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Abstract

Purpose  Cystinosis is an autosomal recessive inher-
ited lysosomal storage disease with an incidence of
1:100.000 up to 1:200.000 caused by a gene mutation
of a lysosomal transport protein resulting in deposition
of cystine in lysosomes in all cells and tissues. In the
cornea, crystalline, gold-dust deposition of cystine
leads to visual impairment, recurrent erosions, photo-
phobia, epiphora and blepharospasmus. Standard
therapy is topical and systemic application of cys-
teamine which may resolve the accumulated cystine
crystals.

Patient and methods This is a case report of a thirty-
one-year-old patient who already underwent renal
transplantation because of nephropathic cystinosis.
Visual impairment by cystine crystal deposition was
aggravated by a central avascular pannus formation in
his right eye. Penetrating keratoplasty was performed
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in intention to improve the patient’s visual acuity and
life quality.

Results  After penetrating keratoplasty in the right
eye, there was only a slight visual improvement. OCT
scans of the macula revealed intraretinal cystine
crystals and a cystoid macular edema, which was
treated with a bevacizumab injection. Transmission
electron microscopy of the excised cornea revealed
spiky intracorneal inclusions and confocal in vivo
microscopy of the left eye allowed detailed visualiza-
tion of the cystine crystal deposition.

Conclusions There is a variability of ocular mani-
festations of nephropathic cystinosis. Ophthalmolo-
gists have a central role in the early diagnosis of
cystinosis as mostly the first manifestation are cystine
crystals in the cornea. Penetrating keratoplasty may be
one of the therapeutical options. Nevertheless, the
patient has to be informed about the limited prognosis
because of the persisting underlying disease.

Keywords Nephropathic cystinosis - Cystinosis -
Cystine crystals - Cornea - Keratoplasty

Introduction

Cystinosis, also referred to as “amindiabetes,” is an
autosomal recessive inherited lysosomal storage dis-
ease, which is caused by a mutation of the CTNS gene
on chromosome 17p13 [1], which codes for cystinosin,
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a L-cystine transmembrane transport protein. This
results in an impaired transport of cystine, the disulfide
of the amino acid cysteine, out of the lysosomes into
the cytoplasm and thereby in deposition of cystine in
lysosomes in all cells and tissues. The first descriptions
of its symptoms date from 1903 by Abderhalden [2]. In
Germany, the total number of patients is estimated to
be about 100 [3]. The disease may be subdivided in
different manifestation forms [4], which are nephro-
pathic (congenital and intermediate) or non-nephro-
pathic (adult type). First, there is the congenital
nephropathic cystinosis, which is characterized by
corneal cystine deposition and renal dysfunction in the
first years of life leading to a general renal tubular
disorder called De-Toni-Debré-Fanconi syndrome [1].
These patients usually show growth retardation, mul-
tiple complications of cystinosis (myopathy, hypogo-
nadism, diabetes mellitus, swallowing difficulties,
pulmonary dysfunction, central nervous system dete-
rioration) and improvement rely on renal transplanta-
tion at young age [l]. Second, in intermediate
adolescent cystinosis, these characteristics do not
appear until the second decade of life, and third, there
is the benign adult form of cystinosis, which seems to
be limited to corneal manifestations in adult life. All
forms respond to therapy with cysteamine: While
transport of cystine out of the lysosomes is impossible
because of the defect of the transport protein, mixed
disulfide of half-cystine and cysteamine complexes use
another transporter (the lysine transporter) to exit the
lysosomes [1]. Therefore, a therapy with cysteamine
results in an efficient degradation of accumulated
cystine. Early diagnosis is essential for the initiation of
this treatment to prevent renal and other organ failure.
When left untreated, nephropathic cystinosis patients
only have a limited life expectancy up to 12 years [3].

Case report

A thirty-one-year-old male patient who already under-
went renal transplantation because of nephropathic
cystinosis presented in our department for the first
time. In his medical history, there was renal transplan-
tation for the first time at the age of eleven and a second
time at the age of 29 years. Tacrolimus (Prograf®,
Astellas Pharma Europe Ltd., Munich, Germany) was
used as post-transplant immunosuppression. Visual
acuity was “counting fingers” on the right eye and
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20/1000 on the left eye. Neither topical therapy with
cysteamine nor EDTA chelation nor phototherapeutic
keratectomy (performed in another department) led to
improvement of visual acuity on the right eye in the
past. Slit lamp examination of both eyes showed a
distinct gold-dust-like cystine crystal deposition in the
cornea (Fig. 1), which made funduscopic examination
and optical coherence tomography of the macula
impossible (Fig. 5SA). In his medical history, there
was a cystoid macular edema on the right eye without
treatment in the past. A retinal detachment could be
excluded by sonographic examination on both eyes.
Visual impairment because of cystine crystal deposi-
tion, aggravated by a central avascular pannus forma-
tion, recurrent corneal erosions, a severe limbus stem
cell deficiency in the right eye (Fig. 1) and intolerance
to topical cysteamine therapy in the patient’s history
because of photophobia and blepharospasm required a
penetrating keratoplasty first on the right eye as the
therapeutic approach.

In periodic-acid-Schiff-staining (PAS) of the
excised cornea, small intrastromal recesses possibly
resulting from cystine crystal deposition were mani-
fest (Fig. 2A). Birefringence histology confirmed this
finding by revealing cystine crystal deposition within
almost all layers of the excised cornea (Fig. 2B).

Transmission  electron  microscopy  (Fig. 3)
revealed spiky inclusions and vacuoles between the
collagen fibers in the whole stroma and in the
endothelium of the excised cornea.

To examine the cystine deposition in the cornea of
the other eye, a confocal in vivo microscopy of the left
cornea was performed (Fig. 4). This examination
showed an impressive epithelial and stromal cystine
crystal deposition.

After penetrating keratoplasty in the right eye, there
was an undisrupted postoperative healing and due to
clear optic media, we found cystine crystal deposition
in the iris, and optical coherence tomography (OCT)
examination of the macula could be performed. The
examination revealed intraretinal cystine crystals and
a cystoid macular edema in the right eye (Fig. 5B),
which was treated with a bevacizumab injection. After
one injection, visual acuity improved up to 20/400 in
the right eye (Fig. 5C). After this slight improvement
with reduction in the macular edema in the OCT exam,
further bevacizumab injections were performed at
monthly intervals, which led to regression of the
exudates and the macular edema (Fig. 5D).
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Fig. 1 Overview and slit lamp photograph. A, Right eye,
cystine crystal deposition, central avascular pannus formation,
peripheral corneal neovascularization, limbus stem cell

Discussion

Nephropathic cystinosis is a rare disease. The diag-
nosis is made by measuring the leukocyte cystine
content [1]. The basis of its treatment is renal
transplantation and systemic cysteamine therapy [1],

deficiency (initial presentation). B, Left eye, cystine crystal
deposition, superficial limbal calcifications (initial presenta-
tion). C, Right eye after penetrating keratoplasty

which may increase life expectancy dramatically. The
North American Pediatric Renal Transplant Cooper-
ative Study (NAPRTCS) reported cystinosis patients
to have superior outcomes and the lowest graft failure
rates among diseases leading to renal transplantation
in children (familial nephritis, hemolytic uremic
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Fig. 2 Middle third of the excised cornea, A, period-acid-
Schiff-staining (PAS), and B, birefringence histology, magni-
fication 20x. Exfoliated epithelial cells (1) with subepithelial
calcifications (2), missing Bowman’s layer (3), stroma (4),
Descemet’s membrane (5) and preparation-related missing
endothelium (6). Small intrastromal recesses (arrows) indicating
cystine crystal deposition (A) and bright cystine crystal
deposition (B) within the cornea (A. Zimpfer, R. Bohle)

syndrome, congenital nephrotic syndrome, focal seg-
mental glomerulosclerosis, [5]). Under immunosup-
pression with Tacrolimus (Prograf®, Astellas Pharma
Europe Ltd., Munich, Germany), our patient’s post-
transplant renal function was not impaired (glomerular
filtration rate 138.5 ml/min). The second cornerstone
of the therapy of cystinosis, the systemic cysteamine
therapy, however, does not influence the corneal

manifestations of the disease [6]. Therefore, topical
application of cysteamine eye drops is essential to treat
the anterior segment changes of the disease, which
include superficial punctate keratopathy, band ker-
atopathy, recurrent erosions, increased corneal thick-
ness and peripheral corneal neovascularization.
Intraocular manifestations, i.e., posterior synechiae,
iris crystals, pigmentary retinopathy because of crystal
deposition in iris, ciliary body, choroid, fundus and the
optic nerve [1, 7], may also respond to systemic
cysteamine application. However, about fourteen
percent of patients do not tolerate systemic cysteamine
therapy because of nausea, vomiting and drowsiness
[1]. Topical cysteamine application in the form of eye
drops may dissolve corneal cystine crystals at any age
in a period of less than 1 year unless a band
keratopathy [6], pannus or scars have formed. Then,
penetrating keratoplasty remains the therapeutical
option of first choice. In our patient, corneal cystine
deposition was aggravated by recurrent erosions,
photophobia, blepharospasm, a central avascular pan-
nus formation and a severe limbus stem cell deficiency
with peripheral corneal neovascularization, so that a
penetrating keratoplasty was performed on his right
eye. Because of clear optic media after an undisrupted
postoperative healing, OCT of the macula could be
performed and revealed retinal exudates with a cystoid
macular edema and intraretinal cystine crystal depo-
sition, which corresponds to other authors’

Fig. 3 Transmission electron microscopy of the excised right cornea, vacuoles (A) and spiky inclusions (B, arrows) between the
collagen fibers and keratocytes (K) in the whole stroma (U. Schl6tzer-Schrehardt)
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Fig. 4 Confocal in vivo microscopy, left eye, epithelium (A, depth 10 pm and B, depth 17 pm), and stroma (C, depth 428 pm), cystine

crystal deposition (L. Daas)

IR 30* ART + OCT 30 (8.3 mm) ART (5) O 8 [HR]

IR 30* ART + OCT 30" (8.5 mm) ART (13) O 16 [HR]

+ OCT 30° (9.0 mm) ART (24) O 17 [HR]

Fig. 5 Optical coherence tomography of the macula, A before keratoplasty, B after keratoplasty revealing a cystoid macular edema and
intraretinal cystine deposition. Decreasing macular edema after one (C) and two (D) intravitreal bevacizumab injections

descriptions of submacular choroidal neovasculariza-
tion of unknown etiology in cystinosis patients [7].
Tsilou et al. [7] speculated that the macular edema
develops because of vascular endothelial growth
factor release following inflammation caused by
chronic cystine crystal deposition [8]. The macular
edema decreased after intravitreal injection of beva-
cizumab and remained stable in the follow-up exam-
inations with a slight recurrence after 10 months. The
recurrence of cystine deposition in corneal allografts is
controversially discussed [9].The recurrence of
cystine deposition in the cornea implicates the migra-
tion of host-lysosomes within the cornea. Compared
with this, renal allografts in nephropathic cystinosis
show cysteine deposition but do not undergo the
functional changes of cystinosis [10]. Consequently,

the patient has to be informed about the possibility of a
limited prognosis caused by retinal manifestations or
recurrence of corneal cystine deposition in the corneal
allograft because of the persisting underlying disease.
If there is a recurrence of corneal cystine deposition in
the corneal allograft, topical therapy with cysteamine
is required again. In our patient, who did not tolerate
the topical cysteamine therapy, the corneal allograft
remained clear without topical cysteamine therapy in
the follow-up examinations (up to now 10 months,
confocal in vivo microscopy). In general, however,
topical cysteamine therapy should not be stopped after
corneal transplantation in nephropathic cystinosis
patients to prevent a recurrence of the cystine crystal
deposition in the corneal allograft.
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The role of penetrating keratoplasty in cystinosis
patients is controversially discussed. Fahey et al. [11]
published a case report of a twenty-one-years-old male
corneal cystinosis patient, who underwent cataract
surgery and achieved a best corrected visual acuity of
20/20 postoperatively [11]. They concluded that visual
acuity is rather affected by macular involvement than
by corneal crystals in corneal cystinosis patients [11].
Indeed, retinal abnormalities including retinal crys-
tals, submacular neovascular membranes, bone spi-
cules and pigment clumps resembling retinitis
pigmentosa and as the most common finding retinal
depigmentation have been reported in cystinosis
patients [8]. The retinal manifestations of cystinosis
described above correlated inversely with consequent
application of systemic cysteamine [8]. Our patient’s
right eye was already pseudophakic, and the patient
reported a progressive visual loss. His severe corneal
symptoms and the impossibility of funduscopy led to
the decision for penetrating keratoplasty as promising
therapy, which up to now, increased our patient’s
visual acuity from “counting fingers” to 20/400 on the
right eye.

As in most inborn metabolic disorders, the prog-
nosis of the nephropathic cystinosis depends on an
early diagnosis. The pigmentary retinopathy, which
has been seen at an age of 5 weeks [7], and the corneal
cystine deposition developing in the first 16 months of
life are the first symptoms of congenital nephropathic
cystinosis even before the onset of renal dysfunction
[6]. Consequently, ophthalmologists have a central
role in the early diagnosis of congenital nephropathic
cystinosis and the initiation of its appropriate treat-
ment to prevent renal failure and resulting systemic
complications.
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