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Clinical History
Chief Complaint

Poor vision in the right eye

History of Present Illness

A T1-year-old female was referred for evaluation of a corneal scar in the right eye (OD). Ten years previously she

had been informed that the scar was present when she was evaluated for painless and slowly progressive vision
loss. She attributed the scar to a "fan injury" that she experienced at 20 years of age. Over the last ten years, she
has experienced further painless vision loss OD. The vision in the left eye (OS) has been excellent.

Past Ocular History:

e "Corneal scar," OD

¢ Non-exudative age-related macular degeneration, both eyes (OU)
e C(Cataracts, OD worse than OS

¢ No history of ocular surgery
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Past Medical History:

e Hypertension
¢ No known history of endocrine abnormalities, renal dysfunction, or autoimmune disease

Medications: Lisinopril, AREDS 2 vitamin

Allergies: No known drug allergies

Family Ocular History: Non-contributory

Social History: Former smoker with 25 pack-year history

Review of Systems: All systems negative

Visual acuity with correction, distance:

e OD: Counts fingers at 1 foot
e 0S: 20/20-2

Intraocular pressure (Applanation):

e OD: 16 mmHg
e 0OS: 16 mmHg

Current spectacle prescription:

e OD: -0.25+0.50 x 147, Add: +2.50
e 0OS: +3.25 sphere, Add: +2.50

Confrontation Visual Fields: Full
Pupils: No relative afferent pupillary defect OU

Extraocular Motility: Full OU

Pachymetry:

e OD: 619 microns
e 0S: 582 microns

Keratometry (NIDEK):

e OD: 46.42 D @ 25 degrees, 45.18 D @ 115 degrees
e 0OS: 44.06 D @ 174 degrees, 43.10 D @ 84 degrees

External exam: Normal

Anterior segment exam (Figure 1):

¢ Lids: Normal OU

¢ Conjunctiva/Sclera: Clear and quiet OU

e Cornea: Band-shaped, horizontal, gray-white subepithelial corneal opacity in the interpalpebral fissure
with involvement of visual axis OD; normal OS



e Anterior chamber: Deep and quiet OU
e Iris: Normal OU
¢ Lens: Nuclear sclerotic cataract more prominent OD than OS

Vitreous: Normal OU

Retina: Inadequate view OD; non-exudative age-related macular degeneration OS
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Figure 1. Band-shaped, horizontal, gray-white, subepithelial opacity in the interpalpebral fissure with
involvement of the visual axis. A moderately dense nuclear sclerotic cataract is present. This particular type of
band keratopathy responds favorably with superficial keratectomy followed by EDTA chelation. Manual
polishing with a diamond burr or excimer laser will not be needed if the underlying Bowman's layer is a smooth
optical surface.

Diagnosis

1. Calcific band keratopathy, OD
2. Nuclear sclerotic cataracts, OD worse than OS
3. Non-exudative age-related macular degeneration, OU

Clinical Course

The patient was treated with a manual superficial keratectomy using ethylenediaminetetraacetic acid (EDTA)
chelation, followed by cataract extraction with intraocular lens implantation. The best corrected visual acuity in
the right eye improved from counting fingers at 1 foot to 20/250 after treatment of the band keratopathy. There
was further improvement to 20/50 after removal of the cataract. The residual visual deficit was due to non-
exudative age-related macular degeneration and an old central retinal vein occlusion, which was seen for the
first time through the now clear optical media.

Discussion
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Calcific band keratopathy is a corneal degeneration that is characterized by subepithelial deposition of calcium,
primarily in the form of hydroxyapatite, in the epithelial basement membrane, Bowman's layer, and the anterior
stroma (1, 2). Initially these deposits are gray (Figure 2), but may become chalky-white as the degeneration
progresses (Figure 3).

There is a characteristic horizontal and vertical pattern of distribution of the calcific deposits as the
degeneration slowly progresses over a period of months or years. It typically begins just inside the limbus in the
3:00 and 9:00 periphery (Figure 2). There is a characteristic sharply demarcated edge separated from the limbus
by a lucent zone. This zone may be due either to the lack of Bowman's layer in the extreme periphery of the
cornea or the buffering capacity of limbal vessels, which prevent deposition of calcium. As the degeneration
progresses, it spreads centrally in a "band-like" distribution, eventually affecting the visual axis (Figures 3, 4).
The diseased segment generally remains confined to the interpalpebral fissure but may extend toward the
inferior cornea in severe cases (Figure 3). Lucent holes may be scattered throughout the opacity; these represent
corneal nerves that penetrate Bowman's layer (Figure 4).

Initially, the calcium deposits are confined to the epithelial basement membrane and anterior surface of
Bowman's layer. With progression, the deposits may extend anteriorly and break through epithelium. This may
produce symptoms of irritation and foreign body sensation and cause recurrent or persistent epithelial erosions.
The deposits also may extend posteriorly to penetrate Bowman's layer and enter into the superficial stroma.
Hyaline-like material may be deposited in the subepithelial tissue, giving the appearance of a second Bowman's
layer.

Calcific band keratopathy may be confused clinically with climatic droplet keratopathy (a.k.a spheroidal
degeneration) and urate keratopathy, both of which present with a similar distribution of pathology. Climatic
droplet keratopathy is distinguished from calcific band keratopathy by its occurrence in endemic regions, the
more globular nature of the deposits, and the absence of calcium. Urate keratopathy is distinguished by the
brown color of the deposits.

Figure 2. Early band keratopathy, with a surrounding iron line, associated with juvenile idiopathic arthritis. The accompanying iron
line denotes the chronicity of the lesion.
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Figure 3. Late band keratopathy displaying a chalky, white consistency.
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Figure 4. Late band keratopathy secondary to chronic HLA-B27-associated uveitis. The "Swiss cheese"
appearance derives from lucent "holes" in the calcific pattern due to corneal nerve penetration through
Bowman's layer.
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In many cases, patients will present with an established cause for band keratopathy. While some cases may be
idiopathic, a thorough medical history and evaluation is indicated to exclude the following etiologies (1, 2):

1. Chronic ocular disease: uveitis (especially in association with juvenile idiopathic arthritis), herpetic
keratouveitis (especially herpes zoster), glaucoma, dry eye and exposure conditions, interstitial keratitis,
climatic droplet keratopathy, phthisis bulbi

2. Chemical exposure: mercury fumes, phosphate containing drops (e.g. certain steroid preparations,
pilocarpine, older viscoelastic agents), intraocular silicone, thiazides

3. Hypercalcemia: hyperparathyroidism, vitamin D toxicity, sarcoidosis, milk-alkali syndrome, nephropathic
cystinosis, hypophosphatemia, Paget's disease, multiple myeloma, metastatic cancer to bone, idiopathic

4. Hereditary disorders: Norrie's disease and congenital band keratopathy

5. Other systemic diseases: discoid lupus, gout, tuberous sclerosis, ichthyosis

Patients should be questioned about previous ocular therapy and topical medications, as well as excessive use
of vitamin D and calcium supplements. A reasonable baseline evaluation includes a urinalysis and serum
calcium, phosphorus, uric acid, blood urea nitrogen, and creatinine. If the patient displays signs or symptoms
suggestive of hyperparathyroidism, as summarized by the classic mnemonic "stones, bones, abdominal groans,
thrones, and psychiatric overtones," parathyroid hormone (PTH) levels should be obtained. Similarly, if
sarcoidosis is suspected, angiotensin-converting enzyme (ACE) and lysozyme levels should be drawn and a chest
x-ray should be obtained.

Medical Treatment

Patients with calcific band keratopathy are typically asymptomatic and can appropriately be managed with
observation. Mild ocular irritation can be managed with lubricating drops, gels, and/or ointments (1-3).
Moderate-to-severe irritation can be managed conservatively with a bandage soft contact lens. Arigid gas-
permeable hard contact lens or scleral lens can be used, if the visual axis is clear, to correct visual impairment
due to irregular astigmatism (Figure 5).

Figure 5. Paracentral band keratopathy associated with hyperparathyroidism that is inducing irregular
astigmatism. The best corrected visual acuity improved from 20/50 with spectacle correction to 20/20 with a
rigid contact lens.
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Surgical Treatment

Surgical treatment is offered for band keratopathy with visual impairment and/or ocular surface discomfort that
cannot be adequately managed with conservative measures. Because of the anatomic location of the calcific
deposits, superficial keratectomy is the procedure of choice (3-9). This can be performed manually, with or
without chemical chelation (3-5), or with excimer laser phototherapeutic keratectomy (PTK) (5-9).

Manual Superficial Keratectomy

Traditionally, manual dissection and removal of calcific deposits has been the treatment of choice for
symptomatic band keratopathy as the underlying Bowman's membrane is usually still a good refracting surface
(3). This simple procedure can be performed on an outpatient basis in a minor treatment room with the use of
an operating microscope and topical anesthesia. In many cases, a clean plane can be identified between the
calcific deposits and normal cornea, thereby permitting simple dissection and removal with a 57 Beaver blade.
We typically supplement with EDTA chemical chelation to facilitate more complete removal of the calcium
deposits as manual superficial keratectomy can leave an irregular refractive surface and poor vision if
performed too aggressively (4, 5).

Disodium EDTA is no longer commercially available, but can be obtained through compounding pharmacies for
the procedure. Our chemical chelation technique begins with manual debridement of corneal epithelium and
underlying loose calcific deposits with an Amoils scrubber and/or 57 or 69 Beaver blade (Video 1). We then apply
a filter paper disk soaked in 3% EDTA solution to the subepithelial calcium for intervals of approximately 3
minutes, followed by a thorough rinse with balanced salt solution. We feel there is less risk for limbal stem cell
damage when the EDTA is contained within the filter paper and have never observed toxicity from deep
penetration past Bowman's layer. Other options for application of EDTA include a sterile cotton tip applicator,
cellulose sponge, or a reservoir, such as a corneal trephine, to hold the solution. Further dissection is then
performed with a Beaver blade when appropriate, and the 3 minute cycles of EDTA application are repeated
until there is satisfactory removal of calcium. We do not routinely polish Bowman's membrane, but occasionally
use a battery-operated diamond burr or plan for excimer laser PTK if there is known destruction of Bowman's
membrane at the end of the procedure. Postoperatively, a bandage soft contact lens and prophylactic topical
antibiotics are used until the epithelial defect has healed.

The prognosis for visual improvement and relief of symptoms is excellent after EDTA chelation for band
keratopathy (3-5). More than 95% of patients experience partial or complete symptomatic relief (4). Vision
improvement commensurate with the degree of visual axis involvement can be expected in most cases (4),
although visual rehabilitation may be limited by existent pathology in the posterior segment.
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Video 1. EDTA chelation for band keratopathy. If video fails to load, use this link: https://vimeo.com/129315173
(https://vimeo.com/129315173)

Excimer Laser Phototherapeutic Keratectomy

Excimer laser PTK has become increasingly popular as an alternative to manual superficial keratectomy in the
management of superficial corneal pathology (5-9). The procedure removes approximately 0.25 pm of normal
corneal stroma (or 1/2000th of the corneal thickness) per pulse, thereby permitting more precise removal of the
desired depth of anterior stroma with less postoperative scarring than manual techniques, especially if
mitomycin Cis applied at the conclusion of the procedure. Unfortunately, excimer ablation of anterior stroma
can be associated a hyperopic shift that is proportional to the total depth of the ablation. The introduction of
scanning excimer laser models has reduced, but not completely eliminated, hyperopic shifts associated with
this procedure. Of greater concern, pathological tissue (especially calcium) ablates less effectively than normal
tissue. Uneven removal of normal and pathological tissue, in or adjacent to the visual axis, may induce irregular
astigmatism that compromises visual rehabilitation, even in the setting of an optical clear visual axis.

U.S. Food and Drug Administration-approved indications for PTK include superficial corneal scars, dystrophies,
and degenerations, including band keratopathy. We tend to reserve the use of PTK for recurrent or more
advanced cases of band keratopathy with dense, uniform involvement of the calcific deposits across the visual
axis in the interpalpebral fissure (as in Figure 4). In this situation, the superior ability of the excimer laser to
effectively and precisely remove the calcium offers the potential for a better visual outcome if appropriate
precautions are taken to minimize an undesirable hyperopic shift or induction of irregular astigmatism, as
described below. Conversely, we tend to avoid the use of PTK for paracentral band keratopathy or patchy
involvement within the visual axis (as in Figure 2) where the procedure does not offer a superior visual outcome
compared to manual techniques and poses a greater risk for induction of undesirable iatrogenic refractive
changes. In cases where there may be residual calcium in the visual axis after manual removal (as in Figure 3),
PTK "polishing" of the visual axis can be performed if care is taken to properly mask the non-involved stroma
within the optical zone (as described below).

The PTK technique begins by programming the desired ablation diameter and an ablation depth that will be
more than sufficient to complete the procedure. The ablation diameter is set between 6.0 and 9.0 mm (as per
the limits of the excimer laser model) to incorporate as much of the area of involvement as possible in the
ablation zone. The laser depth can be set as high as 100 pm with the understanding that (1) calcium ablates
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much less effectively than stroma; (2) no stromal ablation will occur in the de-epithelialized zone as long until
the calcium deposits remain confluent; and (3) no stromal ablation will occur in the de-epithelialized zone until
at least 30 pm of ablation has taken place. A refractive correction should not be programmed, due to
unpredictability regarding the amount of energy that will be required to remove the calcium deposits before
Bowman's layer is even reached. After the therapeutic goals have been achieved, residual hyperopia and regular
astigmatism can be corrected, if desired, during a subsequent procedure.

Once the laser program is set, the corneal epithelium is manually removed above the area of calcium deposition
in the interpalpebral fissure. The epithelium is left intact where there is no subepithelial calcium. Prior to
initiating the PTK, the "protuberant” calcium is "smoothed" as much as possible with a 57 or 69 Beaver blade in
order to facilitate a more uniform laser ablation. Immediately after drying the surface of the band keratopathy,
the ablation is initiated and carried out to a depth of 30 um or until the operating surgeon observes a break-up
of the uniform confluent calcium pattern in the central cornea, whichever comes first. If the confluent calcium
pattern is still present, a viscous lubricating drop (such as Celluvisc®) is applied to the epithelium outside the
ablation zone to maintain corneal hydration. The surface of the cornea within the ablation zone is thoroughly
dried, and the exposed calcium is once again "smoothed" with a Beaver blade. An additional 10 pm of ablation
treatment is applied and the treatment is halted. This sequence is repeated until the confluent calcium pattern
is lost and there is exposure of non-involved stroma within or adjacent to the remaining calcium.

When the pattern of residual calcium and normal exposed stroma is reached (either with the initial 30 pm
ablation or one of the subsequent 10 ym ablations), the procedure is modified. Once again, the corneal
epithelium outside the ablation zone is covered with a viscous lubricating drop. The exposed calcium is again
"smoothed" with a 57 or 69 Beaver blade. A non-viscous lubricating drop (e.g. Refresh®) is applied and
meticulously spread over the ablation zone, taking care to ensure the peaks of the calcium deposits are exposed
and the valleys of unaffected stroma are "masked" and protected from excimer laser energy. An additional 10
um of ablation treatment is applied and the treatment is halted. This sequence is repeated until most, if not all,
of the calcium deposits have been removed.

At the conclusion of the procedure, mitomycin-C 0.2 mg/ml s applied with a pledget to the central cornea for 12
seconds and then thoroughly rinsed away to avoid unnecessary surface toxicity. A bandage soft contact lens is
used, along with prophylactic topical antibiotics, until the epithelial defect has healed. Topical steroids (e.g.
prednisolone acetate 1.0%) are used 4 times daily and tapered over 4 to 6 weeks.

The prognosis for visual improvement and relief of symptoms is excellent following PTK for band keratopathy (5-
9). More than 95% of patients experience partial or complete symptomatic relief. There will be improvement in
best-corrected vision that is commensurate with the level of clearing of the deposits in the visual axis and
posterior segment health. In many cases, an adjustment of the spectacle correction will be necessary to achieve
the best visual outcome. In some cases, the use of the rigid hard contact lens may be required for maximum
visual rehabilitation.

In conclusion, both manual superficial keratectomy (with or without EDTA chelation) and excimer laser PTK are
effective procedures for treating calcific band keratopathy. While manual treatment is suitable for all cases of
band keratopathy, we prefer to reserve the use of PTK for cases with dense, uniform involvement of the visual
axis, or as a "polishing procedure" when manual techniques cannot adequately clear the visual axis. If properly
performed, surgical removal of band keratopathy is almost invariably associated with an excellent prognosis for
visual improvement and symptomatic relief.
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