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Abstract

Ocular alkali burns are known to cause profound damage to the anterior segment, especially
the cornea and conjunctiva. However, rarely, additional adjacent chorioretinal complications
may ensue. These chorioretinal complications appear primary by direct penetration of the alkali or
secondary to an elevated intraocular pressure (IOP). In contrast to this, recent animal studies
have suggested a causal link with upregulation of proinflammatory mediators. We present a
patient with maculopathy following alkali ocular burn.
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Introduction

Approximately 10% of all ocular injuries result from chemical burn [1]. In general, the
most severe chemical injuries occur with alkaline solutions. Alkali damages the corneal
epithelium by saponification of fatty acids in cell membranes and cellular disruption. Penetration
into the stroma destroys the proteoglycan ground substance and collagen fibers. Strong
alkaline substances may even penetrate through the endothelium into the anterior chamber (AC),
further damaging the trabecular meshwork [2]. Most studies concentrated on investigating
the effects of chemical injuries on the anterior segment. In contrast, posterior segment compli-
cations have been rarely investigated, partly because of poor intraocular structure visualization.
Since 1976, only a few cases of chemically burned eyes have been described in which damage
to the retina and optic nerve was revealed after corneal transplantation [3]. Multiple mechanisms
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Fig. 1. Anterior segment photography. a Left eye at presentation. Note the limbal blanching and corneal and
conjunctival epithelium defect with stromal opacification. b Left eye after amniotic membrane overlay. Note
the persistent corneal epithelial defect and inferior scleral blanching. ¢ Left eye after 6 months. Note the corneal
stromal scar and inferior iris atrophy with anterior synechiae formation. d Left eye 6 months after penetrat-
ing keratoplasty, synechiolysis, extracapsular cataract extraction, and IOL implantation. Note the clear corneal
graft and IOL.

have been postulated; some of them include a role of the intraocular pressure (I0P) because
of typical IOP-induced optic disc changes [1, 4, 5]. Others suggest a direct pH-related alkali
diffusion from the AC to the back of the eye, leading to cell toxicity and retinal damage [3, 6].
In recent mouse and rabbit studies, a mechanism in which retinal damage was caused by
upregulation and diffusion of inflammatory cytokines, especially tumor necrosis factor alpha
(TNF-a), from the site of the injury to the posterior segment was suggested [1, 4, 7-9]. We present
a case of maculopathy following alkali ocular burn, resulting in permanent vision loss despite
near complete reconstruction of the anterior segment.

Case Report/Case Presentation

A 46-year-old man was referred because of an alkali ocular burn with sodium hydroxide
in both eyes. Ocular history was negative. Inmediate diphoterine application followed by
flushing with physiological saline solution for 40 min in the emergency department reduced
the pH from 8 to 7.5. The best-corrected visual acuity (BCVA) was 0.5 in the right eye and 0.4
in the left eye. Slit-lamp examination showed a nearly complete corneal epithelial defect with
stromal opacification in the left eye. Limbal blanching was presentin two clock hours, adjacent
to an inferior conjunctival defect (Fig. 1a). Both the AC and IOP were unremarkable. Corneal
opacification precluded emergent detailed posterior segment investigation. Damage in the right
eye was limited to a corneal epithelial defect. The patient was diagnosed with an alkali ocular
burn Roper-Hall grade 1 in the right eye and grade 3 in the left eye. According to the Dua clas-
sification, a grade 1 right and a grade 3 left are diagnosed.
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He was admitted for immediate intensive treatment with topical antibiotics (chloram-
phenicol drops and ofloxacin ointment), topical dexamethasone, topical vitamin C, autologous
serum 20% eye drops, topical atropine 1%, and oral doxycycline and oral vitamin C. The BCVA
in the left eye declined to 0.1 after 2 days. The IOP remained within normal limits.

The corneal epithelial erosion in the right eye healed after 5 days with rapid restoration
of BCVA to 1.0. In the absence of clinical improvement after 3 days of topical treatment, the
patient underwent amniotic membrane transplantation in the left eye. Four days postopera-
tively, the amniotic membrane dissolved with a reduction of the corneal epithelial defect.
However, BCVA declined to hand motions. Over the course of 1 month, the corneal epithelial
defectslowly regressed, yet the inferior conjunctival defect and avascular sclera remained
(Fig. 1b). BCVA further declined to light perception with localization. A tenonplasty combined
with a second amniotic membrane overlay was performed to facilitate corneal and conjunc-
tival reepithelialization. After 3 months, the corneal epithelial defect was completely closed.
IOP measured at every follow-up visit always remained unremarkable. The oral medication
and topical antibiotics were stopped, and the autologous serum drops were switched to
preservative-free artificial tears.

A steady-state examination of the left eye after 6 months showed an inferior 2/3rd corneal
scar with an intact but irregular corneal epithelium, inferior limbal neovascularization, inferior
peripheral anterior synechiae, and a white intumescent cataract (Fig. 1c). The IOP was 19 mm
Hg. BCVA remained limited to lightlocalization. Corneal scarring still precluded a fundoscopy.
Ultrasound examination confirmed the vitreous cavity to be unremarkable without any signs
of vitreous inflammation and the retina attached.

A penetrating keratoplasty with extracapsular cataract extraction, synechiolysis, IOL
implantation, and perilimbal injection of bevacizumab was performed 15 months after the
trauma. Postoperatively topical dexamethasone and ofloxacin drops were combined with oral
prednisone and mycophenolate mofetil. Two weeks postoperatively, an amniotic membrane
overlay was performed because of a persisting epithelial defect of the inferior graft-host
interface.

Three months postoperatively, BCVA only improved to counting fingers despite a functional
clear corneal graft. Fundoscopy showed an unremarkable vitreous and optic disc with a phys-
iological cup-disc ratio. However, an area of retinal atrophy was visible in the macular region,
extending to the inferonasal part of the posterior pole, with an apparently normal peripheral
retina (Fig. 2a). A spectral macular OCT revealed intact inner retinal layers with peripapillary
atrophy and foveal subretinal fibrosis (Fig. 2c). OCT of the optic disc showed a normal retinal
nerve fiber layer. OCT of the fellow eye was completely normal (Fig. 2b). A diagnosis of
suspected alkali retinopathy in the macular region was made, explaining the persistent visual
loss. A follow-up 6 months after penetrating keratoplasty showed a clear corneal graft (Fig. 1d).
One year after surgery, OCT showed no progression of the macular atrophy and scarring.
Fluorescein angiography was performed, which showed no major window defects in the
midperiphery, although visualization was limited due to peripheral corneal opacity.

Discussion/Conclusion

Alkali ocular burns are known to cause profound damage to the anterior segment but
may rarely also result in damage to the retina or the optic nerve. The focus is (initially) mainly
on the anterior segment as corneal opacification precludes a detailed posterior segment
examination. Only a few cases of alkali retinopathy have been described [3, 6]. Several mech-
anisms have been suggested for posterior segmentdamage and persistent visual loss following
alkali ocular burn.
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Fig. 2. a Macular OCT of the right eye with
normal retinal layering. b Macular OCT of the
left eye 10 months after penetrating kerato-
plasty. Note the zone of photoreceptor atrophy
and subretinal fibrosis in the posterior pole.
¢ Fundus photography of the left eye 20 months
after trauma, 6 months after penetrating kera-
toplasty. Note the zone of retinal atrophy in the
posterior pole and the physiological optic nerve
cup-disc ratio.

First, intraocular pressure problems have been put forward in the development of an
optic neuropathy in humans with alkali corneal burns. Peripheral corneal inflammation may
contribute to angle closure and subsequent intraocular pressure elevation [1, 4]. This was
confirmed by Cade etal. [5], who noted glaucomatous damage with an enlarged cup-disc ratio
in patients with corneal alkali burns after a Boston keratoprosthesis was implanted. After
chemical burn of the anterior segment and following corneal transplantation, high doses of
topical corticosteroids for alonger period are administered, increasing the risk of glaucomatous
damage. In our patient, intraocular pressure was measured at every follow-up visit and remained
unremarkable. Upon posterior segment evaluation, no glaucomatous optic disc changes have
been noted. Optic neuropathy was excluded in our patient.

Second, a direct penetration of the alkalic component through the sclera to involve both
the choroid and the retina is suggested by the sharp localization of the retinopathy just
internal to the obvious external burn in 3 previous reported patients with alkali retinopathy.
In these patients, ocular penetration induced an ischemic necrosis not only of the conjunctiva
and sclera but also of the choroid and retina [3, 6]. Remarkably, in our patient, retinal damage
was limited to the macular region, extending to the inferonasal part of the posterior pole. This
localization excludes a direct penetration effect.

Third, experimental mice and rabbit studies showed an upregulation of multiple inflam-
matory cytokines as an alternative mechanism for alkali retinopathy, applicable in patients
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where the retinopathy cannot be explained solely by direct damage or IOP rise [7-11]. It was
shown that a chemical burn of the anterior segment leads to an immune reaction with upreg-
ulation of cytokines in the AC. These cytokines rapidly diffuse posteriorly to the retina and
cause infiltration of immune cells with activation of apoptotic signals such as caspase 3 and
endonuclease G, resulting in cell apoptosis and optic nerve degeneration [8, 9]. In 1998, this
mechanism was first suggested in a mice study in which the concentrations of inflammatory
cytokines (IL-1a, IL-1B, and IL-6) were measured after a corneal alkali burn. A significant
elevation of IL-1f3 and IL-6 in the sensory retina was reported [10-12]. More recently, other
rodent experimental studies confirmed this theory [8]. In these mice, two chronologically
distinct pathways of TNF-a release have been shown. Within 24 h of the burn, peripheral
CD45+ monocytes infiltrate the retina from the optic nerve, and they become activated and
promote TNF-a synthesis. Second, patrolling myeloid cells of the retina differentiate into
macrophages hours after the burn, which reactivate microglia 7 days after the burn [8]. Several
animal studies have suggested a role of these inflammatory cytokines in photoreceptor death
unrelated to an alkali burn. In a mice study, it was demonstrated that TNF-a upregulation after
retinal detachment plays a critical role in photoreceptor degeneration. TNF-a has a neurotoxic
effect on photoreceptors, also leading to monocyte recruitment and monocyte-generated
oxidative stress. It was shown that the inhibition of TNF-a inhibition suppressed the retinal infil-
tration of macrophages and microglial cells, which leads to an increase in photoreceptor cell
survival in mice after retinal detachment [13]. This is supported by a study in rabbits where a
subconjunctival drug delivery system with sustained delivery of infliximab was implanted
minutes after a chemical burn showed improved corneal wound healing and retinal neuropro-
tection [7]. Adalimumab has also been effective in retinal ganglion cell protection [8, 9].

In our patient, fundoscopy and OCT identified photoreceptor atrophy and subretinal
fibrosis in the posterior pole. The hypothesis of alkali retinopathy induced by upregulation
and posterior diffusion of proinflammatory cytokines, based on animal models, could be
a valuable explanation. To our knowledge, this is the first case illustrating this hypothesis in
humans. It is important to be aware of the risk of maculopathy following alkali ocular burn,
since definite vision loss despite successful anterior segment surgery is extremely frustrating
for patients and surgeons. When included in the preoperative counseling of the patient, real-
istic expectations concerning postoperative visual recovery can be set. Future efforts to
elucidate the exact underlying pathophysiological mechanism may guide toward early anti-
inflammatory treatments to prevent posterior segment complications and definite visual loss.
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