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ABSTRACT
Background: Vortex keratopathy is a corneal entity characterized by corneal deposits at the level of the basal 
epithelium in the form of a whorl-like pattern in the interpalpebral portions of the cornea. Medications such 
as amiodarone, chloroquine, hydroxychloroquine, indomethacin, phenothiazines, ibuprofen, and naproxen bind 
to the cellular lipids of the basal epithelial layer of the cornea, producing a characteristic whorl pattern. Here, 
we report a case of bilateral central vortex keratopathy with slight vision impairment 3 weeks after uneventful 
photorefractive keratectomy (PRK) in a woman on long-term clozapine treatment.
Case Presentation: A 42-year-old woman presented to the outpatient clinic for refractive surgery for the 
correction of bilateral moderate myopia. Her best-corrected distance visual acuity was 20 / 20 in both eyes. She 
had been on antipsychotic clozapine tablets 400 mg / day for the past 6 years to manage a psychiatric disorder. On 
detailed preoperative slit-lamp examination, her corneas were clear, with perilimbal conjunctival pigmentations. 
Other ocular examination results were unremarkable. At the 3-week follow-up after an uneventful PRK, her 
uncorrected distance visual acuity was 20 / 25 in the right eye and 20 / 20 in the left eye, with complaints of slightly 
unclear vision in both eyes. Slit-lamp examination revealed bilateral corneal subepithelial deposits in a whorl-
like pattern reminiscent of vortex keratopathy. The deposits were restricted to the epithelial and subepithelial 
regions and did not extend to the stroma without evident stromal haze. Dilated fundus examination results were 
normal bilaterally. Despite excellent refractive outcomes and visual acuity in both eyes, she was dissatisfied and 
complained of unclear vision. She was administered with lubricating eye drops and placed on regular follow-
ups. At the 4-month follow-up, the vortex lines were cleared centrally, and she reported improvement in vision. 
Anterior-segment optical coherence tomography of the cornea revealed no epithelial deposits in the central part 
of the cornea and residual deposits in the temporal peripheral cornea, indicating clearing of the deposits from 
the central cornea and explaining the subjective improvement in vision. Her final best-corrected distance visual 
acuity was 20 / 20 in both eyes with an unremarkable ocular examination. 
Conclusions: Our case indicates a potential causal relationship between long-term clozapine treatment and 
development of temporary, visually significant vortex keratopathy after uneventful PRK. Further large-scale 
studies are required to verify the causal relationship between the long-term clozapine administration and the 
development of vortex keratopathy following surface ablation photorefractive procedures.
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INTRODUCTION
Vortex keratopathy is a condition characterized by corneal deposits at the level of the basal epithelium in a 
whorl-like pattern of golden-yellow or gray deposits in the interpalpebal portions of the cornea [1, 2]. Several 
medications bind to the cellular lipids of the basal epithelial layer of the cornea, producing the characteristic 
whorl pattern, with amiodarone being the most common [1]. This pattern can be caused by other drugs that 
are mostly cationic amphiphilic, including chloroquine, hydroxychloroquine, indomethacin, phenothiazines, 
ibuprofen, and naproxen; systemic diseases such as Fabry disease and multiple myeloma; or genetic causes such 
as Meesmann corneal dystrophy, in which diffuse epithelial cysts can exhibit the vortex pattern [1, 2]. Generally, 
subepithelial deposits of vortex keratopathy do not interfere with vision; however, some patients may experience 
impairment of visual acuity or other visual symptoms [3]. 

Clozapine is an antipsychotic drug with cationic amphiphilic properties [4, 5]. It is a commonly used 
antipsychotic drug successfully used to treat refractory psychosis. However, its use is associated with various 
systemic adverse effects [6]. Long-term treatment with clozapine induces ocular side effects, including dry 
eye syndrome, pigmentary changes affecting the cornea and retina, and stellate cataract [7-9]. The etiology of 
clozapine-related ocular side effects remains unclear. However, as clozapine is a tricyclic dibenzodiazepine with 
dopamine-receptor blocking properties, it may lead to altered dopaminergic regulation of melatonin, leading to 
ocular pigmentary changes and development of cataract [9].

No case of laser-based refractive surgery has been reported in a patient with Fabry disease [10].  However, 
a case of uneventful laser in situ keratomileusis (LASIK) after partial limbal stem cell deficiency secondary to 
contact lens overwear in a patient with whorl epitheliopathy resembling Fabry verticillata has been reported. 
Postoperatively, the patient’s uncorrected visual acuity reached 20/15 in both eyes, with no recurrence of signs 
or symptoms of limbal stem cell deficiency in either eye [11]. Moreover, bilateral central vortex keratopathy 
occurred 5 years after an uneventful LASIK in a 45-year-old man with complaints of reduced vision and 
temporary bilateral blurred vision, particularly when driving. The patient had been receiving amiodarone for 
atrial fibrillation for approximately 2 years [12].

Here, we report a case of bilateral central vortex keratopathy with slight vision impairment 3 weeks after 
uneventful photorefractive keratectomy (PRK) for myopic correction in a woman with a history of psychiatric 
disorder for which she was on long-term clozapine treatment.   

CASE PRESENTATION
A 42-year-old woman presented to the outpatient clinic who was keen for refractive surgery for correction of 
bilateral moderate myopia. Her best-corrected distance visual acuity was 20 / 20 in both eyes measured using an 
automatic chart projector (PACP-7000/PACP-7000L, Potec Co., Ltd., Dong-gu, Korea). She had been taking 
antipsychotic clozapine tablets 400 mg / day for 6 years to manage a psychiatric disorder. Other than that, her 
full history, including general medical, family, ocular, and surgical histories, was unremarkable. Further, she had 
no history of phenothiazine use. 

Her extraocular muscle movements appeared normal with a full range of motion, and she had no gross 
ocular misalignment or diplopia. The Schirmer test results were within the normal range for both eyes [13]. On 
detailed preoperative anterior segment examination under a slit-lamp microscope (SL-2G; Topcon Co., Tokyo, 
Japan), her corneas were clear; anterior chambers were deep and quiet; pupils were round, regular, reactive, 
without the afferent pupillary defect; lenses were clear with no obvious pigmentary deposits or opacity; and 
bilateral perilimbal conjunctival pigmentations were found. Fundus examination using a slit-lamp microscope 
with a noncontact + 90 D Volk lens (Volk Optical, Inc, Mentor, OH, USA) was normal with no obvious retinal 
pigmentary changes. Cycloplegic refraction was performed after instilling two drops of 1% cyclopentolate 
(Cyclogyl; Alcon Laboratories Inc.) using a streak retinoscope (HSR II; Heine Optotechnik, Herrsching, 
Germany). Her refractive error was - 2.00 diopters spherical bilaterally with no cylinder component of refraction. 
Corneal topography (Orbscan, Bausch and Lomb Inc., Rochester, NY, USA) showed normal patterns.

The patient underwent uneventful PRK for myopic correction under topical anesthesia. The epithelium 
was mechanically removed, followed by application of an excimer laser, as detailed elsewhere [14]. PureVision 
bandage contact lenses (Bausch & Lomb, Rochester, NY, USA) were placed on the eyes after completion of 
surgery. Postoperatively, the patient was prescribed with artificial tear (Optive; Allergan, Irvine, CA, USA) 
eye drops six times / day for 3 months. After removal of bandage contact lenses, on postoperative day 4, the 
fluorometholone ophthalmic solution (FML, Allergan) was administered four times / day and tapered over 1 
month. The patient was examined 24 h postoperatively. On slit-lamp examination, the corneas were clear, and soft 
contact lenses were in place. On postoperative day 4, soft contact lenses were removed, and ocular examination 
revealed quiet eyes with clear corneas. 
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 At the 3-week follow-up after an uneventful PRK, her uncorrected distance visual acuity was 20 / 25 in the 
right eye and 20 / 20 in the left eye, with complaints of slightly unclear vision in both eyes. Slit-lamp examination 
revealed bilateral corneal subepithelial deposits in a whorl-like pattern, consistent with vortex keratopathy. The 
deposits were restricted to the epithelial and subepithelial regions and did not extend to the stroma, without 
evident stromal haze. Dilated fundus examination results were normal bilaterally. Despite excellent refractive 
outcomes and visual acuity in both eyes, the patient was dissatisfied and complained of unclear vision. She was 
administered with lubricating eye drops and placed on regular follow-ups. 

At the 4-month follow-up, the vortex lines were cleared centrally on slit-lamp examination, and the patient 
reported improvement in vision. Anterior-segment optical coherence tomography (AS-OCT; Triton, Swept 
Source, Topcon Inc., Tokyo, Japan) of the cornea revealed no epithelial deposits in the central part of the cornea, 
seen as the absence of hyperreflectivity in this area, and residual deposits in the temporal peripheral cornea, seen 
as hyperreflective materials above the Bowman membrane (Figure 1), indicating clearing of the deposits from 
the central cornea and subjective improvement in vision. Her final best-corrected distance visual acuity was 20 / 
20 in both eyes, with an unremarkable ocular examination.

The study protocol was approved by the institutional review board. The patient provided written informed 
consent for participation and publication of this case report.

DISCUSSION
The patient had been taking clozapine for 6 years. Preoperatively, she showed perilimbal conjunctival 
pigmentations, but without cataracts or retinal pigmentary changes. At the 3-week follow-up after an uneventful 
refractive surface ablation, she developed vortex keratopathy. The characteristic whorl-pattern was central, 
with extension to the whole quadrants of the cornea. Despite the optimum refractive outcome, the patient 
complained of slight vision impairment. This reduced clarity of vision is mostly related to the development of 
vortex keratopathy.

Corneal lesions in vortex keratopathy branch out from a central whorl, usually across the inferior cornea, as in 
patients on amiodarone [15]. However, the present patient developed central distribution of the vortex pattern. 
In another case, bilateral central vortex keratopathy was reported 5 years after an uneventful LASIK in a patient 
on amiodarone treatment for atrial fibrillation for approximately 2 years [12]. The central position of the vortex 
changes may have contributed to the reduced vision quality in the present patient.

Considering that clozapine is an antipsychotic drug with cationic amphiphilic properties [4, 5] and vortex 
keratopathy can be caused by drugs that are mostly cationic amphiphilic [1, 2], the development of vortex changes 
might be attributable to long-term clozapine use in the present case. However, owing to the lack of similar reports 
in the literature, large-scale studies on patients receiving long-term high-dose clozapine are required to verify this 
potential causal relationship. 

Long-term phenothiazine use causes pigment deposits in the cornea. Since clozapine has a similar 
dopamine receptor-blocking property, it may lead to altered dopaminergic regulation of melatonin [9], 

Figure 1. Anterior-segment optical coherence tomography (AS-OCT; Triton, Swept Source, Topcon Inc., Tokyo, Japan) scan of the 
right cornea of the patient following improvement of her visual acuity shows the absence of epithelial deposits in the central part 
of the cornea, seen as the absence of hyperreflectivity in this area (white arrow) and residual deposits in the temporal peripheral 
cornea, seen as hyperreflective materials above the Bowman membrane (black arrow).
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resulting in pigment deposits in the cornea [9]. These deposits may be clinically apparent because of the high 
rate of epithelial migration during healing of the corneal defect following PRK [16]. However, in the present 
patient, vortex keratopathy did not appear clinically up to postoperative day 4 when the epithelial defect healed 
completely and was noted 3 weeks postoperatively. This may be explained by the fact that epithelial cellular 
changes were initially minimal; therefore, we could not clinically detect them using slit-lamp biomicroscopy.

Ikegawa et al. found that pathological findings in cases of amiodaron-induced keratopathy were detected earlier 
using confocal microscopy than using slit-lamp biomicroscopy [17]. However, we did not perform preoperative 
or postoperative confocal microscopy in the present case to prove the presence of similar pathological findings. 
Changes in corneal morphology and tear film after refractive surgery [18-20] may have contributed to the later 
appearance of vortex keratopathy in the present case. 

Ortega-Usobiaga et al., in a retrospective observational assessment of 33 eyes of 20 patients on amiodarone, 
found no significant clinical complications up to 3 months after LASIK or surface ablation [21]. The present 
patient might have had subclinical vortex pattern keratopathy before PRK because of the very slow rate of 
epithelial turnover; therefore, migrating cells could not be distinguished from surrounding non-migrating cells. 
After PRK, healing of the relatively large epithelial defect is achieved by a higher rate of migration of epithelial 
cells [16, 22], making the vortex pattern clinically apparent. 

A case of ocular and skin pigmentation after long-term, high-dose (800 mg) clozapine treatment for 
schizophrenia has been reported. The patient developed pigmented deposits on the corneal endothelium and 
anterior central stellate cataract with bilateral pigmentary retinopathy. The patient’s best-corrected visual acuity 
was reduced to 6 / 9 and 6 / 60 in the right and left eyes, respectively [7]. The present patient developed bilateral 
perilimbal conjunctival pigmentations on slit-lamp examination preoperatively, despite having apparently 
normal posterior-segment examination results preoperatively and postoperatively. These perilimbal conjunctival 
pigmentations might be evidence of side effects of long-term clozapine use due to pigment deposits in the 
conjunctiva.

Clozapine can cause neuro-ophthalmic toxicity, oculogyric crisis, anticholinergic syndrome, myopathy, 
and diplopia [23]. Kushner et al. reported the possibility of diplopia manifestation after refractive surgery and 
recommended preoperative screening criteria to minimize the incidence of this complication [24]. Predicting the 
binocular outcome and identification of risk factors should be considered for every refractive surgery candidate 
preoperatively [25, 26]. Despite long-term use of clozapine, the present patient developed normal extraocular 
muscle movements with a full range of motion and had no gross ocular misalignment or diplopia on preoperative 
examination. Similarly, postoperatively, she had no complaints attributable to binocular or accommodative 
abnormalities.

This case report, for the first time, suggests the likelihood of developing significant vortex keratopathy after 
uneventful PRK in a patient on long-term clozapine treatment for managing a psychiatric disorder. However, it 
is limited by the absence of strong evidence to prove this causal relationship. Large-scale studies with detailed 
preoperative clinical and paraclinical evaluations along with longer postoperative follow-ups are required to 
verify our assumption. Post-PRK aberrometry may be implicated in the future in such cases to differentiate 
between diminution of vision secondary to higher-order aberrations induced by vortex keratopathy.

CONCLUSIONS
The present case indicates a potential causal relationship between long-term clozapine treatment and the 
development of temporary, visually significant vortex keratopathy after uneventful PRK. Patients on long-term 
clozapine indicated for refractive surgery should be treated with caution, as this medication may predispose 
to the development of temporary visually significant vortex keratopathy in the cornea even after uneventful 
refractive surgery. Further studies supported by confocal microscopy and AS-OCT are required to clarify the 
exact pathological mechanisms underlying the development of vortex keratopathy in such cases. Moreover, 
large-scale studies are required to verify the causal relationship between long-term clozapine administration and 
the development of vortex keratopathy following surface ablation photorefractive procedures.
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