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Abstract

Cystinosis is a rare autosomal recessive lysosomal storage disease associated 
with high mortality and morbidity rates. The most distinctive ocular 
manifestations of cystinosis are photophobia, tearing, and blurred vision. 
Herein, we assessed the ocular involvement of four patients from two 
families diagnosed with infantile nephropathic cystinosis using optical 
coherence tomography (OCT) and in vivo confocal microscopy (IVCM). 
Anterior segment OCT demonstrated multiple hyperreflective punctate 
deposits, and IVCM revealed needle-shaped bright crystal deposits in the 
corneal stroma in all patients. Three patients also had crystal deposits 
in the epithelium, where epithelial cell disruption was observed. Crystal 
deposits around the subepithelial nerve plexus were noted in some sections. 
In one patient, round and needle-shaped bright deposits along with 
inflammatory cells were observed in the limbal region of the conjunctiva. 
Infrared fundus images of two female siblings revealed hyperreflective 
crystal-like deposits around the optic disc, macula, and peripheral retina, 
and enhanced depth imaging OCT showed accumulation of crystals in all 
layers of the retina.
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 Introduction 
Cystinosis is a rare lysosomal storage disease with autosomal 

recessive inheritance and high mortality and morbidity.1,2 It 
is caused by a mutation in the CTNS gene, which is located 
on chromosome 17p13.2 and encodes cystinosin, a membrane 
transport protein that transports cystine from lysosomes to the 
extracellular space.1,3 

Cystinosis has three clinical forms: infantile (early-onset) 
nephropathic cystinosis, juvenile (late-onset) nephropathic 
cystinosis, and adult (ocular) cystinosis. Infantile nephropathic 
cystinosis accounts for approximately 95% of cases and is the 
most severe form.1 Cystine crystals can accumulate in various 
organs, including primarily the eyes and kidneys, as well as the 
nervous system, thyroid gland, bones, muscles, bone marrow, 
pancreas, liver, lungs, and gonads.4 These deposits can lead to 
numerous problems such as Fanconi syndrome, renal failure, 
rickets, retarded growth and development, learning disabilities, 
muscle atrophy, gastrointestinal symptoms, dysphagia, and 
hypothyroidism.5,6 

In the eye, deposition can be seen in the cornea, conjunctiva, 
limbus, iris, anterior chamber, iridocorneal angle, lens capsule, 
ciliary body, choroid, and rarely in the retinal pigment 
epithelium and optic disc.1 Clinically, it causes symptoms 
such as photophobia, tearing, and blurred vision.7,8 Corneal 
deposition starts in the periphery and superficial layers and later 
progresses centrally and into the deeper corneal layers.9 Gahl et 
al.1 defined a scoring system to objectively evaluate the density 
of cystine deposits in the cornea. This corneal cystine crystal 
score (CCCS) ranges from 0 (no deposits) to 3 (full of deposits) 
with 0.25-unit intervals. In advanced cases, pathologies such 
as recurrent corneal epithelial erosions, corneal thinning, 
band keratopathy, filamentary keratitis, peripheral corneal 
neovascularization, posterior synechia, secondary pupillary 
block, glaucoma, papilledema, and reduced color and night 
vision may occur.1,2,3

In this case report, we discuss the ocular involvement of four 
patients from two families diagnosed with infantile nephropathic DOI: 10.4274/tjo.galenos.2024.89957

Cite this article as: Üzüm S, Bozkurt Oflaz A, Guluzade S, Tınkır Kayıtmazbatır 
E, Bozkurt B. Ocular Involvement in Patients with Infantile Nephropathic Cystinosis. 

Turk J Ophthalmol. 2024;54:235-239

This study was presented as a poster at the 57th TOA National Congress 
(8-12 November 2023).

https://orcid.org/0009-0000-0164-1449
https://orcid.org/0000-0001-5894-0220
https://orcid.org/0009-0008-7795-5477
https://orcid.org/0000-0002-8553-6992
https://orcid.org/0000-0002-9847-3521


Turk J Ophthalmol 54; 4: 2024

236

cystinosis and present their in vivo laser confocal microscopy 
(IVCM) and anterior segment optical coherence tomography 
(OCT) findings.

Case Reports

Family 1
A couple with two children and no history of consanguineous 

marriage presented for photophobia in their sons, aged 6 and 
9 years. Both boys had best corrected visual acuity (BCVA) 
of 20/20 in both eyes, and intraocular pressures (IOP) were 
approximately 12-15 mmHg bilaterally. On biomicroscopic 
examination, bilateral diffuse cystine crystal deposits in the 
cornea were observed in both patients (Figure 1). CCCS was 3 in 
both eyes in the younger sibling and 2 in both eyes in the older 
sibling. In Scheimpflug-Placido disc-based corneal tomographic 
imaging (Sirius®, CSO, Italy), central corneal thicknesses (CCT) 
in the right and left eyes were measured as 548 and 545 μm in 
the younger sibling and 580 and 570 μm in the older sibling, 
respectively. In manual measurements performed with anterior 
segment OCT (Topcon®, Japan), right and left CCT values were 
560 and 546 μm in the younger sibling and 575 and 574 μm 
in the older sibling, respectively. No retinal involvement was 
observed. The patients exhibited physical growth retardation. 
It was learned that both patients had been diagnosed with 
cystinosis 4 years earlier and had since received systemic and 
topical cysteamine (Cystamin® 0.55%, Tobio Pharmaceuticals, 
3 times daily) therapy. However, they had been unable to use 
topical cysteamine for the last 6 months because it was not 
available in our country. No mutation in the CTNS gene could 
be detected by clinical exome sequencing. In the deletion/
duplication analysis, homozygous duplication of CTNS exons 
6-8 was detected.

Family 2
A couple with two children and a history of consanguineous 

marriage presented for photophobia in their two daughters, 
aged 14 and 18 years. In both patients, BCVA ranged from 

16/20 to 20/20 and IOP ranged from 14 to 16 mmHg. On 
biomicroscopic examination, both patients had cystine crystal 
deposits in the corneas of both eyes. CCCS was 3 in both eyes 
in the younger sibling and 2 in both eyes in the older sibling. 
On corneal tomographic imaging, CCT in the right and left eye 
was measured as 530 and 536 μm in the younger sibling and 
524 and 518 μm in the older sibling, respectively. Manual CCT 
measurements obtained with anterior segment OCT in the right 
and left eye were 532 and 546 μm in the younger sibling and 534 
and 533 μm in the older sibling, respectively. Both patients also 
had retinal cystine deposits surrounding the optic disc, around 
the vascular arcades, and in the peripheral regions that were 
more pronounced on infrared images (Spectralis®, Heidelberg 
Engineering, Germany) (Figure 2). OCT sections obtained 
in enhanced depth imaging mode (EDI-OCT; Spectralis®, 
Heidelberg Engineering, Germany) revealed cystine deposits in 
the ganglion cell layer (GCL), inner nuclear layer (INL), inner 
plexiform layer (IPL), and outer plexiform layer (OPL), but no 
involvement in the choroid (Figure 3).

It was learned that both of the patients had received systemic 
and topical cysteamine therapy for a diagnosis of cystinosis 
and underwent kidney transplantation (the older sibling in 
2013 and the younger in 2017). A homozygous c.18_21del/p.
Thr7PhefsTer7 rs786204501 variant in exon 3 of the CTNS 
gene was detected by clinical exome sequencing.

Anterior Segment OCT and IVCM Imaging
On anterior segment OCT, all of the patients had diffuse 

hyperreflective punctate deposits in the stromal layer (Figure 4). 
On IVCM (Rostock Cornea Module®, Heidelberg Engineering, 
Germany), diffuse bright needle-shaped crystal deposits were 
observed in the stroma in all patients. Three patients had 
crystal deposits in the epithelium, and epithelial cell disruption 
was observed in these regions. Crystal deposits around the 
subepithelial nerve plexus were observed in some sections. 
In one patient, bright round and needle-shaped deposits and 
inflammatory cells were observed in the limbal region of the 
conjunctiva (Figure 5). 

Figure 1. Anterior segment photographs of the diffuse cystine crystal deposits in the cornea taken at 10x (a) and 16x (b) magnification 
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Figure 2. Color and infrared fundus photographs of the right eye (a, b) and left eye (c, d) showing cystine crystal deposits in the macula and optic disc pallor 

Figure 3. Cystine crystal deposits (red arrows) in the different retinal layers shown on optical coherence tomography sections obtained in enhanced depth imaging mode 
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Discussion

Ocular involvement is among the most common causes 
of symptoms and morbidity in patients with cystinosis.1 The 
most prominent feature of ocular involvement in cystinosis 
is diffuse crystal deposition in the cornea. IVCM and OCT 
enable a detailed assessment of the depth and morphology of 
these crystals.10,11 Ozdemir et al.10 demonstrated the presence 
of needle- and fusiform-shaped crystal structures in the anterior 
and posterior stroma using anterior segment OCT and IVCM 
imaging in a 36-year-old male patient diagnosed with cystinosis. 
No cystine deposits were detected in the corneal epithelial and 

endothelial layers. Keidel et al.11 revealed widespread crystal 
deposition in all levels of the stroma using anterior segment 
OCT in 88 eyes of 45 patients. We also observed diffuse stromal 
deposits in all 4 patients in this study, but there were also 
deposits in the epithelium in 3 patients. Disruptions in the 
epithelial cells were noted in areas of dense crystal deposition. 

In addition to the cornea, cystine crystals may also accumulate 
in the retina and choroid in cystinosis. Al Abdulsalam12 reported 
OCT findings of dome-shaped crystal deposits in the outer 
retinal layers in the subfoveal region in a 19-year-old female 
patient with cystinosis. Keidel et al.13 detected cystine crystals 

Figure 5. In vivo confocal microscopy images showing (a) hyperreflective crystals in the epithelium, (b) disruption of epithelial cells, (c, d) stromal deposits, (e) cystine crystal 
deposits around the subepithelial nerve plexus, and (f) punctate and linear hyperreflective deposits in the conjunctiva and limbal region 

Figure 4. Anterior segment optical coherence tomography images showing cystine crystal deposits in the (a) epithelium and anterior stroma and (b) anterior, middle, and 
posterior stroma 
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in the fovea on fundus examination and stated that on OCT 
imaging, these deposits were densest in the choriocapillaris, 
followed by the GCL, INL, IPL, and choroid. Among our 
patients, no significant retinal pathology was observed in the 
boys, while the girls had widespread cystine crystals in the GCL, 
IPL, INL, and OPL on posterior segment OCT sections and 
fundus autofluorescence.

Cystinosis is treated with cysteamine, which is available in 
oral and topical form. Oral cysteamine therapy may slow the 
progression of renal and retinal findings, but its effect on the 
cornea is limited because of its avascular structure. In contrast, 
topical cysteamine both relieves symptoms and helps dissolve 
crystals in the cornea.1,14 Early-onset, long-term cysteamine 
therapy delays end-stage renal failure, reduces the risk of 
extrarenal complications, and improves survival rates.15 Among 
our cases, we believe the diagnosis of the boys at age 2 and 5 
and the resulting early initiation of treatment prevented the 
occurrence of renal complications.

Calculations based on IVCM and OCT deposit analysis 
have been shown in the literature to offer a more objective and 
accurate assessment during disease progression and may serve 
as biomarkers in the future.11,16 Vercauteren et al.17 compared 
corneal thickness measurements taken by anterior segment OCT 
and corneal tomography in patients with cystinosis and found 
that corneal tomography measurements were much higher. 
Therefore, they suggested that anterior segment OCT should 
be taken as a basis for prognosis and evaluation of treatment 
response. In our patients, CCT measurements performed with 
anterior segment OCT did not show a marked deviation from 
corneal tomography measurements.

In the literature, studies of cystinosis patients consist of 
limited cases series. Our study demonstrated for the first time 
with IVCM that crystals accumulated in the corneal epithelium. 
In conclusion, cystinosis is a rare lysosomal storage disease with 
autosomal recessive inheritance, and the morphology, extent, and 
depth of cystine crystals deposited in the cornea and retina can 
be objectively demonstrated at the tissue and cellular level with 
IVCM and OCT. 

Ethics 
Informed Consent: Obtained.

Authorship Contributions
Surgical and Medical Practices: S.Ü., A.B.O., B.B., Concept: 

S.Ü., A.B.O., B.B., Design: A.B.O., E.T.K., B.B., Data Collection 
or Processing: S.Ü., S.G., A.B.O., E.T.K., B.B., Analysis or 
Interpretation: A.B.O., E.T.K., B.B., Literature Search: S.Ü., S.G., 
A.B.O., E.T.K., B.B., Writing: S.Ü., A.B.O., B.B.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1. Gahl WA, Kuehl EM, Iwata F, Lindblad A, Kaiser-Kupfer MI. Corneal 

crystals in nephropathic cystinosis: natural history and treatment with 
cysteamine eyedrops. Mol Genet Metab. 2000;71:100-120.

2. Makuloluwa AK, Shams F. Cysteamine hydrochloride eye drop solution for 
the treatment of corneal cystine crystal deposits in patients with cystinosis: an 
evidence-based review. Clin Ophthalmol. 2018;12:227-236.

3. Park M, Helip-Wooley A, Thoene J. Lysosomal cystine storage augments 
apoptosis in cultured human fibroblasts and renal tubular epithelial cells. J 
Am Soc Nephrol. 2002;13:2878-2887.

4. Biswas S, Gaviria M, Malheiro L, Marques JP, Giordano V, Liang H. Latest 
Clinical Approaches in the Ocular Management of Cystinosis: A Review of 
Current Practice and Opinion from the Ophthalmology Cystinosis Forum. 
Ophthalmol Ther. 2018;7:307-322.

5. Chik CL, Friedman A, Merriam GR, Gahl WA. Pituitary-testicular function 
in nephropathic cystinosis. Ann Intern Med. 1993;119:568-575.

6. Bassim CW, Gautam P, Domingo DL, Balog JZ, Guadagnini JP, Gahl 
WA, Hart TC. Craniofacial and dental findings in cystinosis. Oral Dis. 
2010;16:488-495.

7. Kowalczyk M, Toro MD, Rejdak R, Załuska W, Gagliano C, Sikora P. 
Ophthalmic Evaluation of Diagnosed Cases of Eye Cystinosis: A Tertiary Care 
Center’s Experience. Diagnostics (Basel). 2020;10:911.

8. Helmi HA, El Mansoury J, Al Hazzaa S, Al Zoba A, Dirar QS. Asymmetrical 
Ocular Manifestations of Nephropathic Cystinosis; A Case Report. Am J Case 
Rep. 2019;20:1308-1313.

9. Wong VG. Ocular manifestations in cystinosis. Birth Defects Orig Artic Ser. 
1976;12:181-186.

10. Ozdemir HB, Özmen MC, Aktas Z, Hasanreisoglu M. In vivo confocal 
microscopy and anterior segment optical coherence tomography follow-
up of cysteamine treatment in corneal cystinosis. Indian J Ophthalmol. 
2019;67:153-155.

11. Keidel L, Elhardt C, Hohenfellner K, Priglinger S, Schworm B, Wertheimer 
C, Priglinger C, Luft N. Establishing an objective biomarker for corneal 
cystinosis using a threshold-based Spectral domain optical coherence 
tomography imaging algorithm. Acta Ophthalmol. 2021;99:e189-e195.

12. Al Abdulsalam O. Posterior segment optical coherence tomography findings 
in a case of nephropathic cystinosis. Saudi J Ophthalmol. 2020;34:142-144.

13. Keidel L, Hohenfellner K, Schworm B, Priglinger S, Luft N, Priglinger 
C. Spectral domain optical coherence tomography-based retinochoroidal 
cystine crystal score: a window into infantile nephropathic cystinosis. Br J 
Ophthalmol. 2023;107:234-241.

14. Liang H, Labbé A, Le Mouhaër J, Plisson C, Baudouin C. A New Viscous 
Cysteamine Eye Drops Treatment for Ophthalmic Cystinosis: An Open-Label 
Randomized Comparative Phase III Pivotal Study. Invest Ophthalmol Vis Sci. 
2017;58:2275-2283.

15. Langman CB, Barshop BA, Deschênes G, Emma F, Goodyer P, Lipkin G, 
Midgley JP, Ottolenghi C, Servais A, Soliman NA, Thoene JG, Levtchenko EN; 
Conference Participants. Controversies and research agenda in nephropathic 
cystinosis: conclusions from a “Kidney Disease: Improving Global Outcomes” 
(KDIGO) Controversies Conference. Kidney Int. 2016;89:1192-1203.

16. Labbé A, Niaudet P, Loirat C, Charbit M, Guest G, Baudouin C. In vivo confocal 
microscopy and anterior segment optical coherence tomography analysis of the 
cornea in nephropathic cystinosis. Ophthalmology. 2009;116:870-876.

17. Vercauteren L, Consejo A, De Vries MJ, Krolo I, Koppen C, Ní Dhubhghaill 
S. Comparison of Scheimpflug Corneal Tomography and Anterior Segment 
Optical Coherence Tomography Measurements in Corneal Cystinosis: A Case 
Series. Eye Contact Lens. 2024;50:321-328.


