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ABSTRACT

Cystinosis, as a rare disease, faces many difficulties with regard to appropriate early diagnostics and treatment.

The aim of our study is to present current methods of diagnostics and treatment of ocular complications in an in-

fantile nephropathic type of cystinosis. It is the most severe type, causing many ocular and life-threatening systemic

complications. Ocular severe complications are usually due to the presence of an infantile nephropathic form of cyst-
inosis, long-term illness, delayed diagnosis, non-compliance, or inappropriate treatment. Slit-lamp biomicroscopy is
a major examination detecting corneal cystine crystals and the main tool in cystinosis diagnostics. Anterior segment
optical coherence tomography (AS-OCT) and in vivo confocal microscopy (IVCM) are other helpful devices in

monitoring the accumulation of crystals in the cornea.

KEY WORDS: cystinosis; infantile nephropathic cystinosis; ocular cystinosis

INTRODUCTION

Cystinosis is one of 6,000 rare diseases in Eu-
rope, according to the European Organisation for
Rare Diseases (EURORDIS). It is an autosomal
recessive lysosomal storage disease with an incidence
of approximately 1 case per 100.000-200.000 live
births [1]. The first description of cystinosis was
published in 1903 by the Swiss biochemist and
physiologist Emil Abderhalden (1877-1950) [2].
The disorder results from mutations in the gene
CTNS [3] mapped on chromosome 17p13.2, en-
coding the protein cystinosin, the lysosomal mem-
brane cystine transporter [4]. The mutations cause
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defective transport of cystine out of the lysosomes,
leading to its excessive accumulation and crystal-
lization in numerous tissues, including initially the
kidneys and eyes, and later thyroid, testes, pancre-
as, muscles, brain, bone marrow, liver, and spleen,
causing various clinical symptoms [1, 3]. Although
cystinosis is a monogenic disease, there are three
different types, which differ in clinical presentation
and severity of the mutation. The most frequent and
severe phenotype (95% of cases) is the infantile ne-
phropathic form (MIM:219800, ORPHA411629),
the juvenile nephropathic form is less common
(MIM:219900, ORPHA411634), and the last one,
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FIGURE 1. Slit-lamp images of crystals deposition in the cornea visible in a narrow and wide slit beam

FIGURE 2. Slit-lamp photo displays cystine crystals
in the conjunctiva.

extremely rare, is the ocular non-nephropathic form

(MIM:219750, ORPHA411641) [5].

OCULAR SYMPTOMS IN CYSTINOSIS

As we know, renal symptoms are the most
prominent features of the nephropathic form of
cystinosis. The eyes are the second early affect-
ed organ, and corneal crystal formation remains
a major ocular complication. Since corneal cys-
tine accumulation is observed in all three types of
cystinosis, it is said that the eye is the window to
the entire disease, reflecting severity and revealing
physiology through the cornea. Although corneal
crystal deposits are the main ocular findings, they
accumulate in other ocular tissues, leading to mild
to severe complications (Fig. 1). Cystine deposits

FIGURE 3. Slit-lamp photo presents cystine crystals in palpebral
conjunctiva

are seen in the conjunctiva (Fig. 2, 3), iris, lens
capsule, ciliary body, choroid, sclera, episclera, ex-
traocular muscles, retinal pigment epithelium, and
optic nerve sheath [6]. Corneal crystals are not
detectable at birth — they can appear as early as
five weeks of age and usually become clinically ap-
parent after 12—-16 months [3, 7]. They increase
linearly with age and plateau in early adolescence
[8]. The crystals are fine, needle-shaped, and highly
reflective, diffusely distributed within the cornea.
Initially, they appear in the anterior periphery of
the cornea and progress centrally and posteriorly
[9]. They accumulate progressively with age but
at different rates in different patients, rarely affect-
ing central vision. The most ocular complications
involving the cornea include: superficial punctate
keratopathy, recurrent erosions, filamentary kerati-
tis, calcific band keratopathy (Fig. 4, 5), peripheral
neovascularization (Fig. 4-06), superficial limbal cal-
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FIGURE 4. Slit-lamp image displays intensified peripheral
neovascularization of cornea and band keratopathy in an affected
patient with long-term and late initiated treatment of cystinosis

FIGURE 5. Slit-lamp image presents ocular surface complications
in the form of cystine crystals in the cornea, hyperaemia

of the conjunctiva, peripheral cornea neovascularization,

band keratopathy, and Descemet membrane folding

cification, limbal stem cell deficiency (Fig. 5), cor-
neal neurodegeneration and ulcerative keratitis [5].
Sometimes we note conjunctivitis with different
grade of hyperemia (Fig. 7). A less frequent com-
plication is glaucoma caused by crystal deposition
in the trabecular meshwork or angle-closure with
pupillary block due to posterior synechiae[1, 10].
However, over time patients manifest increasing
visual field loss and moderate to severe constriction
of the visual field [11]. Chronic uveitis with poste-
rior synechiae associated with iris thickening is also
a very rare complication. Hyper- or hypopigmen-
tary retinopathy, macular edema, photoreceptor
degeneration, and papilloedema sometimes mani-

FIGURE 6. Slit-lamp image shows significantly intensified
peripheral neovascularization in the cornea in a high magnification
slit beam

FIGURE 7. Anterior segment a slit-lamp photograph shows
cornea cystine crystals and hyperaemia of the conjunctiva

fest in fundoscopic evaluation [12, 13]. Retinal
pigment epithelial mottling is the most common
posterior segment manifestation and can be seen
in infancy [11].

The first and the most frequently reported oc-
ular symptom is photophobia (glare sensitivity),
followed by stinging, itching, epiphora, blepharos-
pasm, foreign body sensation, and less often de-
creased contrast sensitivity [14]. Ocular symptoms
usually reflect the extent of corneal crystal accumu-
lation, and they are less severe as the crystals begin
to decrease with treatment.

Initially, until the second decade of life, crystal
accumulation does not disturb visual acuity, even if
the patient is not treated. Severe complications and
visual impairment usually start later.
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CCCS =0.00 CCCS=0.25 CCCS =0.50
n
CCCS =0.75 CCCS =1.00 CCCS =125

CCCS =1.50

CCCS =2.00

CCCES =225 CCCS =2.50 CECS=275
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FIGURE 8. Library of slit-lamp photographs showing examples of corneas with corneal cystine crystal scores (CCCSs) of 0 to 3.00, in
increments of 0.25

DIAGNOSIS AND MONITORING The semi-quantitative classification created by

OF OCULAR SYMPTOMS Gahl et al. allows evaluating the number of accu-
Accumulated cystine crystals in the anterior seg- mulated cystine deposits in the cornea using the
ment are detected and assessed by slit-lamp biomi- slit-lamp exam (Fig. 8). It is based on a library
croscopy. It is the simplest and fastest examination, of anterior segment photographs and defined as
especially when performed by an experienced oph- a corneal cystine crystals (CCC) score from 0-3 in
thalmologist. 0.25 unit steps — with increasing crystal densi-
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FIGURE 9. Anterior segment optical coherence tomography (AS-0OCT) images display the different amounts of cystine crystals in three
patients in the cornea. On the top, crystal deposits are visible just in the anterior stroma and the middle — anterior and posterior stroma.

The picture below shows thickened cornea with band keratopathy

ties [3]. Anterior segment optical coherence tom-
ography (AS-OCT) allows estimating the depth of
crystal deposition (um) in the central cornea us-
ing the measurement calipers provided by the
AS-OCT software. Due to the non-invasive na-
ture of AS-OCT, the exam can be performed eas-
ily, even in very young patients. AS-OCT uses an
infrared light source, which is well tolerated and
not uncomfortable for patients, even with photo-
phobia. The depth of crystal deposition is expressed
as a percentage of the corneal thickness (0—100%).
It is seen as hyperreflective areas beneath the epi-
thelium, taking up different depths of the cornea
(Fig. 9). Unfortunately, this imaging method does
not allow the exact determination of epithelial and
endothelial involvement because of its lower resolu-

tion. Corneal pachymetry mapping software can
be used to measure corneal thickness [15]. It varies
either between patients or between the eyes of the
same patient and increases with the number of cor-
neal deposits. AS-OCT valuation of corneal thick-
ness is a highly reliable method. Corneal scarring as
one of the complications of cystinosis makes exact
measurements of crystal accumulation impossible
because they are not visible in the scar area.

In vivo confocal microscopy (IVCM) provides
very high-resolution images of corneal layers due
to its higher magnification (approximately 800x)
and higher resolution (1-2 pm/pixel). It is more
advantageous than AS-OCT for assessing crystals
deposits because it enables detailed investigation
of the ocular surface at the cellular level [16]. This
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FIGURE 10. In vivo confocal microscope images present accumulation of cystine crystals in each layer of the cornea: A. Epithelium;

B. Bowman layer; C. Anterior stroma; D. Deep stroma; E. Endothelium

FIGURE 11. Slit-lamp images of post-transplant corneas in two affected patients. The picture on the left shows features of transplant
rejection: hazy cornea with increased peripheral neovascularization. On the right, the post-transplant cornea is clear. Crystal deposits are

seen only in the host cornea

technique cannot be performed on patients who
have difficulties with contact examinations. Espe-
cially in children, this exam is a huge challenge.
We can assess the number of crystals in each of the
five layers of the cornea: the epithelium, Bowman’s
membrane, anterior stroma, deep stroma, and en-
dothelium (Fig. 10). IVCM makes it possible to
quantify the crystal accumulation over a 400 x
400 pm area of the central cornea and classify it
as 0 if there are no crystals, one if covering 25%,
2 — 25-50%, 3 — 50-75%, and 4 — 75% and
more of the defined area. The IVCM score is ben-
eficial in patient follow-up. It remains stable or
decreases when there is an appropriate treatment.
It also enables the comparative evaluation of crys-
tal density and arrangement in the different layers
of the cornea. IVCM technology also allows the
visualization of changes in other corneal structures,
such as cells, blood vessels, nerves, and connective
tissues. It is a good tool for monitoring crystal dep-
osition, inflammatory cell infiltration, and nerve
damage [17]. It allows visualising crystals in the
cornea and the limbus, and the conjunctiva [15].

IVCM as a contact examination sometimes causes
subtle cornea erosions like during other examina-
tions using contact techniques.

Slit-lamp biomicroscopy, AS-OCT, and IVCM
examinations are very helpful in monitoring the
accumulation of crystals in the anterior segment.
Fundoscopy and optical coherence tomography
(OCT) are useful in monitoring fundus compli-
cations. Fundoscopy is documented by the fun-
dus camera and additionally changes related to the
disc (disc volume and retinal nerve fibre layer) and
macula using OCT technology. Electroretinogra-
phy (ERG) detects fundus complications connected
with hypo- or hyperpigmentary retinopathy.

Patient complaints, such as photophobia, sting-
ing, and blepharospasm, are evaluated using differ-
ent scales. Self- and clinician-assessed photophobia
can be graded using the Liang et al. cystinosis pho-
tophobia scaling system on a scale of 0 to 5 (Tab. 1).
For the first time, it was published for different ocu-
lar surface inflammations [18]. Self-assessed sting-
ing and blepharospasm are noted on the following
scale: none, light, mild and severe.
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TREATMENT

Oral and topical treatment is required in the
management of nephropathic cystinosis. Cysteam-
ine therapy is the only available treatment. It should
start as soon as the diagnosis is made, immediately
after birth, thanks to which the progression of the
disease will significantly slow. As a depleting agent,
cysteamine reduces cellular cystine concentration
of more than 90% of the accumulated cystine in all
body tissues [7]. Oral and topical treatment slows
down disease progression preventing serious system-
ic and ophthalmic complications. Cystagon® (cy-
steamine bitartrate) distributed by Orphan Europe
is the main medication used in the systemic therapy
of nephropathic cystinosis. It is critical to take it
every six hours orally. The second drug is Procysbi®
(cysteamine bitartrate), intended for affected indi-
viduals aged one and older. It is not known if it is
safe and effective in children under one year of age.
Procysbi® comes in the form of delayed-release cap-
sules and delayed-release oral granules taken every
12 hours.

The most common side effects of systemic cy-
steamine therapy are nausea and vomiting because
of its unpleasant taste and odour (the above data is
based on pharmaceutical company information).
Cysteamine eye drops dissolve the crystals and al-
leviate symptoms. To date, there are two kinds of
eye drops: hospital preparation eye drops with 0.5%
cysteamine hydrochloride, a licensed preparation of
0.55% Cystadrops™ (Orphan Europe, France) dis-
tributed in Europe, and 0.44% Cystaran™ (Hi-Tech
Pharmacal Co., USA) in the USA. Locally prepared
0.5% cysteamine has been used off-license, and its
efficacy, the same as 0.44% CystaranTM is limited,
possibly due to the inconvenience of frequent ad-
ministration 10—12 times a day. In addition, these
are aqueous solutions with no viscosity agent, so

the duration of contact with the cornea’s surface is
insufficient. CystadropsTM as a gel solution with
high viscosity is significantly more effective, and
its administration is reduced to four times per day
[18]. The most frequently reported ocular side reac-
tions are sensitivity to light, redness, blurred vision,
and increased lacrimation [19]. It is important that
oral administration of cysteamine does not dissolve
corneal crystals due to avascular cornea. Ophthal-
mologic problems are usually treated symptomati-
cally. They appear when cysteamine eye drops are
unavailable for the patient or with bad compliance.
Photophobia can be relieved by sun avoidance, sun-
glasses, and lubrication. Some symptoms reported
by cystinosis patients, such as itching, stinging and
foreign body sensation, can be alleviated using arti-
ficial tears. More severe corneal complications often
require anti-inflammatory treatment like steroids,
antibiotics, or cyclosporine eye drops. Calcific band
keratopathy as a complication of long-standing ocu-
lar surface inflammation is removed using EDTA
chelation. Keratoplasty is rarely required and recom-
mended, especially in cases with intensified corneal
neovascularization and limbal stem cell deficiency
leading to recurrent ulcerative keratitis. Manage-
ment of patients after keratoplasty is complicated
and challenging. Due to the disease’s severe and per-
sistent nature, we note cases with transplant rejec-
tion (Fig. 11). There is no symptomatic treatment
for retinal involvement in the form of pigmentary
retinopathy with photoreceptors degeneration. It is
unfortunately irreversible and contributes to vision
deterioration.

There are seven patients with cystinosis who
regularly have their follow-up visits in our Depart-
ment: four children aged 9, 12, and 13 with infan-
tile nephropathic form and one child aged 15 with
the juvenile nephropathic form; and three adult pa-

Grade Self-assessed photophobia Clinician-assessed photophobia
0 No photophobia No photophobia under the sh_t—lamp beam even with the largest
slit beam
1 Slight difficulty with light causing occasional eye blinking Photophobia to moderate slit-lamp beam light
2 Slight difficulty causing regular eye blinking Photophobia to dimmest slit-lamp beam light
3 Moderate difficulty with light requiring sunglasses Inability to tolerate blue light
Photophobia requiring dark glasses
4 Severe difficulty requiring almost permanent sunglasses A patient unable to open eyes inside an illuminated consulting
room
Extreme difficulty with light requiring the patient to stay inside . .
5 . . . A patient unable to open eyes in a darkened room
A patient cannot even tolerate natural light with sunglasses
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tients, one aged 24 with the juvenile nephropathic
form and two patients aged 34 and 37 with the
infantile nephropathic type of cystinosis. The two
oldest patients as the only ones who show ocular
complications.

DISCUSSION

Cystinosis is one of the rarest diseases in the
world but is found in all ethnic groups with un-
equal geographical distribution [7]. The first symp-
toms related to kidneys and eyes appear in the first
months of life in patients with the infantile neph-
ropathic form of cystinosis. Cornea cystine crystals
are pathognomonic symptoms of the disorder and
often help make a diagnosis [9]. Due to the rarity
of the disease, in many cases, the diagnosis is often
delayed, and proper treatment is initiated too late.
This type of cystinosis is usually diagnosed during
the first years of life [14]. Systematic ophthalmic
follow-up is essential because the accumulation of
crystals progresses gradually with age. Anterior seg-
ment optical coherence tomography is very helpful
in monitoring cystine crystals in the cornea. How-
ever, in cases of any ocular surface complications,
such as scars, band keratopathy, bullous keratopa-
thy, etc., there is a limitation in evaluating crystal
location [20]. We cannot accurately quantify the
number of accumulated crystals within the retina
using OCT [21]. In vivo confocal microscopy is
the gold standard in monitoring cystine accumula-
tion in the cornea [22]. IVCM imaging provides
a precise, qualitative evaluation of cornea crystals
[15]. IVCM images present cystine crystals and
other abnormalities in patients with cystinosis,
such as enlarged and abnormal-looking tortuous
nerves and beaded nerves in the sub-basal plexus
of the cornea [23]. Both AS-OCT and IVCM pro-
vide a complete analysis of the cornea and should
be used in ophthalmologic follow-up. The medi-
cines used in cystinosis therapy are referred to as
“orphan medicines”, which means they are used
in rare diseases. They can only be obtained with
a prescription, and treatment should be started
under the supervision of a doctor experienced in
the treatment of cystinosis. Ophthalmologic prob-
lems are treated with cystine-depleting agents and
symptomatically. Cysteamine eye drops dissolving
cornea crystals relieve ocular patients’ complaints,
especially photophobia unless a band keratopathy,
pannus, or scars have formed [2]. When corneal
cystine accumulation is aggravated, causing limbus

stem cell deficiency and peripheral corneal neovas-
cularization, penetrating keratoplasty is performed.
H. Liang et al. tried to use anti-VEGF injections
in the treatment of corneal neovascularization in
cystinosis patients. Unfortunately, the attempt was
unsuccessful as, unexpectedly, anti-VEGF injections
increased neovascularization. The recurrence of cys-
tine deposition in the corneal allograft is not clear
enough. However, we do not note the presence
of cystine crystals in the corneal allograft in our
patients during eight years of follow-up. Neverthe-
less, the patients have to be informed about the
disease recurrence in the corneal graft because of the
persisting underlying disease, and topical cysteam-
ine therapy should be continued. Cystoid macular
oedema (CMO) is a severe fundus complication
due to the submacular choroidal neovascularization
of unknown aetiology in cystinosis patients [9].
Tsilou et al. believe that CMO develops because of
vascular endothelial growth factor release following
inflammation caused by retinal crystals accumula-
tion. Systemic therapy is critical in reducing cystine
concentration in different body tissues, including
retinal epithelium, thereby ameliorating or postpon-
ing retinopathy [11]. Cysteamine therapy is crucial
in treating nephropathic cystinosis patients. If they
are left untreated, their life expectancy is up to
12 years [2]. Topical cystine-depleting treatment is
also essential in each form of cystinosis.

CONCLUSIONS

A broad spectrum of ocular pathologic features
is related to nephropathic cystinosis. The most seri-
ous of them results in a significant visual handicap.
Good compliance is essential in preventing severe
ophthalmic complications. We hope that the avail-
ability of cysteamine therapy will increase each year
and make it possible for every affected patient to be
treated, thus preventing ocular and systemic com-
plications.
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