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ABSTRACT

Purpose: To describe the petal-shaped corneal pattern in a patient with posterior amorphous corneal dystrophy.

Observation: A 19-year-old male affected by Graves’ disease presented corneal grey sheet-like opacities and high hyperopia. Corneal topography showed reduced k-
values compatible with cornea plana and reduced corneal pachymetry. The anterior segment optical coherence tomography showed a hyperreflective band at the
posterior stroma-Descemet-Endothelium layers in both eyes. Slit lamp examination with cobalt blue filter showed a corneal pattern resembling a petal in right eye;
the pattern was similar but incomplete in left eye.

Conclusion & importance: After an exhaustive literature review conducted from October 1st to 30th, 2023, utilizing online databases like PubMed and Google Scholar,
and employing keywords such as “Corneal Dystrophy,” “Slit Lamp,” “Cornea,” and “Posterior Amorphous Corneal Dystrophy,” we found no previous reports detailing
the whole corneal pattern using a blue cobalt filter on the slit lamp in cases of posterior amorphous corneal dystrophy. Cobalt blue filter was an effective method for

capturing the full photographic corneal pattern of the patient posterior amorphous corneal dystrophy.

1. Introduction

Corneal dystrophies constitute a group of rare inherited disorders
characterized by bilaterality, symmetry, early onset and a slowly pro-
gressive course. They are often characterized by the deposition of
various substances into the affected corneal layer(s), impacting refrac-
tion and vision.! According to the latest update from the International
Committee for the Classification of Corneal Dystrophies (IC3D), these
entities are categorized into four different types based on genetic, clin-
ical, and histological characteristics: (i) epithelial and subepithelial
dystrophies, (ii) epithelial-stromal TGFBI dystrophies, (iii) stromal
dystrophies, and (iv) endothelial dystrophies.! Posterior Amorphous
Corneal Dystrophy (PACD) is an autosomal dominant disease classified
within the group of stromal dystrophies. It is associated with known
gene deletions of keratocan (KERA), lumican (LUM), decorin (DCN) and
epiphycan (EPYC) at the 12q21.33 locus.? Typically, it is diagnosed in
the first decade of life in children exhibiting other systemic disorders
with non-established correlations. High hyperopia has been observed,
and visual acuity is generally 20/40 or better.! Slit lamp examination
reveals grey sheet-like stromal opacities extending to the limbus with
interspersed areas of clear cornea.” Two distinct types have been
described: i) a centroperipheral form with entire corneal involvement

extending to the limbus, associated with higher hyperopia; ii) a pe-
ripheral form characterized by a lower grade of hyperopia.® Stromal
breaks with involvement of the Descemet complex may be present. Cases
featuring corectopia, a prominent Schwalbe line, pupillary remnants,
iris abnormalities and keratoglobus have been reported.® Corneal
topography highlights a flat cornea (<41 diopters) and a reduced
corneal thickness (<400 pm). In vivo confocal microscopy has revealed
microfolds and hyperreflectivity in the posterior stroma. Extracellular
colloidal iron staining has been observed in the posterior stroma with
light microscopy. 78

Due to the rarity of this condition, to date, there is limited data on the
exact pattern of posterior stromal opacification. We describe herein a
case of centroperipheral PACD that shows a novel corneal pattern
resembling a petal.

2. Case report

A 19-year-old male was referred to our center for reduced visual
acuity. Graves’ disease (GD) was diagnosed 3 years before by the
endocrinology unit staff. The levels of TSH receptor antibodies (TRAD)
were found to be higher than 1.75 IU/L. On physical examination, pa-
tient had a height of 163 cm (5'4") and a weight of 59 kg (130 Ibs),
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Fig. 1. Slit lamp examination of PACD. (A, B) Grey sheet-like opacities spaced by clear cornea areas (slit lamp: 5 mm wide light beam at 45°). (C, D) Hyperreflectivity
of the posterior cornea layers (slit lamp: 0.2 mm wide light beam at 45°). (A, C) Small pupillary membrane remnant. (E, F) Slit lamp examination with cobalt blue
filter showed a corneal pattern resembling a petal in RE; the pattern was similar but incomplete in LE. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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Fig. 2. (A) The corneal topography shows reduced k-values compatible with a cornea plana. In the lower part of the figure, the pachymetry maps show a corneal
thinning with values less than 480 pm. (B) The AS-OCT image shows a corneal section presenting an hyperreflective band at the posterior stroma-Descemet-

Endothelium layers in OU.

without any other pathological signs. Family history revealed that the
father suffered from high hyperopia with traces of white, deep-stromal
corneal opacities. The patient does not have any siblings, and accurate
data on previous generations were not available. Previous ophthalmo-
logical charts highlighted a history of contact lens wearing since the age
of 5 when exoforia was diagnosed and treated with alternating occlu-
sion. Corneal grey sheet-like opacities were also detected in both eyes
(BE) for the first time. Absence of corneal iron deposit were noted. Best
corrected visual acuity (BCVA) was 20/70 in the right eye (RE) and 20/
40 in the left eye (LE) with a hyperopic correction. Slit lamp examina-
tion revealed grey sheet-like opacities spaced by clear cornea areas
(Fig. 1A-B) and hyperreflectivity of the posterior cornea layers
(Fig. 1C-D). A small pupillary membrane remnant was also present in
the RE anterior chamber (Fig. 1A-C). The use of blue cobalt filter
enhanced, in the paracentral zone, a continuous (RE) and incomplete
(LE) ring of clear cornea surrounded by grey sheet-like opacities, orga-
nized in a petal-shaped corneal pattern in the patient’s RE that was
incomplete in his LE (Fig. 1E-F). The areas of the clear cornea high-
lighted with a blue cobalt filter corresponded to the conformation
observed in diffuse illumination. Corneal topography (CASIA SS-1000
OCT, Tomey Corporation, Japan) showed a cornea plana (Kf = 35.1 D,
Ks = 39.5 D in RE and Kf = 34.4 D, Ks = 39.7 D in LE). Pachymetry
revealed corneal thinning (490 pm in RE and 467 pm in LE) (Fig. 2A). A
hyperreflective band was visible in the inner stromal-Descemet-
endothelium complex at the anterior segment optical coherence to-
mography (AS-OCT) scan (CASIA SS-1000 OCT, Tomey Corporation,
Japan) (Fig. 2B). Axial length (AL) measured using IOL Master 700 (Carl
Zeiss Meditec AG, Jena, Germarny) was normal (23.15 mm in RE and 23.27
mm in LE). Noncontact specular microscopy (Cell Check, Konan Specular
Microscope XVII, Japan) performed in the corneal areas without abnor-
malities showed a normal endothelial cell density (2340 cells/mm? in
RE and 2442 cells/mm? in LE); conversely, the density was not
measurable in the transition zones between clear and grey sheet-like
cornea. Since no data concerning patient’s relatives were available,
the diagnosis of PACD was reached based on clinical findings only.

3. Discussion

PACD is a rare autosomal dominant inherited corneal dystrophy. The
associated genetic mutations for this condition are located at Locus
12@21.33 and involve the deletion of genes: KERA, LUM, DCN, and
EPYC.? Being a rare disorder, genetic diagnosis has historically been a
primary focus of investigation. Yet, an exact description of corneal
opacification is also lacking. Amorphous sheet-like opacifications in the
posterior third of the corneal stroma have been first described in 1977
based on slit lamp examination,® as well as using in vivo confocal mi-
croscopy, ultrasound biomicroscopy and AS-OCT.® ! In a case, electron
microscopy was used to assess the corneal tissue of a patient with PACD
following penetrating keratoplasty. This examination revealed disorga-
nization of collagen fibers in the posterior stroma, loss of endothelial
cells, and disruption of the Descemet membrane.” GD is a targeted
autoimmune condition that causes an excessive release of thyroid hor-
mones, known as hyperthyroidism. While various conditions can lead to
hyperthyroidism, GD is the predominant cause in Western nations,
presenting an annual rate of 20 instances per 100,000 individuals.'? One
of the hallmark clinical features, beyond hyperthyroidism, is the ocular
involvement, often referred to as Graves’ ophthalmopathy or thyroid
eye disease. Although GD disease and its ocular manifestations are well
known, no correlation with any corneal dystrophy has been
described.'>!*

Over the years, PACD has been extensively researched to better un-
derstand its clinical and genetic features. Each researcher has contrib-
uted, adding a piece to the comprehensive understanding we have of this
disease today (Table 1). After an exhaustive literature review conducted
from October 1st to 30th, 2023, utilizing online databases like PubMed
and Google Scholar, and employing keywords such as “Corneal Dys-
trophy,” “Slit Lamp,” “Cornea,” and “Posterior Amorphous Corneal
Dystrophy,” we found no previous reports detailing the whole corneal
pattern using a blue cobalt filter on the slit lamp in cases of posterior
amorphous corneal dystrophy. In 1977, Carpel et al. presented a case
series of 3 generations of relatives presenting at the slit lap examination
bilateral, large and amorphous sheet-like opacifications and corneal
thinning. The progression over the generations indicated for an
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List of scientific papers published in the literature detailing the number of patients involved, along with all updates and new findings that have contributed to the

current understanding of PACD.

Journal, Year Author Study Design N° of Findings
patients
American Journal of Carpel E.F. Case Series 10 e Grey sheet-like corneal opacities and corneal thinning
Ophthalmology, 1977
Archives of Ophthalmology, Dunn S.P. Case Series 8 oPACD features: iris abnormalities, prominent Schwalbe line and extension of the opacity to
1984 the limbus.
Ophthalmology, 1990 Johnson A.T. Case Report 1 eLight microscopy: irregulates of the posterior stroma and focal attenuation of endothelial
cells
eElectron microscopy: disorganization in the collagen fibers in the posterior stromal
Ophthalmology, 1990 N/A Case Report 1 ePenetrating Keratoplasty
Cornea, 1992 Roth S. Case Report 1 eSuggesting that PACD is a general corneal condition instead of posterior stromal only, due to
microscopy findings.
American Journal of Bradford B. Case Series 7 eSuggest a more suitable classification among corneal dysgeneses rather than corneal
Ophthalmology, 1995 dystrophies.
eCornea ectasia associated with 1 case of PACD.
Ophthalmology, 1996 Moshegov C. Case Series 9 eCharacterization of centroperipheral and peripheral forms
N.
Cornea, 2002 Castelo Case Series 2 oUBM: deep stromal linear opacities and superior corneal thinning
Branco B.
Arquivos Brasileiros de Oliveira L.A. Case Report 1 eConfirmation of UBM findings
Oftalmologia, 2006
Clinical & Experimental Erdem U. Case Report 1 eIn vivo confocal microscopy: microfolds and hyper-reflective band at the posterior stroma-
Ophthalmology, 2007 endothelium
Investigative Ophthalmology & Aldave A.J. Cross- 21 eLinkage and haplotype analyses identified 12q21.33 as a locus for PACD
Visual Science, 2010 sectional
study
PLoS One, 2014 Kim M.J. Cross- 35 eArray-based copy number analysis and qPCR: hemizygous deletion in the PACD linkage
sectional interval containing 4 genes encoding SLRPs: KERA, LUM, DCN, and EPYC. PACD is
study characterized by haploinsufficiency of SLRPs on chromosome 12.
Ophthalmic Genetics, 2017 Odent S. Case Report 1 eDescription of a PACD with de novo deletion of chromosome 12q21.33-q22
Cornea, 2017 Fay J. Case Report 1 eDescription of a case of PACD developing a bilateral Keratoglobus
Ophthalmic Genetics, 2018 Cervantes A. Case Series 3 eDescription of AS-OCT appearance
E. o Confirmation of a heterozygous deletion of chromosome 12q21.33 as the cause of PACD.
eldentification of the smallest deletion: 0.304-Mb
Ophthalmic Genetics, 2018 Lenk J. Case Report 1 eCorroboration of the previous observations that PACD is a contiguous gene syndrome caused
by combined haploinsufficiency of DCN, KERA, LUM, and EPYC.
oThe first example of a balanced chromosome rearrangement involving 12q21.33 in an
unaffected parent.
Ophthalmic Genetics, 2021 Yung M. Case Series 2 ePossible association of corneal ectasia with PACD. Being the genetic testing for PACD fails to
reveal pathogenic deletions or mutations, other genetic factors could be possibly involved.
Cornea, 2022 Basbus F.J. Case Report 1 eConfocal microscopy: enlarged keratocytes and small reflective deposits extending from the

pre-Descemet line to the endothelium.
eldentification of 447-kb deletion of the small leucine-rich proteoglycan-coding region at
locus 12q21.33.

autosomal dominant inheritance pattern.® In 1984, the main examina-
tion findings were enhanced in a group of 8 relatives spanned in 5
generation. Some features were found to be related to this condition,
such as iris abnormalities, prominent Schwalbe line and extension of the
opacity to the limbus.® In 1990, Johnson et al. described for the first time
the findings of light microscopy and electron microscopy in the corneal
lamellae of a PACD patient obtained after penetrating keratoplasty.
Light microscopy showed irregulates and rupture of the posterior stroma
of and focal attenuation of endothelial cells, while electron microscopy
enhanced disorganization in the collagen fibers in the posterior stromal.
Endothelial cells loss and Descemet membrane interruption were also
present.” Penetrating keratoplasty was proposed as surgical treatment in
a patient suffering from PACD.'® An ultrastructural evaluation of the
sample collected revealed subepithelial deposits, mild stromal abnor-
malities and a dense layer of collagen is located behind Descemet’s
membrane, indicating that this form of PACD is a general corneal con-
dition encompassing both endothelial and epithelial irregularities.'® In
1995, Bradford et al. described 7 cases exhibiting known signs of PACD,
associated with iridocorneal adhesions, cornea plana and progressive
corneal ectasia. According the authors, these findings suggested a more
suitable classification among corneal dysgeneses rather than corneal
dystrophies.'” In 1996, two different forms of PACD, analyzing a family
of 9 relatives, were characterized. The centroperipheral form presented
a whole corneal involvement up to the limbus associated with high

grade of hyperopia due to corneal flattening with less than 41 diopters.
The less severe form, the peripheral one, showed only peripheral
involvement and minor hyperopia, with more than 41 diopters but a
similar central corneal thinning.* In 2002, the ultrasound biomicroscopy
(UBM) findings showing deep stromal linear opacities and superior
corneal thinning were described for the first time in two relatives'® and
later confirmed in 2006 in another case.'' In 2007, one patient with
PACD underwent in vivo confocal microscopy of the cornea showing
microfolds and hyper-reflective band at the posterior stroma-endothe-
lium.® In 2010, genome-wide analysis was performed in 21 patients
affected by PACD and significant evidence of linkage to chromosome
region 12q21.33 and 8q22.3 was provided. No coding region mutations
were identified in KERA, LUM, DCN, and EPYC.'” In 201 4, Kim et al.
analyzed 3 different families with overall 35 affected patients and
discovered that small leucine-rich proteoglycans (SLRPs) gene has a role
in maintaining cornea clarity and the PACD is characterized by hap-
loinsufficiency of SLRPs on chromosome 12. Array-based copy number
analysis and quantitative Polymerase Chain Reaction (QPCR) confirmed
a hemizygous deletion in the PACD linkage interval containing 4 genes
SLRPs: KERA, LUM, DCN, and EPYC.?’ Cases of PACD with de novo
deletion were described for the first time in 2017.%! In the same year, a
case of confirmed PACD, with 15 years of follow-up, demonstrated a
progressive development of bilateral keratoglobus-type corneal ectasia.
Further analysis could highlight a possible correlation between these
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two conditions involving the cornea.” In 2018, Lenk et al. reported a
case involving a young patient with cryptorchidism, delayed psycho-
motor development and signs of PACD, who had an interstitial deletion
of 1.3 Mb in 12q21.33. It has corroborated that PACD is a contiguous
gene syndrome resulting from combined haploinsufficiency of the DCN,
KERA, LUM, and EPYC genes. Interestingly, this study also presented the
first instance of a balanced chromosome rearrangement in 12q21.33
found in an unaffected parent.’ Cervantes et al. reported 3 cases of PACD
in a family describing the appearance on AS-OCT with an evenly
distributed posterior stromal hyperreflectivity across the cornea
involving the posterior third of the stroma. Moreover, it has been re-
ported that the 0.304-Mb deletion is the smallest identified to date.'® In
2021, have been described 2 cases of likely PACD presenting concomi-
tant corneal ectasia with steepening without a heterozygous deletion
involving the PACD locus on chromosome 12 2. Based on the most recent
case of PACD described in the literature, confocal microscopy revealed
enlarged keratocytes and small reflective deposits extending from the
pre-Descemet line to the endothelium. Additionally, a 447-kb deletion
encompassing the small leucine-rich proteoglycan-coding region at
locus 12q21.33 was identified.”? PACD is a rare condition that should be
considered in young patients presenting grey sheet-like stromal opaci-
ties with K-related hyperopia. Interestingly, this condition was associ-
ated in our patients for the first time with GD. The cobalt blue filter was
an effective method for capturing the full photographic pattern of the
corneal of the patient PACD. To the best of our knowledge, this is the
first description of a petal-shaped corneal pattern that was previously
reported as amorphous.® Further research is imperative to elucidate a
possible relationship between PACD and GD. Such inquiries might
include exploring the genetic, immunological, and environmental fac-
tors contributing to the co-occurrence of these conditions, or examining
the efficacy of different treatment approaches in patients presenting
with both disorders. This line of inquiry not only aims to clarify the
nature of the relationship between posterior amorphous corneal dys-
trophy and Graves’ disease but also to enhance our understanding of
their pathophysiology. Another aspect to investigate further is the
density and morphology of the endothelial cells between the clear
corneal areas and the areas of corneal opacities.
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