Deep Learning-Based Super-Resolution Enhances
Perivascular Space Quantification in Heterogeneous MRI Data

Hyunwoo Lim, BS!, Yeong-Hun Song, BS!®>, Woosik Kim, BS?3, Seung Hong Choi, PhD*°, Roh-Eul Yoo, PhD*>, Joon-Kyung Seong, PhD!-2:3,
for the Alzheimer’s Disease Neuroimaging Initiative™

ISchool of Artificial Intelligence, Korea University, Seoul, Republic of Korea

2School of Biomedical Engineering, Korea University, Seoul, Republic of Korea

SNeuroXT Inc., Al Imaging Research Center, Seoul, Republic of Korea

“Department of Radiology, Seoul National University College of Medicine, Seoul, Republic of Korea
>Department of Radiology, Seoul National University Hospital, Seoul, Republic of Korea

INTRODUCTION METHODS RESULTS

Background SR-Based Resolution [ _ __ A
cale Method PSNR (mean * SD SSIM (mean + SD 0.75 - B
® [ Condit
 PVS as a Biomarker: Enlarged Harmonization Mid (113 s s o 0000 S oss. _ Downsanpe
perivascular spaces (PVS) are « Model: Utilized A-LIIF (Adaptive Local e 16ears o35 00041 f ey
lnCreaSIHgly I'GCOgIIIZGd dasS a CI'U.Clal Imp11C1t Image Functlon) tO enable 2D i o ;-LIS-MRI ::tzz;;tz;t 2?3232;3.2233 é 0.45 - ]
heuroimaging biomarker | arbitrary-scale SR, ensuring resolution e o e I f
* Current Limitations: Visual Rating harmonization across heterogeneous Table 1. Image-level SR reconstruction performance. oas e PO o
Scores (VRS) are widely used in clinical datasets e e e Tmd e el
: : ) . . Original (0.625mm) icubic (0215mmx 0215mm ALK (0-21Smm x 0215mm)  ALLIF-MERI (0215mm  0.21Smm) Figure 2. Resolution-specific agreement between automated PVS volume fraction and visual rating scores.
prac.:tlce.: ]:.)ut suffer from 1Ilh€I'€Il‘F * Pl‘eprocessmg: A-LIIF was retrained on Resolution harmonization improved agreement across all resolution groups, with the largest gains observed
subjectivity and coarse granularity. high-resolution SNU T2-weighted slices in the low-resolution (0.625 mm) group.
1 . . . . . Segmentation Segmentation
* Technical Challeng(.es. Au?omated using synthetic multi-scale degradation. Input Patch Output Input Patch
methods (e.g., Frangi filtering) are A-LIIF-MRI incorporated Gibbs and _ _
This spaual heterogeneity In mul.tl—s1te robusthess. = =
data hinders accurate quantification. * Resolution Harmonization: All images
*  Objective: To evaluate whether deep were upsampled to a uniform 0.215 X Se S
. n 2 2
learnmg—based SR.can. serve as a \ 0.215mm> target resolution. j 7 L
resolution harmonization strategy to , | e
reduce resolution-dependent variabilit . NG 2N} N & J NG 0§ N 6 _ -
and improve the reli:bilit of automatZd PVS Segmentatlon } AR LG BAN j Eb j e : E : E
P y Figure 1. Qualitative comparison of resolution é ; él ;
=N EEZ

\ PVS quantification. / & Optlmlzatlﬂn harmonization methods applied to low-resolution T2-

weighted MRI scans. Enlarged views highlight differences =% C =

/4
. ) Llike structu d noi lated do-structy Figure 3. Representative examples demonstrating the effect of SR-based resolution harmonization on
Dat t * Automated Segmentation: PVS were 1 VESSEI-HRE SHUCTUIES ahd HOISETEialed PSCuo-SHUCTUIES. Frangi-based PVS segmentation. Yellow arrows indicate vessel-like structures that became more clearly
atase . . | rangi-based PVS segmentation. Ye!
quantlﬁed using a Frangi filter-based distinguishable after SR harmonization.

T2-weighted MRI (T2WI) scans from: algorithm. pee— TTEE T tmage Condition " e P
* SNU dataset (Il:3 24) Used for SR ° Experimental Conditions: Five image ]ZiriiibniilUpsampling Z:ZZ EZ::? z:z Z:j EZ:Z 222 Original 0.274 [0.20, 0.35] <.001
model training, Frangi parameter conditions were compared 1n the SNU A-LIT 0.553 [0-448,0.62 0.021[0:341,0.67 Bicubic 0.300 [023,037) <001
optimization, and internal validation cohort: 1 mm downsampling, original T:bleh; Agreement b etwe(;?:f;ﬁ:ted — ;:12:; — e —————— —— —
with visual rating scores. resolution, bicubic upsampling, A-LIIF, fraction and visual rating scores. Eﬁﬂ;ﬁoiniiewﬁjﬁ ﬁiﬂ;‘i}fi‘ﬁfﬁﬁ?&‘l‘fii}fﬁfal comelation between BE PYS volume fraction and log-
» High in-plane resolution: and A-LIIF-MRI, a noise-augmented r ™
0.215 X 0.215mm? (n=146). variant of A-LIIF. * Image-level reconstruction: A-LIIF achieved the highest PSNR/SSIM (Table 1), while A-LIIF-MRI slightly reduced
» Mid in-plane resolution: *  VRS-Guided Tuning: Frangi filter image-level scores but suppressed noise-related pseudo-structures, improving downstream robustness (Figure 1).
0.246 x 0.246mm* (n=124). parameters were rigorously optimized for « SNU internal validation: Resolution harmonization improved the agreement between automated PVS volume fraction
» Low in-plane resolution: each resolution group by maximizing the and expert visual rating scores (Table 2). A-LIIF-MRI showed the best overall downstream performance.
0.625 X 0.625mm? (n=54). correlation with the VRS.  ADNI4 external validation: In the independent ADNI4 cohort, BG PVS volume fraction showed stronger association
* ADNI4 dataset (n=631): Used for * Validation: Once optimized, parameters with WMH burden after harmonization (Table 3). The adjusted partial correlation was strongest for A-LIIF-MRI, followed
external clinical validation. were fixed and applied to independent by bicubic upsampling and original-resolution images, supporting the clinical relevance of resolution-harmonized PVS
» Approximately 1.0 X 1.0mm? in- datasets to validate the robustness of the quantification.
plane resolution. \_ SR-enhanced quantification. Y N -/
» Includes White Matter

\ Hyperintensity (WMH) volume datzy Clinical Validation CONCLUSION

Key Takeaway . ADNI4 Cohort Analysis: SNU-locked r A

v Noise augmentation improves the pipelin.e was.app!ied to original- * Resolution Harmonization: Deep learning-based SR served as a resolution harmonization strategy, improving the reliability
robustness of SR-based PVS resolution, .blcublc-upsampled, and A- of automated PVS quantification across heterogeneous T2-weighted MRI scans.
quantification. LIIF-MRI 1mmages. o L. _

v Resolution harmonization enhances » Clinical Validation: Investigated the * Clinical Relevance: The SNU-locked A-LIIF-MRI pipeline strengthened the association between BG PVS burden and log-
agreement with expert visual ratings. clinical relevance by examining the transformed WMH volume i ADNI4.

v SR-harmonized PVS measures show association between BG PVS-VF and « Impact: This framework supports resolution harmonization as a practical preprocessing strategy for robust PVS biomarker
stronger associations with WMH burden log-transtormed WMH volume, a marker analysis in large-scale retrospective and multi-site MRI cohorts.

\_ in an external cohort. ) L of vascular burden. )L Y

Korea University School of Artificial intelligence | BREIN (Brain Reverse Engineering by Intelligent Neuroimaging) Lab. | Homepage : http://brein.korea.ac.kr | Tel : +82-2-3290-5660 | E-mail: iceberg6618@korea.ac.kr



	슬라이드 1

