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Ophthalmological abnormalities in facioscapulohumeral dystrophy may lead to treatable vision loss, facilitate diagnostics, could

help unravelling the pathophysiology and serve as biomarkers. In this study, we provide a detailed description of the ophthalmo-

logical findings in a well-defined cohort of patients with facioscapulohumeral dystrophy using state of the art retina imaging techni-

ques. Thirty-three genetically confirmed patients (aged 7–80 years) and 24 unrelated healthy controls (aged 6–68 years) underwent

clinical ophthalmological examination, fundus photography, optical coherence tomography/angiography, genotyping and neuro-

logical examination. All patients had normal corrected visual acuity and normal intraocular pressure. In 27 of the 33 patients,

weakness of the orbicularis oculi was observed. Central retinal pathology, only seen in patients and not in healthy controls,

included twisting (tortuosity) of the retinal arteries in 25 of the 33 patients and retinal pigment epithelium defects in 4 of the 33

patients. Asymmetrical foveal hypoplasia was present in three patients, and exudative abnormalities were observed in one patient.

There was a correlation between the severity of retinal tortuosity and the D4Z4 repeat array size (R2 ¼ 0.44, P< 0.005). Follow-

up examination in a subgroup of six patients did not show any changes after 2 years. To conclude, retinal abnormalities were fre-

quent but almost always subclinical in patients with facioscapulohumeral dystrophy and consisted primarily of arterial tortuosity

and foveal abnormalities. Retinal tortuosity was seen in the retinal arterioles and correlated with the D4Z4 repeat array size, there-

by providing clinical evidence for an underlying genetic linkage between the retina and facioscapulohumeral dystrophy.
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Introduction
Facioscapulohumeral dystrophy (FSHD) is one of the

most frequent muscular dystrophies and is hallmarked by

progressive and irreversible muscle weakness (Mul et al.,
2016). However, systemic complications, such as vision

loss, hearing loss, intellectual disability and epilepsy, may

occur as well (Trevisan et al., 2008; Chen et al., 2013;

Dorobek et al., 2015; Nikolic et al., 2016).

Ophthalmological features have received little attention in

FSHD because the original description in 1987

(Fitzsimons et al., 1987), which is remarkably given that

retinal abnormalities in FSHD may: (i) lead to treatable

vision loss; (ii) facilitate diagnosing FSHD in patients

with and without a muscular phenotype (Bass et al.,

2011; Vance et al., 2011; Sgobbi de Souza et al., 2016);

(iii) help to unravel the pathophysiology of FSHD and

(iv) serve as a biomarker (Longmuir et al., 2010).

Signature ophthalmological pathology in FSHD consists

of capillary abnormalities in the retinal periphery, which

may lead to Coats-like syndrome (Fitzsimons et al., 1987;

Ganesh et al., 2012; Statland et al., 2013). The term

Coats-like syndrome is derived from Coats’ disease, a non-

hereditary retinal condition, which usually occurs unilat-

erally in young males. Coats-like syndrome and Coats’ dis-

ease are assumed to have an identical underlying

mechanism of abnormal retinal vessel architecture, leading

to exudations, retinal detachment and secondary glaucoma

(Fitzsimons et al., 1987; Shields et al., 2001; Shields and

Shields, 2002; Ramasubramanian and Shields, 2012;

Matos et al., 2017). Coats-like syndrome may cause severe

visual impairment up to blindness in FSHD if not treated

timely (Matos et al., 2017). Current guidelines advise

referral to ophthalmological specialists for patients with

FSHD with visual complaints or with a severe pathogenic

variant (Tawil et al., 2015). However, data on the fre-

quency and techniques for accurate ophthalmological mon-

itoring in FSHD are lacking (Tawil et al., 2015).

There is an important knowledge gap in retinal vascul-

opathy in FSHD, both in terms of patient management,

i.e. diagnostics, counselling and therapeutic management,

and in terms of research, such as molecular mechanisms

(Fitzsimons, 2011) and biomarker potential of retinal

changes (Longmuir et al., 2010). Novel, non-invasive and

high-resolution imaging techniques such as optical coher-

ence tomography (OCT) and OCT angiography (OCTA)

provide a detailed imaging of retinal structure and vessel

perfusion in three dimensions and may provide comple-

mentary information on retinal pathology in FSHD. We

applied these techniques to study the prevalence, appear-

ance and natural history of retinal abnormalities in

patients with genetically confirmed FSHD compared with

a healthy control group.

Materials and methods

Participants

Participants were recruited from the patient database of

the national FSHD referral centre (Radboud University

Medical Centre, Nijmegen, The Netherlands). Patients

clinically affected by FSHD with a genetically proven

diagnosis were eligible for inclusion. Patients participated

in an observational cohort study on multiple aspects

of FSHD, which included ophthalmological examination.
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An age-matched healthy control group was selected from

the OCTA database of the Radboud University Medical

Centre, Nijmegen and was analysed retrospectively. This

study has been approved by the Medical Review Ethics

Committee region Arnhem-Nijmegen (NL53213.091.15).

Written informed consent was obtained from participants

and also from parents/legal guardians if participants were

under 18 years.

Clinical assessment

Patients underwent a complete ophthalmological examin-

ation including best corrected visual acuity, refraction

measurement, intraocular pressure measurement, slit lamp

examination and fundoscopy by an experienced ophthal-

mologist. In addition, the muscle phenotype was assessed

in patients with FSHD by manual muscle force testing

(Vanhoutte et al., 2012) and graded by the FSHD clinical

score (Lamperti et al., 2010) and the age-adjusted clinical

severity scale (Ricci et al., 1999; van Overveld et al.,

2005). A 2-year clinical and ophthalmological follow-up

was executed in all patients under the age of 19 years as

part of a larger natural history study.

Image acquisition and processing

Both the 45� colour fundus photographs of the posterior

pole and the swept source OCT/A images were obtained

by a combined fundus camera and OCTA device (DRI

TritonTM OCT, Topcon Corporation, Tokyo, Japan).

Colour fundus photographs were qualitatively assessed

by two independent graders (R.J.M.G. and V.S.), scoring

vessel tortuosity, microaneurysms, vascular density and

the presence of other vascular abnormalities. Vessel tortu-

osity describes an abnormal trajectory of the vessel with

increased twists and turns. For the vessel tortuosity, a

three-point grading scale (no–mild–severe tortuosity) was

used. The graders were blinded for the patient/control

characteristics. Discrepancies between graders were solved

by open adjudication. For quantitative analysis, we used

the Fiji software (version 1.51, freely available at https://

imagej.nih.gov/ij/download.html; Schindelin et al., 2012).

We manually selected the four largest arteries in the fun-

doscopy for arterial tortuosity index (TI) calculation by

dividing the sum of actual branch lengths with the sum

of straight lengths between branches (Lee et al., 2017).

Fovea-centred 3� 3 mm OCTA images were obtained

and standardized following the previously described

protocol (Schreur et al., 2019). Qualitative assessment of

the OCT B-scans (graders V.S. and T.T.) and OCTA

scans (V.S. and R.J.M.G.) included structural abnormal-

ities such as vascular tortuosity, microaneurysms, capil-

lary non-perfusion, foveal avascular zone abnormalities

and vascular density. Quantitative analysis of OCTA

included vessel density and vessel tortuosity measure-

ments. Vessel density was measured as an area percentage

on both the complete 3� 3 mm images and superior,

nasal, inferior and temporal circular quadrants separately

(Fig. 1). The vessel tortuosity was assessed by quantifica-

tion of the TI on the complete skeletonized images (Lee

et al., 2017) and calculated the arterial TI dividing the

sum of actual branch lengths with the sum of straight

lengths between branches (Lee et al., 2017).

Statistical analysis

For comparison of the TI between patients and controls,

the non-paired t-test was performed, and for the 2-year

follow-up analysis, the paired t-test was performed. To

assess the correlation between qualitative scoring and

quantitative scoring of the tortuosity severity and between

the tortuosity and the genetic defect and disease severity,

linear regressions were used. Statistical analysis was per-

formed using GraphPad Prism (version 5.00 for

Windows, GraphPad Software, San Diego, CA, USA;

www.graphpad.com).

Data availability

The data from this study cannot be made publicly avail-

able, as no patient approval has been obtained for shar-

ing coded data. Output of statistical analyses will be

made available upon reasonable request.

Results

Demographics

A total of 60 eyes of 33 patients were examined in this

study. Twenty patients were female (57%), and the mean

(SD; range) age was 35 years (21.0; 7–80). All patients

were clinically affected with a mean (SD; range) muscle

weakness of 7.8 points (5.2; 1–15) on the 15-point

FSHD clinical score. Thirty-one patients had FSHD type

1 with a mean (SD; range) number of D4Z4 repeat units

of 4.3 (1.9; 2–8), the other two patients had FSHD type

2 with an SMCHD1 pathogenic variant. The healthy con-

trol cohort consisted of 26 eyes of 24 participants (53%

female). The mean (SD; range), age was 46 years (25;

11–67, paired t-test, P¼ 0.08). All but one patient with

FSHD had a normal best corrected visual acuity and a

normal intraocular pressure (Table 1). Twenty-seven

patients had problems closing their eyes completely due

to weakness of the orbicularis oculi; forced closure of the

eyes was possible in 16 of these patients, whereas 11

patients kept an incomplete eyelid closure (lagophtalmus).

Eight patients used eye drops (artificial tears) to treat dry

eyes, and five patients had topical antibiotic treatment for

eye infections in their medical history.

Colour fundus photographs

Qualitative assessment showed an increased tortuosity in

retinal arteries in 25 of the 33 (76%) patients with
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FSHD (41 of the 60 eyes, 11 eyes with severe and 30

eyes with mild tortuosity, Fig. 1). Tortuous retinal

arteries were not seen in any of the controls, and there

was no tortuosity of the venous structures in patients or

controls. Qualitative scoring of the fundus photographs

revealed one retinal venous occlusion in one eye of one

patient and no other abnormalities such as microaneur-

ysms or an abnormal vascular density.

Quantitative assessment also showed that the arterial

TI was higher in the patient group than in the control

group (1.13 versus 1.25, P< 0.0001, Fig. 2). The qualita-

tive scoring correlated with the quantitative scoring

(R2 ¼ 0.55, P< 0.0001).

Figure 1 Tortuosity of the retinal arteries. Sample patients with (A) absent, (B) mild and (C) severe tortuosity of the retinal arteries.

Table 1 Demographics

Patients with

FSHD (33 par-

ticipants, 60

eyes)

Healthy con-

trols (26 par-

ticipants, 28

eyes)

Female (%) 57 53

Age (years), mean (SD;

range)

35 (21; 7–80) 46 (25; 11–67)

FSHD clinical score (0–

15), mean (SD; range)

7.8 (5.2; 1–15) NA

Visual acuity OD/OS 1/1 1/1

Number of D4Z4 units

(FSHD1 only), mean

(SD; range)

4.23 (1.93; 2–8) NA

NA ¼ not applicable; OD = oculus dexter, right eye; OS = oculus sinister, left eye.
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We found a negative correlation between the severity

of retinal tortuosity and the residual D4Z4 repeat array

size (R2 ¼ 0.44, P< 0.005, Fig. 3), i.e. patients with the

shortest D4Z4 repeat array lengths (2–3U) had severest

tortuosity. We did not detect a correlation between the

severity of retinal tortuosity and the severity of muscle

weakness (FSHD clinical score, R2¼ 0.06, P¼ 0.19,

Fig. 3) or a correlation between retinal tortuosity and

patient’s age. Severe retinal tortuosity was seen in young

age (youngest patient was 8 years), and normal retinal

vasculature was seen more frequently in adults. The re-

gression analysis of these sub-studies is depicted graphic-

ally in Fig. 3.

Optical coherence tomography

We found abnormalities in 7 of the 33 patients with

FSHD; focal retinal pigment epithelium defects were

seen in five eyes of the four patients, asymmetrical fo-

veal hypoplasia was observed in six eyes of the three

patients and intraretinal fluid accumulation with associ-

ated intraretinal hyperreflective dots was observed in

both eyes of one patient (Fig. 4). In this patient, retinal

changes were located in the outer nuclear layer on the

temporal inferior side of the fovea, without showing

any abnormalities on colour fundus photography.

None of the patients experienced visual deterioration,

and therefore, treatment was not indicated. All seven

patients with posterior pole retinal abnormalities on

OCT were severely affected patients with severe retinal

tortuosity, an early onset (before the age of 5 years), a

mean FSHD clinical score of 12.9 (range 11–15) and a

mean number of 3.4 D4Z4 repeat array units (range

3–7 and compared with a mean of 4.2 repeat array

units in the complete group). Two of these patients

were under the age of 12 years.

Figure 2 Tortuosity index compared with controls. Tortuosity index of patients versus controls showing an increased arterial tortuosity

in patients with FSHD.

Figure 3 Tortuosity correlates with genetic severity. Regression analysis of tortuosity and (A) genetic severity as measured by the repeat

size, (B) disease severity as measured by the FSHD clinical score and (C) age at examination.
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Optical coherence tomography
angiography

In 26 eyes of the 28 healthy controls and 62 eyes of the 33

patients with FSHD, OCTA was performed. In 11 eyes

(seven patients and four controls), image quality was insuffi-

cient for analysis, mostly due to the inability of the very

young patients for stable fixation during the examination.

Mild vascular tortuosity of the largest vessels was seen in

the superficial capillary plexus of six eyes of the patients

with FSHD (Fig. 5). Six eyes of three patients showed foveal

hypoplasia on structural OCT, with an exceptionally small

foveal avascular zone on OCTA in all three vascular plex-

uses. One of those patients showed capillary non-perfusion.

Quantitative analysis of the vessel density of the super-

ficial capillary plexus, the intermediate capillary plexus

and the deep capillary plexus, did not show significant

differences compared with healthy controls (Fig. 6), inde-

pendent of whether the macular area was analysed as a

whole or quadrant wise. Also, vessel tortuosity did not

differ compared with healthy controls (Fig. 6).

Follow-up assessment

Six patients (aged 6–18 years) had ophthalmological follow-

up examination after a 2-year interval. Qualitative

examination of the fundus photographs, OCT/A images

did not show any changes over 2 years (Fig. 7).

Quantitative analysis of the arterial tortuosity did not

show a significant difference in TI (TI 1.37 at baseline and

1.34 at follow-up; mean of differences 0.03, P¼ 0.10).

Discussion
In this study, we refined the ophthalmological phenotype

of FSHD types 1 and 2 by applying modern ophthalmo-

logical imaging methods. Our main findings were as fol-

lows: (i) posterior pole retinal abnormalities were

frequent but almost always subclinical in patients with

FSHD; (ii) foveal abnormalities were present in 7 of the

33 patients; (iii) retinal tortuosity is restricted to the ret-

inal arterioles and inversely correlated with residual

D4Z4 repeat array size and (iv) retinal abnormalities

appeared stable over a 2-year period.

The prevalence of retinal abnormalities in our study

was high and in concordance with historical prevalence

estimations (49–75%; Fitzsimons et al., 1987; Padberg

et al., 1995). None of the retinal changes in our current

study caused patient complaints or vision loss. Retinal ar-

teriole tortuosity was seen in the majority of fundus

Figure 4 Retinal abnormalities on OCT scans. Types of retinal abnormalities detected on OCT scans of patients with FSHD. (A) Focal

retinal pigment epithelium defect (44-year-old male; arrow), (B) foveal hypoplasia (17-year-old female) and (C) exudative abnormalities (72-year-

old female, arrow).

Figure 5 Retinal abnormalities on OCTA scans. Sample OCTA images of a patient with FSHD: (A) inner vessel layer; (B) intermediate

vessel layer; and (C) outer vessel layer. Note the tortuosity of the largest retinal vessels in the inner layer.
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photographs, and foveal abnormalities such as retinal pig-

ment epithelium alterations, foveal hypoplasia and exuda-

tive abnormalities were seen with OCT in a minority of

patients. Thus, the new imaging modalities provided a

more detailed insight in the structural and functional ret-

ina alterations and refined the ophthalmological pheno-

type of FSHD.

With OCTA, we observed tortuosity only in the large

arterioles of the retinal posterior pole, whereas the ven-

ous and capillary vascular structures remained un-

changed. This is in contrast with other diseases causing

tortuosity such as genuine Coats’ disease or diabetic ret-

inopathy, which primarily affects the capillary system

(Lee et al., 2017). In contrast to retinal arterioles, the

capillaries do not contain smooth muscle in the vessel

wall. It is possible, therefore, that the tortuosity in FSHD

may be related to a defect of the muscular vessel wall,

consistent with the earlier observation of transcriptional

deregulation of genes expressed in endothelial or smooth

muscle cells (Osborne et al., 2007).

In our study, we found a correlation between the sever-

ity of tortuosity and the residual D4Z4 repeat array size.

This finding might well provide clinical evidence for the

suspected genetic linkage between the retina and FSHD

(Osborne et al., 2007). In FSHD, epigenetic dysregulation

of D4Z4 leads to disease pathology and various FSHD-

related pathways, such as the Wnt-Norrin-PAX6

(Fitzsimons, 2011; Block et al., 2013; Gan et al., 2014)

and PGC1a/ERRa (Banerji et al., 2018), are linked with

(retinal) vascular functions (Osborne et al., 2007;

Wuebbles et al., 2009; Fitzsimons, 2011). We further hy-

pothesize involvement of the CXCR4–SDF1 axis (Geng

et al., 2012; Dmitriev et al., 2013), which has a role in

endothelial tip cell morphology and vascular branching

(Strasser et al., 2010). The CXCR4–SDF1 axis is con-

trolled by DUX4, which is located in the D4Z4 repeat

Figure 7 Follow-up of arterial tortuosity. A male patient at A baseline (age 11 years) and B after 2-year follow-up (age 13 years). Arterial

tortuosity is seen, which is unchanged after the follow-up period.

Figure 6 Macular vessel density and tortuosity compared to controls. Comparison of the macular vessel density (A) and vessel

tortuosity (B) between patients with FSHD and healthy controls. None of the layers showed a significantly different density or tortuosity

(unpaired t-tests: 1.21 versus 1.20, P ¼ 0.25, for inner vessel layer; 1.26 versus 1.26, P ¼ 0.87, for intermediate vessel layer; 1.43 versus 1.42, P ¼
0.68, for outer vessel layer). The variation of vessel tortuosity was broader in patients with FSHD in the DCP layer. DCP ¼ deep capillary plexus;

SCP ¼ superficial capillary plexus.
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array and becomes epigenetically dysregulated in FSHD

(Lemmers et al., 2010), and defective CXCR4 signalling

might result in retinal tortuosity. Further evidence for the

developmental origin of retinal tortuosity in FSHD is that

severe tortuosity is seen at an early age and the associ-

ation with the D4Z4 repeat array size, which has recently

been shown for facial weakness as well (Mul et al.,

2018).

It is of interest that retinal vascular developmental dis-

orders have been shown to hinder the normal maturation

of the fovea centralis of the retina (Springer and

Hendrickson, 2004, 2005; Provis and Hendrickson,

2008), leading to foveal hypoplasia. If no foveal avascu-

lar zone is observed, foveal function and, thus, visual

acuity may be reduced (Pakzad-Vaezi et al., 2017).

However, in our patients, foveal hypoplasia was associ-

ated with an foveal avascular zone, albeit reduced, which

may prevent foveal dysfunction (Pakzad-Vaezi et al.,

2017). According to our study results, foveal hypoplasia

with preserved visual function may thus be a ocular

property of FSHD in patients with abnormalities of large

retinal vessels. Intraretinal fluid may also be a conse-

quence of abnormal retinal vessel formation in FSHD.

Non-invasive retinal imaging is emerging as biomarker

strategy in neurodegenerative diseases. In Alzheimer’s dis-

ease, a decreased vessel density is observed, and in mul-

tiple sclerosis, a decreased retinal blood flow is seen

(Wang et al., 2018). In FSHD, we did not observe

changes in retinal tortuosity over time or a correlation

with the severity of muscle weakness in asymptomatic

patients. Therefore, our findings provide no further sup-

port for retinal tortuosity as a general biomarker for pro-

gression in FSHD, which is in contrast to the earlier

work (Longmuir et al., 2010). By contrast, symptomatic

patients with Coats-like syndrome or posterior pole

abnormalities may progress over time.

A limitation of this study is the absence of detailed

images of the retinal periphery and fluorescence angiog-

raphy. Therefore, the presence of these abnormalities can-

not be excluded as they are most frequently located in

the retinal periphery in FSHD (Fitzsimons et al., 1987). It

is important to mention that, in our cohort, we neither

found symptomatic patients nor observed advanced stages

of retinal disease such as microaneurysms, oedema and

exudates in the central part of the retina.

Providing adequate clinical management of retinal com-

plications in FSHD is challenging. Which subgroup of

patients requiring monitoring and which techniques are

optimal for monitoring are unclear. On the one hand,

Coats-like syndrome tends to affect patients with FSHD

with the shortest D4Z4 repeat array size (Statland et al.,

2013); on the other hand, patients with FSHD with lon-

ger repeat lengths can certainly present with vision loss

even before muscular symptoms (Vance et al., 2011;

Sgobbi de Souza et al., 2016). Severe retinal tortuosity

was seen from an early age, and screening should be

commenced preferably soon after diagnosis, with

continued yearly screening only if indicated. Today, no

predictive factors for the development of Coats-like syn-

drome in FSHD are known. We, therefore, would recom-

mend future studies to focus on the natural history of

retinal abnormalities with longitudinal ultrawidefield

OCTA imaging, to investigate the retinal periphery and

to improve the detection of patients at risk of vision loss.
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