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Abstract

Background: Spectral-domain optical coherence tomography (OCT)may detect retinal

changes as a biomarker in neurodegenerative diseases like manifest Huntington’s dis-

ease (HD). We investigate macular retinal layer thicknesses in a premanifest HD (pre-

HD) cohort and healthy controls (HC).

Methods:Pre-HDmutation carriers underwent standardized ratings andapresetmac-

ular OCT scan. Thickness valueswere determined for each sector of all macular retinal

layers, the mean of all sectors and the mean of the inner ring (IR, 3 mm) after segmen-

tation (Heyex segmentation batch). HC were retrospectively included from an exist-

ing database. The IR thickness of the ganglion cell layer (GCL), retinal nerve fiber layer

(RNFL), GCL + inner plexiform layer (GCIPL), and total retina were included in the

exploratory correlation analyses with paraclinical ratings and compared to HC.

Results: The analyses comprised n = 24 pre-HD participants (n = 10 male, n = 14

female) and n = 38 HC (n = 14 male, n = 24 female). Retinal layer parameters did

not correlate with paraclinical ratings. Expected correlations between established HD

biomarkerswere robust. The IR thicknesses of theGCL, GCIPL, and total retina did not

differ betweenpre-HDandHC. The IR thickness of theRNFLwas significantly higher in

pre-HDparticipants (pre-HD: 23.22µm(standarddeviation2.91),HC: 21.26µm(1.90),

p= .002).

Discussion: In this cross-sectional cohort of genetically determined pre-HD partici-

pants, neurodegenerative features were not detected with retinal layer segmentation.

Since our pre-HD collective was more than 16 years before disease onset, OCT may

not be sensitive enough to detect early changes.
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1 INTRODUCTION

Huntington’s disease (HD) is genetically determined by a patholog-

ical expansion of cytosine-adenin-guanin (CAG) triplet repeats on

chromosome 4 (Ghosh & Tabrizi, 2018; Paulsen et al., 2008). The

consequence of this repeat expansion is an altered Huntingtin pro-

tein, which exerts neuronal dysfunction and cell death within the

central nervous system (CNS; Wild et al., 2015). Affected persons

experience a progressive multidimensional dysfunction involving per-

sonality, behavior, cognition, and movement (Kersten et al., 2015;

Stout et al., 2011).

Curative treatment options for HD are still lacking. The promis-

ing approach of an antisense oligonucleotide (ASO) reducing mutant

Huntingtin after intrathecal administration (Tabrizi, 2019) seems not

to elicit clinical effects in patients in the respective Phase III trial

(NCT03761849). Active treatment was thus stopped early in March

2021, the participants are currently being monitored, and the final

results are pending (Roche press release, March 22, 2021). Besides

ASOs, there are several other approaches potentially reducing mutant

huntingtin (Wild & Tabrizi, 2017).

This underscores the need for sensitive biomarkers of neurodegen-

eration that can be applied in earlier stages of clinical development

and can potentially detect changes earlier than clinical progression in

a slowly advancing neurological disorder such as HD.

Magnetic resonance imaging (MRI) parameters for brain atrophy,

such as striatal volume loss, precede clinical symptoms of HD for

approximately 10 to 15 years and correlate with the estimated HD

onset (Paulsen et al., 2008; Rees et al., 2013). Likewise, cortical thin-

ning progresses with the duration of the disease (Tabrizi, 2009). How-

ever, MRI parameters of neurodegeneration are subject to limitations.

An MRI investigation is time-consuming and may be difficult for an

impaired patient. The imaging quality is influenced by involuntary

movements, which may particularly be relevant for the comparability

of longitudinal examinations.

Optical coherence tomography (OCT) is a non-invasive, easy-to-use

and reproducible tool to examine the retina and the different retinal

layers (Grover et al., 2009). As the retina is a neuronal structure har-

boring both unmyelinated axons (retinal nerve fiber layer [RNFL]) and

neurons (retinal ganglion cells), OCT has already been used in sev-

eral neuroinflammatory and neurodegenerative disorders (Balk et al.,

2016; Bayhan et al., 2015; Behbehani et al., 2018; Coppola et al., 2015;

Hart et al., 2016). InmanifestHD, thinning of the temporal sector of the

peripapillary RNFL (pRNFL) has been demonstrated to correlatewith a

longer disease duration (Kersten et al., 2015). Thinning of the temporal

pRNFL occurs in various neurological disorders of different etiologies

and thus does not seem to represent a specific finding (Kersten et al.,

2015). For different singlemacular retinal layers, a thickness reduction

inmanifestHDhas already been demonstrated. Thus,OCT is discussed

as an easy and fast-to-perform, non-invasive biomarker in HD (Gatto

et al., 2018; Gulmez Sevim et al., 2019).

The aim of our study is (1) the investigation of macular retinal layers

by spectral-domain OCT (SD-OCT) for the first time in a cohort of pre-

manifest HD (pre-HD), (2) an explorative correlation to clinical, genetic

andMRI parameters, and (3) the comparison to a cohort of healthy con-

trols (HC).

2 METHODS

2.1 Study design

The structure and presentation of the methods of this quantitative

OCT study follows the Advised Protocol for OCT Study Terminology

and Elements (APOSTEL) consensus recommendations (Supplemen-

tary Table S9; Cruz-Herranz et al., 2016).

In a prospective cross-sectional analysis between October 2011

and June 2012, participants with genetically determined pre-HDwere

examined with SD-OCT (Spectralis, HRA+OCT, Heidelberg Engineer-

ing; one device only) in the Department of Neurology, St. Josef-

Hospital, Ruhr-University Bochum, by trained personnel (three differ-

ent persons in total) in a room with dimmed artificial light. No pupil

dilatation was performed.

Data of the control group were collected between September 2016

and July 2017 with SD-OCT (Spectralis, HRA+OCT, Heidelberg Engi-

neering, Germany) in theDepartment ofOphthalmology, Inselspital, by

trained personnel and retrospectively used for this study.

2.2 Participants

2.2.1 Pre-HD cohort

Male and female adult participants without clinical HD manifestation,

as definedbyadiagnostic confidence level below4,were included (Vac-

carino et al., 2011). Standardized staging included quantified testing

using the Unified Huntington’s Disease Rating Scale (UHDRS; Hunt-

ington Study Group, 1996) motor and cognitive score, performed by

trained and certified neurological personnel. The disease burden score

(DBS; also called the CAG-Index) and estimated time to disease onset

in years (years to onset [YTO]) using the Langbehn formula were calcu-

lated using published algorithms (Langbehn et al., 2004; Penney et al.,

1997).

Exclusion criteria were a history of ophthalmological diseases

(severe myopia, papilla drusen, cataract, glaucoma, vitreous opacities,

history of toxoplasmosis, retinitis, or chorioretinitis), other neurologi-

cal CNS diseases, chronic diseases with potential effects on the retina

(e.g., diabetes mellitus, Human Immunodeficiency Virus (HIV) infec-

tion, immunodeficiency syndromes, rheumatologic andoncological dis-

eases, traumatic brain injury), premature birth, intake of steroids up to

8weeks prior to examination, and claustrophobia (MRI).

2.2.2 HC cohort

From the existing ophthalmological database, we retrospectively

included all available participants (Table 1).
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TABLE 1 Demographic and clinical data of the cohorts

HC (n= 38) Pre-HD (n= 24) p-value

Sex (n) .79

- male 14 10

- female 24 14

Age [years, mean (SD)] 35.75 (12.22) 39.66 (9.48) .04

UHDRSmotor score n.a. 3.33 (3.91) n.a.

UHDRS cognitive score n.a. 337.42 (52.69) n.a.

Caudate volume (ml) n.a. 2.94 (0.62) n.a.

DBS n.a. 248.31 (75.41) n.a.

YTO n.a. 16.48 (7.99) n.a

Abbreviations: DBS, disease burden score; HC, healthy controls; n, number; n.a., not available; pre-HD, premanifest Huntington’s disease; SD, standard devi-

ation; UHDRS, Unified Huntington’s Disease Rating Scale; YTO, years to onset.

2.2.3 OCT

SD-OCT in pre-HD was performed by trained technical assistants of

the Department of Neurology, Bochum, with Spectralis (HRA+OCT,

Heidelberg Engineering). The preset high-speed macula vertical line

scanwitheye-trackingmeasured the thickness (inmicrometre) andvol-

ume of the macula region (in cubic millimeter). Recordings were made

with 61 B-scans. The distance between the slices was 124 µm. The

recorded diameter around the centered fovea was 6 mm. In this area,

three circles of 1, 3, and 6-mm diameter were set. This results in eight

sectors plus the centered fovea (C0): inner superior: S1, outer superior:

S2, inner temporal: T1, outer temporal: T2, inner inferior: I1, outer infe-

rior: I2, inner nasal: N1, and outer nasal: N2.

SD-OCT of HCs was performed independently of this study in the

Department of Ophthalmology, Bern, under comparable conditions

with the same device model (Spectralis, HRA+OCT, Heidelberg Engi-

neering).

Retinal layer segmentation was performed with Heidelberg Eye

Explorer (Heyex) Segmentation Batch in an automated fashion with

manual correction (in case of minor inaccuracies) or exclusion of scans

or sectors in case of insufficient quality (fundus image not correctly

focused, OCT scan not fully displayed, segmentation not fully accom-

plished, other artifacts). This displayed the following structures: inner

limiting membrane (ILM), RNFL, ganglion cell layer (GCL), inner plexi-

form layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL),

outer nuclear layer (ONL), outer limiting membrane, neural layer, reti-

nal pigment epithelium and basal membrane.

All anonymized data were exported to an Excel file for further

analysis.

2.2.4 MRI

MRI imagingwasperformedwith a standardizedprotocol on a1.5Tesla

scanner using sagittal high-resolution T1-weighted 3DMRI data (mag-

netization prepared rapid gradient echo) for voxel-basedmorphometry

as described earlier (Aylward et al., 2000, 2011; Bellenberg et al., 2015;

Skodda et al., 2016). A trained neuroradiologist (CL) evaluated caudate

nucleus volumes. The results were provided as a sum of caudate vol-

umes (left+ right).

2.3 Analysis and statistics

To describe categorical variables, we used absolute and relative fre-

quencies. For continuous variables, we used the mean and standard

deviation (SD).

For participantswith left and right eye scans of sufficient quality, the

means of both eyeswere used for analyses. In individuals with only one

available value due to quality selection, the single valuewas included in

the analysis.

For correlation analyses and comparison toHC, the sumof the inner

ring (IR) sectors (IR; S1 + T1 + I1 + N1) of the following layers was

used:GCL (primary outcome), RNFL,GCL+ IPL layer (GCIPL), and total

retina (secondary outcomes). The exploratory unadjusted correlation

analysis was calculated for these layers and age, UHDRS motor and

cognitive score, caudate volume, DBS, and YTO using Pearson’s cor-

relation coefficient. Pre-HD and HC were compared using the Mann–

Whitney U-test with Bonferroni correction for multiple testing of dif-

ferent OCT parameters or Fisher’s exact test (for sex distribution).

All analyses were performed using IBM SPSS statistics, version 25

(IBMCorp., 2017).

2.4 Protocol approval and ethics

Written informed consent was obtained from all participants before

enrollment. The examination of pre-HD participants was conducted

at the Department of Neurology, St. Josef-Hospital, Ruhr-University

Bochum, Germany (ethics approval: ethics committee of the medi-

cal faculty of the Ruhr-University Bochum, registration number 4090-

11) and complies with the tenets of the Declaration of Helsinki.
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TABLE 2 Mean inner ring (IR) thickness (µm) of the retinal layers
of interest of healthy controls (HC) and premanifest Huntington’s
disease (pre-HD) cohort

Layer HC, mean (SD) pre-HD,mean (SD) p-value

GCL 52.65 (5.01) 53.99 (3.37) .18

RNFL 21.26 (1.91) 23.22 (2.91) .002

GCIPL 94.88 (8.07) 97.81 (5.48) .10

Total retina 344.55 (16.70) 349.41 (12.54) .16

Note: Mann–Whitney U-test, p < .0125 (Bonferroni correction), statistical

significance. Exact p values are given for p< .05.

Abbreviations: GCIPL, the sum of ganglion cell and inner plexiform layer

thickness; GCL, ganglion cell layer; RNFL, retinal nerve fiber layer; SD, stan-

dard deviation.

The further use of the data in an anonymized fashion was deemed

appropriate by the ethics committee after change of the principal

investigator to theUniversity of Bern. TheHCgroupwas selected from

the existing database of the Department of Ophthalmology, Inselspi-

tal, University Hospital and the University of Bern, Switzerland (ethics

approval: cantonal ethics committee Bern, registration number KEK-

BE 110/2015). All data were anonymized prior to analysis.

3 RESULTS

3.1 Characteristics of the pre-HD and HC cohort

The characteristics of the pre-HD (n = 24) and HC cohorts (n = 38)

are given in Table 1. Following the Langbehn formula, on average, the

participants had a calculated onset of disease of 16.47 years (SD 7.9)

from the time point of investigation with lowmotor and high cognitive

scores indicative of the pre-HD stage. The age range of the HC cohort

was broader, with pre-HD being significantly older (p= .04).

3.2 OCT results

The mean IR thickness of the retinal layers of interest (GCL, RNFL,

GCIPL, total retina) for pre-HD and HC are summarized in Table 2.

Macular sector thicknesses, the mean thickness of all sectors (6-mm

grid including the fovea) and the mean IR thickness of the pre-HD and

HC cohorts can be found in the supplement (Table S1: RNFL, Table S2:

GCL, Table S3: IPL, Table S4: INL, Table S5: OPL, Table S6: ONL, Table

S7: ILM-BM (total retina), and Table S8: GCIPL).

3.3 Explorative correlation analyses in the
pre-HD cohort

The mean IR thicknesses of the retinal layers of interest did not show

a significant correlation with age, clinical measures (UHDRS motor

and cognitive score), caudate volume, DBS or YTO (Table 3A). Caudate

volume positively correlated with YTO and UHDRS cognitive scores

and inversely correlated with age, DBS and UHDRS motor scores

(Table 3B). Even in pre-HD, DBS and YTO correlated with the UHDRS

measures (Table 3B).

3.4 Comparison of pre-HD and control
participants

The mean IR thicknesses for the GCL, GCIPL, and total retina did not

differ betweenpre-HDandHC.A slightly thicker IRRNFLwasdetected

in pre-HD patients (23.22 (2.91)) as compared to HC (21.26 (1.91),

p= .002, Table 2).

4 DISCUSSION

This cross-sectional study distinctly investigated macular retinal layer

thicknesses in a unique albeit small pre-HD cohort. The exploratory

correlations did not indicate associations of retinal layer thicknesses

with established clinical, MRI and genetic parameters. Yet, among the

clinical, MRI and genetic parameters, plausible and expected associa-

tions were detected. Despite the premanifest state, caudate volumes

correlated with UHDRS motor and cognitive scores, which is in line

with earlier findings of subtle changes in the prodromal phase of the

disease (Paulsen et al., 2008; Stout et al., 2011; Tabrizi, 2009). In sum-

mary, OCT results were not robustly different between pre-HD and

HC. The marginal but significantly higher RNFL in pre-HD is a coun-

terintuitive result and might be attributed to a center bias or the small

HC cohort with a broader age range, which are both limitations of our

study.

Altogether, the investigated OCT parameters may not be sensitive

enough to serve as a reliable biomarker in this very early stage of pre-

HD. So far, few studies have described changes in subjects being more

than 16 years from estimated disease onset. MRI parameters for brain

atrophy, such as striatal volume loss, are reported to precede clini-

cal symptoms of HD by approximately 10 to 15 years (Paulsen et al.,

2008; Rees et al., 2013). Neurocognitive changes may occur 15 to 16

years prior to disease onset (Beste et al., 2013; Paulsen et al., 2008).

Speech rate and regularity, voice changes and tapping differenceswere

described as early changes in pre-HD. Yet, most of these parameters

are not sensitive enough in longitudinal follow-up or were not investi-

gated longitudinally (Rusz et al., 2014; Saft et al., 2008, 2009; Skodda

et al., 2016; Tabrizi, 2012, 2019).Our collective might be too early to

display detectible changes; thus, OCT investigations in a cohort closer

to disease onset should be considered. Caudate volume — even in this

premanifest cohort — did demonstrate associations with both clinical

and genetic parameters and could be more useful in this context. This

has been demonstrated earlier, and longitudinal studies for different

MRI parameters were able to show progression over time correlat-

ing with clinical findings (Aylward et al., 2000, 2011; Rees et al., 2013;

Tabrizi, 2012)

The cross-sectional design of our study leaves questions on sensi-

tivity to change for both OCT and MRI parameters. In manifest HD,
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TABLE 3A Exploratory correlation analyses of optical coherence tomographymeasures and clinical, Magnetic resonance imaging (MRI) and
genetic parameters

Retinal layers,

mean IR

thickness (µm) Age (years)

UHDRS

motor score

UHDRS

cognitive

score

Caudate

volume (ml) DBS YTO

GCL 0.10 (0.65) −0.14 (0.53) −0.09 (0.68) 0.05 (0.81) −0.02 (0.91) 0.04 (0.85)

RNFL 0.36 (0.09) 0.20 (0.35) −0.03 (0.88) 0.05 (0.83) −0.12 (0.58) 0.02 (0.93)

GCIPL 0.08 (0.71) −0.06 (0.79) −0.20 (0.34) 0.01 (0.98) 0.05 (0.83) −0.01 (0.95)

Total retina 0.13 (0.53) −0.05 (0.81) −0.15 (0.49) −0.17 (0.43) 0.02 (0.92) −0.06 (0.78)

Note: Pearson’s correlation coefficient R (p-value), p< .05, statistical significance. Exact p-values are given for p< .05.

Abbreviations: DBS, disease burden score; GCIPL, the sum of ganglion cell and inner plexiform layer thickness; GCL, ganglion cell layer; RNFL, retinal nerve

fiber layer; SD, standard deviation; UHDRS, Unified Huntington’s Disease Rating Scale; YTO, years to onset.

TABLE 3B Exploratory correlation analyses of clinical, MRI and genetic parameters

UHDRSmotor

score

UHDRS

cognitive

score

Caudate

volume (ml) DBS YTO

Age (years) 0.32 (0.13) −0.30 (0.16) −0.56 (0.005) 0.17 (0.42) −0.35 (0.10)

UHDRSmotor score – −0.50 (0.012) −0.41 (0.048) 0.45 (0.029) −0.44 (0.033)

UHDRS cognitive score – – 0.47 (0.022) −0.53 (0.008) 0.49 (0.015)

Caudate volume (ml) – – – −0.64 (0.001) 0.64 (0.001)

DBS – – – – 0.95 (0.000)

Note: Pearson’s correlation coefficient R (p-value), p< .05, statistical significance. Exact p-values are given for p< .05.

Abbreviations: DBS, disease burden score; GCIPL, the sum of ganglion cell and inner plexiform layer thickness; GCL, ganglion cell layer; RNFL, retinal nerve

fiber layer; UHDRS, Unified Huntington’s Disease Rating Scale; YTO, years to onset.

different OCT parameters have already been demonstrated to be dif-

ferent from HC and to correlate with measures of disease progression

(Andrade et al., 2016; Gulmez Sevim et al., 2019; Kersten et al., 2015)

All of these studies had a cross-sectional design. A longitudinal investi-

gation thus still represents an unmet need. In particular, whether OCT

might be used as a progression marker of neurodegeneration in treat-

ment trials is of interest.

The HC cohort is not a matched control cohort and was retrospec-

tively identified from an existing database in a different center, which

represents another limitation of our study. Although examined with

the same device and segmented with the same software by the same

investigator at the same time point, we cannot exclude a potential bias

herein. Yet, the inclusion of an HC cohort was deemed useful in this

context as a comparator. We consider the reporting of our negative

findings, although in need of further confirmation, an important con-

tribution to the biomarker challenges in pre-HD.
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