Brainstem structural connectivity changes in isolated REM sleep behavior
disorder by 7 Tesla MRI
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Objective —— R
To investigate brainstem structural connectivity changes in isolated REM sleep behavior The structural connectome of brainstem nuclei relevant for iRBD/premanifest-synucleinopathy

disorder (iRBD) patients using an in-vivo probabilistic brainstem nuclei atlas and 7 Tesla high  showed connectivity changes (specifically in 14 out of 32 brainstem seeds) across groups (Z =
angular resolution diffusion MR imaging. 2.6, p < 0.01) mainly within brainstem nuclei (Figure 2). Specifically, we found impaired

= Backeround connectivity in iRBD between REM-on and REM-sleep muscle-atonia medullary areas. This is in

iRBD is characterized by the absence of REM-sleep muscle atonia. iRBD patients have up to agreement with animal studies showing decreased excitatory connectivity influences between

73.5% risk of developing a neurodegenerative synucleinopathy after 12 years from the iRBD- FEM'On regions and vlentro—n'.led;nla.ry n:‘;s/‘lr tlhe |a’;ter:/Irojectl]lc’\gRtEOMSpl?fal motonde_:rons CFI;IC3|
diagnosis[1]. Brainstem pathophysiology underlying iRBD has been described in animal ~ 'Of 8enerating muscie atonia during -sleep[7]. Most o -off areas did not show

models, yet it is understudied in living humans due to the lack of an in-vivo brainstem nuclei differences |n_ connectl_wty betwee.n groups. Interestingly, ponto—mfedullary bralr.1$.tem nUC.|EI,
known to be involved in REM atonia, showed decreased structural inter-connectivity, possibly
atlas and to the I|m|ted sensitivity of conventional MRI.

related to an underlying neurodegeneration process. In contrast, meso-pontine regions showed

Method 4

ELHOCS overall increased inter-connectivity.

Data acquisition: We performed 7 Tesla MRI [tablel] in 12 |RBD patients (age: 67.9+£1.7 yrs) A) Previously delineated an B) Newly deinested nudel

and 12 controls (age: 66.3+1.6 yrs), under IRB-approval. Analysis: a) Preprocessing: see Table "o ey rmersy || MMl o cpe | _ : iste

1. b) Definition of seed and target regions for DTI-based connectivity analysis: see Table 2 and u u V-"' M 2 m m IRBD/premanifest-synucleinopathy. A) Probabilistic atlas labels of 11
A . ) g g o y ) ysis: - — M :cm: brainstem nuclei relevant for iRBD/premanifest-synucleinopathy,
Figure 1. c) Single-subject and group DTI-based connectivity analysis: We run probabilistic .Pu . a5 100% m“/"smﬂ""”’" previously published[2-4] used as seeds and brainstem targets in this

Spatial probabilistic rotbilstic . e . . .
tractography and computed a “structural-connectivity-index” for each pair of seed-target osn o| Study- B) Additional probabilistic atlas labels of nine nuclei relevant for

masks (= fraction of streamlines propagated from seed reaching target). d) Statistical analysis:

o WA i & T&'T LE%GP"P"OP"C iRBD/premanifest-synucleinopathy generated in the current work (11
H ..\. e ﬂ nuclei are shown because two nuclei, iMRt and sMRt, displayed two
Wilcoxon test was used to compare the differences between groups.
Table 1. To compute a structural connectome of brainstem nuclei

C) Validation of newly delineated nuclei relevant for RBD/premanifest- | subregions, a lateral larger subregion — | — and a medial smaller subregion
we acquired diffusion weighted images (DWI). Further, to aid the

Institute of
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B) Newly delineated nuclei Figure 1. Definition of seed and target regions. As seed regions, we used

structural probabilistic atlas labels of 20 brainstem nuclei relevant for

A) Previously delineated and

Table 1. 7 T MRI acquisition parameters synucleinopathy — m). Very good (i.e., up to 100%) spatial agreement of labels across

Inter-rater agreement . . . . T . .
- "o eragreemen - subjects was observed indicating the feasibility of delineating the

g

Acquisition Parameters MEMPRAGE DWI §§'§ mim - )
Repetition-time (TR) 2.53s 745 coregistration of DWI to stereotactic (MNI) space we also taad | DL LMLl r™Mrirll probabilistic label of these nuclei. As target regions, we used the
Echo-time/s (TE) 2.39/5.62ms  66.8 ms acquired a T1l-weighted MEMPRAGE image. Preprocessing: We g Internal consistercy probabilistic atlas labels of these 20 brainstem nuclei in addition to
Inversion-time 1.1s - llated th MEMPRAGE i ith S5E i li lex, inferi li | d | bthalami
Isotropic spatial resolution 0.75mm 1.7 mm parcellated the root-mean-square _ _image wit §%%*-£;\Ii#ft¢44: 77777 superior olivary complex, inferior olivary nucleus, red nucleus, subthalamic
Bandwidth 332Hz/pixel 1456 Hz/pixel Freesurfer. DTls were de-noised, motion and distortion-corrected, S 95 § Qg RN 2z 2 EEE £ nucleus, hypothalamus, cortical/subcortical bilateral regions obtained in
Partial-Fourier None 6/8 and computed the fractional anisotropy (FA) and SO. To map § gege? €2 2233%% %53 each subject from the MEMPRAGE Freesurfer-parcellation and

; : “p_pr “p pr . . o o ) i . - .
;;?J'sr;‘:':c"heme _A'P uﬁ;zolar Freesurfer parcellation to native DTI-space, we computed an 33 Volume (m) ventral/dorsal spinal cord. C) Validation of the nuclei displayed in B). The
Number of diffusion-directions - 60 affine boundary-based transformation between the MEMPRAGE L Dr-com eobc whc o we vow we_ v | nuclei volume from the literature[8] and the volume (mean * SE across
b-value - 2500 s/mm? and SO images. To map the brainstem nuclei atlas [2-4] to native et 132 115 1oz 120 13 16 205 261 as aee 195 198 222527 sne sia | SUDjECtS) Of each final label in native space are shown.
bOIma es - 7interS ersed IIA_PII = B . ., . stud 409 #0.8 7.1 45 472 57 415 #15 52 +43 +13 14 #129 +118 #38 139

g 7interspersed — DTl-space, . we computed the bivariate dlffeomo_rphlc ) —==x . : A) Controls B) Overall changes in RBD

Acquisitionti 630" o P transformations between IIT-MNI FA/SO templates [5] and single-  Figure 2. Structural connectome of brainstem nuclei relevant j B
cquisition-time

for iRBD/premanifest-synucleinopathy. For the probabilistic | 20 nuclei
tractography we propagated 100,000 streamlines from each
seed and computed a “structural-connectivity-index” (range:
[0 1]) for each pair of seed-target masks (= fraction of

subject FA/SO images.

Table 2. List of brainstem nuclei relevant for iRBD/premanifest-synucleinopathy (according to the Braak hypothesis[6]).
These nuclei are involved in motor and/or arousal functions (as marked in the appropriate columns).

; .Nuclei name Nuclei acronym Braak Hypothesis RBD Motor Arousal streamlines propagated from seed reaching target). We 2
1. Substantia nigra pars reticulata SN1 (SNR) X (stage 3) X X X d th itv-ind f brai lei with
2. Substantia nigra pars compacta SN2 (SNC) X (stage 3) X X X averaged the connectivity-index o rainstem nuclei wit
3. Caudal linear raphe CLi X (stage 3) X X target-regions across subjects and displayed the group
4. Pedunculotegmental nucleus PTg X (stage 2-3) X X X connectome with a 2D circular diagram. Wilcoxon test (two- )
piRaramedianiraphs MO X{(stage/2:5) X X sided, p < 0.01) was used to compare the differences in Connectivy mdex O G ange i comnectiy
6. Dorsal raphe DR X (stage 2-3) X X tivit indi bet A) Structural -
7. Median raphe MnR X (stage 2-3) X X connectivity indices etween  groups. : ruc ura. ConCI,US|QnS
8. Raphe magnus RMg X (stage 2) X X tractography-based connectome of 20 brainstem nuclei ‘Bacreased structural connectivity between REM-on
9. Raphe obscurus ROb X (stage 2) X relevant for iRBD (list of nuclei shown in figure 1A) in controls d dull brai lei derlies REM-=sl|
:2-1Rzathe Pa"'d“sl . | LcRgabC igstage g; X X X (average connectivity index across 12 controls displayed). B) and medullary brainstem nuclei unaerlies -sleep
=14. LOCUS coeruleus, subcoeruleus , oul stage muscle atonla |n |RBD atlents

13-15. Medullary reticular formation iMRt, SMRt, PCRA X (stage 1-2) X X X Statistically significant differences in structural connectivity p
16. Dorsal motor nucleus of the vagal nerve VSM (DMVN) X (stage 1) X between iRBD patients and controls (Wilcoxon test, p < 0.01, n Refe rences
17. Laterodorsal tegmental nucleus LDTg(-CGPn) X X = 12); note that, except for a significant link with the frontal [1] Postuma et al, Brain, 2019. [6] Braak et al, Cell Tissue Res, 2004.
18. Pontine reticular nucleus, oral part PnO(-PnC) X X X X cortex, alterations of connectivity pathways in iRBD occurred [2] Bianciardi et al, Brain Connect, 2015. [C7] Valencgo(iasraa et al, Nat
giCunsiorrnucions /3 X X lusively within brainstem nuclei {Z% 2|an§|a;dlle;al N;uroumag;ozzgls [zgngmun tal, O tion of

i exc . ingh et al, Front Neurosc, ) axinos et al, Organization o
20. Periaqueductal gray PAG X X X [5] Avagnts BB et al, Neuroimage, 2011. brainstem nuclei, 2012.



