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Case Report

Multimodal Imaging in Ocular Siderosis

Anh D. Bui, MD, PhD1,2, Anna L. Diep, BS2 , Qiyin Lin, PhD3,
Donald S. Minckler, MD4, Andrew W. Browne, MD, PhD4,5,6,
and Angeline L. Wang, MD4,7

Abstract
Purpose: This report aims to characterize ocular changes in a case of ocular siderosis with iron toxicity using multimodal imaging
and electroretinography. Methods: A 34-year-old woman presented with ocular siderosis of the left eye following penetrating
injury with an iron-containing foreign body. The patient’s uncorrected visual acuities were 20/60 and 20/150 in the right and left
eye, respectively, with abnormal pupillary function and presence of a cataract in the left eye. She underwent successful intraocular
foreign body removal and cataract surgery with no postoperative complications. Cone contrast threshold (CCT), full-field
electroretinogram, spectral-domain optical coherence tomography (OCT), and OCT angiography (OCTA) were used to char-
acterize ocular alterations preoperatively and postoperatively. Results: CCT color vision testing showed abnormal color vision,
and OCTA revealed increased vascular flow density associated with the foreign body. Conclusions: CCT color vision testing,
OCTA, OCT, and full-field electroretinogram can characterize retinal changes in cases of ocular siderosis.

Keywords
ocular siderosis, iron toxicity, optical coherence tomography, OCT angiography, full-field electroretinogram, intraocular foreign
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Introduction

Ocular siderosis is a degenerative process caused by retention

of an iron-containing intraocular foreign body (IOFB). Clinical

symptoms may take weeks to years to manifest and can include

decreased visual acuity (VA), conjunctival hyperemia, iris het-

erochromia, secondary glaucoma, and lens opacity.1 Once ocu-

lar siderosis is identified, timely removal of the IOFB must be

performed to prevent irreversible changes and retinal damage

secondary to iron-related toxicities. We document a case of

ocular siderosis with the use of cone contrast threshold (CCT)

color vision testing, optical coherence tomography (OCT),

OCT angiography (OCTA), and full-field electroretinogram

(ffERG).

Methods

Case Report

A 34-year-old woman presented with a history of penetration

by a metallic foreign body in her left eye while hammering

a nail 8 months prior. The patient reported to an outside hos-

pital 1 day after the initial incident, where the IOFB was par-

tially extracted at the slitlamp microscope. The patient was

discharged with ciprofloxacin eye drops for 7 days and an

ophthalmology referral. However, her left eye’s VA continued

to progressively worsen. She did not report subjective changes

in color vision. She denied any previous notable ocular history.

On presentation to our institution, her VA was 20/60

(pinhole 20/30) in the right eye and 20/150 (pinhole 20/50)

in the left eye. The right pupil constricted with illumination

from 5.5 mm to 3 mm. The left pupil was dilated and fixed at 7

mm (Figure 1A). Application of 0.1% pilocarpine caused

right and left pupil constriction to 3 mm and 4 mm, respec-

tively (Figure 1B). Slitlamp examination demonstrated a metal-

lic foreign body embedded in the temporal sclera (Figure 1, C

and D). Diffuse pigmentary changes of the anterior lens capsule

(Figure 1E) and a cataract in the left eye were observed. Results

of a posterior segment examination and fundus autofluorescence
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and color fundus photographs were unremarkable. The metallic

body was visible on scleral depressed examination.

OCTA (Zeiss Cirrus 5000) of both the superficial and

deep capillary plexuses revealed a 38% greater parafoveal

vascular flow density in the left eye compared with the right

eye (Figure 2A), calculated using ImageJ software with the

parafoveal region defined as an annulus with an outer dia-

meter of 1.25 mm and an inner diameter of 0.3 mm centered

at the fovea.2 Spectral-domain OCT (SD-OCT; Heidelberg

Spectralis) showed subtle macular thickening in the left eye

compared with the right eye (Figure 2B). Full-field ERG

showed reduced amplitudes in the left eye on all stimuli,

with greatest changes noted on dark adaptation (Figure 2C).

En face ellipsoid zone analysis was unremarkable

(Figure 2D).

Results

To remove the IOFB, an angled 20-gauge microvitreoretinal

blade was used to incise the sclera’s full thickness superiorly

and inferiorly to the metallic foreign body. The 0.4-mm long

metallic foreign body was removed with a magnet and forceps,

and a limited vitrectomy was performed around the site of the

scleral incision. Postoperative recovery was uneventful. Col-

orDx CCT HD (Konan Medical) color vision testing results 1

month following IOFB removal were normal in the right eye

but showed significantly decreased green and blue color dis-

crimination in the left eye (Figure 3A).

Seven weeks following IOFB removal, the patient under-

went cataract extraction and intraocular lens placement. Histo-

logical analysis with Prussian blue staining of the anterior lens

capsule showed widespread deposition of iron in the lens’ epi-

thelial cells (Figure 4A). Scanning electron microscopy and

energy dispersive x-ray spectroscopy analysis confirmed that

the foreign body was composed of iron oxide with trace man-

ganese, phosphorus, and silicon (Figure 4, B and C). VA in the

patient’s left eye post cataract surgery was 20/20 and has

remained stable for 2 years. Pupillary reactivity also signifi-

cantly improved in the left eye, with constriction on illumina-

tion from 4.5 mm to 3 mm.

Figure 1. Intraocular foreign body and pupillary changes. (A) Prepilocarpine and (B) postpilocarpine test in the right (OD) and left (OS) eyes. (C)
Color fundus photograph and (D) external photograph of the left eye, showing the intraocular foreign body located in the superotemporal pars
plana. (E) Slitlamp photograph showing mottling and pigmentation of the left anterior lens capsule.
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Figure 2. Iron-induced retinotoxicity on full-field electroretinogram and optical coherence tomography (OCT) imaging. (A) OCT angiography
demonstrating a 38% increased parafoveal vascular flow density in the left eye compared with the right eye. (B) Spectral-domain OCT imaging
revealing mild macular thickening in the left eye. (C) Full-field electroretinogram showing a reduction of the b-wave amplitude in the left eye
compared with the right eye. (D) Spectral-domain OCT cross-sectional images were unremarkable. OD indicates right eye; OS, left eye.

Figure 3. ColorDx Cone contrast threshold (CCT) HD color vision testing. (A) CCT testing 1 month after intraocular foreign body (IOFB) removal
showing markedly reduced green and blue discrimination in the left eye compared with the right eye. (B) CCT testing 3 months after IOFB removal
and 1.5 months after cataract extraction showing normal blue discrimination but reduced red and green discrimination in the left eye. (C) CCT
testing 17 months after IOFB removal and 15.5 months after cataract extraction showing normalized red and blue discrimination but persistently
decreased green discrimination in the left eye. L indicates retinal L-cone; M, retinal M-cone; OD, right eye; OS, left eye; S, retinal S-cone.
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CCT color vision testing 3 months following IOFB removal

and 1.5 months following cataract extraction showed normal

blue color discrimination but deficient red and green color

discrimination in the left eye (Figure 3B). CCT testing per-

formed again 17 months after IOFB removal showed normal

red and blue color discrimination but decreased green color

discrimination in the patient’s left eye (Figure 3C). Another

OCTA of both superficial and deep capillary plexuses per-

formed 3 months following IOFB removal demonstrated

a 9% greater parafoveal vascular flow density in the left eye

compared with the right eye, normalized compared with 38%
preoperatively (Figure 5A). A second SD-OCT imaging 17

months after IOFB removal showed comparable macular

thickness between the right and left eyes (Figure 5B). Further

ffERG testing performed 6 months following IOFB removal

also revealed normalization of the b-wave amplitude in the

left eye (Figure 5C).

Conclusions

Iron plays an essential role in the photoreceptor cell signal

transduction cascade in the retina.3 However, iron is toxic at

high levels and can lead to the formation of free radicals,

oxidative damage, and cell death.3 In the retina, iron toxicity

can precipitate events such as retinal detachment, pigment epi-

thelial atrophy, and arteriole stenosis.1 Iron metabolism disor-

ders such as Friedreich ataxia and hemochromatosis have also

been associated with retinal degeneration.4

This patient had classic clinical manifestations of iron

toxicity, including paralytic mydriasis and parasympathetic

neuropathy of the pupil, as well as cataract formation and

iron deposition beneath the anterior lens capsule, consistent

with previous case reports.5,6 ERG has been established as

the primary modality to measure retinal changes in patients

with IOFB.7 Loss of function of the photoreceptors due to

iron toxicity has been well described with deterioration of

b-wave ERG amplitudes, which was observed in this

patient.5

CCT color testing in this patient presented a unique oppor-

tunity to measure the subtle changes in color vision following

IOFB extraction. CCT color testing selectively stimulates reti-

nal L-cones (red), M-cones (green), and S-cones (blue). It is

performed with a series of tumbling Landolt-C optotypes pre-

sented in randomized directions with varying contrast levels to

the patient. The patient is required to indicate the orientation of

the gap in the “C” stimulus (forced-choice letter-recognition

Figure 4. Analysis of iron intraocular foreign body. (A) Histological examination with Prussian blue staining demonstrating widespread
deposition of iron in the lens’ epithelial cells of the anterior capsule. (B) Scanning electron microscopy of the metallic foreign body. (C) Energy
x-ray spectroscopy analysis confirming the presence of iron along with trace amounts of manganese, silicon, and phosphorus.
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task). The contrast of the stimuli is continuously refined to

determine the final contrast threshold, minimizing the standard

error.

Color vision has been shown to be reduced in patients with

cataracts.8,9 However, in this patient’s case, only blue color

vision returned to normal following cataract surgery. Red and

green color discrimination was significantly impaired 1.5

months following cataract extraction, and green color discrim-

ination remained significantly impaired for more than 1 year

post cataract surgery. Permanent changes in color vision are

most likely the consequence of cytotoxicity to the neurosensory

retina.1 A greater density of L- and M-cones (red and green

cones) exist in the fovea,10 but it is unclear why a greater effect

was seen on the green cones.

Figure 5. Postsurgical imaging on full-field electroretinogram (ERG) and optical coherence tomography (OCT). (A) OCT angiography
demonstrating comparable parafoveal vascular flow density in the left eye compared with the right eye. (B) Spectral-domain OCT imaging
revealing comparable macular thickness between the left eye and right eye. (C) Full-field ERG showing normal b-wave amplitude in the left eye,
which had improved compared with prior to removal of the intraocular foreign body. LE indicates left eye; OD, right eye; OS, left eye; RE, right
eye; 50ms/Div, 50 milliseconds per division.
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In the case reported here, the patient’s OCTA prior to IOFB

removal showed increased vascular flow density in the left eye

with the IOFB compared with the right eye. Increased vascular

flow density could be due to increased vascularization or con-

gestion. One should note that OCTA has known limitations,

including projection and motion artifacts, that preclude

a detailed understanding of the spatial vasculature characteris-

tics. However, we do not believe our observations by OCTA

are artifactual because we also observed increased retinal thick-

ness on SD-OCT. These 2 independent measurements were

consistent with an increase in vascular flow density. Both

OCTA and SD-OCT findings also became comparable between

the right eye and left eye after IOFB removal. We expect that

continued improvements in OCT will permit further analysis of

these sequelae.

This case highlights the importance of a complete character-

ization of ocular siderosis through multiple imaging modalities.

Although ERG has been well established as a criterion standard

for cases of IOFB, CCT color testing combined with OCTA may

be surrogate functional assays for detecting siderosis and mon-

itoring changes following surgical intervention.
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