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Abstract: A 62-year-old Caucasian male was referred to retina for choroiditis and uveitis.
Multiple areas of yellow irregularities were noted on fundus exam throughout the periphery of
both eyes, corresponding to lesions at the sclerochoroidal junction on OCT. A diagnosis of
sclerochoroidal calcifications (SCC) was confirmed by B-ultrasonography, fundus photography,
OCT imaging, and fluorescein and indocyanine green angiography. Systemic metabolic studies
were performed, which showed reduced renal function with increased serum calcium; however,
SCC lesions in this case were most likely idiopathic. In this work, we report the clinical findings,
appearance on multimodal imaging, and systemic associations of sclerochoroidal calcification.
Sclerochoroidal calcifications are an unusual clinical finding that tends to be idiopathic, but
a focused workup and specialist referral may be warranted to exclude systemic conditions asso-
ciated with abnormal calcium-phosphate metabolism or hypokalemic metabolic alkalosis
syndromes.
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Introduction

Sclerochoroidal calcification (SCC) is an uncommon, benign ophthalmic finding occur-
ring in predominantly elderly, Caucasian patients of either gender." Histologically,
calcium pyrophosphate is deposited within the sclera, choroid, or both. The peripheral
retina has been defined by Duke-Elder and Rutnin, respectively, as either outside the
macula or anterior to the vortex veins entrances.” In this work, the former definition will
be used. SCC is characterized by yellow-white sub-retinal lesions, classically located in
the superotemporal or superonasal quadrants and mid-peripheral region of the fundus,
often between the equator and retinal arcades or alongside the arcades.'** Despite well-
known features, this condition is often misdiagnosed as a choroidal metastasis, nevus,
melanoma, osteoma, or lymphoma and has resulted in unnecessary intervention.” In the
setting of concomitant cancer, differentiating the presence of incidental SCC from
metastasis is especially important.” SCC is most commonly idiopathic, around 79%
of cases,” but it may be associated with recurrent episodes of inflammation or disorders

of calcium metabolism or the renal tubulopathies, Bartter and Gitelman syndromes.*

Case Report
A 62-year-old Caucasian male with a history of hypertension, hypercholester-
olemia, type 2 diabetes without ocular complications, and arthritis was referred
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to retina for choroiditis and uveitis. The patient had no
ocular complaints besides an occasional “eye itch.”
Systemic medications included metformin, allopurinol,
losartan, atorvastatin, and Vitamin D. Social and family
history were noncontributory. At presentation, corrected
visual acuity by Snellen chart was 20/60-2 right eye and
20/60 left eye. On exam, bilateral mild nuclear sclerotic
and trace cortical cataracts were noted with rare flare in
the anterior chamber. Trace cells and 1+ flare was noted
in the left eye at a 3-week follow-up. Fundus examina-
tion revealed yellow-white lesions predominantly in the
superotemporal near-peripheral and mid-peripheral
regions of the fundus bilaterally. The exam was other-
wise normal. Fundus photos, fluorescein angiography
(FA), Indocyanine green angiography (ICGA), macula
OCT,

Fundus photography demonstrated extensive bilateral

and B-scan ultrasonography were obtained.

lesions (Figure 1A and B). B-scan ultrasonography

revealed multiple hyperechoic lesions at the sclerochor-
oidal junction (Figure 1C and D). Fundus autofluores-
cence showed hyperautofluorescence of the lesions
(Figure 2). Late-phase FA revealed peripheral staining
without obvious leakage, and ICGA revealed multifocal,
scattered hypocyanescent lesions in the peripheral retina
of both eyes in all phases with some hypervascularity of
the macular area (Figure 3). The FA also appear to
demonstrate hypofluorescent lesions corresponding to
areas of choroidal compression. Macular OCT showed
scleral thickening with a “rocky-rolling” contour and
compression of overlying choroid at and surrounding
lesions (Figure 4). Calcium metabolism and renal func-
tion labs were obtained, revealing reduced renal function
with increased serum calcium (Table 1). The diagnosis
of sclerochoroidal calcification was made and additional
hematologic, infectious, and autoimmune (HLA-A29)
testing was negative for causes of uveitis. Upon 6

Figure | Fundus photography and B-scan ultrasonography of sclerochoroidal calcification lesions. (A) There are dense yellow-white lesions in the superotemporal region
near the superior retinal arcades in the right eye. (B) Fundus photography shows scattered calcifications in the superotemporal region of the fundus in the left eye. (C and
D) Ultrasonography in both eyes shows hyperechoic lesions at the level of the choroid-scleral junction with posterior shadowing.
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Figure 2 Blue-light autofluorescence of the right eye (left eye not shown) displaying
an autofluorescent lesion adjacent to the superior and inferior retinal arcades.

month follow-up, the examination and OCT imaging
results were unchanged.

Discussion

SCC is characterized by calcium deposition within the
sclera, eventually invading the choroid and manifesting
as a yellow-white choroidal mass. Lesions are bilateral in
approximately 52% of cases.' Patients with SCC are typi-
cally Caucasian with a mean age of 69 years-old and have
a slight female predominance (60%).! SCC is most often
asymptomatic; however, a relative scotoma in areas of
corresponding chorioretinal atrophy overlying SCC lesions
may be seen.’” Rarely, visual deterioration is seen in SCC
due to the development of choroidal neovascularization
(CNV) with exudation extending to the macula.® The
differential

nevus, osteoma, chorioretinitis, and intraocular lymphoma

includes choroidal metastasis, melanoma,
which may be differentiated upon exam, imaging, and
angiography.* SCC findings on multimodal imaging are
summarized in Table 2.

Diagnosis of SCC can be made with fundoscopic
examination. Ancillary testing may confirm the
diagnosis.* However, extensive testing and imaging for
incidental findings of SCC is unnecessary. Hasanreisoglu
et al® have classified these calcium deposits based on
enhanced depth imaging optical coherence tomography

(EDI-OCT) appearance. They described four types of

lesions (flat, rolling, rocky-rolling, or table mountain)
based on scleral contour, and the “rocky-rolling” appear-
ance may be unique to SCC, helping differentiate it from
more concerning lesions. However, the exact utility of
classifying these lesions in this way requires further
research. On OCT imaging, the choroid is thin above
these lesions, and there may be thinning of the retina
with an absence of the external limiting membrane and
disruption of the ellipsoid zone.> The RPE may be thin,
normal, or thickened above the lesion.*® “Rocky-rolling”
type lesions have a significantly higher rate of RPE and
ellipsoid zone abnormalities compared to the other types.°®
B-Scan ultrasonography will demonstrate a dense echo-
genic mass with posterior shadowing.® If the calcium
deposits are located within the outer sclera, ultrasonogra-
phy may uncover hyperechoic plaques in eyes with mild
RPE alterations or an otherwise normal appearance.4

On FAF, lesions may be hyperautofluorescent, but
hypoautofluorescent lesions with a hyperautofluorescent
halo have also been observed.”'®'" Fung et al®> hypothe-
sized the hyperautofluorescence was due to thinning of the
choroid, revealing hyperautofluorescent sclera or calcific

tissue. Another explanation has been proposed by

Caminal-Mitjana et al'®

based on correlating FAF and
spectral domain-OCT findings. The authors assert that
choriocapillaris compression by scleral lesions leads to
RPE dysfunction and accumulation of lipofuscin,
a fluorophore, within the RPE. As RPE-choriocapillaris
outpouching develops on SD-OCT, there is diminished
autofluorescence likely corresponding to RPE atrophy
and lipofuscin loss. Where the RPE is healthy, the FAF
is isoautofluorescent. FA findings over lesions may
demonstrate hypofluorescence in the arterial phase fol-
lowed by progressively intensifying hyperfluorescence,
possibly due to increased scleral staining around the
lesions.'® In areas of RPE atrophy, the transmission of
choroidal vasculature through window defects may be
seen. FA may also reveal CNV, a rare association with
scc.?

ICGA findings vary and are somewhat lacking in the
literature. It may show hypocyanescence in all phases'? or
hypocyanescence during early phases with mild and pro-
gressive hypercyanescence in later phases.” Mitamura et -
al'' described a case of bilateral SCC in the setting of
secondary hyperparathyroidism with ICGA findings simi-
lar to our patient’s. Their patient displayed choroidal vas-
cular hyperpermeability in the macular area with scattered
hypocyanescent lesions in the peripheral fundus on ICGA
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Figure 3 Fluorescein angiography of right (A) and left (B) eyes displays mild-moderate late phase staining with no obvious leakage. Indocyanine green angiography (ICGA) of
right (C) and left (D) eyes shows extensive, multifocal hypofluorescent lesions in the near-peripheral and mid-peripheral fundus with choroidal vascular hyperpermeability of

the macular area.

Figure 4 OCT imaging of representative SCC lesions in the right eye (left eye not shown) near the (A) superior and (B) inferior retinal arcades. The sclera appears to have

a “rocky-rolling” surface with thinning of overlying choroid.

with dilated Haller layer veins on OCT. They hypothesize
this was due to multiple points of choroidal circulation
impairment due to scleral lesions causing compression and
subsequent vascular congestion. However, their patient
had dialysis-dependent chronic kidney disease, which

also causes systemic vascular dysfunction. Lastly, orbital
computer tomography will show a radiodense scleral
lesion, confirming the presence of calcification.’

The pathogenesis of SCC may be either dystrophic,

idiopathic, or metastatic.*'> Dystrophic calcification
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Table | Laboratory Workup

Component Result Standard Range
BUN 35 mg/dL 7-25 mg/dL
Creatinine 1.42 mg/dL 0.7-1.25 mg/dL
eGFR 53 mU/min/1.73m? | >60 mL/min/1.73m?
BUN/creatinine ratio 25 6-22

Calcium 11.3 mg/dL 8.6—10.3 mg/dL

Notes: Laboratory workup revealed mildly elevated calcium levels with mild renal
dysfunction.
Abbreviations: BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rates.

Table 2 Sclerochoroidal Calcification Findings on Multimodal
Imaging

Imaging SCC Findings

Fundoscopy o Multifocal or isolated yellow-white sub-retinal
lesions of varying size. Non-obvious lesions may
present as RPE alterations.

® Lesions classically located in superotemporal or
superonasal quadrants and adjacent to retinal
arcades or the mid-periphery between the

equator and arcades.

OCT/EDI-OCT ® Scleral lesion with thinning of overlying choroid
and possible thinning of retina with absence of the
ELM and ellipsoid zone (formerly IS/OS junction)
layers.

o Four patterns have been described based on
EDI-OCT findings: . flat, 2. rolling, 3. rocky-
rolling, 4. table mountain. Rocky-rolling is most

characteristic of SCC.

B-Scan
Ultrasonography

® Hyperechoic mass with posterior shadowing.

Fundus ® Lesion(s) may be hyperautofluorescent or

Autofluorescence hypoautofluorescent with hyperautofluorescent

halos depending on extent of RPE atrophy.

Fluorescein o Hypofluorescence in early arterial phases

Angiography followed hyperfluorescent staining with
progressing intensity and no obvious leakage.

® May reveal CNV if present.

Indocyanine Green ® Hypocyanescence in all or early phases

Angiography followed by mild and progressive
hypercyanescence in later phases.

® Scattered hypocyanescent lesions with
choroidal vascular hyperpermeability of the

macular area.

Orbital CT o Radiodense scleral lesion(s) due to presence of

calcium

Notes: Data from these studies®®'%'2,

Abbreviations: SCC, sclerochoroidal calcification; RPE, retinal pigment epithe-
lium; OCT, optical coherence tomography; EDI-OCT, enhanced depth imaging-
OCT; ELM, external limiting membrane; IS/OS, inner segment/outer segment;
CNV, choroidal neovascularization; CT, computer tomography.

occurs after chronic tissue damage or necrosis, such as
senile degeneration, chronic inflammation, or severe
trauma in the setting of normal calcium-phosphorus
metabolism.* Idiopathic cases of SCC typically seen in
elderly patients may be related to the dystrophic changes
caused by chronic movement of the oblique muscles,
which has its insertion near a common location for SCC,
the temporal arcades. Evidencing this hypothesis is that
the calcified plaques near insertion sites of horizontal recti
muscles are histologically identical to SCC.* Metastatic
calcification develops in normal tissue due to an abnormal
calcium-phosphorus metabolism seen in hyperparathyroid-
ism, pseudohypoparathyroidism, sarcoidosis, hypervitami-
nosis D, and chronic renal failure.

Disorders of abnormal calcium-phosphorus metabolism
are commonly found in patients with SCC (Table 3).
A review of 179 eyes from 118 patients by Shields et al'
found 27% of patients had hyperparathyroidism, and 15%
had a parathyroid adenoma. SCC is also seen in secondary
hyperparathyroidism due to chronic renal failure, wherein
phosphate retention and decreased vitamin D activation
lead to

compensation.' Increased serum calcium, phosphate, and

hypocalcemia and elevated parathyroid
calcium-phosphate products inducing soft tissue calcifica-
tion, and SCC has been observed in hypervitaminosis
D-related disorders such as sarcoidosis producing 1,25-
dihydroxy-cholecalciferol and vitamin D intoxication

Table 3 Diseases Associated with Sclerochoroidal Calcification

I. ldiopathic

2. Hormone Dysfunction
a. Parathyroid disorders
i. Primary Hyperparathyroidism (eg, Parathyroid adenoma)
ii. Secondary Hyperparathyroidism (eg, Chronic kidney disease)
b. Vitamin D disorders
i. Hypervitaminosis D
ii. Hypovitaminosis D

iii. Sarcoidosis

3. Inherited disorders
a. Primary renal tubular hypokalemic metabolic alkalosis
i. Classic Bartter Syndrome
ii. Gitelman Syndrome
b. Albright hereditary osteodystrophy (type |a Pseudohypoparathyroidsim)
c. CPPD/Pseudogout®

4. Acquired disorders

a. Diuretic induced hypokalemic metabolic alkalosis

Notes: Data from these studies."'>'*"'82223 2CPPD also presents as an acquired
disease.
Abbreviation: CPPD, calcium pyrophosphate dihydrate deposition disease.
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from ingesting large doses of vitamin D.'*'* Two cases of
SCC associated with hypovitaminosis D have also been
reported. Sierra-Rodriguez et al'* and Ale & David"
describe a case of SCC associated with isolated vitamin
D deficiency of 4 ng/mL and 8.9 ng/mL, respectively. As
with hypervitaminosis D, the exact mechanism of calcifi-
cation development is unclear, but hypovitaminosis D may
lead to calcification by disinhibiting PTH secretion or
causing dysfunction of inflammatory pathways."?

Pseudohypoparathyroidism (PHP) includes several
related disorders involving resistance to parathyroid hor-
mone and subsequent hypocalcemia and hyperphosphate-
mia. Extensive SCC has been reported in several cases of
type la PHP, known as Albright hereditary osteodystro-
phy. This disease is due to the inactivation of the GNASI
gene, and it presents with characteristic facies, brachydac-
tyly, renal dysfunction, electrolyte abnormalities, subcuta-
neous calcifications, and developmental delay.'®'"”

In 118 patients with SCC, Shields et al' found primary
Bartter syndrome was present in 2% and Gitelman syn-
drome secondary to diuretic use in 11%. SCC in primary
Gitelman syndrome has also been described.'® It is impor-
tant to determine the presence of these diseases because
electrolyte abnormalities, and potential cardiac arrhyth-
mias, can be fatal without appropriate management.'
Although Bartter and Gitelman syndromes have different
etiologies, the clinical presentation—normotensive hypo-
kalemic metabolic alkalosis—is often similar.

There are five variants of Bartter syndrome with
defects of different channels located in the thick ascending
limb of the nephron. Most variants present antenatally
with polyhydramnios and postnatally with characteristic
facies, salt wasting, polyuria, polydipsia, marked hypoka-
lemia, metabolic alkalosis, hypercalciuria, and failure to
thrive.'” Classic Bartter’s syndrome, type III, may display
some or all of these features, but it is historically consid-
ered a milder variant and may present in adulthood with or
without developmental delay.”® With its milder features,
classic Bartter syndrome is often confused with Gitelman
syndrome. The presence of normal or high urine calcium
found in Bartter syndrome will differentiate it from
Gitelman syndrome, where urine calcium is always low.
Gitelman syndrome is caused by an autosomal recessively
inherited mutation of the thiazide-sensitive sodium chlor-
ide cotransporter in the distal convoluted tubule. It usually
presents after the age of 6 years old with metabolic alka-
losis, hypomagnesemia, hypokalemia, hypocalciuria, and
chondrocalcinosis. Hypomagnesemia may be present in

Bartter syndrome but is more characteristic of Gitelman
syndrome.°

Bartter and Gitelman syndromes and other causes of
hypomagnesemia have been associated with calcium pyro-
phosphate dihydrate deposition disease (CPPD), also called
pseudogout.?! CPPD, particularly familial disease,”” has
been associated with SCC as well.** Although the mechan-
isms behind these associations are unclear, hypomagnesemia
has been implicated in the development of CPPD and may
also contribute to SCC development via the formation of
calcium pyrophosphate dihydrate crystal.**' Magnesium
inhibits crystal formation by several mechanisms; it increases
crystal solubility, decreases inorganic pyrophosphate produc-
tion, and acts as a cofactor of alkaline phosphatase, which
hydrolyzes inorganic pyrophosphate.'*!

After finding incidental SCC, further laboratory screen-
ing for calcium-phosphate metabolism dysfunction and renal
tubulopathies is warranted with a prompt nephrology referral
if concerning abnormalities are detected. A list of possible
testing includes renal function tests; serum levels of para-
thyroid hormone, calcitonin, vitamin D, and alkaline phos-
phatase; and blood and urine levels of calcium, potassium,
phosphate, and magnesium." In our case, workup revealed
mild hypercalcemia and mildly impaired renal function. Our
patient was also taking vitamin D. However, our patient’s
overall clinical gestalt suggests idiopathic SCC.

Treatment for SCC is conservative with the management
of any underlying disease. SCC lesions have been shown in
some cases to slowly enlarge over the span of years with, as
of yet, unknown consequences.”*** Given the rare yet pos-
sible development of CN'V, some authors recommend regular
visits every couple of years with imaging.** In cases of CNV
requiring treatment, anti-VEGF intravitreal injections, argon
laser photocoagulation, and photodynamic therapy have
shown success.’ Clinical prognosis will vary depending on
systemic associations, but visual prognosis, especially in
idiopathic cases, is generally good as parafoveal or foveal
involvement or CNV development is rare.*

Conclusion

Although SCC association with underlying systemic condi-
tions is rare, excluding systemic disease with a detailed
examination, laboratory workup, and ancillary multimodal
imaging may be warranted. Imaging such as OCT (prefer-
ably EDI-OCT), FA, ICGA, or B-scan ultrasonography and
laboratory testing such as parathyroid, renal function, cal-
cium, and vitamin D testing along with assessing diuretic
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use, may elucidate this rare, incidental finding and rule out

concerning disease or prevent unnecessary intervention.

Informed Consent/Institutional
Approval

Informed consent to publish their case details and images
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