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Purpose: To analyze the subclinical intraocular involvement using multimodal imaging

approach in patients affected by Erdheim-Chester disease (ECD) without ocular symptoms.

Patients and Methods: In this prospective cross-sectional study, 18 eyes of 9 consecutive

patients with ECD were enrolled. Each patient underwent comprehensive ocular examination

and extensive multimodal chorioretinal imaging.

Results: None of the patients presented any evidence of chorioretinal localization of disease

using multimodal imaging. One patient exhibited a choroidal nevus complicated by active

polypoidal choroidal neovascularization. Subretinal hyperreflective material was seen in

three eyes, mainly resembling acquired vitelliform lesion. One patient had an isolated

intraretinal hemorrhage. Most patients exhibited peripheral vascular abnormalities (ie, micro-

aneurysms, peripheral vascular leakage). Fundus autofluorescence showed faint hyperauto-

fluorescence in eleven eyes.

Conclusion: Intraocular involvement is an extremely rare event of an extremely rare

disease. In patients affected by ECD without ocular symptoms, advance multimodal imaging

examinations did not show signs of subclinical chorioretinal involvement related to the

disease.

Keywords: Erdheim-Chester disease, histiocytosis, fluorescein angiography, indocyanine

green angiography, optical coherence tomography

Introduction
Erdheim-Chester disease (ECD) is a rare, multisystemic disease caused by the

accumulation and infiltration of non-Langerhans foamy histiocytes in different

body sites; about 700 cases have been reported in the English literature.1 ECD

mainly affects the skeletal apparatus, but it can potentially involve any other site,

including the neurological, cardiovascular, respiratory, endocrine, and integumen-

tary systems.1,2 Recently, mutations in mitogen-activated protein kinase (MAPK)

pathways have been linked to the disease.2 Periocular involvement is common in

ECD as the orbital and palpebral tissues represent one of the most typical present-

ing features of the disease. On the other hand, intraocular histiocytic infiltration

occurs far less frequently. Indeed, only six cases of intraocular involvement have

been described.3–6 Intraocular involvement ranged from subretinal to choroidal

invasion associated with the presence of subretinal fluid.3,4,6,7 In all reported

cases, the disease affected the posterior pole, and the patients complained of visual

disturbances. On the other hand, extra-macular chorioretinal lesions may be asymp-

tomatic, as reported in other diseases.8–10 Multimodal imaging evaluation repre-

sents a precious resource in these cases, as dilated fundus examination misses
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a substantial proportion of posterior segment lesions.11–13

Fluorescein angiography (FA) and indocyanine green

angiography (ICGA), visualizing the retinal and choroidal

vasculature, may play a significant role in the assessment

of vascular changes and choroidal infiltrations.12,14

Furthermore, enhanced depth imaging (EDI) optical coher-

ence tomography (OCT) may provide additional useful

information on retinal and choroidal structures.14

The present study aims to prospectively analyze, using

a multimodal imaging approach, the subclinical intraocular

involvement in patients affected by ECD without ocular

symptoms. This topic is of paramount relevance to asses-

sing whether ECD patients should undergo periodic

ophthalmic examinations.

Materials and Methods
Nine consecutive patients affected by ECD followed-up at

the Unit of Immunology, Rheumatology, Allergy and Rare

Diseases, University Vita-Salute, San Raffaele Hospital,

Milan, Italy were referred to the Medical Retina &

Imaging Unit between May and June 2016 and prospec-

tively enrolled in this cross-sectional study. The study was

conducted in compliance with the Declaration of Helsinki

and all patients signed a written consent, approved by the

ethics committee of San Raffaele Hospital. Medical his-

tory and demographic data were recorded for each patient.

Inclusion criteria were: histologically-proven diagnosis

of ECD; age ≥ 18 years; refractive status between −6 and

+3 diopters, and ability to provide informed consent.

Diagnostic delay was defined as the years between esti-

mated disease onset and diagnosis.

Exclusion criteria were: significant media opacity lim-

iting proper image quality; known allergy to fluorescein or

indocyanine green. History of a severe allergic reaction to

other drugs represented a relative contraindication; in

these cases, the patients were pre-medicated with cortisone

and anti-histamine prophylaxis before dye angiography, as

per the standardized protocols of the institution. Both eyes

were included in the analysis if they fulfilled inclusion and

exclusion criteria.

Patients underwent a comprehensive systemic assess-

ment and a complete ocular examination performed by

a clinical immunologist and an ophthalmologist, respec-

tively. The eye examination included the measurement of

best-corrected visual acuity (BCVA) on Snellen charts and

converted to the logarithm of the minimal angle of resolu-

tion (logMAR) for calculation purposes, intraocular pres-

sure (IOP) with Goldmann applanation tonometry, anterior

segment biomicroscopy, dilated fundus examination, cen-

tral corneal thickness measurement using XR Avanti SD-

OCT (Optovue, Inc, Fremont, CA), axial length (IOL

master 500, Carl Zeiss Meditec, Inc., Dublin, CA, USA),

infrared reflectance (IR), Multicolor® images, blue-light

fundus autofluorescence (BAF), and spectral-domain

(SD)-OCT (Spectralis HRA, Heidelberg Engineering,

Heidelberg, Germany). Patients also underwent ultra-

widefield (UWF) color fundus images, UWF FA and

UWF ICGA (Optos PLC, Dunfermline, Scotland, UK)

after pupil dilatation with tropicamide 1%.

The SD-OCT acquisition protocol included: 19 horizontal

raster linear B-scans, each composed by 9 averaged OCT

B-scans (1024 A-scans per line) at 240 µm intervals, covering

an area of 20 degrees by 15 degrees; 6 radial linear B-scans,

each composed of 25 averaged OCT B-scans (768 A-scans

per line) at 30 degrees centered on the fovea; 49 horizontal

raster dense linear B-scans, each produced by 16 averaged

OCT B-scans (384 A-scans per line) at 30 µm intervals,

covering an area of 15 degrees by 5 degrees. The latter two

scan sequences were acquired in EDI mode.15 Central macu-

lar thickness (CMT) in the central 1-mm-diameter circle of

the ETDRS thickness map was automatically recorded by the

Spectralis software (Heidelberg Eye Explorer, Version

1.9.11.0, Heidelberg Engineering, Germany). Subfoveal chor-

oidal thickness (SFCT) was manually measured as the ver-

tical distance between the hyper-reflective line of Bruch’s

membrane and the chorio-scleral interface.

UWF fundus photographs centered on the macula were

performed before the dye-based imaging. After intrave-

nous injection of the indocyanine green dye, UWF ICGA

was acquired in both eyes in the early (<60 seconds),

early-intermediate (1–3 mins), late-intermediate (3–-

15 mins), and late phases (>15 mins). Similarly, UWF

FA was obtained after intravenous fluorescein dye injec-

tion in the early (<60 seconds), intermediate (2–3 mins),

and late phases (>4 mins). All UWF ICGA and FA images

were acquired centered in the macula and the 4 steering

positions (ie, left, right, up, and down), to expose the

maximum amount of peripheral retina.

Variables included in the analysis were: age, sex, time

interval between the diagnosis and enrollment in the study,

time interval between the presumed disease onset and the

enrollment, diagnostic delay, location of disease, therapy,

systemic comorbidities, BRAF gene mutation, KRAS gene

mutation, laterality, BCVA, anterior segment status, IOP,

axial length, CMT, SFCT, presence and location of
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abnormalities at UWF imaging, and presence and location

of abnormalities at SD-OCT.

Statistical analysis was performed using GraphPad

Prism software 6.0 (GraphPad Software, Inc., San Diego,

CA, USA) and SPSS software 22 (SPSS, Inc., Chicago,

IL, USA). All data were expressed as mean ± standard

deviation. All tests were 2-tailed and statistical signifi-

cance was defined at p values <0.05.

Results
Eighteen eyes of 9 patients (6 males, 66.7%) were referred to

our Department in the study period. All patients fulfilled the

inclusion and exclusion criteria and were enrolled in the

study. The mean age was 51.6±15.0 years and all patients

were white Caucasians. The ophthalmic evaluation was per-

formed 3.7±3.3 (range 0–11) and 8.4±3.9 (range 2–15) years

after the established diagnosis and the presumed disease

onset, respectively. The estimated diagnostic delay was 4.8

± 5.0 (range 0–14) years. Mutation of BRAFV600E was found

in 7 (78%) out of 9 patients. One of the remaining 2 subjects

had a mutation in the KRAS gene. In the other case, the

genetic analysis did not reveal any mutation. Figure 1 illus-

trates systemic manifestations, treatments, and comorbidities.

Table 1 summarizes the main ophthalmological findings.

Dilated fundus examination and UWF color fundus images

showed subclinical anomalies in three eyes (16.7%). One

case presented a temporal extramacular choroidal nevus

associated with an intraretinal hemorrhage and subretinal

fluid (Figure 2). One eye showed one intraretinal hemor-

rhage in the temporal quadrant. Another eye had a paving-

stone peripheral retinal degeneration.

Dye angiography examination was performed in 16 out

of 18 eyes (Table 2); one patient experienced a syncope

after dye injection before FA and ICGA were recorded.

UWF ICGA was unremarkable in all eyes except for the

one with the choroidal nevus. Polypoidal choroidal neo-

vascularization (CNV) with hyper-cyanescent vascular

dilatation in the late phases was diagnosed on the nevus

edge (Figure 2). On UWF FA, the lesion was hyper-

fluorescent due to late leakage and there was a hypo-

fluorescent lesion due to the intraretinal hemorrhage. The

structural SD-OCT revealed a hyperreflective choroidal

thickening corresponding to the nevus, with an irregular,

dome-shaped, retinal pigment epithelium (RPE) detach-

ment extending into the outer retinal layers. Sub-retinal

exudation was present on the temporal side.

The UWF FAs were unremarkable only in 3 eyes.

Besides the eyes with polypoidal CNV, other abnormalities

were located in the extreme peripheral retina, including

microaneurysms, peripheral vascular leakage, peripheral ret-

inal hemorrhage, and paving-stone degeneration (Figure 3).

In both eyes of one patient, the structural SD-OCT

revealed a small, well-defined, subretinal hyper-reflective

material with preservation of outer retinal bands. The

material, visible at fundus pseudocolor, appeared faintly

hyper-autofluorescent at BAF images (Figure 4). Taking

together the multimodal imaging features, the diagnosis of

acquired vitelliform lesions was performed. Another eye

showed unspecific subretinal material extending into the

outer retinal layers. Eleven eyes exhibited nonspecific

autofluorescence abnormalities. No choroidal abnormality

in the macular area was detected in the study group.

Figure 1 Graphs showing systemic manifestations (A), treatments (B), and comorbidities (C) of the study population.

Abbreviations: DI, Diabetes insipidus; CNS, central nervous system; PEG-IFN-α, Pegylated interferon α; IFN-α, Interferon α; 6MP, 6 mercaptopurine; DM2, Diabetes

mellitus type 2; CKD, Chronic kidney disease; MGUS, Monoclonal gammopathy of undetermined significance; AAA, Abdominal aortic aneurysm; CAD, Coronary artery

disease.
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Discussion
Ophthalmic involvement occurs in nearly one-third of patients

affected by ECD.1,16 Palpebral and periocular xanthelasmas

are the most common clinical manifestation. Orbital involve-

ment occurs in almost a quarter of patients with symptoms

related to a space-occupying lesion, including painless, pro-

gressive proptosis, optic neuropathy, ophthalmoplegia, and

retina striae.16,17 Intraocular involvement is considered an

exceptional event: only 6 cases have been reported in the

current literature, after the first description by Biccas Neto

and Zanetti.3,4,6,7 Recently, Tan and associated6 reported three

patients with intraocular ECD complaining of visual distur-

bances. All cases were characterized by the presence of

a choroidal mass at the posterior pole associated with chronic

subretinal fluid. The diagnosis was performed between the

diagnosis of the ECD and 2 years later and the mean age of

patients was 60 years old. This data are in line with our series,

in which the mean age was 51.6 years old and the ocular

examination was performed between the diagnosis of ECD

and 11 years later. In both the articles by Biccas Neto and

Zanetti4 and by Tan et al.,6 a CNVwas encountered during the

follow-up. Notably, one eye underwent a biopsy of the chor-

oidal mass revealing the typical CD45+CD68+CD1a− non-

Langerhans lipid-laden histiocytes. In all the above cases,

the patients were referred to the ophthalmologists due to visual

symptoms. All lesions, indeed, were located in the posterior

pole and had signs of activity, including macular subretinal

fluid and CNV.

While lesions involving the posterior pole induce

patients to seek medical attention for their visual symptoms,

inactive choroidal masses sparing the macula can be asymp-

tomatic for a long time before making a proper diagnosis.

For instance, 25% of patients with uveal melanoma are

asymptomatic at the time of the diagnosis.18 Similarly,

Table 1 Clinical Features of Study Population

No. patients/eyes 9/18

BCVA, logMAR, mean ± SD 0.02 ± 0.03

IOP, mmHg, mean ± SD 13.1 ± 3.6

Axial length, mm, mean ± SD 23.6 ± 0.9

CCT, µm, mean ± SD 539 ± 45

Anterior Segment, patients/eyes

Unremarkable 7/14

Mild punctate keratopathy 1/2

Crocodile Shagreen 1/2

Phakic eyes 18

Dilated fundus examination, patients/eyes

Unremarkable 6/15

Choroidal nevus with SRF 1/1

Intraretinal hemorrhage 2/2

Paving-stone degeneration 1/1

Abbreviations: No, number; BCVA, best-corrected visual acuity; SD, standard

deviation; IOP, intraocular pressure; CCT, central corneal thickness; SRF,subretinal

fluid, logMAR,log of the Minimum Angle of Resolution.

Figure 2 Multimodal imaging of one case complicated by polypoidal choroidal neovascularization (PCV) over a choroidal nevus.

Notes: Pseudocolor image (top, left) shows a temporal extramacular choroidal nevus associated with an intraretinal hemorrhage. Fluorescein angiography (FA) (top, right)

illustrates a hyper-fluorescent spot corresponding to PCV, encircled by a hypo-fluorescent hemorrhagic crescent; ill-defined hyper-fluorescent dots are present over the

nevus. Indocyanine green angiography (bottom, left) shows hypo-cyanescence corresponding to the choroidal nevus with a hyper-cyanescent polyp at the nasal edge.

Combined FA and optical coherence tomography (bottom, right) demonstrates subretinal fluid and an irregular pigment epithelium detachment with a dome-shaped

component corresponding to PCV.
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5–11% of patients with advanced breast cancer reveal silent

choroidal metastasis at the ocular examination.19–21 The

early identification of those tumors can change not only

the visual but also the general prognosis of patients. For

this reason, screening in high-risk population has been

advocated.18,20 In ECD patients, we can speculate that an

appropriate screening performed by an ophthalmologist

may help in identifying a significant proportion of intrao-

cular subclinical localizations of the disease. The early

detection of posterior segment involvement would alert

clinicians to initiate treatment before the disease invades

the macular region, causing severe visual loss. In this study,

we assessed the patients using a multimodal imaging

approach, including color fundus photography, BAF, IR,

Multicolor®, SD-OCT, UWF FA, and UWF ICG, with the

purpose to analyze the intraocular involvement of ECD.

Multimodal imaging has been proven to improve detection,

guide therapy, and predict outcomes.22 Moreover,

a multimodal approach provides a better characterization

of chorioretinal lesions compared to ophthalmoscopic fun-

dus examination.

None of the intraocular signs found in the enrolled

subjects was suggestive of intraocular localization of the

disease. One patient had an asymptomatic polypoidal CNV

complicating a choroidal nevus. Choroidal nevi are found

in 6.5% of the eyes and can be complicated by CNV in

less than 1% of the cases.23 One patient suffering from

both ECD and polycythemia vera had an intraretinal

hemorrhage; it is reasonable to think that the sign was

Table 2 Imaging Features

UWF FA, Patient/Eyes

Unremarkable 3/3

Microaneurysms 6/9

Peripheral vascular leakage 4/4

Nevus with polypoidal CNV 1/1

Intraretinal hemorrhage 2/2

ICGA, patient/eyes

Unremarkable 7/15

Nevus with polypoidal CNV 1/1

SD-OCT

Qualitative data, patient/eyes

Unremarkable 6/14

Subretinal hyperreflective material 2/3

Nevus with polypoidal CNV 1/1

Quantitative data, mean ± SD

SFCT, µm 280.2 ± 82.2

CMT, µm 272.8 ± 18.0

BAF, patient/eyes

Unremarkable 7

Abnormal 11

Abbreviations: UWF, ultra-widefield; FA, fluorescein angiography; CNV, choroidal

neovascularization; ICGA, indocyanine green angiography; SD-OCT, spectral-domain

optical coherence tomography; SD, standard deviation; SFCT, subfoveal choroidal

thickness; CMT, central macular thickness; BAF, blue-light fundus autofluorescence.

Figure 3 Ultra-wide field fluorescein angiography of peripheral abnormalities observed in patients with Erdheim–Chester disease.

Notes: Retinal microaneurysms are shown in panels (A–C); peripheral paving stone retinal degeneration is illustrated in panel (D); vascular leakage and retinal

microaneurysms are presented in panels (E, F).
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related to the hyperviscosity syndrome. The UWF FA

revealed peripheral vascular abnormalities (ie, microaneur-

ysms, vascular leakage) in six patients; however, these

features have been extensively documented as para-

physiologic changes in healthy subjects.24,25 One patient

presented subretinal hyperreflectivity in both eyes; we can

speculate it was related to the accumulation of lipofuscin

at the level of the RPE, such as an acquired vitelliform

lesion.26 However, acquired vitelliform lesions has been

associated with a variety of retinal conditions, like retinal

dystrophies, reticular pseudodrusen, cuticular drusen,

pseudoxanthoma elasticum, central serous chorioretinopa-

thy, macular telangiectasia type 2, RPE detachment,

vitreomacular interface disease, immunogammapathies,

drug toxicity, and paraneoplastic syndromes.26–33 We

think that this may represent an incident finding in our

patient, unrelated to ECD. Therefore, in our series, the

most advanced multimodal chorioretinal imaging techni-

ques have not shown any signs of subclinical intraocular

involvement related to ECD in asymptomatic patients.

However, we cannot completely conclude that there is no

subclinical ocular involvement in these patients, as we

may not yet be able to see it using the imaging techniques

available today.

Despite being treated with potentially sight-threatening

systemic drugs, no one of our patients showed signs of ocular

toxicity. Vemurafenib, a specific inhibitor of BRAFV600E

implicated in the mitogen-activated protein kinase pathway,

is usually associated with iridocyclitis, intermediate uveitis

with macular edema, conjunctivitis, and dry eye disease.34

A case of acute exudative paraneoplastic polymorphous

vitelliform maculopathy during vemurafenib therapy has

been reported.33 On the other hand, Interferon-α may cause

retinal toxicity, which usually manifests as retinal hemor-

rhages, cotton wool spots and, rarely, central retinal vein

occlusion.35 None of the aforementioned side effects was

observed in our cohort.

The strength of the study is the number of eyes, whose

posterior segment has been investigated through multimo-

dal imaging. As ECD is an extremely rare disease, it is

difficult to reach significant numbers in a monocentric

study. Heterogeneity of the patients as far as age, the

onset of disease, previous and ongoing treatments, repre-

sents an obvious limitation. Moreover, the cross-sectional

nature of the study and the lack of follow up may affect

the interpretation of the results.

Conclusions
In summary, we confirm that intraocular involvement is

extremely rare in ECD. In patients affected by ECD with-

out ocular symptoms, advance multimodal imaging exam-

inations did not show signs of subclinical chorioretinal

involvement related to the disease. Larger, multicenter,

observational studies are needed to generate any recom-

mendation about ophthalmic screening in these patients.
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