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Abstract To analyze retinal thickness changes in multiple
system atrophy (MSA) and correlate changes with disease
severity and subtypes of MSA. A total of 36 MSA (27
MSA-P and 9 MSA-C) patients and 71 healthy control
subjects underwent general ophthalmologic examination
and optical coherence tomography (OCT) scans. Peripap-
illary retinal nerve fiber layer (RNFL) thickness and peri-
foveal retinal thickness were analyzed separately. The
generalized estimating equation model was used with age
as a covariate to adjust for within-patient inter-eye corre-
lations and the effect of age on retinal or RNFL thickness.
Correlation analysis between RNFL, perifoveal thickness,
and clinical parameters, the Unified MSA Rating Scale
(UMSARS) and Global Disability Score (GDS), was also
done. MSA patients showed significantly decreased peri-
papillary RNFL thickness in the inferior (P = 0.047) and
inferotemporal (P = 0.017) sectors and significant peri-
foveal thinning in the superior outer sector (P = 0.042)
compared to healthy controls. Both RNFL and perifoveal
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thinning were more marked and widespread in MSA-P than
MSA-C patients. The UMSARS and GDS showed signifi-
cant negative correlation with center and total macular
perifoveal thickness and also the inferior and nasal outer
sectors. Peripapillary RNFL and perifoveal retinal thinning
were observed in MSA patients and retinal thinning cor-
related with the clinical severity of MSA. Structural
changes in the retina may reflect the degree and pattern of
neurodegeneration occurring in MSA.

Keywords Multiple system atrophy - Optical coherence
tomography - Retinal nerve fiber layer - Perifoveal retinal
thickness

Multiple system atrophy (MSA) is a rapidly progressive
neurodegenerative disorder relegating patients to total
dependency within several years [1]. Current management
of MSA is focused on symptomatic relief, and biomarkers
to enable early detection or monitor progression are not yet
available.

Optical coherence tomography (OCT) is a non-invasive
imaging technique which is easy to perform and capable of
imaging the retina with high resolution. It has been recently
used in various neurologic diseases to correlate the pattern
of retinal structural change with different patterns or
degrees of neurodegeneration [2, 3]. There have been
reports of the retina being involved pathologically in alpha-
synucleinopathies, such as Parkinson’s disease (PD) and
dementia with Lewy bodies (DLB) [4, 5]. Cytoplasmic
inclusions are also found in such cases, and OCT studies
have shown retinal thinning in these disorders [4, 6]. The
discriminative validity of OCT parameters in PD has been
reported, and some have shown to correlate with the
presence of visual hallucination and PD severity [7].
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In so far, there have been only a few studies looking at
changes in retinal layer thickness in MSA suggesting some
degree of retinal thinning in MSA [8-13]. However, a
systematic evaluation of retinal thinning in the context of
disease progression or disease severity is scarce. Thus, the
purpose of this study was to investigate retinal thickness
changes in MSA patients according to the clinical severity,
as well as the two subtypes of MSA, MSA-P, and MSA-C.

Methods
Subjects

Study participants consisted of consecutively recruited
MSA patients who visited the Boramae Medical Center
(BMC) movement disorder clinic over a defined period and
age-matched healthy controls receiving ophthalmological
examinations for routine checkup. MSA diagnosis was
made according to the consensus criteria for possible and
probable MSA [14]. Eyes with comorbid ophthalmic
pathologies capable of affecting retinal thickness, such as
age-related macular degeneration, diabetic retinopathy,
retinal vein or artery occlusion, epiretinal membrane,
macula hole, high myopia defined as corrective sphere
greater than —6 D or glaucomatous optic neuropathies, the
presence of media opacity capable of inducing poor quality
OCT images, and patients incapable of undergoing OCT
examination, were excluded. Patient demographic and
clinical information, such as age, gender, the Unified MSA
Rating Scale (UMSARS), and the Global disability score
(GDS), were collected.

This study protocol was approved by the Institutional
Review Board of Seoul National University BMC, and
informed consent was obtained from all participants.

Ophthalmologic evaluations

All patients underwent comprehensive ophthalmologic
examination consisting of best-corrected visual acuity
(BCVA), slit lamp biomicroscopy, indirect fundus exam,
and axial length measurement (IOLMaster, Carl Zeiss
Meditec, Jena, Germany). High-resolution retinal imaging
was acquired using spectral domain (SD)-OCT.

Retinal nerve fiber layer (RNFL) analysis

Peripapillary retinal nerve fiber layer (RNFL) thickness
was evaluated using Spectralis OCT (Heidelberg Engi-
neering, Heidelberg, Germany) with circular scan, diameter
of approximately 3.46 mm, which was manually positioned
at the center of the optic disk. A total of 16 images were
acquired at the scan circle and averaged automatically by
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machine software. RNFL boundaries were automatically
delineated under the circumpapillary circle, and the RNFL
was automatically segmented. These values were averaged
to give RNFL thickness in global average and sectoral
thickness measurements that consisted of superior, tem-
poral, inferior, nasal, superotemporal, superonasal, infer-
otemporal, and inferonasal areas, relative to the optic disk.

Perifoveal retinal thickness analysis

Perifoveal retinal thickness was obtained by OPKO OTI
Spectral OCT/SLO (Ophthalmic Technologies, Inc., Tor-
onto, Canada) through 256 serial parallel B-scans covering
a 9 x 9 mm area in the macula. Retinal thickness was
defined as the distance between the RNFL and hypore-
flective line above the retinal pigment epithelium, which
was measured automatically by built-in software algorithm.
Mean retinal thickness was measured in the nine macular
Early Treatment Diabetic Retinopathy Study (ETDRS)
areas, including a central 1-mm disk and inner and outer
rings of 3 and 6 mm, respectively.

Statistical analysis

Continuous variables and categorical variables were ana-
lyzed by the Mann—Whitney U test, Chi-squared test,
Fisher’s exact test, and Kruskall Wallis test for comparing
both MSA and its subtypes with healthy controls. RNFL
and retinal thickness were compared between MSA and
controls using generalized estimating equation (GEE)
models with age as a covariate to adjust for within-patient
inter-eye correlations and the effect of age on retinal or
RNFL thickness. Spearman correlation analysis was done
to assess the presence of a significant linear association
between the clinical parameters UMSARS, GDS, and per-
patient averaged RNFL and retinal thickness values. Sta-
tistical analyses were conducted using SPSS software
(version 19.0, SPSS Inc., Chicago IL, USA) with the limit
of significance set at 0.05 (two-tailed). Subgroup analysis
to compare MSA subgroups with control was also done,
and the significant P value was set as <0.025 to adjust for
multiple comparison.

Results

Initially, a total of 49 patients were enrolled, but 13 were
excluded due to underlying retinal pathology rendering the
OCT images unfit for analysis. A total of 36 MSA (27
MSA-P and 9 MSA-C) patients and 71 healthy control
subjects were finally included. There were two patient
groups consecutively enrolled in this study. The first group
underwent RNFL scan, and the second one underwent
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perifoveal scan. For the RNFL analysis, 15 MSA patients
and 27 controls were included, and for perifoveal retinal
thickness analysis, data from 23 MSA patients and 44
controls were entered into the following analyses. Two
patients who had been able to undergo both RNFL and
perifoveal scans were included in both analyses.

Baseline ophthalmologic data

Baseline patient demographics and ophthalmologic char-
acteristics are summarized in Table 1. There were no sta-
tistically significant differences in age, gender, laterality,
lens status, spherical equivalent, and axial length between
MSA patients and control, with the exception of higher
percentage of right eyes included in the MSA group for
RNFL analysis (P < 0.05).

RNFL and perifoveal retinal thickness analysis

Significant RNFL thinning was observed in the peripapil-
lary inferior and inferotemporal sectors of the MSA com-
pared to control (P = 0.047 and 0.017, respectively)
(Table 2; Fig. 1). RNFL thinning was widespread in the
MSA-P group, whereas the MSA-C group did not show
any significant RNFL thinning in comparison to control,
and the thickness variation was wide. There was an overall
tendency of stepwise RNFL reduction from the control
group to MSA-C and further on to MSA-P. In the subgroup
analysis comparing MSA-P with control, there was sig-
nificant RNFL thinning in the superior, inferior, super-
otemporal, global average, and inferotemporal sectors
(P =0.004, 0.007, 0.007, <0.001, and 0.016,
respectively).

As for perifoveal retinal thickness, there was significant
retinal thinning in the perifoveal superior outer sector
compared to control (P = 0.042) (Table 2; Fig. 2). As in
the RNFL analysis, perifoveal retinal thinning was wide-
spread and significant in the MSA-P group, whereas the
MSA-C group did not show any significant differences
compared to the control group. There were no significant
differences in retinal thickness between the MSA-P group
and control in the subgroup analysis.

Correlation between the disease severity and retinal
thickness measures

Although there was no significant correlation with RNFL
thickness, there was significant negative correlation
between perifoveal retinal thicknesses at the center, total
macula, inferior and nasal outer sectors, and UMSARS and
GDS (Table 3; Fig. 3). An adjusted P value for multiple
comparison according to the Bonferroni correction meth-
ods was used for the divided sectors, center circle,

Table 1 Baseline patient demographics and ophthalmologic characteristics

Perifoveal retinal thickness analysis

RNFL analysis

Control (n = 44)

MSA (n = 23)

Control (n = 27)

MSA (n = 15)

MSA-P (n = 18) MSA-C (n = 5)

All

MSA-P (n = 10) MSA-C (n = 5)

All

68.91 (10.67)

17 (38.6)

62.00 (8.86)
2 (40.0)

68.94 (6.68)
9 (50.0)

67.43 (7.57)
11 (47.8)

67.11 (7.19)
14 (51.9)

67.40 (7.16)
2 (40.0)

69.30 (4.86)
8 (80.0)

68.67 (5.54)
10 (66.7)

Age, years

Gender (male), n (%)

77.3:11.4:11.4
0.09 (0.12)
88.5:11.5

100.0:0:0

94.4:5.6:0

95.7:4.3:0
0.16 (0.20)

75.6:24.4

96.3:3.7:0

80.0:0:20.0
0.13 (0.15)

66.7:33.3

90.0:0:10.0
0.16 (0.21)

68.4:31.6

86.7:0:13.3

Laterality (B:R:L), %
LogMAR BCVA

0.16 (0.13)
80.0:20.0

0.16 (0.22)
74.3:25.7

0.06 (0.08)
79.2:20.8
0.20 (1.43)

0.15 (0.19)*
67.9:32.1

Lens (phakia/pseudophakia), %
Spherical equivalent, diopters

—0.03 (1.62)
22.99 (0.56)

0.25 (1.22)

0.38 (1.01)

0.35 (1.05)

0.68 (0.99)

0.88 (1.04)

0.81 (1.01)

23.40 (0.49)
30.80 (19.85)
2.00 (1.41)

2321 (0.71)

23.26 (0.66)

24.42 (1.37)

23.60 (0.49)
36.60 (15.07)
3.40 (1.52)

23.39 (0.57)
57.80 (30.10)
2.20 (1.03)

23.46 (0.54)

Axial length, mm
UMSARS-total
GDS

52,02 (22.49)
3.11 (1.28)

Data shown as mean (standard deviation) unless otherwise indicated. “n” equals the number of patients. Statistically significant values marked with “*” (P < 0.05)

RNFL retinal nerve fiber layer, MSA multiple system atrophy, LogMAR logarithm of the Minimum Angle of Resolution, BCVA best-corrected visual acuity, UMSARS Unified Multiple System

Atrophy Rating Scale, GDS Global Disability Scores
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Table 2 Retinal nerve fiber layer (RNFL) and perifoveal retinal thickness for multiple systems atrophy (MSA) patients and control

MSA (n = 28) C (n =253 P value
All MSA-P(n=19) MSA-Cn=09) MSAvsC MSA-PvsC MSA-CvsC
Retinal nerve fiber layer

Superior 114.75 (23.83)  110.16 (15.12) 124.44 (35.29) 124.58 (14.65) 0.136 0.004 0.972
Temporal 74.61 (12.71) 73.68 (11.95) 76.56 (14.75) 79.32 (12.55)  0.205 0.102 0.750
Inferior 119.46 (21.44)  117.37 (15.69) 123.89 (31.07) 132.26 (18.24)  0.047 0.007 0.474
Nasal 68.79 (13.34) 65.42 (10.23) 75.89 (14.75) 72.43 (10.08)  0.308 0.033 0.585
Superotemporal ~ 123.61 (28.80)  117.53 (25.12) 136.44 (33.28) 138.49 (17.91)  0.062 0.007 0.941
Superonasal 105.86 (24.11)  102.84 (11.77) 112.22 (39.79) 110.79 (17.14)  0.459 0.044 0.997
Inferotemporal 136.79 (26.59)  134.53 (26.56) 141.56 (27.58) 154.83 (23.54) 0.017 0.016 0.216
Inferonasal 102.00 (23.41) 99.95 (12.03) 106.33 (38.64) 109.74 (19.75)  0.270 0.060 0.791
Global average 94.39 (13.92) 91.68 (7.17) 100.11 (22.00) 102.15 (10.02)  0.055 <0.001 0.802

MSA (n = 45) Cn =178

All MSA-P (n = 35) MSA-C (n = 10)

Retinal thickness

Center 189.84 (20.77)  189.83 (20.36) 189.90 (23.29) 181.79 (29.71)  0.116 0.192 0.178
Center circle 215.93 (20.28)  214.74 (18.46) 220.10 (26.42) 207.17 (28.78)  0.096 0.220 0.085
Superior inner 280.33 (26.91)  276.46 (26.58) 293.90 (24.69) 280.03 (24.80)  0.981 0.507 0.116
Temporal inner  269.56 (30.80)  265.57 (31.35) 283.50 (25.47) 274.49 (22.53) 0.438 0.173 0.232
Inferior inner 281.98 (23.13)  279.83 (20.83) 289.50 (29.92) 278.60 (21.26)  0.567 0.925 0.298
Nasal inner 284.64(27.26)  281.23 (27.12) 296.60 (25.48) 281.09 (23.96) 0.586 0.933 0.077
Superior outer 270.00 (28.73)  268.00 (30.69) 277.00 (20.15) 282.42 (21.49) 0.042 0.052 0.335
Temporal outer  247.62 (24.89)  245.40 (26.31) 255.40 (18.12) 256.60 (20.22)  0.094 0.077 0.698
Inferior outer 262.73 (20.25)  260.00 (20.06) 272.30 (18.78) 271.81 (24.09)  0.069 0.044 0.668
Nasal outer 190.00 (26.25)  286.57 (27.17) 302.00 (19.31) 291.77 (21.47)  0.646 0.369 0.320
Total macula 268.78 (22.33)  266.03 (22.65) 278.40 (19.16) 273.74 (18.33)  0.296 0.157 0.835

Data are shown as mean (standard deviation) unless otherwise indicated. “n” equals the number of eyes

MSA multiple system atrophy, C control

superior, temporal, inferior, and nasal outer and inner
sectors (P = 0.05/9 = 0.0056).

Discussion

This study shows significant thinning in both peripapillary
RNFL and perifoveal retinal thickness in MSA patients,
and interestingly, perifoveal retinal thinning significantly
correlates with the clinical severity of MSA.

In our study, the inferior and inferotemporal peripapil-
lary RNFL were significantly decreased in MSA patients.
A recently published longitudinal study in MSA patients
also reported inferior and inferotemporal RNFL thinning
[12]. This topographic pattern is different from that found
in PD patients, which is reported to involve largely the
temporal and perifoveal region [2]. Since two types of
retinal ganglia cells (RGCs), P-RGC and M-RGC, are
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believed to have topographically different locations, dif-
ferences in the retinal involvement pattern have been
hypothesized to be linked to the clinically contrasting
features regarding visual complaints in PD and MSA
patients [12]. P-type RGCs predominate in the perifoveal
and temporal region and are associated with central visual
field sensitivity, contrast sensitivity, color discrimination,
and visual acuity, whereas M-type RGCs predominate in
the periphery and extratemporal regions and are associated
with achromatic vision, peripheral visual field sensitivity,
motion detection, and contrast sensitivity for low spatial
frequency [12, 15]. However, further studies with demon-
stration of pathologic changes occurring in the retina would
be required to confirm this hypothesis.

As for perifoveal changes, we found no difference in the
total macular thickness in MSA patients compared to
controls, but only the superior outer sector showed signif-
icant thinning which is in line with the hypothesis of
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Fig. 1 Scatter plots of retinal
nerve fiber layer (RNFL)
thickness (A) in multiple system
atrophy (MSA) and controls
subjects
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Fig. 2 Scatter plots of Center Center circle
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Table 3 Spearman correlation analysis for perifoveal retinal thick-
ness and UMSARS and GDS

UMSARS GDS

0 P value o P value
Center —0.462 0.026 —0.486 0.019
Total macula —0.531 0.005 —0.541 0.008
Center circle —0.499 0.015 —0.546 0.007
Superior inner —0.487 0.018 —0.552 0.006
Temporal inner —0.456 0.029 —0.48 0.019
Inferior inner —0.447 0.032 —0.480 0.021
Nasal inner —0.459 0.028 —0.504 0.014
Superior outer —0.463 0.026 —0.450 0.031
Temporal outer —0.426 0.043 —-0.357 0.011
Inferior outer —-0.567 0.005 —0.500 0.015
Nasal outer —0.546 0.007 —0.566 0.005

possible M-type RGC involvement in MSA. Previous
studies analyzing perifoveal retinal layer thickness were
mostly small scales with different analysis protocols and
non-consistent results [8—11, 13] (Table 4). Some studies
performed cube scans covering the macula and analyzed
average retinal thickness in different sectors, whereas
others analyzed retinal thickness at a single point or across
a single linear scan. In addition, the analyzed retinal layers
varied with some using manual or semi-automatic software
to segment and analyze the thickness of the retinal layers.
In contrast to the relatively consistent method for analyzing
peripapillary RNFL thickness, which employs a circum-
papillary circle and segments the RNFL into different
sectors, scanning protocols for the perifoveal region vary
greatly for different OCT machines. The study by Mendoza
et al. did use a smaller circumpapillary circle (diameter
1.73 mm) for evaluating peripapillary RNFL in compar-
ison to the 3.45-mm diameter circle used in other studies
[9, 10, 12, 13]. The lack of a universal protocol for eval-
uating perifoveal retinal thickness could be the underlying
reason for the lack of consistency in the reports for peri-
foveal retina thickness. In addition, it is important to

Fig. 3 Scatter plots between

Global average

remember that the retina is a three-dimensional structure
with varying thickness according to different topographic
locations. Pinpointing a single location or along a single
linear scan and analyzing retinal thickness and layer
change in that area would certainly not be a good repre-
sentation of any structural changes that may be present.
Scanning densely to fully cover the perifoveal region and
averaging thickness values of the scanned areas are both
vital to accurately represent retinal structural change.

The strength of our study is the characterization of
RNFL and retinal thickness change according to the dif-
ferent MSA subtypes, although the number of MSA-C
subjects was relatively small. Profound reduction of RNFL
and retinal thickness was found in MSA-P patients, while
those in MSA-C were not significantly different from that
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thinning [9]. There is a possibility that the underlying
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severity in MSA. A recent longitudinal follow-up study on
retinal structural change in MSA also showed that peri-
foveal RGC complex thickness was negatively correlated
with disease progression over time [12]. Therefore, struc-
tural changes in the retina may be a starting point in the
search for a clinical biomarker for MSA.

To overcome type II error, we used statistical methods
to include results from both eyes while adjusting for any
within-patient inter-eye correlations that could be present
instead of averaging thickness results from both eyes or
randomly selecting one eye for analysis.

There are some limitations to our study. Although the
number of subjects in our study was comparable with
previously reported studies, larger number are, nonetheless,
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Table 4 Summary of optic coherence tomography studies published with multiple systemic atrophy patients

Pula et al (2011)

Albrecht et al (2012)

Fischer et al (2013)

Schneider et al (2014)

Mendoza- Santiesteban
etal (2015)

Fischer et al (2011)
Patient 10 MSA (6 MSA-C, 4
composition MSA-P) vs 10 controls

OCT machine Spectralis OCT

Peripapillary RNFL

Examined Yes
Protocol * Circular B-scan
centered on optic disc
Results Global, nasal-superior,
nasal, nasal-inferior
RNFL | in MSA
Foveal retina thickness
Examined Yes
Protocol * Manual quantification
of retinal thickness at
foveolar (single point)
Results No difference
Laterality Data from right eye only

issue

5 MSA-C, 24 SCA vs 27
controls
Spectralis OCT

Yes

* 3.45 mm diameter
circular B-scan
centered on optic disc

Global RNFL { in SCA2
and SCA3 only

Yes

* Perifoveal area within 3
mm and 6 mm diameter
rings with average
retinal thickness
evaluated in 8 sectors

Overall thickness within
3mm diameter, temporal
quadrant in the 6 mm
diameter ring | in MSA-
C

Averaged values from
both eyes

19 MSA, 40 PD, 10
CBS, 15 PSP, 35 controls
Spectralis OCT

Yes

* 3.4 mm diameter
circular B-scan
centered on optic disc

No difference

Yes

* Perifoveal volumetric
retinal scans consisting
of 25 horizontal axial
scans with average
retinal thickness
evaluated in 9 sectors

Manual segmentation
into GCL+IPL, INL,
OPL at the thickest
point nasally and
temporally of the
macula and ONL
measured centrally at
the foveola

Nasal peripheral
thickness | in MSA
Mean RGCHIPL | in
PSP

Nasal OPL T in PSP
Mean central ONL { in
PSP

Averaged values from
both eyes

20 MSA (8 MSA-C, 12
MSA-P)
Spectralis OCT

Yes

* 3.4 mm diameter
circular B-scan
centered on optic disc

Nasal-superior, nasal,
nasal-inferior RNFL { in
MSA

Yes

* Manual quantification
of retinal thickness at
foveolar (single point)

12 MSA, 65 PD, 16 PSP,
41 controls
Cirrus 4000

No

Yes

* Horizontal transfoveal
linear scan 4.5 mm in
length

* Semi-automatic
segmentation and
average thickness
calculated for RNFL,
GCL+IPL, INL, OPL,
ONL

24 MSA, 20 PD, 35
controls
Cirrus 4000

Yes

* 1.73 mm diameter
circle extracted from
optic nerve cube scan
centered on optic disc

Global, inferior RNFL

in MSA

Yes

* Macula 6-mm cube
scan (512 x 128 line
scans) with automatic
segmentation to
evaluate GCL+IPL
(ganglion cell complex)
and average thickness
evaluated in 5 sectors

No difference

Data from right eye only

Mean retinal thickness
and INL | in PSP

Not stated

Global, temporal-
superior, superior, nasal-
inferior, inferior,
temporal-inferior { in
MSA

Averaged values from
both eyes

MSA multiple systemic atrophy, SCA spinocerebellar ataxia, PD Parkinson’s disease, CBS corticobasal syndrome, PSP progressive supranuclear
palsy, OCT optical coherence tomography, RNFL retinal nerve fiber layer, GCL ganglion cell layer, /PL inner plexiform layer, /NL inner nuclear

layer, OPL outer plexiform layer, ONL outer nuclear layer

needed to increase the power of statistical analysis, and this
was not a longitudinal study. However, since underlying
ophthalmologic conditions were pre-excluded, and age,
spherical equivalent, and axial length were not significantly
different among MSA patients and control, RNFL thinning
observed in MSA patients may possibly be associated with
the underlying pathology in MSA.

In addition, MSA patients have been reported to present
with a wide range of ocular symptoms, such as ble-
pharospasm, excessive square-wave jerks, hypometria of
saccades, impaired vestibular—ocular reflex, and nystagmus
to name a few [16]. Future studies will need to investigate

@ Springer

the correlation between such ocular symptoms and struc-
tural changes occurring in the retina. Retinal thickness
using OCT may have limitations to act as a reliable bio-
marker for MSA patients. However, OCT is a non-invasive
imaging tool that provides high-resolution images of the
retina in a relatively short amount of time. Taking into
consideration the paucity of clinical biomarkers in diag-
nosing and also monitoring disease severity in MSA,
analysis of retinal structural changes may provide a starting
point in the search for reliable biomarkers in MSA.

In conclusion, RNFL and perifoveal retinal thinning
were observed in MSA patients, and the latter correlated
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significantly with clinical severity. Further studies are
warranted to investigate the clinical and functional conse-
quence of retinal thinning in MSA.
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