produces a pulsed-beam [33]. Pulsed beams contain very high peak energy levels (compared to
continuous laser output) that can cause ocular damage within 0.25 seconds (the well-established speed
of the human blink reflex [34]). Consequently, the output light from these devices should never be
viewed intentionally, especially at close range.

3.4. Further Considerations

Self-inflicted cases of laser retinopathy are the most likely to cause legal blindness due to the
lengthy exposure of intentional viewing [5]. Fortunately, the current patient was only experiencing
minimal visual acuity loss and other disturbances (i.e., “white spots”). However, he was at first
reluctant to reveal that the injury was self-inflicted. This ties into the suggestion that laser injuries —
particularly when self-inflicted —are oft unreported [5]. Reasons for underreporting vary, but it is
important to at least mention non-organic vision loss in the work-up of patients with alleged laser
injuries. That is, patients may use lasers to injure themselves for financial gain [35] or to simply
assume a “sick role” [26]. This does not appear to be the case in our patient who was ultimately
forthcoming about the self-injury when questioned throughout the exam. There is applicability,
though limited, of these concerns to the current case. However, as a review of functional vision loss
is beyond the scope of the current report, we leave it to the reader to examine previous reports for
further context and examination techniques in patients with non-organic vision loss [3,36,37].

4. Conclusions

This case features the need for and value of an evidence-based (i.e., non-speculative) approach
to the diagnosis of self-inflected laser retinopathy. Our approach specifically highlights the need for
a thorough and continuous history throughout the examination as well as the need for detailed retinal
imaging. While the patient mentioned paracentral visual loss or "white spots" as his chief complaint,
his distance visual acuity was relatively normal. Upon additional detailed history and dilated fundus
evaluation, more information was obtained regarding his specific laser exposure
incident. Furthermore, high resolution OCT is extremely valuable in such cases to determine location
and extent of damage in individuals who otherwise have minimal visual acuity impact. Lastly, this
report highlights the need for both public health interventions and patient education in the areas of
laser safety.
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