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Abstract

Amiodarone remains a mainstay in the treatment of potentially life-threatening cardiac arrhythmias, yet its long-
term use is well known to induce cornea verticillata, an epithelial alteration related to intracellular phospholipid
accumulation. In most cases these deposits are clinically silent, but some patients may report glare, halos, blurred
vision, or ocular discomfort, symptoms that can negatively affect visual quality and, in selected cases, influence
treatment adherence, particularly in individuals with severe cardiovascular disease. This mini-review examines the
current evidence on the pathophysiological basis, clinical manifestations, and diagnostic features of amiodarone-
related corneal changes, with a focus on slit-lamp biomicroscopy and newer multimodal imaging approaches,
including in vivo confocal microscopy. Management is considered within a multidisciplinary framework, where
ophthalmic findings must be interpreted alongside the often-essential role of amiodarone in cardiac care. Special
attention is given to ophthalmic follow-up, symptom-guided management, and patient counseling. By bringing
together the perspectives of ophthalmology and cardiology, this review outlines practical strategies to maintain
visual comfort without compromising the systemic benefits of antiarrhythmic therapy.

Key Words: Amiodarone; Cornea verticillata; Drug-induced keratopathy; In vivo confocal microscopy; Ocular surface disease;
Multidisciplinary management

Core Tip: Amiodarone therapy is classically linked to cornea verticillata, a characteristic epithelial finding detected during
routine ophthalmic examination. In many patients, these changes remain asymptomatic, but in some cases they may
contribute to glare, halos, or more general visual discomfort, especially when pre-existing ocular surface disease is also
present. Slit-lamp biomicroscopy remains the cornerstone of diagnosis, while anterior segment optical coherence
tomography and, in selected cases, in vivo confocal microscopy may provide adjunctive structural documentation.
Recognizing amiodarone-related corneal findings is clinically important, not only for accurate diagnosis, but also for
appropriate patient counseling, symptom-oriented management, and rational follow-up planning.
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INTRODUCTION

Amiodarone remains one of the most effective antiarrhythmic agents for the management of life-threatening ventricular
arrhythmias and for rhythm control in selected patients with atrial fibrillation. Its clinical use, however, is far from
straightforward. Slow absorption, marked tissue accumulation, high lipid solubility, hepatic metabolism, and a long and
highly variable elimination half-life all contribute to a complex pharmacokinetic profile. These same features help explain
not only its therapeutic value but also its wide range of adverse effects. With prolonged use, both amiodarone and its
active metabolite, N-desethylamiodarone, can accumulate in several tissues, including ocular structures. Among ocular
adverse events, cornea verticillata, or vortex keratopathy, is the most frequent ophthalmic finding, whereas halos around
lights and reduced vision are among the symptoms reported by symptomatic patients[1,2]. On slit-lamp examination, the
deposits usually appear as bilateral whorl-like epithelial opacities, creating the classic pattern of cornea verticillata.
Representative slit-lamp and anterior segment optical coherence tomography findings of amiodarone-induced cornea
verticillata are shown in Figure 1.

Ultrastructural studies have shown that these corneal changes reflect the presence of complex lipid deposits within
lysosome-like intracytoplasmic inclusions in epithelial cells. Their development is generally linked to the cationic
amphiphilic properties of amiodarone, which favor intralysosomal phospholipid accumulation and the formation of
poorly degradable drug-lipid complexes, in keeping with a process of drug-induced phospholipidosis[3-8]. Both his-
topathologic findings and clinical observations suggest that keratopathy is related to dose and treatment duration, with
more pronounced epithelial alterations occurring after greater cumulative exposure[4-6]. Even so, amiodarone-associated
cornea verticillata has traditionally been regarded as a largely benign and reversible condition, since visual acuity is
usually preserved and regression after drug withdrawal has been documented[1,4,7]. Still, preserved visual acuity does
not necessarily mean absence of symptoms, and patients may complain of colored halos, blurred vision, glare, dryness,
eyelid irritation, or photophobial[1,2,7].

In vivo confocal microscopy has added an important layer of detail to the assessment of amiodarone-induced
keratopathy by enabling direct visualization of corneal microstructural changes in vivo. Hyperreflective intracellular
inclusions have been described mainly in the corneal epithelium, especially in the basal layers, and in some cases as
microdots within the stroma or endothelium[9,10]. Confocal imaging may also be useful in the differential diagnosis of
cornea verticillata, particularly when Fabry disease is part of the clinical question, as slit-lamp examination alone may not

gﬁ;@ https://dx.doi.org/10.4330/ wijc.121185 2 June 26,2026 | Volume18 | Issue6 |


https://www.wjgnet.com/1949-8462/full/v18/i6/121185.htm
https://dx.doi.org/10.4330/wjc.121185

Capobianco M et al. Amiodarone corneal deposits

Figure 1 Slit-lamp biomicroscopy and anterior segment optical coherence tomography in amiodarone-induced cornea verticillata. A: Slit-
lamp photograph showing the typical whorl-like epithelial opacities radiating from the central to inferocentral cornea, consistent with amiodarone-related cornea
verticillata; B: Anterior segment optical coherence tomography showing corresponding hyperreflective changes within the superficial corneal layers (arrowheads),
consistent with epithelial drug-related deposition.

reliably separate the two conditions[11,12]. At the same time, recent reviews confirm that amiodarone-related cornea
verticillata is generally associated with mild to moderate symptoms and little or no reduction in visual acuity, while also
stressing that any decision to modify systemic therapy must be weighed carefully against the cardiovascular importance
of the drug[13].

This point becomes especially relevant in older patients receiving long-term treatment, since aging itself is a major risk
factor for tear dysfunction and meibomian gland disease, and concomitant medications or systemic comorbidities may
further disrupt ocular surface homeostasis[14]. More broadly, tear-film instability and ocular surface damage are well
known to cause fluctuating vision, blur, glare, and reduced visual quality even when best-corrected visual acuity remains
relatively preserved[15]. In this setting, visual complaints in patients taking amiodarone may not be explained by
epithelial deposits alone and may also reflect coexisting ocular surface abnormalities, although direct evidence supp-
orting this association in amiodarone-treated populations remains limited. For this reason, a practical clinical assessment
should move beyond the slit-lamp appearance of cornea verticillata and also take into account ocular surface status and
patient-reported symptoms. On this basis, the present review summarizes the clinical spectrum of amiodarone-induced
corneal deposits, the mechanisms underlying their development, the role of imaging in diagnosis and differential
diagnosis, and the practical strategies that may help relieve ocular symptoms while preserving the systemic benefits of
therapy.

LITERATURE SEARCH

This article was conceived as a narrative minireview informed by a structured literature search. The search was
conducted in April 2026 using PubMed/MEDLINE, the Cochrane Library, and ClinicalTrials.gov, and covered the period

7y ou

from database inception through April 2026. The search strategy combined the terms “amiodarone”, “cornea verticillata”,

”oou ”ou voou

“vortex keratopathy”, “amiodarone keratopathy”, “drug-induced corneal deposits”, “in vivo confocal microscopy”,
“ocular surface disease”, “dry eye”, and “visual quality”, using Boolean operators including “AND” and “OR”.

Eligible publications included English-language original articles, case reports, case series, review papers, and other
clinically relevant publications addressing the pathophysiology, clinical features, imaging characteristics, differential
diagnosis, ocular surface involvement, and management of amiodarone-induced corneal deposits. Articles not specifically
addressing amiodarone-related corneal changes or lacking clinically meaningful ophthalmic content were excluded. The
reference lists of selected studies were also screened manually to identify additional relevant reports.

Titles and abstracts were initially screened for relevance, and full texts were reviewed when potentially suitable for
inclusion. As the purpose of this work was to provide a clinically oriented narrative synthesis rather than a formal
systematic review, no PRISMA flow diagram, quantitative meta-analysis, or standardized risk-of-bias assessment was
performed. The final narrative synthesis was based on the 50 publications considered most relevant to the aims of the
review. Because this study did not involve prospective patient recruitment, experimental intervention, or the analysis of
identifiable patient data, ethics committee approval was not required.

LITERATURE ANALYSIS

The reviewed literature consistently shows that amiodarone-related corneal changes are common, predominantly
epithelial, and variable in severity, ranging from the classic appearance of cornea verticillata to less common and more
advanced forms. Early clinical and histopathologic studies were central in establishing this picture. In one of the earliest
clinical series, Chew et al[16] documented typical keratopathy in 35 of 37 patients treated with amiodarone, and notably
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none of these patients reported ocular symptoms. In the patient with severe keratopathy who underwent corneal biopsy,
electron microscopy demonstrated membrane-bound lamellar bodies throughout the corneal epithelium, along with
additional membrane-bound structures, predominantly granular in appearance, within stromal keratocytes. Building on
these findings, Alnawaiseh et al[17] showed that Scheimpflug corneal densitometry may provide an objective approach to
quantifying amiodarone keratopathy. Compared with healthy controls, patients receiving amiodarone showed
significantly increased corneal light backscatter across all corneal layers. In that same study, N-desethylamiodarone levels
correlated most strongly with densitometry values in the anterior cornea, whereas cumulative dose and treatment
duration were more closely associated with densitometric values across the full corneal thickness.

Another recurring point in the literature is that these corneal findings are not necessarily fixed and may evolve over
time. Rivera et al[18] reported grade IV amiodarone-induced keratopathy in a patient wearing soft contact lenses, noting
that this was the first case of grade IV keratopathy identified among 686 amiodarone-treated patients followed at the
Mayo Clinic. Frings and Schargus[19] described a case in which topical treatment with unpreserved phosphate-free 0.1%
sodium hyaluronate containing heparin was associated, over a 3-month period, with a reduction in the area of cornea
verticillata from 6 mm? to 2 mm? and an improvement from grade III to grade II in the treated eye, while the fellow eye
treated with sodium hyaluronate alone showed no comparable change. Mehta et al[20] reported complete resolution of
cornea verticillata during ongoing amiodarone therapy in a patient who had started rifampin; at that time, both serum
amiodarone and desethylamiodarone levels were below the therapeutic range. After rifampin was discontinued, drug
levels returned to the therapeutic range, and cornea verticillata reappeared four months later.

Beyond the classic whorl-like pattern, several reports have drawn attention to less typical morphologic presentations.
In a patient with epithelial basement membrane dystrophy, Inoue et al[21] described bilateral amiodarone-related corneal
opacities in which the usual vortex pattern coexisted with oval-shaped lesions. In vivo confocal microscopy showed
highly reflective epithelial cell clusters consistent with amiodarone keratopathy, together with basement membrane
abnormalities and epithelial microcysts typical of epithelial basement membrane dystrophy. Rogers et al[22] described
amiodarone keratopathy in a grafted cornea in which the whorl-like pattern was oriented almost 90 degrees away from
the usual direction. Bhatt and Ramaesh[23] reported an unusual unilateral case in a patient taking amiodarone whose
fellow eye, fitted with an occlusive contact lens for many years, remained clear. Taken together, these reports broaden the
recognized morphologic spectrum of amiodarone keratopathy[21-23].

Finally, some studies suggest that in selected cases amiodarone-related changes may extend beyond the superficial
epithelium. Erdurmus et al[24] reported a patient with bilateral symmetric epithelial verticillata in whom confocal laser
scanning microscopy also revealed reflective deposits around stromal keratocytes and diffuse bright microdeposits
within endothelial cells, suggesting full-thickness corneal involvement. Meng et al[25] likewise described a patient who
developed both corneal deposits and optic neuropathy during systemic amiodarone treatment. In their review, they
emphasized that keratopathy is the most common ocular manifestation and is usually benign and potentially reversible,
whereas amiodarone-associated optic neuropathy is rare but may lead to visual impairment ranging from mild deficits to
severe permanent loss[25].

Overall, the available evidence indicates that amiodarone-related corneal deposits are usually readily recognizable and
generally not vision-threatening, although their morphology and extent may vary according to the individual clinical
context. Table 1 summarizes the principal studies included in this review[16-25].

DISCUSSION

Amiodarone-related corneal deposits are usually easy to recognize and are often structurally benign, but their clinical
relevance cannot be judged from slit-lamp appearance or preserved best-corrected visual acuity alone. Evidence from dry
eye disease shows that tear-film instability and ocular surface damage may cause blur, glare, fluctuating vision, and
reduced visual quality even when standard visual acuity remains relatively unaffected[15]. In patients receiving long-
term amiodarone therapy, this provides a plausible framework for understanding why symptoms may sometimes seem
disproportionate to the visible extent of epithelial deposition. However, direct evidence specifically demonstrating ocular
surface dysfunction as a determinant of symptoms in amiodarone-treated populations remains limited, and this in-
terpretation should therefore be regarded as hypothesis-generating rather than definitive. At the same time, the available
evidence does not support the idea that ocular surface dysfunction is the only mechanism behind symptoms in ami-
odarone keratopathy. More realistically, it may be considered a clinically relevant contributing factor that can coexist with
the corneal deposits themselves, rather than a proven primary driver of symptoms. This interpretation is in line with
current diagnostic frameworks, which recommend integrating symptom evaluation with assessment of tear-film ho-
meostasis and ocular surface findings[26]. It is also supported by the recognized role of meibomian gland dysfunction
and aging in destabilizing the ocular surface[27,28], as well as by data linking dry eye to impaired optical quality[29].
Consistent with this broader perspective, a recent retrospective cohort of amiodarone-treated patients referred for visual
disturbances described a heterogeneous range of complaints, including blurred vision, glare, halos, photophobia, and eye
redness in association with verticillate keratopathy[30].

Current dry eye classifications also help place these symptoms within a more coherent clinical framework. Recent
consensus documents emphasize that ocular surface disease is multifactorial and that visual disturbance may arise from
interacting abnormalities involving tear-film homeostasis, inflammation, epithelial damage, eyelid disease, and
neurosensory mechanisms[31-33]. For this reason, cornea verticillata should not automatically be assumed to explain
every visual complaint in patients taking amiodarone. A more clinically useful approach is to interpret epithelial deposits
together with symptom burden, ocular surface status, and the patient’s visual needs. From a management perspective,
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Table 1 Key studies included in the literature review

Ref. Study design Sample size Main findings reported in the literature Clinical relevance

Chew et al Clinical series 37 patients In an early clinical series, typical amiodarone keratopathy was This study supports the view that

[16] documented in 35 of 37 treated patients, although none amiodarone keratopathy is
reported ocular symptoms. In the patient who underwent common, often clinically silent,
corneal biopsy because of severe keratopathy, electron and ultrastructurally consistent
microscopy showed membrane-bound lamellar bodies with intracellular drug-related
throughout the corneal epithelium, along with predominantly ~ deposition
granular membrane-bound structures in stromal keratocytes

Alnawaiseh ~ Comparative 66 consecutively Scheimpflug corneal densitometry demonstrated significantly —These findings suggest that

et al[17] observational  enrolled higher corneal light backscatter in patients receiving corneal densitometry may provide

study amiodarone-treated amiodarone than in healthy controls. N-desethylamiodarone  an objective tool for quantifying

Riveraetal  Case report

[18]

Frings and Case report
Schargus[19]

Mehtaetal  Case report
[20]

Inoue et al Case report
[21]

Rogersetal  Case report
[22]

Bhatt and Case report
Ramaesh[23]

Erdurmus et Case report

al[24]
Meng et al Case report
[25] and literature

review

patients vs 66
healthy controls

1 patient

1 patient

1 patient

1 patient

1 patient

1 patient

1 patient

1 patient

levels showed the strongest correlation with anterior corneal
densitometry, whereas treatment duration and cumulative
dose were associated with full-thickness densitometric
changes

A grade IV amiodarone-induced keratopathy was described in
a soft contact lens wearer. Among 686 amiodarone-treated
patients followed at the Mayo Clinic, this was the first grade
IV case identified

In a single case, topical treatment with unpreserved
phosphate-free 01% sodium hyaluronate containing heparin
was associated with a marked reduction in the area of cornea
verticillata and with improvement in keratopathy grade over
3 months, whereas the fellow eye treated with sodium
hyaluronate alone showed no comparable change

Complete disappearance of cornea verticillata was
documented during ongoing amiodarone therapy after
rifampin reduced serum amiodarone and desethylamiodarone
concentrations to subtherapeutic levels. The deposits
reappeared after rifampin discontinuation, once therapeutic
drug levels were restored

In a patient with epithelial basement membrane dystrophy,
typical vortex opacities coexisted with oval-shaped corneal
lesions. In vivo confocal microscopy revealed highly reflective
epithelial cell clusters, epithelial basement membrane
abnormalities, and epithelial microcysts

In a grafted cornea, the whorl-like pattern of amiodarone
keratopathy was oriented almost 90 degrees from its usual
direction

An unusual unilateral presentation was described in a patient
taking amiodarone whose fellow eye, fitted with an occlusive
contact lens, remained free of keratopathy. Reduced
ultraviolet exposure was proposed as a possible explanation

Confocal laser scanning microscopy demonstrated not only
epithelial verticillata, but also reflective deposits around
stromal keratocytes and diffuse bright microdeposits within
endothelial cells

A patient developed both corneal deposits and optic
neuropathy during systemic amiodarone treatment. The
accompanying review emphasized that keratopathy is
generally benign and potentially reversible, whereas optic
neuropathy is rare but may lead to permanent visual loss

and monitoring corneal
involvement during amiodarone
therapy

This report indicates that
advanced keratopathy can occur,
but appears to be distinctly rare

This observation suggests that, at
least in selected cases, corneal
deposits may partially regress
with topical treatment

This case strongly supports the
idea that corneal deposits reflect
dynamic systemic exposure rather
than fixed, irreversible corneal
damage

This report shows that
amiodarone keratopathy may
assume atypical morphologic
features when the epithelial
microenvironment is altered

This case suggests that local
corneal architecture or epithelial
migratory behavior may influence
the visible orientation of vortex
deposits

This observation highlights that
asymmetrical or unilateral
presentations may occur under
specific local surface conditions

This case indicates that, although
amiodarone keratopathy is
usually considered an epithelial
process, deeper corneal
involvement may occasionally be
present

This report reinforces the need to
reconsider the diagnosis
whenever visual loss appears
disproportionate to the corneal
findings alone

this supports an individualized, etiology-based strategy rather than a rigid algorithm, with treatment directed toward the
main contributors to symptoms in each case[34].

This perspective becomes particularly relevant when ocular symptoms arise in patients receiving amiodarone. In these
cases, the ophthalmic evaluation should not end with documentation of corneal deposits, but should also explore
potentially modifiable sources of ocular surface dysfunction. Representative ocular surface findings in a symptomatic
patient on chronic amiodarone therapy are shown in Figure 2, including fluorescein staining and tear-film instability
documented by non-invasive tear-film assessment. In dry eye associated with meibomian gland dysfunction, reduced
meibum secretion and/or altered meibum composition destabilizes the lipid layer, increases evaporation, and promotes
hyperosmolar stress, inflammation, and epithelial damage[35]. Age may further amplify this process, since older adults
are more likely to have reduced tear production, chronic ocular surface inflammation, systemic comorbidities, and
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Figure 2 Ocular surface findings in a symptomatic patient receiving chronic amiodarone therapy. A: Fluorescein staining under cobalt blue
illumination showing punctate epithelial staining, consistent with associated ocular surface compromise; B: Non-invasive tear film assessment showing irregular
Placido ring reflections, color-coded tear film breakup maps, and breakup time analysis, supporting the presence of tear film instability.

polypharmacy[36]. In our view, symptomatic management of amiodarone keratopathy should therefore go beyond
recognizing cornea verticillata itself and include identification and treatment of coexisting ocular surface abnormalities
whenever present.

The literature on optical quality further reinforces this interpretation. In dry eye disease, objective optical assessments
have shown increases in irregular astigmatism and higher-order aberrations, changes that are directly relevant to quality
of vision[37]. This is biologically plausible, since the tear film is the first refractive surface encountered by incoming light,
and any irregularity or instability at this interface can reduce retinal image quality and increase scatter[38]. Reviews
focused on tear-film analysis and optical performance have also emphasized that conventional dry eye tests often
correlate only weakly with symptoms, whereas dynamic assessment of tear behavior and optical quality may better
reflect the patient’s visual experience[39]. In practical terms, this helps explain why some patients with relatively limited
structural corneal abnormalities may still report halos, blur, glare, or fluctuating visual quality. In this sense, the symp-
tomatic expression of amiodarone keratopathy may be viewed as the result of a three-level interaction between systemic
pharmacokinetics, epithelial microstructural change, and ocular surface optical instability. From an imaging standpoint,
slit-lamp biomicroscopy remains the first-line and usually sufficient tool for recognizing the typical bilateral whorl-like
epithelial pattern of amiodarone keratopathy. Anterior segment optical coherence tomography may serve as a practical
non-invasive adjunct when structural documentation of superficial corneal involvement is desired, particularly for
baseline recording or follow-up illustration, but it is not essential for diagnosis in most routine cases. By contrast, in vivo
confocal microscopy should be regarded as a second-line technique reserved for selected situations, such as atypical
presentations, uncertainty in the differential diagnosis, or cases in which detailed microstructural characterization may be
clinically or academically useful. In vivo confocal laser-scanning microscopy has shown that cornea verticillata in both
Fabry disease and amiodarone-induced keratopathy is characterized by hyperreflective deposits predominantly located
in the basal epithelial cell layer[40].
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Figure 3 In vivo confocal microscopy findings in amiodarone-related keratopathy. Representative confocal images show numerous hyperreflective
intracellular inclusions predominantly within the corneal epithelial layers, consistent with drug-induced phospholipid deposition. These images illustrate the
microstructural substrate of cornea verticillata and support the role of confocal microscopy as an adjunctive tool for documenting epithelial involvement in vivo.

Representative in vivo confocal microscopy images illustrating the microstructural corneal changes of amiodarone-
related keratopathy are shown in Figure 3. These findings support the value of confocal microscopy as an adjunctive tool
for documenting epithelial involvement and atypical presentations, but not as a routine stand-alone test. Overall, amio-
darone keratopathy is best understood as a usually non-vision-threatening corneal manifestation whose symptomatic
relevance depends on the interplay between epithelial deposition, ocular surface status, and visual demands. This
perspective may improve counseling and follow-up, while helping clinicians avoid two opposite errors: Attributing all
symptoms to the corneal deposits alone or creating unnecessary alarm around a drug that often remains cardiologically
indispensable.

Amiodarone-related ocular surface involvement may extend beyond the corneal epithelium itself. The drug
accumulates in lacrimal gland cells due to its nature as a cationic amphiphilic drug and is secreted by the lacrimal gland
into tears affecting the cornea and the conjunctiva alike. Electron microscopy showed complex lipid deposits within
lysosome-like inclusions in the conjunctival epithelium. Experimental data suggest possible lacrimal gland changes[41],
and earlier clinical observations demonstrated the presence of amiodarone in tears, supporting ocular surface exposure
[5]. This is consistent with ultrastructural studies showing laminated lipid inclusions within bulbar conjunctival epithelial
cells and other conjunctival elements[3,42].

Although this review focuses on corneal deposits, the ocular spectrum reported with amiodarone is broader. Lenticular
changes have been mentioned in the earlier ophthalmic literature and anterior subcapsular cataract has been described in
patients receiving moderate to high doses, but recent population-based data did not show an increased risk of cataract in
amiodarone users compared with propafenone users[43]. More importantly, optic nerve involvement, although unco-
mmon, deserves specific attention. Amiodarone-associated optic neuropathy has been supported by ultrastructural
evidence showing lysosome-like membranous lamellar inclusions within large optic nerve axons, and by clinical and
population-based studies reporting an association between amiodarone exposure and optic neuropathy. Clinically, the
reported presentation is often insidious, slowly progressive, frequently bilateral, and accompanied by prolonged disc
swelling, although the distinction from non-arteritic anterior ischemic optic neuropathy remains challenging in some
cases[44-47]. More broadly, the recognized neurologic toxicity profile of amiodarone, including tremor, ataxia, dizziness,
and peripheral neuropathy, is consistent with the drug’s potential for multisite tissue toxicity during chronic exposure
[48]. Rare orbitopathy with features resembling thyroid eye disease has also been reported, but the evidence remains
limited to isolated case reports and small reviews, with some cases occurring with thyroid dysfunction and others
without clear biochemical evidence of thyroid disease[49,50].

These observations reinforce the concept that ocular complaints in patients receiving amiodarone should be interpreted
within a broader ophthalmic and neuro-ophthalmic context rather than being attributed automatically to cornea
verticillata alone. From a therapeutic standpoint, reversal of corneal deposits appears possible in selected situations:
Besides reduction in systemic exposure[20], a single case report described partial regression of amiodarone-induced
cornea verticillata after topical sodium hyaluronate containing heparin, an interesting observation that remains
hypothesis-generating rather than practice-changing[19]. A practical clinical approach based on the reviewed evidence is
summarized in Table 2.
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Table 2 Practical clinical approach to ocular complaints in patients receiving amiodarone

Clinical scenario

Suggested approach

Clinical rationale

Asymptomatic cornea verticillata identified
during routine examination

Mild visual symptoms in the presence of
typical cornea verticillata and no concerning
features

Persistent or clinically meaningful visual
complaints

Visual loss that appears disproportionate to the
corneal findings

Red flags, including optic disc swelling,
afferent pupillary defect, dyschromatopsia,
visual field defects, progressive bilateral visual
decline, or neuro-ophthalmic symptoms

Consideration of amiodarone dose reduction,
withdrawal, or replacement

Reassure the patient, document the finding, and continue
ophthalmic follow-up as clinically indicated

Evaluate the ocular surface and other potentially
modifiable factors; offer symptom-directed treatment and
appropriate follow-up

Arrange ophthalmologic assessment if the patient is not
already under specialist care; perform slit-lamp
examination, visual acuity testing, and targeted ancillary
investigations when appropriate

Perform prompt comprehensive ophthalmologic
evaluation, including posterior segment examination and
neuro-ophthalmic assessment

Urgent specialist evaluation together with timely
discussion with the treating cardiologist

Do not base this decision on cornea verticillata alone;
consider treatment modification only after multidiscip-
linary discussion, particularly when symptoms are severe,

Cornea verticillata is a frequent and
generally benign finding and, in isolation,
does not usually warrant discontinuation of
amiodarone[1,13]

Symptoms are not always explained by
epithelial deposits alone and may reflect
concurrent ocular surface disease or reduced
optical quality[15,26-39]

A structured ophthalmic evaluation can
help distinguish typical amiodarone
keratopathy from other coexisting or
alternative causes of symptoms[9-13,17,30,
40]

Visual loss that exceeds what would be
expected from cornea verticillata should not
be attributed to corneal deposits alone
without further evaluation[25,45-47]

These findings raise concern for
amiodarone-associated optic neuropathy or
another serious cause of visual dysfunction
[25,45-47]

Amiodarone is often clinically indispensable
from a cardiologic standpoint, so ocular
findings need to be interpreted within the

progressive, unexplained, or when optic neuropathy is
suspected

broader systemic context[1,13,25,45-47]

From a practical perspective, the available evidence supports a straightforward clinical approach. Ophthalmologic
referral should be considered in patients receiving amiodarone who report persistent visual symptoms, especially blurred
vision, glare, halos, photophobia, or ocular discomfort. Closer attention is needed when symptoms seem out of
proportion to the degree of cornea verticillata observed at slit-lamp examination, when visual acuity is lower than
expected, or when atypical findings suggest that the corneal changes may not fully explain the clinical picture. Red flags
include progressive visual loss, optic disc swelling, visual field defects, dyschromatopsia, afferent pupillary defect, and
other neuro-ophthalmic symptoms, since these findings should prompt assessment beyond the corneal surface and raise
suspicion for amiodarone-associated optic neuropathy or other causes of visual dysfunction[25,45-47]. In contrast, cornea
verticillata in isolation, when not accompanied by meaningful visual impairment or other concerning features, does not
usually warrant discontinuation of amiodarone[1,13]. Decisions regarding dose reduction, drug withdrawal, or substi-
tution should therefore be made on an individual basis and in close coordination with the treating cardiologist, partic-
ularly when amiodarone remains clinically essential[1,13].

CONCLUSION

Amiodarone-induced corneal deposits remain one of the most recognizable ocular findings in patients receiving long-
term antiarrhythmic therapy. In most cases, cornea verticillata is not vision-threatening and, on its own, does not warrant
discontinuation of treatment. Still, its clinical importance should not be dismissed. Visual symptoms may emerge when
epithelial deposits coexist with tear-film instability, meibomian gland dysfunction, age-related ocular surface changes,
and the patient’s specific visual demands, although the contribution of these ocular surface factors has not been directly
established in amiodarone-treated populations. In this context, slit-lamp appearance alone may not adequately capture
the true functional impact of the condition. A more meaningful clinical approach is therefore to recognize the charac-
teristic corneal pattern while also assessing ocular surface status, symptom burden, and the broader therapeutic context.
Multimodal imaging, including in vivo confocal microscopy in selected cases, may provide additional support for
diagnosis and differential diagnosis, particularly when the presentation is atypical or when symptoms appear dispropor-
tionate to routine clinical findings. In practical terms, patients with typical asymptomatic cornea verticillata may often be
managed conservatively, whereas visual loss disproportionate to corneal findings or signs suggestive of optic neuropathy
should prompt urgent ophthalmologic assessment and multidisciplinary discussion regarding ongoing therapy. Overall,
amiodarone keratopathy is best viewed as a usually benign but potentially symptomatic corneal manifestation that calls
for balanced interpretation, conservative symptom-directed management, and close coordination between ophthalmo-
logists and cardiologists, with the goal of preserving visual comfort without compromising the life-saving value of
systemic therapy.

https://dx.doi.org/10.4330/ wijc.121185 8 June 26,2026 | Volume18 | Issue6 |

Jaishideng®



Capobianco M et al. Amiodarone corneal deposits

REFERENCES

1

N

W

19

20

25

26

27

Jaishideng®

Mintyjiarvi M, Tuppurainen K, Ikdheimo K. Ocular side effects of amiodarone. Surv Ophthalmol 1998; 42: 360-366 [RCA] [PMID: 9493278
DOI: 10.1016/s0039-6257(97)00118-5] [Full Text]

Alshehri M, Joury A. Ocular Adverse Effects of Amiodarone: A Systematic Review of Case Reports. Oprom Vis Sci 2020; 97: 536-542 [RCA]
[PMID: 32697562 DOI: 10.1097/0OPX.0000000000001534] [FullText]

D'Amico DJ, Kenyon KR, Ruskin JN. Amiodarone keratopathy: drug-induced lipid storage disease. Arch Ophthalmol 1981; 99: 257-261
[RCA] [PMID: 6258544 DOL: 10.1001/archopht.1981.03930010259007] [Full Text]

Kaplan LJ, Cappaert WE. Amiodarone keratopathy. Correlation to dosage and duration. Arch Ophthalmol 1982; 100: 601-602 [RCA] [PMID:
7073573 DOI: 10.1001/archopht.1982.01030030603011] [Full Text]

Nielsen CE, Andreasen F, Bjerregaard P. Amiodarone induced cornea verticillata. Acta Ophthalmol (Copenh) 1983; 61: 474-480 [RCA]
[PMID: 6624413 DOL: 10.1111/5.1755-3768.1983.tb01447.x] [Full Text]

Orlando RG, Dangel ME, Schaal SF. Clinical experience and grading of amiodarone keratopathy. Op/thalmology 1984; 91: 1184-1187 [RCA]
[PMID: 6514284 DOI: 10.1016/s0161-6420(84)34165-3] [Full Text]

Ingram DV, Jaggarao NS, Chamberlain DA. Ocular changes resulting from therapy with amiodarone. B J Ophthalmol 1982; 66: 676-679
[RCA] [PMID: 7115651 DOT: 10.1136/bj0.66.10.676] [Full Tex(]

Raizman MB, Hamrah P, Holland EJ, Kim T, Mah FS, Rapuano CJ, Ulrich RG. Drug-induced corneal epithelial changes. Surv Ophthalmol
2017; 62: 286-301 [RCA] [PMID: 27890620 DOI: 10.1016/j.survophthal.2016.11.008] [FullText]

Ciancaglini M, Carpineto P, Zuppardi E, Nubile M, Doronzo E, Mastropasqua L. In vivo confocal microscopy of patients with amiodarone-
induced keratopathy. Cornea 2001; 20: 368-373 [RCA] [PMID: 11333323 DOI: 10.1097/00003226-200105000-00007] [Full Text]

Ucakhan OO, Kanpolat A, Ylmaz N, Ozkan M. Amiodarone keratopathy: an in vivo confocal microscopy study. £ye Contact Lens 2005; 31:
148-157 [RCA] [PMID: 16021002 DOI: 10.1097/01.icl.0000165283.36659.35] [FullText]

Wasielica-Poslednik J, Pfeiffer N, Reinke J, Pitz S. Confocal laser-scanning microscopy allows differentiation between Fabry disease and
amiodarone-induced keratopathy. Graefes Arch Clin Exp Ophthalmol 2011; 249: 1689-1696 [RCA] [PMID: 21720814 DOI:
10.1007/s00417-011-1726-5] [FullText]

Ikegawa Y, Shiraishi A, Hayashi Y, Ogimoto A, Ohashi Y. In Vivo Confocal Microscopic Observations of Vortex Keratopathy in Patients
with Amiodarone-Induced Keratopathy and Fabry Disease. J Op/thalmol 2018; 2018: 5315137 [RCA] [PMID: 29750121 DOI:
10.1155/2018/5315137] [FullText] [Full Text(PDF)]

Sahyoun JY, Sabeti S, Robert MC. Drug-induced corneal deposits: an up-to-date review. BM.J Open Ophthalmol 2022; 7: €000943 [RCA]
[PMID: 35415268 DOI: 10.1136/bmjophth-2021-000943] [FullText] [Full Text(PDF)]

de Paiva CS. Effects of Aging in Dry Eye. /nt Ophthalmol Clin 2017; 57: 47-64 [RCA] [PMID: 28282314 DOI:
10.1097/110.0000000000000170] [Full Text]

Koh S. Mechanisms of Visual Disturbance in Dry Eye. Cornea 2016; 35 Suppl 1: S83-S88 [RCA] [PMID: 27583799 DOI:
10.1097/1C0O.0000000000000998] [Full Text]

Chew E, Ghosh M, McCulloch C. Amiodarone-induced cornea verticillata. Can J Ophthalmol 1982; 17: 96-99 [RCA] [PMID: 7116220] [Full
Text]

Alnawaiseh M, Zumhagen L, Zumhagen S, Schulte L, Rosentreter A, Schubert F, Eter N, Monnig G. Corneal Densitometry as a Novel
Technique for Monitoring Amiodarone Therapy. Op/thalmology 2016; 123: 2294-2299 [RCA] [PMID: 27591052 DOI:
10.1016/j.0phtha.2016.08.001] [Full Text]

Rivera RP, Younge BR, Dyer JA. Atypical amiodarone-induced keratopathy in a patient wearing soft contact lenses. CLAO J 1989; 15: 219-
221 [RCA] [PMID: 2776292] [FullText]

Frings A, Schargus M. Recovery From Amiodarone-Induced Cornea Verticillata by Application of Topical Heparin. Cornea 2017; 36: 1419-
1422 [RCA] [PMID: 28834813 DOI: 10.1097/1C0O.0000000000001306] [Full Text]

Mehta S, Bunya VY, Orlin SE, Sulewski ME, Dunaief JL. A significant drug-drug interaction detected through corneal examination: resolution
of cornea verticillata while using amiodarone. Cornea 2012; 31: 81-83 [RCA] [PMID: 21941175 DOI: 10.1097/1C0O.0b013e3182107c8e] [Full
Text]

Inoue H, Toriyama K, Joko T, Shiraishi A. In vivo confocal microscopic images of atypical amiodarone-induced keratopathy in patient with
epithelial basement membrane dystrophy. Am J Ophthalmol Case Rep 2021;22: 101105 [RCA] [PMID: 34027228 DOI:
10.1016/j.aj0c.2021.101105] [FullText] [Full Text(PDF)]

Rogers NK, Bowen DI, Noble BA. Development of atypical amiodarone keratopathy in a corneal graft. Eve (Lond) 1993; 7 (Pt 4): 594-596
[RCA] [PMID: 8253246 DOL: 10.1038/eye.1993.129] [Full Tex(]

Bhatt PR, Ramaesh K. Unilateral amiodarone keratopathy: occlusive contact lens spares development in the contralateral eye. Eyve (Lond)
2007; 21: 296-298 [RCA] [PMID: 16946756 DOI: 10.1038/sj.eye.6702553] [Full Text]

Erdurmus M, Selcoki Y, Yagci R, Hepsen IF. Amiodarone-induced keratopathy: full-thickness corneal involvement. £ye Contact Lens 2008;
34: 131-132 [RCA] [PMID: 18327053 DOI: 10.1097/ICL.0b013e31814934c0] [Full Text]

Meng N, Xia L, Gong Y, Lu P. Amiodarone-related keratopathy and optic neuropathy: case report and literature review. Front Med (Lausanne)
2025; 12: 1572461 [RCA] [PMID: 40241898 DOI: 10.3389/fmed.2025.1572461] [FullText]

Wolffsohn JS, Benitez-Del-Castillo JM, Loya-Garcia D, Inomata T, Iyer G, Liang L, Pult H, Sabater AL, Starr CE, Vehof J, Wang MTM,
Chen W, Craig JP, Dogru M, Perez VL, Stapleton F, Sullivan DA, Jones L; + TFOS collaborator group. TFOS DEWS III: Diagnostic
Methodology. Am J Ophthalmol 2025; 279: 387-450 [RCA] [PMID: 40451408 DOI: 10.1016/j.2j0.2025.05.033] [FullText]

Chhadva P, Goldhardt R, Galor A. Meibomian Gland Disease: The Role of Gland Dysfunction in Dry Eye Disease. Op/hthalmology 2017; 124:
$20-S26 [RCA] [PMID: 29055358 DOI: 10.1016/j.0phtha.2017.05.031] [Full Text]

Kitazawa K, Inomata T, Shih K, Hughes JB, Bozza N, Tomioka Y, Numa K, Yokoi N, Campisi J, Dana R, Sotozono C. Impact of aging on the
pathophysiology of dry eye disease: A systematic review and meta-analysis. Ocu/ Surf2022; 25: 108-118 [RCA] [PMID: 35753664 DOI:
10.1016/j.jt0s.2022.06.004] [Full Text]

Rhee J, Chan TC, Chow SS, Di Zazzo A, Inomata T, Shih KC, Tong L. A Systematic Review on the Association Between Tear Film Metrics
and Higher Order Aberrations in Dry Eye Disease and Treatment. Op/ithalmol Ther 2022; 11: 35-67 [RCA] [PMID: 34762259 DOI:
10.1007/s40123-021-00419-1] [FullText] [Full Text(PDF)]

https://dx.doi.org/10.4330/ wijc.121185 9 June 26,2026 | Volume18 | Issue6 |


https://referencecitationanalysis.com/InCiteJournalInfo?id=21770
https://referencecitationanalysis.com/articles?id=10.1016%2fs0039-6257(97)00118-5
http://www.ncbi.nlm.nih.gov/pubmed/9493278
https://dx.doi.org/10.1016/s0039-6257(97)00118-5
https://dx.doi.org/10.1016/s0039-6257(97)00118-5
https://dx.doi.org/10.1016/s0039-6257(97)00118-5
https://referencecitationanalysis.com/InCiteJournalInfo?id=18464
https://referencecitationanalysis.com/articles?id=10.1097%2fopx.0000000000001534
http://www.ncbi.nlm.nih.gov/pubmed/32697562
https://dx.doi.org/10.1097/OPX.0000000000001534
https://dx.doi.org/10.1097/OPX.0000000000001534
https://dx.doi.org/10.1097/OPX.0000000000001534
https://referencecitationanalysis.com/articles?id=10.1001%2farchopht.1981.03930010259007
http://www.ncbi.nlm.nih.gov/pubmed/6258544
https://dx.doi.org/10.1001/archopht.1981.03930010259007
https://dx.doi.org/10.1001/archopht.1981.03930010259007
https://dx.doi.org/10.1001/archopht.1981.03930010259007
https://referencecitationanalysis.com/articles?id=10.1001%2farchopht.1982.01030030603011
http://www.ncbi.nlm.nih.gov/pubmed/7073573
https://dx.doi.org/10.1001/archopht.1982.01030030603011
https://dx.doi.org/10.1001/archopht.1982.01030030603011
https://dx.doi.org/10.1001/archopht.1982.01030030603011
https://referencecitationanalysis.com/articles?id=10.1111%2fj.1755-3768.1983.tb01447.x
http://www.ncbi.nlm.nih.gov/pubmed/6624413
https://dx.doi.org/10.1111/j.1755-3768.1983.tb01447.x
https://dx.doi.org/10.1111/j.1755-3768.1983.tb01447.x
https://dx.doi.org/10.1111/j.1755-3768.1983.tb01447.x
https://referencecitationanalysis.com/InCiteJournalInfo?id=18428
https://referencecitationanalysis.com/articles?id=10.1016%2fs0161-6420(84)34165-3
http://www.ncbi.nlm.nih.gov/pubmed/6514284
https://dx.doi.org/10.1016/s0161-6420(84)34165-3
https://dx.doi.org/10.1016/s0161-6420(84)34165-3
https://dx.doi.org/10.1016/s0161-6420(84)34165-3
https://referencecitationanalysis.com/InCiteJournalInfo?id=4066
https://referencecitationanalysis.com/articles?id=10.1136%2fbjo.66.10.676
http://www.ncbi.nlm.nih.gov/pubmed/7115651
https://dx.doi.org/10.1136/bjo.66.10.676
https://dx.doi.org/10.1136/bjo.66.10.676
https://dx.doi.org/10.1136/bjo.66.10.676
https://referencecitationanalysis.com/InCiteJournalInfo?id=21770
https://referencecitationanalysis.com/articles?id=10.1016%2fj.survophthal.2016.11.008
http://www.ncbi.nlm.nih.gov/pubmed/27890620
https://dx.doi.org/10.1016/j.survophthal.2016.11.008
https://dx.doi.org/10.1016/j.survophthal.2016.11.008
https://dx.doi.org/10.1016/j.survophthal.2016.11.008
https://referencecitationanalysis.com/InCiteJournalInfo?id=7197
https://referencecitationanalysis.com/articles?id=10.1097%2f00003226-200105000-00007
http://www.ncbi.nlm.nih.gov/pubmed/11333323
https://dx.doi.org/10.1097/00003226-200105000-00007
https://dx.doi.org/10.1097/00003226-200105000-00007
https://dx.doi.org/10.1097/00003226-200105000-00007
https://referencecitationanalysis.com/InCiteJournalInfo?id=9092
https://referencecitationanalysis.com/articles?id=10.1097%2f01.icl.0000165283.36659.35
http://www.ncbi.nlm.nih.gov/pubmed/16021002
https://dx.doi.org/10.1097/01.icl.0000165283.36659.35
https://dx.doi.org/10.1097/01.icl.0000165283.36659.35
https://dx.doi.org/10.1097/01.icl.0000165283.36659.35
https://referencecitationanalysis.com/InCiteJournalInfo?id=9892
https://referencecitationanalysis.com/articles?id=10.1007%2fs00417-011-1726-5
http://www.ncbi.nlm.nih.gov/pubmed/21720814
https://dx.doi.org/10.1007/s00417-011-1726-5
https://dx.doi.org/10.1007/s00417-011-1726-5
https://dx.doi.org/10.1007/s00417-011-1726-5
https://referencecitationanalysis.com/InCiteJournalInfo?id=14797
https://referencecitationanalysis.com/articles?id=10.1155%2f2018%2f5315137
http://www.ncbi.nlm.nih.gov/pubmed/29750121
https://dx.doi.org/10.1155/2018/5315137
https://dx.doi.org/10.1155/2018/5315137
https://dx.doi.org/10.1155/2018/5315137
https://rcastoragev2.blob.core.windows.net/c20dde785a0fae1b76394c137ae1c064/PMC5884153.pdf
https://rcastoragev2.blob.core.windows.net/c20dde785a0fae1b76394c137ae1c064/PMC5884153.pdf
https://rcastoragev2.blob.core.windows.net/c20dde785a0fae1b76394c137ae1c064/PMC5884153.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=163536
https://referencecitationanalysis.com/articles?id=10.1136%2fbmjophth-2021-000943
http://www.ncbi.nlm.nih.gov/pubmed/35415268
https://dx.doi.org/10.1136/bmjophth-2021-000943
https://dx.doi.org/10.1136/bmjophth-2021-000943
https://dx.doi.org/10.1136/bmjophth-2021-000943
https://rcastoragev2.blob.core.windows.net/f7007229cc483790a478d37a2d12f1ea/PMC8961126.pdf
https://rcastoragev2.blob.core.windows.net/f7007229cc483790a478d37a2d12f1ea/PMC8961126.pdf
https://rcastoragev2.blob.core.windows.net/f7007229cc483790a478d37a2d12f1ea/PMC8961126.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=169981
https://referencecitationanalysis.com/articles?id=10.1097%2fiio.0000000000000170
http://www.ncbi.nlm.nih.gov/pubmed/28282314
https://dx.doi.org/10.1097/IIO.0000000000000170
https://dx.doi.org/10.1097/IIO.0000000000000170
https://dx.doi.org/10.1097/IIO.0000000000000170
https://referencecitationanalysis.com/InCiteJournalInfo?id=7197
https://referencecitationanalysis.com/articles?id=10.1097%2fico.0000000000000998
http://www.ncbi.nlm.nih.gov/pubmed/27583799
https://dx.doi.org/10.1097/ICO.0000000000000998
https://dx.doi.org/10.1097/ICO.0000000000000998
https://dx.doi.org/10.1097/ICO.0000000000000998
https://referencecitationanalysis.com/InCiteJournalInfo?id=4261
https://referencecitationanalysis.com/articles?id=pmid%2f7116220
http://www.ncbi.nlm.nih.gov/pubmed/7116220
https://dx.doi.org/
https://dx.doi.org/
https://referencecitationanalysis.com/InCiteJournalInfo?id=18428
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ophtha.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/27591052
https://dx.doi.org/10.1016/j.ophtha.2016.08.001
https://dx.doi.org/10.1016/j.ophtha.2016.08.001
https://dx.doi.org/10.1016/j.ophtha.2016.08.001
https://referencecitationanalysis.com/articles?id=pmid%2f2776292
http://www.ncbi.nlm.nih.gov/pubmed/2776292
https://dx.doi.org/
https://dx.doi.org/
https://referencecitationanalysis.com/InCiteJournalInfo?id=7197
https://referencecitationanalysis.com/articles?id=10.1097%2fico.0000000000001306
http://www.ncbi.nlm.nih.gov/pubmed/28834813
https://dx.doi.org/10.1097/ICO.0000000000001306
https://dx.doi.org/10.1097/ICO.0000000000001306
https://dx.doi.org/10.1097/ICO.0000000000001306
https://referencecitationanalysis.com/InCiteJournalInfo?id=7197
https://referencecitationanalysis.com/articles?id=10.1097%2fico.0b013e3182107c8e
http://www.ncbi.nlm.nih.gov/pubmed/21941175
https://dx.doi.org/10.1097/ICO.0b013e3182107c8e
https://dx.doi.org/10.1097/ICO.0b013e3182107c8e
https://dx.doi.org/10.1097/ICO.0b013e3182107c8e
https://referencecitationanalysis.com/InCiteJournalInfo?id=171951
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ajoc.2021.101105
http://www.ncbi.nlm.nih.gov/pubmed/34027228
https://dx.doi.org/10.1016/j.ajoc.2021.101105
https://dx.doi.org/10.1016/j.ajoc.2021.101105
https://dx.doi.org/10.1016/j.ajoc.2021.101105
https://rcastoragev2.blob.core.windows.net/420df428b82ae5ba430cf0a344be405a/PMC8131972.pdf
https://rcastoragev2.blob.core.windows.net/420df428b82ae5ba430cf0a344be405a/PMC8131972.pdf
https://rcastoragev2.blob.core.windows.net/420df428b82ae5ba430cf0a344be405a/PMC8131972.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=9091
https://referencecitationanalysis.com/articles?id=10.1038%2feye.1993.129
http://www.ncbi.nlm.nih.gov/pubmed/8253246
https://dx.doi.org/10.1038/eye.1993.129
https://dx.doi.org/10.1038/eye.1993.129
https://dx.doi.org/10.1038/eye.1993.129
https://referencecitationanalysis.com/InCiteJournalInfo?id=9091
https://referencecitationanalysis.com/articles?id=10.1038%2fsj.eye.6702553
http://www.ncbi.nlm.nih.gov/pubmed/16946756
https://dx.doi.org/10.1038/sj.eye.6702553
https://dx.doi.org/10.1038/sj.eye.6702553
https://dx.doi.org/10.1038/sj.eye.6702553
https://referencecitationanalysis.com/InCiteJournalInfo?id=9092
https://referencecitationanalysis.com/articles?id=10.1097%2ficl.0b013e31814934c0
http://www.ncbi.nlm.nih.gov/pubmed/18327053
https://dx.doi.org/10.1097/ICL.0b013e31814934c0
https://dx.doi.org/10.1097/ICL.0b013e31814934c0
https://dx.doi.org/10.1097/ICL.0b013e31814934c0
https://referencecitationanalysis.com/InCiteJournalInfo?id=9348
https://referencecitationanalysis.com/articles?id=10.3389%2ffmed.2025.1572461
http://www.ncbi.nlm.nih.gov/pubmed/40241898
https://dx.doi.org/10.3389/fmed.2025.1572461
https://dx.doi.org/10.3389/fmed.2025.1572461
https://dx.doi.org/10.3389/fmed.2025.1572461
https://referencecitationanalysis.com/InCiteJournalInfo?id=1759
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ajo.2025.05.033
http://www.ncbi.nlm.nih.gov/pubmed/40451408
https://dx.doi.org/10.1016/j.ajo.2025.05.033
https://dx.doi.org/10.1016/j.ajo.2025.05.033
https://dx.doi.org/10.1016/j.ajo.2025.05.033
https://referencecitationanalysis.com/InCiteJournalInfo?id=18428
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ophtha.2017.05.031
http://www.ncbi.nlm.nih.gov/pubmed/29055358
https://dx.doi.org/10.1016/j.ophtha.2017.05.031
https://dx.doi.org/10.1016/j.ophtha.2017.05.031
https://dx.doi.org/10.1016/j.ophtha.2017.05.031
https://referencecitationanalysis.com/InCiteJournalInfo?id=18269
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jtos.2022.06.004
http://www.ncbi.nlm.nih.gov/pubmed/35753664
https://dx.doi.org/10.1016/j.jtos.2022.06.004
https://dx.doi.org/10.1016/j.jtos.2022.06.004
https://dx.doi.org/10.1016/j.jtos.2022.06.004
https://referencecitationanalysis.com/InCiteJournalInfo?id=18337
https://referencecitationanalysis.com/articles?id=10.1007%2fs40123-021-00419-1
http://www.ncbi.nlm.nih.gov/pubmed/34762259
https://dx.doi.org/10.1007/s40123-021-00419-1
https://dx.doi.org/10.1007/s40123-021-00419-1
https://dx.doi.org/10.1007/s40123-021-00419-1
https://rcastoragev2.blob.core.windows.net/c25f11636ae4a95d5025882c001c842c/PMC8770783.pdf
https://rcastoragev2.blob.core.windows.net/c25f11636ae4a95d5025882c001c842c/PMC8770783.pdf
https://rcastoragev2.blob.core.windows.net/c25f11636ae4a95d5025882c001c842c/PMC8770783.pdf

Capobianco M ef al. Amiodarone corneal deposits

30 Dammacco R, Guerriero S, Cardia G, Alessio G, Vacca A, Dammacco F. Amiodarone-induced ocular and extra-ocular toxicity: a retrospective
cohort study. Clin Exp Med 2025; 25: 68 [RCA] [PMID: 40025381 DOIL: 10.1007/s10238-025-01569-3] [Full Text] [Full Text(PDF)]
31 Barabino S, Aragona P, di Zazzo A, Rolando M; with the contribution of selected ocular surface experts from the Societa Italiana di

Dacriologia e Superficie Oculare. Updated definition and classification of dry eye disease: Renewed proposals using the nominal group and

Delphi techniques. EurJ Ophthalmol 2021; 31: 42-48 [RCA] [PMID: 33008279 DOI: 10.1177/1120672120960586] [Full Text]

Stapleton F, Argiieso P, Asbell P, Azar D, Bosworth C, Chen W, Ciolino JB, Craig JP, Gallar J, Galor A, Gomes JAP, Jalbert I, Jie Y, Jones L,

Konomi K, Liu Y, Merayo-Lloves J, Oliveira FR, Perez VL, Rocha EM, Sullivan BD, Sullivan DA, Vehof J, Vitale S, Willcox M, Wolffsohn

JS, Dogru M. TFOS DEWS 11I: Digest. Am J Ophthalmol 2025; 279: 451-553 [RCA] [PMID: 40472874 DOI: 10.1016/j.2j0.2025.05.040] [Full

Text]

33 Perez VL, Chen W, Craig JP, Dogru M, Jones L, Stapleton F, Wolffsohn JS, Sullivan DA. TFOS DEWS III: Executive Summary. Am .J
Ophthalmol 2026; 282: 135-145 [RCA] [PMID: 41005521 DOI: 10.1016/}.aj0.2025.09.035] [Full Text]

34 Jones L, Craig JP, Markoulli M, Karpecki P, Akpek EK, Basu S, Bitton E, Chen W, Dhaliwal DK, Dogru M, Gomes JAP, Koehler M, Mehta
JS, Perez VL, Stapleton F, Sullivan DA, Tauber J, Tong L, Travé-Huarte S, Wolffsohn JS; TFOS Collaborator Group. TFOS DEWS III:
Management and Therapy. Am J Ophthalmol 2025; 279: 289-386 [RCA] [PMID: 40467022 DOI: 10.1016/j.2j0.2025.05.039] [FullText]

35 Sheppard JD, Nichols KK. Dry Eye Disease Associated with Meibomian Gland Dysfunction: Focus on Tear Film Characteristics and the
Therapeutic Landscape. Ophthalmol Ther 2023; 12: 1397-1418 [RCA] [PMID: 36856980 DOI: 10.1007/s40123-023-00669-1] [Full Text] [Full
Text(PDF)]

36 Sudrez-Cortés T, Herrera I. Emerging Age-Specific Therapeutic Approaches for Dry Eye Disease. J Clin Med 2025; 14: 4147 [RCA] [PMID:
40565894 DOI: 10.3390/jcm14124147] [FullText] [Full Text(PDF)]

37 Koh S. Irregular Astigmatism and Higher-Order Aberrations in Eyes With Dry Eye Disease. /nvest Ophthalmol Vis Sci 2018; 5§9: DES36-
DESA40 [RCA] [PMID: 30481804 DOI: 10.1167/iovs.17-23500] [Full Text]

38 Montés-Mico R, Cerviilo A, Ferrer-Blasco T, Garcia-Lazaro S, Madrid-Costa D. The tear film and the optical quality of the eye. Ocu/ Surf
2010; 8: 185-192 [RCA] [PMID: 20964981 DOI: 10.1016/s1542-0124(12)70233-1] [Full Text]

39 Herbaut A, Liang H, Denoyer A, Baudouin C, Labbé A. Tear film analysis and evaluation of optical quality: A review of the literature. J /7
Ophtalmol 2019; 42: 21-e35 [RCA] [PMID: 30679123 DOI: 10.1016/1.jf0.2018.12.001] [Full Text]

40 Falke K, Biittner A, Schittkowski M, Stachs O, Kraak R, Zhivov A, Rolfs A, Guthoff R. The microstructure of cornea verticillata in Fabry
disease and amiodarone-induced keratopathy: a confocal laser-scanning microscopy study. Graefes Arch Clin Exp Ophthalmol 2009; 247: 523-
534 [RCA] [PMID: 18931853 DOI: 10.1007/s00417-008-0962-9] [Full Text]

41 Mehraein F. Morphological changes of rabbit lacrimal gland cells from amiodarone administration. /ran Biomed J 2008; 12: 129-132 [RCA]
[PMID: 18506220] [FullText]

42 Ghosh M, McCulloch C. Amiodarone-induced ultrastructural changes in human eyes. Can J Ophthalmol 1984; 19: 178-186 [RCA] [PMID:
6744103] [FullText]

43 To SY, Lin HT, Liao CC, Pan KT, Wen YL, Kao S, Kao LT. Association between amiodarone use and risk of cataract: a population-based
active-comparator study. Postgrad Med J 2024; 100: 584-591 [RCA] [PMID: 38507113 DOI: 10.1093/postmj/qgac034] [FullText]

44 Mansour AM, Puklin JE, O'Grady R. Optic nerve ultrastructure following amiodarone therapy. J Clin Neuroophthalmol 1988; 8: 231-237
[RCA] [PMID: 2977138] [FullText]

45 Wang AG, Cheng HC. Amiodarone-Associated Optic Neuropathy: Clinical Review. Neuroophthalmology 2017; 41: 55-58 [RCA] [PMID:
28348626 DOI: 10.1080/01658107.2016.1247461] [FullText]

46 Passman RS, Bennett CL, Purpura JM, Kapur R, Johnson LN, Raisch DW, West DP, Edwards BJ, Belknap SM, Liebling DB, Fisher MJ,
Samaras AT, Jones LG, Tulas KM, McKoy JM. Amiodarone-associated optic neuropathy: a critical review. Am J Med 2012; 125: 447-453
[RCA] [PMID: 22385784 DOI: 10.1016/j.amjmed.2011.09.020] [Full Text]

47 Mitchell R, Chacko J. Clinical and Mechanistic Review of Amiodarone-Associated Optic Neuropathy. Biomolecules 2022; 12: 1298 [RCA]
[PMID: 36139137 DOI: 10.3390/biom12091298] [FullText] [Full Text(PDF)]

48 Charness ME, Morady F, Scheinman MM. Frequent neurologic toxicity associated with amiodarone therapy. Neurology 1984; 34: 669-671
[RCA] [PMID: 6538658 DOI: 10.1212/wnl.34.5.669] [Full Text]

49 Ang T, Almater A, Selva D. Medication-associated thyroid eye disease: a review. Graefes Arch Clin Exp Ophthalmol 2026; 264: 1129-1138
[RCA] [PMID: 41546696 DOI: 10.1007/s00417-025-07089-w] [FullText] [Full Text(PDF)]

50 Sundelin K, Norrsell K. Enlargement of extraocular muscles during treatment with amiodarone. Acta Ophthalmol Scand 1997;75: 333-334
[RCA] [PMID: 9253991 DOI: 10.1111/j.1600-0420.1997.tb00790.x] [Full Text]

(5]
[\

FOOTNOTES

Specialty type: Cardiac and cardiovascular systems

Country of origin: Italy

Author contributions: Capobianco M, Zeppieri M, Nicolosi SG, D’Esposito F, and Gagliano C did the research and writing of the
manuscript; Capobianco M, Zeppieri M, Nicolosi SG, D’Esposito F, Cannizaro L, Visalli F, Gattazzo I, Cappellani F, and Gagliano C
assisted in the writing of the draft and final paper; Capobianco M, Zeppieri M, Nicolosi SG, D’Esposito F, Cappellani F, and Gagliano C
were responsible for the conception and design of the study; Capobianco M, Zeppieri M, Nicolosi SG, Cannizaro L, Visalli F, D’Esposito
F, Gattazzo I, and Avitabile A assisted in the writing and editing of the manuscript; Zeppieri M assisted in the editing, making critical
revisions of the manuscript and viewing all versions of the manuscript; Gagliano C and Zeppieri M played important and indispensable
roles in the experimental design, data interpretation and manuscript preparation and thus qualified both as the co-corresponding
authors. All authors provided the final approval of the article.

Al contribution statement: ChatGPT (OpenAl, GPT-5.3) and Grammarly were used to assist with summarizing existing literature,
addressing issues in the rebuttal, and enhancing the flow and English language quality. No Al-generated images were used.

https://dx.doi.org/10.4330/ wijc.121185 10 June 26,2026 | Volume18 | Issue6 |

Jaishideng®


https://referencecitationanalysis.com/InCiteJournalInfo?id=6610
https://referencecitationanalysis.com/articles?id=10.1007%2fs10238-025-01569-3
http://www.ncbi.nlm.nih.gov/pubmed/40025381
https://dx.doi.org/10.1007/s10238-025-01569-3
https://dx.doi.org/10.1007/s10238-025-01569-3
https://dx.doi.org/10.1007/s10238-025-01569-3
https://rcastoragev2.blob.core.windows.net/341e61d3d0c459ab333d66fdb94cf9d9/10238_2025_Article_1569.PMC11872752.pdf
https://rcastoragev2.blob.core.windows.net/341e61d3d0c459ab333d66fdb94cf9d9/10238_2025_Article_1569.PMC11872752.pdf
https://rcastoragev2.blob.core.windows.net/341e61d3d0c459ab333d66fdb94cf9d9/10238_2025_Article_1569.PMC11872752.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=8792
https://referencecitationanalysis.com/articles?id=10.1177%2f1120672120960586
http://www.ncbi.nlm.nih.gov/pubmed/33008279
https://dx.doi.org/10.1177/1120672120960586
https://dx.doi.org/10.1177/1120672120960586
https://dx.doi.org/10.1177/1120672120960586
https://referencecitationanalysis.com/InCiteJournalInfo?id=1759
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ajo.2025.05.040
http://www.ncbi.nlm.nih.gov/pubmed/40472874
https://dx.doi.org/10.1016/j.ajo.2025.05.040
https://dx.doi.org/10.1016/j.ajo.2025.05.040
https://dx.doi.org/10.1016/j.ajo.2025.05.040
https://referencecitationanalysis.com/InCiteJournalInfo?id=1759
https://referencecitationanalysis.com/InCiteJournalInfo?id=1759
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ajo.2025.09.035
http://www.ncbi.nlm.nih.gov/pubmed/41005521
https://dx.doi.org/10.1016/j.ajo.2025.09.035
https://dx.doi.org/10.1016/j.ajo.2025.09.035
https://dx.doi.org/10.1016/j.ajo.2025.09.035
https://referencecitationanalysis.com/InCiteJournalInfo?id=1759
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ajo.2025.05.039
http://www.ncbi.nlm.nih.gov/pubmed/40467022
https://dx.doi.org/10.1016/j.ajo.2025.05.039
https://dx.doi.org/10.1016/j.ajo.2025.05.039
https://dx.doi.org/10.1016/j.ajo.2025.05.039
https://referencecitationanalysis.com/InCiteJournalInfo?id=18337
https://referencecitationanalysis.com/articles?id=10.1007%2fs40123-023-00669-1
http://www.ncbi.nlm.nih.gov/pubmed/36856980
https://dx.doi.org/10.1007/s40123-023-00669-1
https://dx.doi.org/10.1007/s40123-023-00669-1
https://dx.doi.org/10.1007/s40123-023-00669-1
https://rcastoragev2.blob.core.windows.net/15f3d22373da66a80cc494a2b8bb2390/40123_2023_Article_669.PMC10164226.pdf
https://rcastoragev2.blob.core.windows.net/15f3d22373da66a80cc494a2b8bb2390/40123_2023_Article_669.PMC10164226.pdf
https://rcastoragev2.blob.core.windows.net/15f3d22373da66a80cc494a2b8bb2390/40123_2023_Article_669.PMC10164226.pdf
https://rcastoragev2.blob.core.windows.net/15f3d22373da66a80cc494a2b8bb2390/40123_2023_Article_669.PMC10164226.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=13429
https://referencecitationanalysis.com/articles?id=10.3390%2fjcm14124147
http://www.ncbi.nlm.nih.gov/pubmed/40565894
https://dx.doi.org/10.3390/jcm14124147
https://dx.doi.org/10.3390/jcm14124147
https://dx.doi.org/10.3390/jcm14124147
https://rcastoragev2.blob.core.windows.net/f80d3433076811c0541e6b3e0b885682/jcm-14-04147.pdf
https://rcastoragev2.blob.core.windows.net/f80d3433076811c0541e6b3e0b885682/jcm-14-04147.pdf
https://rcastoragev2.blob.core.windows.net/f80d3433076811c0541e6b3e0b885682/jcm-14-04147.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=11902
https://referencecitationanalysis.com/articles?id=10.1167%2fiovs.17-23500
http://www.ncbi.nlm.nih.gov/pubmed/30481804
https://dx.doi.org/10.1167/iovs.17-23500
https://dx.doi.org/10.1167/iovs.17-23500
https://dx.doi.org/10.1167/iovs.17-23500
https://referencecitationanalysis.com/InCiteJournalInfo?id=18269
https://referencecitationanalysis.com/articles?id=10.1016%2fs1542-0124(12)70233-1
http://www.ncbi.nlm.nih.gov/pubmed/20964981
https://dx.doi.org/10.1016/s1542-0124(12)70233-1
https://dx.doi.org/10.1016/s1542-0124(12)70233-1
https://dx.doi.org/10.1016/s1542-0124(12)70233-1
https://referencecitationanalysis.com/InCiteJournalInfo?id=13055
https://referencecitationanalysis.com/InCiteJournalInfo?id=13055
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jfo.2018.12.001
http://www.ncbi.nlm.nih.gov/pubmed/30679123
https://dx.doi.org/10.1016/j.jfo.2018.12.001
https://dx.doi.org/10.1016/j.jfo.2018.12.001
https://dx.doi.org/10.1016/j.jfo.2018.12.001
https://referencecitationanalysis.com/InCiteJournalInfo?id=9892
https://referencecitationanalysis.com/articles?id=10.1007%2fs00417-008-0962-9
http://www.ncbi.nlm.nih.gov/pubmed/18931853
https://dx.doi.org/10.1007/s00417-008-0962-9
https://dx.doi.org/10.1007/s00417-008-0962-9
https://dx.doi.org/10.1007/s00417-008-0962-9
https://referencecitationanalysis.com/articles?id=pmid%2f18506220
http://www.ncbi.nlm.nih.gov/pubmed/18506220
https://dx.doi.org/
https://dx.doi.org/
https://referencecitationanalysis.com/InCiteJournalInfo?id=4261
https://referencecitationanalysis.com/articles?id=pmid%2f6744103
http://www.ncbi.nlm.nih.gov/pubmed/6744103
https://dx.doi.org/
https://dx.doi.org/
https://referencecitationanalysis.com/InCiteJournalInfo?id=19473
https://referencecitationanalysis.com/articles?id=10.1093%2fpostmj%2fqgae034
http://www.ncbi.nlm.nih.gov/pubmed/38507113
https://dx.doi.org/10.1093/postmj/qgae034
https://dx.doi.org/10.1093/postmj/qgae034
https://dx.doi.org/10.1093/postmj/qgae034
https://referencecitationanalysis.com/articles?id=pmid%2f2977138
http://www.ncbi.nlm.nih.gov/pubmed/2977138
https://dx.doi.org/
https://dx.doi.org/
https://referencecitationanalysis.com/InCiteJournalInfo?id=172952
https://referencecitationanalysis.com/articles?id=10.1080%2f01658107.2016.1247461
http://www.ncbi.nlm.nih.gov/pubmed/28348626
https://dx.doi.org/10.1080/01658107.2016.1247461
https://dx.doi.org/10.1080/01658107.2016.1247461
https://dx.doi.org/10.1080/01658107.2016.1247461
https://referencecitationanalysis.com/InCiteJournalInfo?id=1777
https://referencecitationanalysis.com/articles?id=10.1016%2fj.amjmed.2011.09.020
http://www.ncbi.nlm.nih.gov/pubmed/22385784
https://dx.doi.org/10.1016/j.amjmed.2011.09.020
https://dx.doi.org/10.1016/j.amjmed.2011.09.020
https://dx.doi.org/10.1016/j.amjmed.2011.09.020
https://referencecitationanalysis.com/InCiteJournalInfo?id=3676
https://referencecitationanalysis.com/articles?id=10.3390%2fbiom12091298
http://www.ncbi.nlm.nih.gov/pubmed/36139137
https://dx.doi.org/10.3390/biom12091298
https://dx.doi.org/10.3390/biom12091298
https://dx.doi.org/10.3390/biom12091298
https://rcastoragev2.blob.core.windows.net/b679082538adf3495b5e8ac1c94cfddf/PMC9496374.pdf
https://rcastoragev2.blob.core.windows.net/b679082538adf3495b5e8ac1c94cfddf/PMC9496374.pdf
https://rcastoragev2.blob.core.windows.net/b679082538adf3495b5e8ac1c94cfddf/PMC9496374.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=17717
https://referencecitationanalysis.com/articles?id=10.1212%2fwnl.34.5.669
http://www.ncbi.nlm.nih.gov/pubmed/6538658
https://dx.doi.org/10.1212/wnl.34.5.669
https://dx.doi.org/10.1212/wnl.34.5.669
https://dx.doi.org/10.1212/wnl.34.5.669
https://referencecitationanalysis.com/InCiteJournalInfo?id=9892
https://referencecitationanalysis.com/articles?id=10.1007%2fs00417-025-07089-w
http://www.ncbi.nlm.nih.gov/pubmed/41546696
https://dx.doi.org/10.1007/s00417-025-07089-w
https://dx.doi.org/10.1007/s00417-025-07089-w
https://dx.doi.org/10.1007/s00417-025-07089-w
https://rcastoragev2.blob.core.windows.net/e23268e6e7b67258f9c1230623c943b9/417_2025_Article_7089.pdf
https://rcastoragev2.blob.core.windows.net/e23268e6e7b67258f9c1230623c943b9/417_2025_Article_7089.pdf
https://rcastoragev2.blob.core.windows.net/e23268e6e7b67258f9c1230623c943b9/417_2025_Article_7089.pdf
https://referencecitationanalysis.com/articles?id=10.1111%2fj.1600-0420.1997.tb00790.x
http://www.ncbi.nlm.nih.gov/pubmed/9253991
https://dx.doi.org/10.1111/j.1600-0420.1997.tb00790.x
https://dx.doi.org/10.1111/j.1600-0420.1997.tb00790.x
https://dx.doi.org/10.1111/j.1600-0420.1997.tb00790.x

Capobianco M et al. Amiodarone corneal deposits

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

S-Editor: Hu XY
L-Editor: A
P-Editor: Lin C

3%9@) https://dx.doi.org/10.4330/ wijc.121185 11 June 26,2026 | Volume18 | Issue6 |



JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2026 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	LITERATURE SEARCH
	LITERATURE ANALYSIS
	DISCUSSION
	CONCLUSION
	REFERENCES
	FOOTNOTES

