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Role of neuroimaging for peripheral
LMU| sz vestibular disorders
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MRI and neurophysiology in vestibular paroxysmia:

ENT IMAGING (L JACOBI-POSTMA, SECTION EDITOR)

State of the Art Imaging in Meniére’s Disease. Tips and Tricks
for Protocol and Interpretation
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e Overview
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» Background & Research Question

* The inner ear pipeline (flow chart)

» Geodesic template building process

» Lessons from our ocular morphometrics pipeline

» Results - Template / Laterality / Gender

« Results - Aging of inner ear structures

* Results - Aging of the VIII. cranial nerve

» Results - Aging of central vestibular presentations
 Summary

e QOutlook
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https://github.com/ANTSX/ANTS

inputPath=${PWD}/
outputPath=${PWD}/TemplateMultivariateSyN_NormAvg/

export ANTSPATH=/mnt/c/users/tangge/ANTS/install/bin/

${ANTSPATH}/antsMultivariateTemplateConstruction2.sh \
-a 1\
-d 3\
-0 ${outputPath}T_ \
-i 5\
-g 0.25 \
-]
e
-k
1\
8x4x2x1\
4x2x1x0 \
100x70x50x40 \
0\
1\
1\
Cccr4] \
SyN \
subx.nii.gz

ate (0.2 mm)
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Template-building for the
human inner ear

Reid’s plane re-orientation of
Multi-variate whole- templates and subject MRIs
O Template head templates T1/T2 for pitch-plane compensation
building
T

il A5
() \i m{ﬁ:g, | (('\ ']
t

Manual labeling of Reid’s
plane landmarks and

(-4 - g inner ear locations
}Q\@g}i}:- ® ®

\ /J 5 Inner ear
&/ & N4 bias- S localization / cropping /

63 subjects field resampling
correction

Validation of CISS & T2 surface
against novel micro-CT template

Morphological measurements of
volumes and distances '
Validation of dimensions against
nine micro-CT works in literature Annotation: 94 landmarks Segmentation: 29 regions

IE-Map

Template
building

7RI
126 (2 x 63) inner ear ROIs

Multi-variate templates:
T2, T1, CISS

Ahmadi et al. Scientific Reports 2021
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Template-building for the
human inner ear

Ahmadi et al. Scientific Reports 2021
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Laterality — lessons from
ocular morphometrics

'

Centerline of the
optic nerve

N
N, OCAdZ
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Figure 3. Correlation plots for inner ear measurements with total intracranial volume (TIV). Linear correlation
values (Pearson's r) and corresponding p-values are indicated in the subplot titles. The 95% confidence interval
for the regression estimate is drawn as a translucent band around the regression line. Total inner ear volume

and length, as well as the radii of the anterior and posterior semicircular canals (SCC) are linearly correlated

with head size. The oblique cochlea height might well be while the radius of the lateral SCC appears to not
be correlated at all with TIV. The results indicate the importance of TIV for future quantitative assessments
between cohorts. (Figure panels created with seaborn v0.11.0 https://seaborn.pydata.org/).

Ahmadi et al. Scientific Reports 2021
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LU it Study Design

« 88 healthy subjects (71 LMU, 17 Antwerp) 2019-2022
« 20-80 years old, gender-balanced

« Siemens Prisma 3T with 64ch head&neck coil (LMU),
32ch head coil (Antwerp)

Sequenz | Slice thick-, Repetition Echo time Inversion Flip angle

T2-SPACE > CISS
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Pearson's r=-,353, p==0,01, b1=-0,1624

™,y 5

L K o
Saccule/Utricle_right Saccule/Utricle_left &
Volume: 1,767mm® (¢1,5mm) Volume: 1,767mm? (21,5mm)
- Mean.: 513,783 Median: 511 Mean.: 455,133 Median: 449
Min: 434 Max: 630 Min: 335 Max: 596
Mastoid_right Mastoid_left ©
Volume: 1,767mm* (21,5mm) Volume: 1,767mm?* (21,5mm)

Mean.: 13,723 Median; 12 . Mean.: 13,49 Median: 12
Min: 0 Max: 43 Min: 0 Max: 57

Significant correlation of age with
signal-to-noise ratio and entropy-
focused-criterion over sequences.
Most likely the consequence of A
increased head motion.

age (years)




Results — Coil effects on signal quality
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Inmer Ear volume {mm*3)

vesfbulewidth (mm)

Results — No effect of age
on inner ear volumetrics
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Pearson's r=-,010, p=,902
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Pearson's r=,118, p=,12%

m

Anterior SCC hesght (mm)
I

B0
age (years)

age (years)

Pearson's r=,040, p=0610
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Results — Aging VIIl. cranial nerve
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Results - Aging effects on central
LMU| s vestibular representations

Pearson's r=-,244, p=,025, b=-,001 Pearson's r=-,248, p=,022, b=-,0012 Pearson's r=-566, p=<,001, b=-013
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Cortical vestibular representations
decline in volume with age. This
aligns with the cerebral grey matter
reduction.
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Results - Aging effects on central
LMU| s vestibular representations
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Inner ear morphometrics show no effect for age
Need to control for coil characteristics across sites

The 8th cranial nerve lengthens with age but shows no
change in geometrics (tourtuosity/torsion) as the brainstem
seems to descends

Cortical vestibular representations decrease in volume In
alignment with global grey matter reduction

Cerebellar regions on the other hand seem to increase In
absolute and relative volume
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« Research going forward with one multi-modal human
Inner ear template (T1/T2/CISS) for adults

* Characterization of soft tissue parameters (DWI
spectrum, MPM, Echo Mapping, CEST, QSM)

« Test applicability of 4D-Flow In inner ear imaging

« Tackle identification of peripheral vestibular disorders
2025
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Number and volume of white matter
hyvperintensities with age or BMI

Pearson's r=,673, p=,<001 Pearson's r=,568, p=<,001

>
w

N
[4)] o
1 ]
PN
1 1

L] w
[

lesion number
-
o
]
lesion volume (ml)

(8]
]

1-

o-W

20 40 60 80

age (years) age (years)

Pearson's r=,217, p=,050 Pearson's r=,184, p=,098

lesion number
lesion volume (ml)




LUDWIG-

MAXIMILIANS-

UNIVERSITAT
MUNCHEN

DHI score

GPAQ Score

Pearson's r=,333, p=006
.

motion sickness score

Pearson’s r=,044, p=723

10

mation sicknase score

Pearson's r=,428, p=<.001

i
10

mation sickness score

Pearson's r=-,180, p=,144
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