MRI-BASED QUANTIFICATION OF OPTIC NERVE TORTUOSITY AND
SUBARACHNOID SPACE 3D GEOMETRY: RELIABILITY ASSESSMENT

Abstract

In some astronauts, long-duration space
flight results in ophthalmic structure
changes such as optic nerve (ON) kinking,
ON distention, and globe flattening.
Assessment of the ON and ON sheath
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were collected. An offsetting procedure was
applied to correct for variations in scan
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ON trajectories (A) were generated manually in Osirix error for ON and ONS area parameters was computed
MD software (version 8.0.1, Pixmeo, Geneva, with respect to the average measurement value.
Switzerland) using 3D multi-planar reconstruction (MPR) Validation will be performed using micro-CT in the future.

(E) Frankfort Plane highlighting porion and orbitale Points

with high-resolution T1 weighted MRI. Lens and ONH
scans. The result is ON and ONS contours . 5 5 . . Phantom Tortuosity b
with  area orimeter and  hvdraulic points (B) were collected manually as the first two points < v ortuosity Map
P ’ YAraWlt of the ON trajectory. Axial length defines the Euclidean T hoetfioht

diameter as parameters with respect to . . .
, distance between these two points. Lateral and vertical
distance from the ON head (ONH) P

s oo o < gaze angles (C) were calculated using the gaze vector
' . —memmn/| Originating at the ONH and terminating at the lens
| center. Porion and orbitale points (D,E) defined the

N

—h

50

I
o
-

| gabject Specific

N LR

Distance from Euclidean Path (mm)
o

' 2%, Frankfort horizontal [1] and mid-sagittal orientation /’ii;’;of:’;f,\\\ T
| £ planes. Lateral and vertical gaze angles were computed (@&\\‘\\ \ ; A é ;, ,
| with respect to Frankfort and mid-sagittal planes. \\&g&i»," Distance Along ON Trjectory (mm)
| Insertion angle was calculated by comparing the gaze _ - \25,"' (F) Example tortuosity map showing pre-/post-flight change in
A T e '° vector to a vector originating from the ONH and R T T ON trajectory curvature due to space flight
MR imaging (MRI) scan intensities were offset terminating at a point exactly 3 mm along the ON Citations
with the difference between average trajectory. Tortuosity Index (Tl) was computed based on SIS Ol\;rﬁ:f, E/:;or ONﬁmA;ifigror [1] Daboul A, et al. (2012) PLoS ONE 7(10), doi:

background intensity per scan.

the ratio of 3D ON trajectory length to the Euclidean ARTNe4828110.1371/journal/pone.0048281.

. 0.361 £ 0.239 0.496 £ 0.412
+ length (B). For Tl calculation, the first 20 mm of ON (dealized (1.69%) (0.86%)
Threshold value chosen by user and left  trajectory posterior to the ONH was included. Tortuosity Subject Specific °'2('°’11;6‘;;)188 °'5(502.9*5‘;;)727 Author Affiliations and Acknowledgment

unchanged for all subjects. Map (F) is a plot of the orthogonal distances from each INeurophysiological Imaging and Modeling Laboratory,
point along ON trajectory pathway to the respective Tortuosity Verification: To assess intra-operator Yniversity of Idaho, Moscow, ID

: : : T : ’Johnson Space Center Cardiovascular and Vision Laboratory
. reliabili ingl rator compl . . o /
point on the Euclidean pathway. This plot transforms the reliability, a single operator completed all measurements National Aeronautics and Space Administration, Houston, TX

3D trajectory into a 2D map. T ,,max corresponds to the five times at intervals of at least three days. To assess 3jonnson Space Center Cardiovascular and Vision Laboratory,

peak orthogonal distance from the Euclidean pathway. inter-operator reliability, four operators completed all kBRwyle, Houston, TX
measurements three times at intervals of at least three *Wallace H. Coulter Department of Biomedical Engineering,

3D Verification: A 3D ON phantom model was developed days. Results were compared to find the average ©eorsialnstitute of Technology and Emory University,

. . . . . . e o Atlanta, GA
with three idealized (identical) and three subject specific difference from the mean, as well as the standard ke
Interpolated contour generated at the (identical) geometries. The model was scanned twice at deviation, for each parameter (see table). Results Fynded by NASA ISGC grant #fNNX10AM75H and NASA grant
specified threshold using MATLAB one MRI center using the original study protocol with all indicated a relatively high degree of intra- and inter- #NNX16AT06G. JIR and AMS funded by NASA ISGC

“Contour” and “Meshgrid” functions. six geometries within field of view. operator reliability for all parameters analyzed. fellowships (#NNX10AM75H).



