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ABSTRACT
Précis Cystinosis is a lysosomal storage disease leading 
to an accumulation of cystine crystals in several organs. 
We aim to comprehensively describe chorioretinal 
cystine crystals via spectral domain optical coherence 
tomography (SD- OCT) and elaborate a new biomarker for 
systemic disease control.
Background/aims Cystinosis is a rare lysosomal 
storage disease leading to an accumulation of cystine 
crystals in several organs. This study aims to describe 
the deposition of retinochoroidal crystals in infantile 
nephropathic cystinosis and to elucidate their potential 
value as an objective biomarker for systemic disease 
control.
Methods This cross- sectional study was carried 
out by the University Eye Hospital of the Ludwig- 
Maximilian University (Munich, Germany) in 
collaboration with the German Cystinosis Study 
Group. A complete ophthalmologic examination was 
performed, along with posterior segment SD- OCT 
(Spectralis; Heidelberg Engineering GmbH, Heidelberg, 
Germany). Retinochoroidal crystals were graded by 
employing a novel semiquantitative grading system—
the retinochoroidal cystine crystal score (RCCCS). To 
quantify quality of vision, patients completed a specific 
questionnaire. A total of 85 eyes of 43 patients with 
cystinosis were included (mean age 22.3±8.8 years, 
range 6–39; male:female ratio=23:20).
Results Cystine crystals were detectable in all 
neuroretinal layers and the choroid, most frequently 
in the choriocapillaris. The RCCCS was negatively 
correlated with cysteamine intake (r=0.533, p=0.001) 
and positively with cystatin C, a stable parameter of renal 
function (r=0.496, p=0.016). Moreover, the value of 
the RCCCS affected subjective quality of vision. Genetic 
analysis indicated pronounced crystal deposition in 
patients with heterozygous mutations containing the 
57- kb- deletion allele of the CTNS gene.
Conclusion Ocular cystinosis leads to retinochoroidal 
crystal accumulation in every stage of the disease. 
Crystal deposition may be markedly influenced by oral 
cysteamine therapy. Therefore, the presented SD- OCT 
based grading system might serve as an objective 
biomarker for systemic disease control.

INTRODUCTION
Infantile nephropathic cystinosis is a rare lyso-
somal storage disease that causes an accumula-
tion of cystine crystals in every tissue of the body 
including various ophthalmic structures.1 Due to 

a defective cystine transporter in the lysosomal 
membrane, intracellular cystine precipitates and 
leads to malfunction of several organs.2 Renal 
Fanconi syndrome, for instance, is most often 
caused by cystinosis in children. Cystinosis also 
leads to end stage renal failure requiring dialysis or 
renal replacement therapy.3 4 Regarding the ocular 
manifestations of infantile nephropathic cystinosis, 
cystine crystals can be found in the cornea, conjunc-
tiva, iris, ciliary body, choroid and retina.5 6

Oral administration of the free thiol cysteamine 
is the current treatment of choice for the systemic 
manifestations of cystinosis.7 Cysteamine depletes 
cystinotic cells by up to 90% of their cystine 
content.8 When administered early and regu-
larly, it may protract systemic manifestations (eg, 
nephropathy or retinopathy) and increase overall 
life expectancy.9 Yet, due to the oral therapy’s 
various side effects, it is often difficult to achieve 
therapeutic compliance, especially in paediatric and 
adolescent individuals.10 Patients often suffer from 
nausea, vomiting and sulfurous body and breath 
odour, which may cause psychological and social 
problems.11

To date, the white blood cell (WBC) cystine level 
obtained through blood sampling is the only existing 
and relevant biomarker used to monitor the success 
of oral cystine- depleting therapy. This biomarker, 
however, does not reflect long- term compliance 
with cysteamine treatment. WBC cystine levels vary 
considerably, largely depending on the period since 
the last oral intake of cysteamine.12 Hence, a more 
representative and stable biomarker is warranted 
to efficiently monitor the success of, and long- term 
adherence to, systemic therapy; such monitoring 
might help foster patient compliance.

The eye with its physiologically clear optical 
media—previously described as ‘the window to 
cystinosis5’—is ideally accessible to analysis with 
optical imaging. Since the retinal and choroidal 
circulation are connected to the systemic blood 
flow, retinochoroidal cystine crystals may be 
affected by oral cystine- depleting therapy.13 Spectral 
domain optical coherence tomography (SD- OCT) 
is a non- invasive imaging modality that enables 
cross- sectional scans of retinal and choroidal tissues 
in a close histological resolution of up to 1–4 µm 
axial resolution; it can be considered an ‘in vivo 
biopsy’.14 Patients with cystinosis suffer from severe 
photophobia—presumably due to cystine crystals in 
the cornea, which cause incoming light to scatter.15 
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Therefore, SD- OCT is a particularly good diagnostic tool for 
cystinosis individuals because it uses light in the near- infrared 
spectral range, which is invisible for the human eye and there-
fore cannot cause photophobia.16

This study aims to comprehensively describe and characterise 
the deposition of retinochoroidal crystals through SD- OCT in 
a large cohort of patients with cystinosis. Another goal was to 
gauge their potential value as an objective biomarker for systemic 
disease control.

MATERIALS AND METHODS
This cross- sectional study recruited patients with infantile 
nephropathic cystinosis from the German Interdisciplinary 
Cystinosis Clinic Germany between 2018 and 2019.17 Consent 
to use their data for analysis and scientific publication was 
obtained from all participating patients. All ophthalmological 
examinations were carried out at the University Eye Hospital, 
Ludwig- Maximilian University, Munich, Germany.

Ophthalmological examination
A complete ophthalmological examination was performed 
consisting of slit lamp biomicroscopy, dilated funduscopy, Gold-
mann applanation tonometry and best corrected visual acuity 
(BCVA) using the standard ETDRS chart for testing at a distance 
of 4 m.

Spectral domain optical coherence tomography
An SD- OCT system (Spectralis; Heidelberg Engineering GmbH, 
Heidelberg, Germany) was used for B- scan acquisition. In 
all cases, macular volume scans consisting of 25 B- scans (512 
A- scans each), covering a 20°×20° region centred at the fovea, 
were obtained. Image optimisation using the automatic real- 
time (ART) averaging algorithm (12 frames per B- scan) of the 
onboard manufacturer’s software was employed. The singular 
horizontal B- scan with the best centration in relation to the fove-
olar specular reflex was used for further image analysis. In cases 
where the acquisition of a volume scan was not possible due 
to non- compliance (5 eyes of 3 patients), a singular line scan 
centred on the foveola with ART averaging (2 frames per B- scan) 
was taken and used for analysis instead.

As previously described,16 retinal crystals appear as distinct 
hyperreflective foci on SD- OCT B- scan images. For the purpose 
of this study, hyperreflective foci representing cystine crystals 
were graded by two independent expert SD- OCT readers (LK, 
CP), who did not know the patients’ identities or details about 
their ocular or systemic health. One singular central horizontal 
B- scan image was analysed per eye. Crystals were semiquanti-
tatively analysed for the entire view field of the B- scan image, 
separately for each of the following retinochoroidal layers: 
retinal nerve fibre layer (RNFL), ganglion cell layer (GCL), inner 
plexiform layer (IPL), inner nuclear layer (INL), outer plexi-
form layer (OPL), outer nuclear layer (ONL), and choroid. The 
retinal pigment epithelial (RPE) and photoreceptor layer were 
not included in the present analysis, because the difference in 
pixel brightness between cystine foci and physiological tissue of 
the concerned layers was too similar to be differentiated with 
certainty. The retinochoroidal cystine crystal score (RCCCS) 
grading system is constituted by four semiquantitative values: 
0.5+: 1–3 crystals present in the concerned retinochoroidal 
layer, 1+: 4–10 crystals, 2+: 11–20 crystals, 3+:>20 crys-
tals. By adding up all the semiquantitative values for the seven 
individual retinochoroidal layers, the RCCCS (representing 
cumulative crystal deposition in all retinochoroidal layers) was 

calculated for each eye. The RCCCS can range from 0 (indi-
cating no deposition) to 21 (indicating maximum, ie >20, 
crystal deposition in all retinochoroidal layers). In cases where 
the grading between the two independent SD- OCT readers were 
not congruent (36 of 595 individual retinochoroidal layer grad-
ings; 6.1%), a consensus grading was performed.

Measuring corneal cystine crystal deposition
Corneal crystals were graded using the objective grey value- 
based parameter developed by our group and according to the 
already established subjective Gahl- Corneal Cystine Crystal 
Score (CCCS).5 For objective grading of the corneal crystals, a 
semiautomated grey scale system was developed using anterior 
segment optical coherence tomography (Cirrus HD- OCT 5000, 
Carl Zeiss Meditec AG, Jena, Germany) and applied as described 
previously.6 The CCCS, on the other hand, is a subjective 13- step 
grading system based on a library of slit- lamp photographs of 
corneas with increasing crystal density. The assessment is made 
by subjective image comparison with an online photo atlas.

Patient-reported outcome measures
To quantify patient- reported, subjective quality of vision, 
patients were asked to complete a standardised, Rasch- scaled, 
clinically validated 30- item questionnaire addressing different 
subjective visual symptoms.18 The questionnaire was designed 
to quantify the frequency, severity and irritation level of the 
following visual symptoms: glare perception, halo perception, 
starbursts, foggy vision, blurred vision, distorted vision, double 
vision, fluctuations in vision, focusing difficulties, and diffi-
culties judging distance or depth perception. All but the latter 
three symptoms were illustrated by standardised colour images 
printed in standardised size (163×232 mm, 300×300 DPI). 
Patients were encouraged to report how often (never (0), occa-
sionally (1), quite often (2), very often19) and how severe (not at 
all (0), mild (1), moderate (2), severe19) they experienced each 
symptoms and how much they were bothered by them (not at all 
(0), a little (1), quite (2), very19).

Blood sampling and genetic testing
Blood was drawn for genetic testing and determination of the 
WBC cystine level and cystatin C levels (Institute for Laboratory 
Medicine, Ludwig- Maximilian University, Munich). To analyse 
the influence of renal function on RCCCS, only the cystatin C 
levels of patients who had not yet undergone kidney transplan-
tation were included in the calculation.

To evaluate the impact of different allele combinations on 
chorioretinal crystal distribution, the percentage of decisions, in 
which an accumulation of crystals of stage 0.5, 1, 2, 3 according 
to the RCCCS grading system was described by the graders, was 
divided by all the gradings that had to be made in this specific 
group with the same mutation.

Statistical analysis
All statistical analyses were performed using SPSS Statistics 
(V.25.0; IBM). All metric data were presented as mean±SD; 
ordinal data were presented as median and range. For the 
RCCCS, we used the mean value of the two eyes for all calcula-
tions. Correlation analyses between the RCCCS and age, as well 
as BCVA, the WBC cystine level and cystatin C levels and the 
dose of oral cysteamine intake were performed by calculating 
Pearson’s correlation coefficient. Spearman correlation analyses 
were employed to assess the associations between retinochoroidal 
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crystal accumulation and subjective visual symptoms. A p value 
of <0.05 was considered to indicate statistical significance.

RESULTS
This study included a total of 85 eyes belonging to 43 patients 
with infantile nephropathic cystinosis. The female to male ratio 
was 20:23 and mean age was 22.3±8.8 (range 6–39) years. 
Further characteristics of the examined cohort are summarised 
in table 1.

Retinochoroidal cystine crystals are hardly visible in fundus-
copy and therefore cannot be precisely quantified without a 
sectional image. For this reason, OCT was used to develop the 
RCCCS grading system (figure 1A–C). Retinochoroidal cystine 
crystals as indicated by hyperreflective foci in the SD- OCT 
B- scan image were encountered in 58 of 85 eyes (68.2%; 
figure 2). Crystal deposition was detected in all neuroretinal 
layers as well as in the choroid. Crystals in the choroid were 
the most common SD- OCT manifestation affecting 53 eyes 
(62.4%, figure 3A). Choroidal crystals were confined to the 
choriocapillaris layer in all cases (figure 2A and B). The second 
and third most common layers affected by crystal deposition 
were the INL with 18 (21.2%) and GCL with 14 (16.5%) eyes 
(figure 3A) which showed hyperreflective foci on SD- OCT. 
Crystals of the INL were predominantly found in proximity to 

the transition zones towards the adjacent OPL and IPL, respec-
tively (figure 2C). Crystal deposition in the IPL (n=9; 10.6%), 
RNFL (n=5; 5.9%), OPL (n=3; 3.5%) and ONL (n=1; 1.2%) 
were less common. In some cases, severe crystal deposition lead 
to retinal atrophy (figure 2D).

Genotype and retinochoroidal crystal deposition
The molecular genetic testing results are displayed in figure 3B. 
Low grade of crystal deposition was quite evenly distributed 
over most mutations and the heterozygous combinations thereof. 
Overall, crystal deposition was most common in patients with 
heterozygous mutations containing the 57- kb- deletion allele of 
the CTNS gene combined with c.18_21delGACT or the amino 
acid substitution at c.1118T>C, respectively. Most pronounced 
retinal crystal deposition was found in patients heterozygous for 

Table 1 Subjects’ examination results and daily dose of the 
systemic medication

Parameter Mean±SD Range

Best corrected visual acuity
(logMAR)

0.03±0.17 −0.21−1.00

Daily dose of cysteamine
(mg/kg body weight/day)

37.61±16.31 0.00–66.70

Serum cystatin C level (mg/L)
(Normal range: 0.6–1 mg/L)

1.94±1.31 0.69–7.08

WBC cystine (nmol/mg protein)
(normal range:<1 nmol/mg protein)

1.02±1.11 0.07–5.70

WBC, white blood cell.

Figure 1 Fundus photographies of patients with cystinosis. Matched 
fundus photography of the patient with cystinosis shown in figure 2A 
with a retinochoroidal cystine crystal score (RCCCS) of (A) 0.5 and 
(B) 2.5, respectively. (C) Optical coherence tomography and fundus 
photography of a patient with an RCCCS of 2.25. Chorioretinal crystals 
are hardly visible on funduscopy and fundus photographies.

Figure 2 Spectral domain optical coherence tomography B- scans 
of patients with cystinosis. (A) Retinal crystals presenting as hyper- 
reflective foci with a pronounced accumulation in the choriocapillaris 
(arrowhead). Retinochoroidal cystine crystal score (RCCCS) of 0.5 with 
only few choroidal crystals. (B) RCCCS of 2.5 with more crystals in the 
choroid (arrowhead) and inner plexiform layer (IPL).36 (C) RCCCS of 5 
with crystals in the choroid, GCL, IPL and inner nuclear layer (arrows). 
Crystals were most often found at the transition zones between the 
layers. (D) Severe crystal accumulation in multiple chorioretinal layers.
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c.295_298del and c.1015G>A as well as the combination of the 
57- kb- deletion with c.1118T>C (figure 3B).

Systemic determinants of retinochoroidal crystal deposition
A propensity towards higher RCCCS values with increasing 
patient age at the time of examination was detected (r=0.294, 
p=0.056). The RCCCS was found as a statistically significant 
positive function of serum cystatin C concentration (r=0.496, 
p=0.016; figure 4A). Moreover, RCCCS negatively correlated 
with the daily dose of cysteamine in relation to body weight 

(r=0.533, p=0.001; figure 4B) and showed a propensity towards 
higher values with increasing WBC cystine level (r=0.327, 
p=0.055; figure 4C).

Retinochoroidal crystal deposition and visual function
Higher RCCCS values were statistically significantly associated 
with reduced BCVA (r=0.465, p<0.01, figure 4D). Regarding 
questionnaire- reported visual symptom outcomes, glare was the 
most commonly perceived visual symptom with a cumulative 
84.8% of eyes reporting glare perception ‘occasionally’ (48.1 

Figure 3 Display of the cystine crystal distribution in the retina and choroid and in different allele combinations. (A) Distribution of cystine crystals 
with respect to their localisation in different retinal layers and the choroid and (B) with respect to their occurrence in different genetic mutations.

Figure 4 Correlation of the retinochoroidal cystine crystal score (RCCCS) with systemic parameters, daily dose of cysteamine and visual acuity. (A) 
Positive correlation with the cystatin C level in the blood in pretransplant patients with cystinosis. (B) Inverse correlation with the dose of cysteamine 
intake. (C) Patients showing a higher white blood cell cystine level presented with a higher RCCCS. (D) Inverse correlation with best corrected visual 
acuity.
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%), ‘quite often’ (22.8%) or ‘very often’ (13.9%; figure 5). 
Glare was both the most severely perceived and most irritating 
of all tested visual symptoms. Starburst perception was the 

second most commonly reported (75.9%) symptom and was also 
severely perceived and irritating (figure 5). The remaining eight 
visual symptoms (eg, foggy vision) were relatively less reported 

Figure 5 Impact on subjective quality of vision. (A) Frequency, (B) severity and (C) bothersome of the perception of different quality of vision 
parameters. Patients suffered in descending frequency mostly from the perception of glare, starbursts and focusing difficulties.
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with cumulative incidences ranging between 46.8% for focusing 
difficulties and 2.53% for image distortion.

While the frequency (Rho=0.182, p=0.262) of glare percep-
tion was not a function of RCCCS, severity and irritation levels 
of glare showed a statistically significant positive association 
with RCCCS (Rho=0.432, p=0.05 and Rho=0.313, p=0.049). 
Neither the frequency (Rho=0.131, p=0.420) nor the severity 
(Rho=0.157, p=0.334) or the irritation level (Rho=0.140, 
p=0.388) of starburst perception was associated with RCCCS.

Retinochoroidal crystal deposition and corneal crystal 
accumulation
There was no correlation between the occurrence of chorioret-
inal crystals and the presence of corneal cystine crystals measured 
by the CCCS (R=0.199 p=0.206) or via the OCT- based grey 
scale grading system (R=0.270, p=0.106).

DISCUSSION
The present study shows that infantile nephropathic cystinosis 
leads to retinochoroidal crystal accumulation and that there is 
a predominant deposition in the choriocapillaris, as well as in 
the INL and GCL. This is the first study to provide evidence 
that retinochoroidal crystal accumulation can be positively influ-
enced by systemic cysteamine therapy, although its occurrence 
cannot be completely be prevented.

Our SD- OCT imaging- based in vivo findings corrobo-
rate previous cystinosis mouse model studies that detected 
pronounced accumulation of cystine crystals in the choroid 
and INL using transmission electron microscopy scans.20 The 
INL and GCL contain cell nuclei and perikarya of ganglion 
cells, amacrine cells, bipolar cells and horizontal cells.21 Since 
it is assumed that cystine crystals are primarily deposited in the 
intracellular compartment,22 the pronounced deposition in the 
GCL and INL may be related to the relative abundance of cell 
nuclei in these layers. Interestingly, crystals within the INL were 
predominantly found at the transition zones with the adjacent 
IPL and OPL, both representing regions with an abundance of 
retinal microvasculature. The vasculature of the retina is divided 
into three microvascular plexus: superficial, intermediate and 
deep. These are localised within the RNFL and in the IPL/INL 
and INL/OPL transition zones, respectively. Distinct crystal 
accumulation within pericytes has been demonstrated with elec-
tron microscopy of brain tissue of a patient with cystinosis.23 
Pericytes coat the microvascular endothelial cells and their func-
tional role as macrophages has been recognised.24 Moreover, 
it has been shown that pericytes contain a notable number of 
lysosomes—a feature that characterises the ultrastructure of 
macrophages.25 Hence, we hypothesise that the pronounced 
crystal accumulation in the GCL and INL may be attributable to 
cystine- loaded pericytes in the respective retinal capillary plexus. 
Of note, as compared with the GCL and INL, even more abun-
dant crystal accumulation was detected in the highly vascularised 
choriocapillaris. In analogy to the neuroretina, crystals appeared 
to deposit primarily in a perivascular distribution in the chorio-
capillaris layer (figure 2). The appearance of perivascular region 
may go hand in hand with localisation in pericytes, although a 
previous histological study also localised crystal accumulation to 
the choroidal endothelial cells.26 SD- OCT can only confirm the 
crystals’ perivascular localisation and hypothesise on their exact 
cellular origin. Histological examinations are needed to precisely 
differentiate the perivascular cell types, that is, choroidal endo-
thelial cells, pericytes or perivascular innate immune cells in 
terms of resident choroidal macrophages.27

Since cystine crystal accumulation in corneal tissue is known 
to correlate poorly with visual function, retinal crystal accumu-
lation has been held responsible for the loss of vision in patients 
with cystinosis.28 29 The findings of the present study support 
this hypothesis. RCCCS was negatively associated with visual 
acuity, and positively associated with the severity of patients’ 
glare perception (figures 4 and 5). Of note, cystinosis retinop-
athy may not only account for visual acuity loss, but contribute 
to photophobia, which is considered to be one of the main visual 
burdens of patients with cystinosis.5

Adherence to systemic treatment is crucial, because it can 
prevent or delay end organ damage in almost every tissue, 
including the retina.30 Therefore, particular efforts need to be 
undertaken to foster compliance with systemic therapy, which 
may be encouraged by precise monitoring of disease control 
as a feedback mechanism for patients. Corneal cystine crystals 
can only be dissolved with topical cystine- depleting therapy 
and, hence, are not suitable as biomarkers for systemic disease 
control. Tsilou et al were the first to acknowledge the retina as 
a ‘window’ to the systemic manifestations of cystinosis.28 The 
authors reported a direct correlation between the incidence of 
cystinotic retinopathy, as determined by funduscopy, perimetry 
or electroretinography, and the time period that the patients did 
not receive oral cysteamine therapy. In their study, however, 
traditional funduscopy was used to screen for retinal crystals. In 
our study using high- resolution SD- OCT, retinochoroidal crys-
tals could be seen in all examined eyes, including those of asymp-
tomatic paediatric patients. With respect to the predominant 
deposition locus of crystals in the choriocapillaris underlying 
the RPE, the crystal burden may be overestimated with conven-
tional funduscopy. A low degree of crystal accumulation may 
not necessarily lead to functional defects and, thus, may not be 
picked up by ERG or perimetry in the early stages. In addition, 
perimetry and ERG are generally not feasible in patients with 
photophobic paediatric cystinosis due to the lengthy acquisition 
time and the bright flashlight stimuli, respectively.31

SD- OCT represents an objective, fast and contact- less imaging 
method operating in the infrared spectrum, which is invisible 
for the human eye and does not elicit photophobia. Based on 
the aforementioned findings, we conclude that the SD- OCT 
based RCCCS system may accurately reflect the extent of reti-
nochoroidal cystinosis disease even at an early stage. More-
over, a plurality of findings from the present study indicates 
that the RCCCS system may also serve as a valuable biomarker 
for systemic disease status and control. First, RCCCS showed a 
statistically significant association with cystatin C (figure 4A), 
a stable endogenous protein used to determine renal func-
tion that is less dependent on the patient’s age and muscle 
mass as compared with the commonly used creatinine param-
eter. Second, RCCCS was negatively influenced by the daily 
cysteamine dose. Eyes of patients with a known low therapy 
compliance (marked in red) or of patients with cysteamine 
intolerance (marked in blue), showed particularly high RCCCS 
values (figure 4B). Moreover, the RCCCS tended to increase 
with higher WBC cystine levels, currently the sole biomarker to 
monitor oral cystinosis therapy (figure 4C). Third, as cystinosis- 
related end organ damage generally progresses with age, older 
patients showed a propensity towards higher RCCCS values. 
Finally, the most pronounced cystine crystal accumulation was 
found in patients harbouring the 57- kb deletion. This is the 
most common mutation found in patients of European descent. 
It is also referred to as a ‘severe nephropathic type’ of mutation 
and causes the most severe cystinotic nephropathy.32 Hence, 
although not directly assessed in this study, the RCCCS may 
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be an early parameter indicating advancing nephropathic and 
systemic damage.

Of interest, in our patient collective, the RCCCS did not 
correlate with the subjective Gahl CCCS nor with the objective 
grey scale based grading system developed by our group.

This is most likely because the cornea is not connected to the 
systemic circulation and thus corneal cystine crystal deposition 
is not affected by oral therapy. For this reason, corneal cystine 
crystals are treated with eye drops containing cysteamine. In our 
experience, treatment compliance for taking the cysteamine- 
containing tablets to treat the systemic manifestations differs 
significantly from the compliance for eye drop application. 
Many patients are negligent in the use of the eye drops, but still 
take the vital tablets regularly. Accordingly, a high number of 
chorioretinal crystals does not necessarily entail an increased 
occurrence of corneal cystine crystals.

One limitation of this study is that the RCCCS system 
represents a semiquantitative scoring model that requires an 
expert SD- OCT reader. With the help of deep learning based 
retinal OCT segmentation, however, objective and fully auto-
mated scoring of retinochoroidal cystine crystals may be possible 
in the near future.33 Similarly, we could not take OCT scans in 
very young patients due to lack of compliance. In future studies, 
this could be accomplished with the help of handheld OCT 
systems.34 A strength of this study is its relatively large sample 
of 85 eyes. Infantile nephropathic cystinosis has an estimated 
incidence of 1:100 000-1:200 000.12 In all of Germany, approx-
imately 130 patients are currently known and 3–5 new patients 
are diagnosed per year.35 Therefore, the presented cohort of 
patients with cystinosis may be regarded as highly valuable in 
broadening our understanding of this rare genetic disorder.

In conclusion, the herein introduced RCCCS system may 
accurately reflect the extent of retinochoroidal cystinosis disease 
at every stage of the disease. Moreover, our findings indicate 
that the RCCCS system could serve as a valuable biomarker 
for systemic disease status and cysteamine therapy adherence. 
Longitudinal clinical studies incorporating the novel RCCCS 
system are warranted to explore the temporal dynamics between 
retinochoroidal crystal deposition and systemic disease control.
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