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Abstract

BACKGROUND
Light-induced retinal damage is a serious vision-threatening disease, resulting
from unsuitable laser irradiation, high-power light and sustaining light exposure.
Therefore, effectively evaluate the morphological and functional of retinal damage
is urgently needed. Now, we mainly reported three patients suffered from typical
light irradiations.

CASE SUMMARY

Patient 1 suffered from old laser pointer irradiation and followed with amblyopia
treatment. Patient 2 suffered from acute high-energy light irradiation. Patient 3
suffered from sustaining optical fiber irradiation. Detailed morphological and
functional examinations of the retina revealed that the lesions of the three patients
had many similar characteristics, such as macular morphological changes, patent
pattern visual monitoring amplitude or peak time abnormalities, multi-fucus
electroretinograms macular central amplitude density decreased.

CONCLUSION
In conclusion, light-induced retinopathy has many common features, which can
help clinical medical staff to diagnose retinal photodamage diseases.

Key Words: Light-induced retinopathy; Diagnosis; Morphology; Electrophysiology; Case
report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: In this case report, we reported three typical cases of retinal damage caused by light-related
irradiations. Through the summary of their common characteristics, we can deepen the understanding of
retinal diseases caused by light irradiation, and provide theoretical basis for the prevention, clinical
diagnosis and treatment of such diseases.

Citation: Zhang X, Luo T, Mou YR, Jiang W, Wu Y, Liu H, Ren YM, Long P, Han F. Morphological and
electrophysiological changes of retina after different light damage in three patients: Three case reports. World J
Clin Cases 2022; 10(30): 11128-11138

URL: https://www.wjgnet.com/2307-8960/full/v10/i30/11128.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i30.11128

INTRODUCTION

No matter in the living environment or working environment, people must be exposed to a variety of
light sources. Prolonged and continuous exposure or accidental exposure to strong light often causes
serious damage to the eyes, some of which are even irreversible[1,2]. Generally speaking, there are two
aspects of light damage in the human eye, including the damage of the refractive system (cornea, lens,
etc.) and the photosensitive system (retina). For example, some studies have found that the electric light
generated in the welding process can directly lead to corneal epithelial necrosis, resulting in acute
electro-ophthalmia[3]. Some researchers also found that the incidence of cataract increases significantly
after long-term ultraviolet irradiation[4,5]. Moreover, long-term blue light irradiation can directly
damage the macula through photochemical effect[6].

Remarkably, retinal damage is often the most common, but also relatively serious in the process of
light damage to the eye[7]. Recent studies found the case of a 13-year-old boy looking at a green diode
laser with an average output of 154 MW reflected in a mirror. Fundus examination and auxiliary
examination showed fracture macular thermal damage[8]. In addition, Turaka et al[9] reported a case of
macular photodamage and made a mini-review. In the article, the authors cited a report from the Food
and Drug Association, which stated that handheld laser Pointers emitting > 5 mW of power carry the
risk of irreversible eye damage and skin burns. Alsulaiman SM reported the natural history and
treatment outcomes of full-thickness macular holes caused by transient exposure to high-power
handheld blue laser devices and concluded that transient exposure to high-power handheld laser
devices can result in full-thickness macular holes[10].

In this case reports, we reported three typical cases of retinal damage caused by light-related
irradiation. Through the summary of their common characteristics, we may deepen the understanding
of retinal diseases caused by various light irradiation, and provide theoretical basis for the prevention,
clinical diagnosis and treatment of such diseases.

CASE PRESENTATION

Chief complaints

Patient 1: A 13-year-old female student who was in amblyopia treatment process for one year.
However, her vision acuity didn’t benefit from the treatment and her parents asked us to perform total
ophthalmological examination to make a decision whether to continue the amblyopia treatment or not.

Patient 2: A 22-year-old male soldier whose right eye was instantaneous irradiated by high energy
flashlight one month ago. He didn’t pay close attention to it at that time. Then, his right eye vision
decreased 5 d later without photophobia, tears, eye pain and other symptoms. No remission was found
after self-administration of eye drops (unknown details). Therefore, he went to our hospital for further
treatment.

Patient 3: A 33-year-old male communications engineer was in a history of physical fitness. Half a year
ago, his left eye vision decreased without obvious photophobia, tears and eye pain. Although he found
symptoms, he did not receive treatment. Recently, he went to our hospital and complained his vision
decreased significantly.

History of past illness
Patient 1: There was a history of laser pointer exposure.

Patient 2: His right eye was instantaneous irradiated by high energy flashlight one month ago.
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Figure 1 Retinal morphologic examination. A: Fundoscopy revealed an irregular scar-like lesion in the macular of the right eye; B: Autofluorescence found a
heterogeneous dark signal in the macular of the right eye; C: Fluorescein angiography revealed strong fluorescence leakage around the right eye macular; D: Optical
coherence tomography (OCT) revealed a deficiency in the center of the fovea; E: OCT showed retinal pigment epithelium layer breakdown and macular thinning.

Patient 3: He had a long-term history of fiber-optic operation.

Physical examination

Patient 1: Then vision examination found the best corrected vision acuity (BCVA) was 1.0 in the right
eye, and 0.4 in the left eye. In addition, the anterior segment was normal and the refractive medium was
transparent in both eyes. Funduscopic and auto-fluorescence examination of left eye revealed a rough
and uneven abnormality of macular (Figure 1A and B).

Patient 2: Specialist examination displayed that the patient’'s BCVA was 0.3 in the right eye and 1.0 in
the left eye. The anterior segment was normal and the refractive medium was transparent in both eyes.

Patient 3: Specialist examination found that the patient’'s BCVA was 1.0 in the right eye and 0.6 in the
left eye. The anterior segment was normal and the refractive medium was transparent in both eyes.
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Figure 2 Electrophysiological examinations of retina. A: Patent pattern visual monitoring (PVEP) examination revealed that the amplitude of P100 of PVEP
was reduced in the left eye (a1, a2 and a3 correspond to stimulation frequencies of 0.5 cpd, 1 cpd and 2 cpd, respectively); B: Multi-fucus electroretinograms
examination showed that the amplitude density of macular center was decreased in the left eye.

Imaging examinations

Patient 1: Angiography found a hyper-fluorescence feature and no fluorescent leakage at left eye
macular (Figure 1C). Optical coherence tomography (OCT) showed that the macular had scar-like injury
involving retinal pigment epithelium (Figure 1D and E). Meanwhile, the visual electrophysiological
results indicated that the amplitude of P100 of pattern visual evoked potentials (PVEP) was reduced
(Figure 2A), and full field electroretinogram (ffERG) was normal, and the amplitude density of multi-
fucus electroretinograms (mfERG) macular center decreased (Figure 2B).

Patient 2: Funduscopic and auto-fluorescence examination of right eye revealed a black shape
punctuation abnormality surrounded with a ringlike margin lesion (Figure 3A-D). Angiography (FFA +
ICGA) found a macular hyper-fluorescence leakage around a black shape punctation at right eye
(Figure 3E and F). OCT showed that the macular cystoid edema was significant, retinal pigment
epithelium (RPE) layer of centra macular site was broken and choroidal neovascularization (CNV) was
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Figure 3 Retinal morphologic examinations. A-D: Funduscopic and auto-fluorescence examination revealed a black shape punctuation abnormality
surrounded with a ringlike margin lesion in the right eye; E and F: Angiography (FFA + ICGA) found a macular hyper-fluorescence leakage around a black shape
punctation at right eye; G: Optical coherence tomography (OCT) revealed the macular fovea thickness increased; H: OCT showed the macular cystoid edema, retinal
pigment epithelium layer breakdown and choroidal neovascularization in the right eye.

Jaishideng®

found in the right eye (Figure 3G and H). Meanwhile, the electrophysiological results showed that the
amplitude of P100 of PVEP in right eye declined while the peak time was delayed (Figure 4A). FVEP

and ffERG were normal, and the amplitude density of mfERG macular center was decreased
(Figure 4B).

Patient 3: Funduscopic and auto-fluorescence examination of left eye revealed a blurred margin
macular abnormality (Figure 5A and B). OCT discovered that the macular of left eye became more
thinner, and the retinal pigment epithelium did not change significantly compared with right eye
(Figure 5C). The visual electrophysiology indicated that the P100 amplitude of PVEP reduced in the left
eye, while the function of ffERG cone cell system and the amplitude density of mfERG macular center
decreased (Figure 6).

FINAL DIAGNOSIS
Patient 1

We made a diagnosis of old retinal injury induced by laser.

Patient 2

We made a diagnosis of acute retinal injury induced by strong-energy light irradiation.

Patient 3
We made a diagnosis of chronic retinal injury induced by sustaining light irradiation.

TREATMENT

Patient 1
We suggested to stop the treatment of amblyopia.

Patient 2
For patients with CNV, we made anti VEGF treatment, at present vision improved with right eye vision
0.5.

Patient 3

This patient need no further treatment and we suggest to make a safety goggles when working.
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Figure 4 Electrophysiological examinations of retina. A: Patent pattern visual monitoring (PVEP) examination showed that the amplitude of P100 of PVEP
declined while the peak time was delayed in the right eye; B: Multi-fucus electroretinograms examination showed that the amplitude density of macular center was
decreased in the right eye.

JBaishideng®

DISCUSSION

When retina is irradiated by light under normal physiological conditions, part of the photon energy is
absorbed by the photoreceptor cells. Moreover, the rest of extra photons are absorbed by the retinal
pigment epithelium or choroid to avoid heat accumulation[11,12]. However, due to the direct effect of
light energy, photoreceptor cells and RPE are also the most vulnerable tissues when the light irradiates
abnormally[13]. Moreover, animal study found miiller glia cell activation paticipated in a laser-induced
retinal degeneration and regeneration in zebrafish[14]. During COVID-19 pandemic, researchers found
retinas damages could be related with Neuropilin-1[15]. At present, studies have indicated that various
types of light stimulation, such as ultraviolet, blue light and laser could damage the retina through
photochemical reaction, photothermal effect and photomechanical effect[16-18]. As its biological effects
can be accumulated, retinal injury can be caused by multiple irradiations, which can display the charac-
teristic that the boundary of the damage area is clear in the early stage and fuzzy in the later stage[19].
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Figure 5 Retinal morphologic examinations. A and B: Funduscopic and auto-fluorescence examination revealed a blurred margin macular abnormality of the
left eye; C: Optical coherence tomography showed that the macular of left eye became thinner.
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Figure 6 Electrophysiological examinations of retina. Multi-fucus electroretinograms examination showed that the amplitude density of macular center was
decreased in the left eye.

In the cases, we observed three typical patients suffering from light-induced retinopathy.

In the first case, this young female patient received amblyopia treatment for one year and didn’t
improve vision acuity. When retina related morphological and functional examinations were applied,
we realized that this could be old laser-induced retina damage. Then the patients bring to mind that she
was exposed to laser pen irradiation when played with classmates. Her left eye was found obvious
pigmented scar in the macular region, which may be related to the proliferation and repair of peripheral
RPE[20]. Angiography revealed that there were obvious round fluorescent defects at the corresponding
lesion area of retina, which may be due to laser induced occlusion of retinal and choroidal vessels in
macula, and then fluorescence perfusion defect. OCT showed that the outer nuclear layer of macular
area was destroyed, resulting in the corresponding retinal layer continuity was disrupted. Consistent
with the morphological results, electrophysiological results showed that the function of macula was
significantly impaired, and the peripheral retina was not significantly abnormal.

In the second case, the soldier’s right eye vision acuity decreased after being exposed to instantaneous
strong LED light. Because the high-energy visible light in the LED lamp is mainly blue light, fundus
color and AF showed there was disorder of pigment in RPE of macular. The electrophysiological results
indicated that there was no obvious abnormality in the peripheral retina of right eye, but the retinal
function in the macular area was significantly damaged and the conduction function of optic nerve may
be also affected to some extent.

In the third case, the patient is a middle-aged man who has been engaged in optical fiber work for a
long time, mainly exposed to ultraviolet and blue light. Due to improper daily protective measures,
visual acuity was obviously injured. Fundus examination showed that the patient’s macular in retina
became thinner, which may be caused by the shortening of outer segment of photoreceptor or the
detachment and disappearance of photoreceptor under long-term light stimulation resulting in thinning
of the outer nuclear layer. In addition, RPE also showed atrophy and thinning after light injury. Similar
to the previous two patients, this patient’s electrophysiological examination indicated that there is
significant impairment of macular function.

Through the three cases, it can be found that the above three patients have a clear history of light
damage. No matter what kind of light source equipment they experience, the macular of patients
presents different forms of pathological lesion, especially in the outer nuclear layer where photoreceptor
and RPE are located. In our cases, we found that retinopathy caused by light damage has similar
morphological and functional characteristics. Specifically, the morphological changes were mainly
pathological changes related to retinal pigment epithelium and photoreceptor, and the physiological
function changes were largely associated with the decline of macular function. In terms of electro-
physiological function, visual electrophysiology could easily assess majority light-induced macular
injuries, including old cumulative asymptomatic damages, acute symptomatic damages and chronic
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occupational exposure.

CONCLUSION

We identified children, military personnel and optical fiber communicators are likely to suffer from
retinal damage caused by light. Commonly, children are often misdiagnosed as amblyopia. The degree
of lesions is related to the energy and duration of light irradiation, and is often manifested as macular
thinning, interruption of RPE continuity, CNV and other manifestations. The amplitude changes of
PVEP are common in acute high-energy injuries, and ffERG usually is normal. For long-term low energy
sustained injury, PVEP amplitude is decreased and ffERG cone system is decreased, too. No matter
what kind of light damage, the amplitude density of mfERG in macular center is decreased.
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