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Abstract

Background: the purpose of this study was to report a binocular photic retinal injury induced by plasma arc
welding and the follow-up after treatment with vitamin supplements for a month. In our study, we used different
diagnostic tools such as fluorescein angiography (FA), optical coherence tomography (OCT) and multifocal
electroretinogram (mfERG).

Case presentation: in the first visit after five days from arc welding injury in the left eye (LE) the visual acuity was
0.9 and 1.0 in the right eye (RE). FA was normal in both eyes. OCT in the left eye showed normal profile and
normal reflectivity and one month later, a hyperreflectivity appeared in the external limiting membrane (ELM). The
mfERG signal in the LE was 102.30 nV/deg2 five days after the injury and 112.62 nV/deg2 after one month and in
the RE respectively 142.70 nV/deg2 and 159.46 nV/deg2.

Conclusions: in cases of retinal photo injury it is important for the ophthalmologist to evaluate tests such as OCT
and the mfERG in the diagnosis and follow-up of the patient because the recovery of visual acuity cannot exclude
the persistence of phototoxic damage charged to the complex inner-outer segment of photoreceptors.

Background
The light emitted during the use of welding tools is
known to be a source of injuries to various structures of
the eye. The most frequent damage is actinic or photo-
electric keratoconjunctivitis, which affects the ocular
surface [1], but in some cases retinal structures may
also be involved.
Each instrument used to weld produces, depending on

the technology used, a specific type of optical radiation.
Despite this, metal arc welding, tungsten arc welding
and gas arc welding mainly generate ultraviolet spec-
trum waves [2,3].
Welding techniques in recent years have gradually

improved, and plasma welding has recently been gaining
more widespread use because it allows for faster and
more accurate welding compared to before.
However, this increasingly popular technique produces

a large amount of electromagnetic waves, resulting in a

high operating temperature, with an increased risk of
retinal damage.
Regarding the damage to the posterior structures of

the eye, we know that this is caused by radiation with a
wavelength between 400 and 1400 mM, as wavelengths
between 100 and 400 μm are absorbed by the cornea
and lens, and in particular those between 400 and 500
μm [4].
Acute phototoxic damage is sustained by retinal pig-

ment epithelium (RPE) depigmentation and a swelling
of the outer retinal layers, and secondly, the damage is
transmitted to the inner layers of the retina [5].
Cases of macular degeneration due to welding

described in the literature are quite rare, especially with
regards to the study of retinal lesions with optical coher-
ence tomography (OCT) and functional damage with
multifocal electroretinogram (mfERG).
In this article, we report the case of a bilateral macu-

lopathy induced by plasma arc welding, studied with
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Case presentation
A 26 year-old male subject visited the emergency eye
clinic for the appearance of persistent blurred vision in
his left eye arising 4-5 days previously. His anamnesis
reports having assisted with work on plasma arc weld-
ing, about a week before the visit, without the use of
protective lenses.
The visual acuity of the left eye was 0.9 and 1.0 in the

right eye. The biomicroscopic examination of the ante-
rior segment of the diopters of both eyes appeared
unharmed and normally transparent. The ophthalmo-
scopic examination detected an abnormal macular reflex
of the left eye, which was characterized by a round yel-
low lesion in the centre of the fovea.
The right eye, optic disc, macula and vessels appeared

normal. The patient underwent FA and OCT with Spec-
tralis HRA-OCT (Heidelberg Engineering, Heidelberg,
Germany) and mfERG using electroretinography Reti-
naxPlus (CSO, Florence, Italy) according to ISCEV
guidelines [6].
In the left eye, FA showed no retinal changes in chor-

ioretinal circulation (Figure 1) and OCT showed a nor-
mal profile and normal reflectivity (Figure 2).
Finally, mfERG showed a change in the signal on the

central photoreceptors of the central 2° of the left eye with
a value of 102.30 nV/deg2 and an alteration of the signal

only on the central photoreceptors of 1° of the right eye,
with a load value average of 142.70 nV/deg2 (Figure 3).
Treatment with vitamin supplements, mainly lutein,

astaxanthin, zeaxanthin, folic acid, selenium, vitamin C,
zinc and ginkgo biloba was prescribed for a month.
During the follow-up visit, two weeks after the end of

the treatment, the visual acuity was 1.0 in the left eye
and the ophthalmoscopic macular alteration, reported
previously, had disappeared.
The patient underwent an OCT and mfERG check-up

and refused to undergo the FA again. The OCT showed
a hyperreflectivity of the ELM (Figure 4).
The mfERG showed an improvement of the track in

the central 2° in both eyes with an average value of
159.46 nV/deg2 in the right eye and 112.62 nV/deg2 in
the left eye where the beheading of the signal in the 2°
persisted (Figure 5).

Discussion
Photo injuries arising from the use of arc welding are
quite rare, and the first case was described by Terrier in
1902. The main cause of the appearance of macular
degeneration is due to the failure to use proper eye pro-
tection [7].
Electrical systems in place for welding emit electro-

magnetic waves at high temperature and frequency

Figure 1 Arteriovenous angiographic time (left) and later stages of angiography (right) of the left eye 5 days after macular photo
injury.
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ranges; from ultraviolet to the blue spectrum, however,
all radiation can damage the ocular structures.
Today the most commonly welding techniques that

use the ionized plasma of noble gases can cause retinal
damage.
These gases are brought to temperatures so high that

single molecules are broken down into atoms and then
into electrons and protons, which is the so-called fourth
phase of matter or the plasma phase. The plasma results
from a marked rise in temperature that can reach values
between 10,000 and 30,000°C, emitting light radiation
harmful to retinal structures.
Phototoxic retinal damage appears to be multifactorial

and involves several mechanisms of action depending on
the chromophore involved in the bright damage.
The visual pigments, rhodopsin in particular, are

among the main chromophores responsible for such
damage, and lead to the alteration of cellular function
and cytotoxicity.
The mechanism of action of rhodopsin mainly

occurs in two ways: the first due to a prolonged acti-
vation of rhodopsin as meta-rhodopsin, which leads to
a reduction of the concentration of intracellular

calcium, initiating apoptosis, and the second through
the issuance of phototoxic substances such as retinal
[8]. Histological examination immediately following
light exposure reveals that photoreceptor cell damage
begins at the apex of the photoreceptor outer segment
and advances over time to include the entire outer
segment [9-12].
However, given the large number of phagosomes

detected in the RPE, the photodamaged outer segment
discs are digested, leading to a general decrease in the
length of the photoreceptor outer segment [13].
The cascade of photochemical reactions may also

release free radicals, superoxide anions and hydrogen
peroxide, which react with the tissue and cell mem-
branes to form aldehydes. If these substances are not
readily degraded, the damage to the photoreceptor can
be permanent.
What makes the case interesting is that the patient

was not a welder and had monocular symptoms having
seen only once a plasma welding process. The FA was
normal but with OCT we found changes in the reflectiv-
ity of ELM and mfERG showed a reduction in amplitude
in the central 2° in both eyes.

Figure 2 OCT of the left eye 5 days after macular photo injury OCT showed normal profile and normal reflectivity.
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The negative FA did not help to address our initial
diagnosis, also because of frequent negative retinal angio-
graphy in cases of photo trauma [14]. Therefore, it was
important to perform OCT [15-17] and mfERG [18].
In our case the spectral-domain OCT showed a

hyperreflectivity area in the ELM. This particular
aspect was not detected with previous time-domain
OCT technique [7]. In cases of photo injury assessed
with spectral-domain technique a normal ELM was
found [19], together with frequent hyporeflective space
between the outer and inner hyperreflective layers and
RPE-choriocapillaris complex [17]. This last OCT find-
ing is similar to cases of solar retinopathy [20] whereas
phototoxic effect is associated with a direct thermal
damage of the photoreceptor outer segment-RPE com-
plex. The mfERG showed a reduction in the amplitude
in the central 2° in both eyes; this reduction has been
improving over time as confirmed by control mfERG

made a month later, confirming the importance of this
exam in the diagnosis and in the follow-up of retinal
photo injury [18,20].
As for the asymmetrical involvement, this was likely

due to the patient’s positioning with respect to the weld-
ing tool, rather than a difference in the ocular structures
in terms of sensitivity to photo damage.
With regard to the treatment of this disease, the data

seem to be discordant regarding the use of corticoster-
oids [21-23]. The use of vitamin A and aspirin appears
to reduce the risk of phototoxic damage to the retina
[24], similar to the use of antioxidants such as vitamins
B, C and E and ginkgo biloba [25,26].
In our case after treatment with antioxidants, we

observed a resolution of visual symptoms with improve-
ment of the mfERG values but the persistence of photo-
toxic damage charged to the external limiting
membrane found with OCT.

Figure 3 The 3D mfERG (top) and the 63 mfERG responses (first-order kernel) (bottom) of both eyes 5 days after macular photo
injury.
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Figure 4 OCT of the left eye one month after macular photo injury where we see a hyperreflectivty in the external limiting
membrane.

Figure 5 The 3D mfERG (top) and the 63 mfERG responses (first-order kernel) (bottom) of both eyes one month after macular photo
injury.
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Conclusions
In conclusion, we believe that great attention should be
placed during the welding process, including staff not
directly involved but present in the workplace, who
should wear appropriate protective eyewear. Finally, we
believe that in cases of retinal photo trauma, the imple-
mentation of OCT and particularly mfERG is of great
importance to assess over time the degree of recovery of
retinal function.
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