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Abstract

A 65-year-old man presented with bilateral, painless, progressive blurring of vision over 9 years.
Slit-lamp examination revealed bilateral subepithelial corneal opacities in clusters located at the
mid-periphery. Anterior segment optical coherence tomography, in vivo confocal microscopy
(IVCM), serum protein electrophoresis, and molecular genetic testing were performed to evalu-
ate the cause of corneal opacities. Anterior segment optical coherence tomography revealed a
band-like, hyperreflective lesion in the Bowman layer and anterior stroma of both corneas. [IVCM
revealed hyperreflective deposits in the epithelium, anterior stroma, and endothelium. Serum
protein electrophoresis identified the presence of paraproteins (immunoglobulin kappa), and
molecular genetic testing revealed absence of mutations in the transforming growth factor be-
ta-induced gene (TGFB/) and collagen type XVIl alpha 1 gene (COL17AT). The ocular diagnosis of
paraproteinemic keratopathy eventually led to a systemic diagnosis of monoclonal gammopathy
of undetermined significance by our hematologist/oncologist. Paraproteinemic keratopathy is a
rare differential diagnosis in patients with bilateral corneal opacities and therefore may be mis-
diagnosed as corneal dystrophy or neglected as scars. In patients with bilateral corneal opacities
of unknown cause, serological examination, adjunct anterior segment imaging, and molecular
genetic testing play a role in establishing the diagnosis.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Paraproteinemia, otherwise known as monoclonal gammopathy, is the presence of a
monoclonal protein in the blood. A monoclonal protein, or paraprotein, is an abnormal immu-
noglobulin or fragment of immunoglobulin produced in excess by a clonal proliferation of
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mature B-cells. This can be caused by a spectrum of diseases, both benign and malignant,
including monoclonal gammopathy of undetermined significance (MGUS), multiple myeloma,
chronic lymphocytic leukemia (CLL), non-Hodgkin lymphoma, Waldenstréom’s macroglobu-
linemia, and amyloidosis.

MGUS is the most common form of paraproteinemia. Itis a precursor to multiple myeloma
or other plasma cell malignancies with a conversion rate of 1% per year. MGUS used to be
considered a benign condition as the disease is defined by the absence of end organ damage.
However, it is now recognized that MGUS can cause organ damage before reaching the
predefined stage of lymphoma or multiple myeloma. This has given rise to terms such as
monoclonal gammopathy of renal significance and monoclonal gammopathy of clinical signif-
icance. Although treatment is not recommended for MGUS under the current diagnostic
schema, therapies targeting the underlying clonal protein appeared to achieve improvement
in the neurologic or renal function of these patients [1]. Paraproteins are deposited in the
kidneys during filtration across the glomeruli into the renal tubules. Similarly, paraproteins
may deposit in the cornea (paraproteinemic keratopathy) via the tear film, diffusion from
aqueous humor from the anterior chamber, or influx via the paralimbal vessels [2]. These
multiple mechanisms of corneal deposition explain the variable presentation of parapro-
teinemic keratopathy.

We present a patient with bilateral corneal opacities mimicking a Bowman layer corneal
dystrophy, with a final diagnosis of paraproteinemic keratopathy. We demonstrate that
anterior segment imaging can locate subclinical corneal deposits and therefore plays an
important role in the diagnosis. This case highlights the usefulness of anterior segment
imaging and molecular genetic testing in differentiating between dystrophic and nondys-
trophic disorders with overlapping clinical features.

Case Report

A 65-year-old man of Chinese ethnicity presented to our clinic 9 years ago with chronic
floaters. He did not complain of any blurring of vision at the time with a visual acuity of 20/20
in both eyes. Slit-lamp biomicroscopy then showed multiple peripheral subepithelial corneal
opacities in both eyes. The anterior chambers were quiet, and the lenses were clear. Fundal
examination was unremarkable. There was no history of any corneal injury or family history
of corneal disease. His underlying medical history included diabetes, hypertension, and
hyperlipidemia.

His visual acuity remained stable until 6 years after initial presentation, when he started
to complain of blurring of vision in the right eye, with a corresponding drop in visual acuity
to 20/30. He was then referred to our cornea clinic for consideration of cataract operation in
the presence of the corneal opacities. He reported a gradual reduction in vision over the
ensuing years and denied any symptoms of corneal epithelial erosions. Slit-lamp biomi-
croscopy revealed bilateral mid-peripheral subepithelial opacities in both eyes and also
central mid to posterior stromal haze in the right eye (shown in Fig. 1). Fluorescein staining
revealed mild punctate epithelial erosions and negative staining over some of the mid-
peripheral subepithelial opacities. There was very mild cataract in both eyes, and hence
cataract surgery was not recommended as the drop in vision was attributed to the increasing
corneal opacities.

Anterior segment optical coherence tomography showed a hyperreflective band at the
level of the Bowman layer and anterior stroma in both eyes, extending 160 um into the central
stroma and 250 pm into the paracentral stroma (shown in Fig. 2). The mid-peripheral, hyper-
reflective subepithelial opacities protruded toward the surface of the cornea and caused a
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Fig. 1. a Slit-lamp photo of the right eye
showing peripheral subepithelial opacities
and central mid to posterior stromal haze.
b Slit-lamp photo of the left eye showing
multiple mid-peripheral granular subepithe-
lial opacities.

Fig. 2. AS-OCT images of the right eye show-
ing uniformly hyperreflective bands in the
Bowman layer and anterior stroma, occa-
sional hyperreflectivity in the epithelium (ar-
row), corresponding thinning of the epithe-
lium (arrowhead), and posterior stromal hy-
perreflective deposits (dotted arrows).

corresponding thinning of the overlying epithelium. There were hyperreflective deposits in
the posterior stroma, more apparent in the right eye.

In vivo confocal microscopy (IVCM) of both corneas revealed hyperreflective deposits in
the epithelium, anterior stroma, and endothelium (shown in Fig. 3). In the epithelium, there
were small round discrete hyperreflective deposits. Mid-peripheral aggregates of these
deposits were seen in areas corresponding to the opacities observed on slit-lamp exami-
nation. There was a generalized heterogeneous hyperreflectivity of the anterior stroma
masking the appearance of the keratocytes. Hyperreflective deposits were not present in the
mid and posterior stroma. The corneal nerves appeared normal in thickness but increased in
tortuosity. There was no perineural deposit around the stromal nerves. Highly reflective
granular deposits were present in the endothelium. The architecture of endothelial cells was
preserved.

Given the presumed clinical diagnosis ofa Bowman layer dystrophy or epithelial recurrent
erosion corneal dystrophy (ERED), genetic testing was performed. Following the collection
of saliva samples from the proband and his son, DNA was extracted from the saliva, and PCR
amplification and Sanger sequencing were performed to screen the collagen type XVII alpha
1 gene (COL17A1) for the ¢.3156C>T mutations associated with ERED and all 17 exons of the
transforming growth factor beta-induced gene (TGFBI). No pathogenic mutations were iden-
tified in TGFBI and the mutation associated with ERED was not identified in COL17A1, effec-
tively excluding these corneal dystrophies as the cause of the corneal opacities.

Given the concern for a potential paraproteinemic keratopathy, the patient was referred
to a hematologist/oncologist for further evaluation. Serologic evaluation revealed normal
levels of total protein, serum IgG, IgA, and IgM. However, serum protein electrophoresis
revealed a reduced level of albumin at 28 g/L (normal range: 33-48 g/L) and the presence of
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Fig. 3. IVCM images of the right eye. a Epithe-
lium (29 pum): aggregates of hyperreflective
deposits. b Anterior stroma (88 um): general-
ized heterogeneous hyperreflectivity masking
the appearance of the keratocytes. ¢ Mid-
stroma (330 um): keratocytes appear normal,
and no hyperreflective deposits seen. d Endo-
thelium (470 um): multiple highly reflective
granular deposits. IVCM, in vivo confocal
microscopy.

IgG kappa paraprotein at 7.6 g/L. Complete blood count, serum calcium level and renal
function were normal. Abone marrow biopsy demonstrated 4% plasma cells and the presence
of small atypical lymphoid aggregates of indeterminate nature. The skeletal survey showed
no lytic lesions. These findings led to a diagnosis of MGUS.

Discussion

The clinical features of our patient resembled corneal dystrophy, in particular the
Bowman layer or anterior stromal dystrophy within the TGFBI dystrophy spectrum. AS-OCT
finding of hyperreflective material in the Bowman layer region and anterior stroma was also
in keeping with typical presentation of corneal dystrophy.

Upon clinical examination, the differential diagnoses of corneal dystrophy include a
myriad of metabolic disorders such as lecithin-cholesterol-acyltransferase deficiency, Fabry
disease, tyrosine transaminase deficiency, and lysosomal storage diseases. Any cause of
monoclonal gammopathy could lead to depositions of paraproteins and bilateral corneal
opacities. Certain inherited skin diseases such as X-linked ichthyosis and keratosis follicularis
spinolosa decalvans are associated with deposits in the corneas [3]. Molecular genetic testing
plays an importantrole in diagnosing or excluding corneal dystrophy. Atleast 66 TGFBI muta-
tions accountable for various corneal dystrophies have been identified [4]. Mutations in the
TGFBI gene results in the gene product transforming growth factor 3-induced protein, which
accumulates in the cornea. The most common mutations are p.Arg124His, p.Arg124Cys, and
p-Arg555Trp, which clinically correspond to Avellino corneal dystrophy, lattice corneal
dystrophy, and granular corneal dystrophy, respectively [4].

The merit of anterior segment imaging in our patient lies in localizing the pathology and
narrowing the differential diagnoses. Clinically, we could identify the subepithelial opacities
readily on slit-lamp biomicroscopy. However, the stromal haze was faint and only seen in the
right eye. The use of AS-OCT helped to clearly depict subepithelial opacities and posterior
stromal hyperreflectivity in both eyes. IVCM also demonstrated endothelial deposits that
were not apparent on slit-lamp biomicroscopy. The posterior involvement made the diagnosis
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of granular dystrophy less likely as granules only appear in the anterior two-thirds of stroma
on AS-OCT [5].

In the literature, AS-OCT of paraproteinemic keratopathy has been described in 11
patients [6-13], with hematological diagnoses of MGUS [6-10], biclonal gammopathy of
undetermined significance [7], smoldering multiple myeloma [11], multiple myeloma [9, 12],
and CLL [13]. The features of AS-OCT in reported cases of paraproteinemic keratopathy are
summarized in Table 1. All types of paraproteinemic keratopathy can have deposits in all
layers of the cornea. There is no apparent association between the layer of deposits and the
hematological diagnosis. The stroma is the most common site of paraprotein deposition in all
types of paraproteinemia. Unlike previous case reports where anterior segment imaging only
confirms clinically apparent corneal deposits, our case demonstrates that AS-OCT and [VCM
can also locate subclinical corneal deposits that are not seen on slit-lamp examination.

Apart from the use of AS-OCT and IVCM, a Japanese group has demonstrated the use of
corneal densitometry in analyzing paraproteinemic keratopathy. Ichii et al. [14] studied 30
patients with monoclonal gammopathy without visible corneal involvement on slit-lamp
examination and found that they had significantly greater corneal densitometry values in the
anterior and central cornea than the control group. This concludes that anterior segment
imaging canbeusefulin pickingup subclinical corneal depositionsin monoclonal gammopathy.

Table 1. AS-OCT findings in reported cases of paraproteinemic keratopathy in the literature

Age Gender Diagnosis Paraprotein Site of deposit AS-OCT findings
43 M MGUS IgG kappa Whole stroma Homogenous hyperreflectivity of
stroma
43 M MGUS IgG kappa Whole stroma Diffuse haze throughout whole
stroma
77 F MGUS IgG lambda Posterior stroma, Opacities in deep stromal layers and
Descemet at Descemet membrane
membrane
66 M MGUS Kappa Anterior stroma Dense anterior stromal opacities with

significant distortion of anterior
corneal contour and variable
overlying epithelial thickness

36 M MGUS IgG kappa All layers Fine hyperreflective dot-shaped
deposits across all layers
59 F Biclonal IgGlambda+ Descemet Hyperreflectivity of posterior cornea
gammopathy of IgA lambda membrane
undetermined
significance
81 F SMM IgG light chain  All layers Small white crystalline deposits in all
layers
70 M MM IgG lambda Posterior stroma Hi}:‘ghly reflective posterior stromal

deposit measuring 500 um with
significant distortion of posterior
corneal curvature

65 F MM Kappa Anterior stroma Very fine focal opacities with minimal
disruption of stromal architecture

85 F MM IgG kappa Posterior stroma Multiple patchy gray-white deep
stromal opacities

53 F CLL IgG kappa Anterior stroma Deposits with intervening clear
spaces

MGUS, monoclonal gammopathy of undetermined significance; SMM, smoldering multiple myeloma; MM,
multiple myeloma; CLL, chronic lymphocytic leukemia.
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Paraproteinemic keratopathy is a rare differential diagnosis in patients with bilateral
corneal opacities and therefore may be misdiagnosed as corneal dystrophy or neglected as
scars. In patients with bilateral corneal opacities of unknown cause, itis important to consider
a workup for paraproteinemia by serological examination and adjunct anterior segment
imaging.
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