








Parkinson´s disease is classified into idiopathic Parkinson´s disease (iPD) and atypical 
parkinsonian syndromes (aPS: multiple system atrophy (MSA), progressive 
supranuclear palsy (PSP), corticobasal degeneration (CBD)). In magnetic resonance 
imaging (MRI) of the brain, distinct patterns of atrophy have been described for the 
different parkinsonian syndromes. Also, characteristic changes in the thickness of retinal 
layers, measured by optical coherence tomography (OCT), have been differentiated in 
Parkinson’s disease (iPD) and atypical parkinsonian syndromes (aPS). The retina, as a 
peripheral component of the central nervous system, therefore represents a structure 
that is easier to examine than the brain and may allow conclusions to be drawn about 
pathological changes in specific correlated brain structures with corresponding atrophy 
patterns in patients with iPD and aPS.

This project aims to discover correlations between MRI-parameters that quantify regional 
brain atrophy and OCT-parameters that measure retinal atrophy. Therefore, the data of 
63 patients with iPD and aPS (29 iPD, 12 MSA, 15 PSP, 7 CBS) were analyzed 
retrospectively. Those patients had undergone both an MRI- and an OCT-examination 
between the years of 2009 and 2011. In the analyses, the regional MR atrophy parameter 
volume was quantified in T1-weighted MR datasets (3T MRI, MPRAGE sequence, voxel 
size 1 mm³) using two different brain atlases (CoBrA Atlas and Julich Brain Atlas). We 
detected 11 retinal layers, which were selected by doing a re-segmentation (OCT device: 
Heidelberg Engineering GmbH) of the preexisting OCT-data. After that, a statistical 
analysis with SPSS was launched, which included a group comparison (ANCOVA, 
p<0.05) between iPD and aPS for MRI data per brain atlas (with age, sex, MRI scanner, 
and total brain volume as covariates), as well as for OCT parameters (with sex as a 
covariate). In the following, a bivariate Spearman correlation analysis (significance level 
p<0.05) was conducted between brain region and OCT parameters that had shown a 
significant group difference, for the whole cohort and separately for patients with iPD and 
aPS.

The analyses unvailed numerous positive correlations for the aPS-group, while the iPD-
group showed only a limited number of correlations between the MRI- and OCT-
parameters. For the overall cohort and the group of aPS, there were particular 
correlations between inner retinal layer thickness (ganglion cell layer and inner plexiform 
layer) and volumes of parts of the hippocampus and the basal ganglia and even 
neocortical regions. The group of iPD showed no particular pattern of correlations 
between retinal layer thickness and volume changes in brain areas. A significantly 
different outcome was seen regarding correlations between MRI-parameters and the 
outer plexiform layer thickness. There were quite a few correlations to this particular 
retinal layer in the iPD-group, and only a small number in the aPS-group.

Subsequently, those first analyses indicate that a reduced retinal layer thickness in 
patients with aPS appears to be more closely associated with regional cerebral volume 
loss in the selected brain regions than in patients with iPD. Concludingly, further 
correlational analyses, separately for iPD and aPS, are needed for the evaluation of a 
possibly future relevance in the differential diagnostic between iPD and aPS. 
Futhermore, age-matched control subjects should be included in future analyses. In the 
future, OCT could be established as a valuable diagnostic tool for the differential 
diagnosis between iPD and aPS.
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Unified Parkinson’s Disease Rating Scale





https://next.amboss.com/de/article/tK0XRS#IlplZmNmMThhOTMwYjQ3MzcyOTM3ZTgxNzk1NjUxZTRkNyI=
https://next.amboss.com/de/article/S60y4S#Ilo2ZDc4OWZiMGNmYjgwYmEwMjk5YjhiNjJlNWFmNTczZiI=
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“Julich Brain: A 3D probabilistic atlas of the human brain’s cytoarchitecture”

https://www.ebrains.eu/


zweiseitiger Test, α=0,05

https://www.ibm.com/de-de/spss
https://www.ibm.com/de-de/spss








Gruppe Anzahl Patient*innen Geschlecht Alter bei 
MRT 

[in Jahren]

Krankheits-
dauer 

[in Jahren]

Alter bei 
Krankheits-
beginn [in 

Jahren]

Hoehn 
& 

Yahr

UPDRS III
ON

UPDRS III
OFF

gesamt Morphometrie-
Studie

klinische 
MRTs

♂ ♀ MW ± SD MW ± SD MW ± SD MW ± SD MW ± SD MW ± SD

gesamtes 
Kollektiv

63 40 23 42 21 62,4 ± 11,1 5,8 ± 5,0 56,5 ± 11,5 3 ± 1
(n=62)

27 ± 15
(n=53)

34 ± 13
(n=29)

PK 29 13 16 20 9 58,9 ± 13,4 6,7 ± 6,6 52,1 ± 13,3 2 ± 1
(n=29)

18 ± 7
(n=21)

33 ± 15
(n=15)

PSP 15 10 5 10 5 70,9 ± 5,1 5,6 ± 3,1 65,3 ± 5,7 3 ± 1
(n=14)

30 ± 13
(n=14)

36 ± 13 
(n=6)

CBS 7 7 0 3 4 62,7 ± 8,4 3,4 ± 1,9 59,4 ± 7,9 2 ±1
(n=7)

28 ± 17
(n=7)

39 ± 14
(n=3)

MSA 12 10 2 9 3 60,2 ± 5,4 5,1 ± 3,1 55,1 ± 7,1 3 ± 1
(n=12)

39 ± 17
(n=11)

31 ± 10
(n=5)

♂ ♀



η

η

95%−CI[

95%−CI[



Diese betrafen die GCL (ΔM = 0,042, p = 013) sowie die IPL (ΔM = 0,031, p = 

Alveus (ΔM = 1,623, p < 0,001), CA2_3 (ΔM = 1,420, p < 

0,001) sowie CA4 (ΔM = 1,405, p = 0,018). Weitere Unterschiede fanden sich für 

AntCerebLI_II (ΔM = 0,123, p = 0,004), AntCerebLV 

(ΔM = 0,257, p = 0,00 InfPostCerebLVIIIA (ΔM = 0,720, p = 0,009) und

InfPostCerebLIX (ΔM = 0,639, p < 0,001). 

ergaben sich Unterschiede zwischen PSP und MSA (ΔM = 1,288, p = 0,006) sowie 

zwischen CBS und MSA (ΔM = 1,298, p = 0,027). Zudem u

InfPostCerebLIX signifikant zwischen MSA und CBS (ΔM = 0,670, p = 0,005). Die 
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Movement Disorder Society Task Force on Rating Scales for Parkinson’s 
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Retinal α

http://cobralab.ca/
http://cobralab.ca/atlases/
https://www.fz-juelich.de/portal/DE/Forschung/it-gehirn/human-brain-modelling/inm-1.html?nn=1022882
https://www.fz-juelich.de/portal/DE/Forschung/it-gehirn/human-brain-modelling/inm-1.html?nn=1022882
https://www.fz-juelich.de/portal/DE/Forschung/it-gehirn/human-brain-modelling/inm-1.html?nn=1022882


in de novo Parkinson’s disease.
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OCT-Parameter/
Krankheitsgruppe Mittelwert

Standard-
abweichung

pRNFL [µm] PK 97,46 8,40
PSP 91,31 8,96
CBS 97,00 13,23
MSA 97,86 8,03

Mean Total 
MV (Retina) 

[mm3]

PK 2,37 0,13
PSP 2,27 0,10
CBS 2,34 0,05
MSA 2,30 0,12

mRNFL 
[mm3]

PK 0,15 0,02
PSP 0,15 0,01
CBS 0,15 0,01
MSA 0,15 0,01

GCL [mm3] PK 0,34 0,03
PSP 0,30 0,04
CBS 0,32 0,04
MSA 0,32 0,03

IPL [mm3] PK 0,28 0,02
PSP 0,25 0,02
CBS 0,27 0,02
MSA 0,27 0,02

INL [mm3] PK 0,28 0,03
PSP 0,27 0,03
CBS 0,29 0,03
MSA 0,27 0,03

OPL [mm3] PK 0,23 0,02
PSP 0,25 0,03
CBS 0,24 0,03
MSA 0,23 0,02

ONL [mm3] PK 0,51 0,06
PSP 0,48 0,05
CBS 0,49 0,04
MSA 0,49 0,06

RPE [mm3] PK 0,11 0,01
PSP 0,11 0,01
CBS 0,11 0,01
MSA 0,10 0,01
PK 1,79 0,11



Inner 
Retinal 
Layers 
[mm3]

PSP 1,70 0,10
CBS 1,77 0,06
MSA 1,73 0,11

Outer 
Retinal 
Layers 
[mm3]

PK 0,58 0,02
PSP 0,57 0,01
CBS 0,57 0,02
MSA 0,57 0,02



CoBrA-Parameter/
Krankheitsgruppe Mittelwert

[mm3]
Standard-

abweichung
[mm3]

Amy PK 0,17 0,08
PSP 0,18 0,10
CBS 0,13 0,10
MSA 0,13 0,07

MamBody PK 0,77 0,09
PSP 0,72 0,06
CBS 0,79 0,10
MSA 0,73 0,11

Fimbra PK 5,59 1,20
PSP 5,06 0,78
CBS 5,85 0,85
MSA 5,01 1,48

For PK 3,23 0,67
PSP 2,85 0,55
CBS 3,32 0,52
MSA 2,77 0,94

Alveus PK 7,70 1,12
PSP 6,77 0,79
CBS 6,82 0,77
MSA 5,83 1,21

Sub PK 0,62 0,08
PSP 0,56 0,05
CBS 0,61 0,07
MSA 0,57 0,09

HCA1 PK 2,42 0,45
PSP 2,16 0,29
CBS 2,46 0,30
MSA 2,07 0,64

CA2_3 PK 6,38 1,08
PSP 5,75 0,85
CBS 6,11 0,82
MSA 4,87 1,16

CA4 PK 8,58 1,88
PSP 7,79 1,20
CBS 8,18 0,48
MSA 7,53 1,82

GloPal PK 3,63 0,71
PSP 3,22 0,58
CBS 3,58 0,49
MSA 3,19 1,03

Striatum PK 0,18 0,04
PSP 0,18 0,05
CBS 0,17 0,05



MSA 0,19 0,06
Tha PK 0,27 0,05

PSP 0,23 0,03
CBS 0,28 0,04
MSA 0,25 0,05

Stratum PK 0,30 0,03
PSP 0,28 0,03
CBS 0,30 0,02
MSA 0,29 0,03

AntCerebLI_II PK 0,66 0,10
PSP 0,58 0,08
CBS 0,58 0,10
MSA 0,53 0,14

AntCerebLIII PK 4,05 0,63
PSP 3,83 0,60
CBS 3,91 0,38
MSA 3,86 0,50

AntCerebLIV PK 0,07 0,01
PSP 0,06 0,01
CBS 0,06 0,01
MSA 0,06 0,02

AntCerebLV PK 1,58 0,23
PSP 1,53 0,18
CBS 1,50 0,17
MSA 1,33 0,23

SupPostCerebLVI PK 0,05 0,01
PSP 0,04 0,01
CBS 0,05 0,01
MSA 0,04 0,01

SupPostCerebCI PK 0,09 0,02
PSP 0,08 0,01
CBS 0,10 0,01
MSA 0,09 0,02

SupPostCerebCII PK 0,43 0,05
PSP 0,40 0,04
CBS 0,42 0,05
MSA 0,41 0,06

SupPostCerebLVIIB PK 0,02 0,01
PSP 0,02 0,01
CBS 0,02 0,01
MSA 0,02 0,01

InfPostCerebLVIIIA PK 0,47 0,07
PSP 0,41 0,05
CBS 0,45 0,05
MSA 0,38 0,09

InfPostCerebLVIIIB PK 0,48 0,09



PSP 0,47 0,08
CBS 0,39 0,07
MSA 0,49 0,07

InfPostCerebLIX PK 2,31 0,46
PSP 1,89 0,30
CBS 2,29 0,21
MSA 1,68 0,63

InfPostCerebLX PK 1,31 0,20
PSP 1,23 0,09
CBS 1,29 0,11
MSA 1,31 0,17












































































































