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ABSTRACTS

Conclusions: Ths study hghlghts the strength o the oundaton model, leveragng the bran anatomy knowledge ganed rom 
large-scale adult datasets, to mprove predcton accuracy, segmentaton stablty, tranng convergence and generalsablty 
across the lespan.

References
1. Cabezas, M., Olver, A., Lladó, X., Frexenet, J., & Bach Cuadra, M. (2011). A revew o atlas-based segmentaton or magnetc resonance 

bran mages. Computer Methods and Programs n Bomedcne, 104(3), e158–e177. https://do.org/10.1016/j.cmpb.2011.07.015
2. Cox, J., Lu, P., Stolte, S. E., Yang, Y., Lu, K., See, K. B., Ju, H., & Fang, R. (2024). BranSegFounder: Towards 3D oundaton models or 

neuromage segmentaton. Medcal Image Analyss, 97, 103301. https://do.org/10.1016/j.meda.2024.103301
3. Makropoulos, A., Robnson, E. C., Schuh, A., Wrght, R., Ftzgbbon, S., Bozek, J., Counsell, S. J., Stenweg, J., Vecchato, K., Passerat-

Palmbach, J., Lenz, G., Mortar, F., Tenev, T., Du, E. P., Bastan, M., Cordero-Grande, L., Hughes, E., Tusor, N., Tourner, J.-D., … Rueckert, 
D. (2018). The developng human connectome project: A mnmal processng ppelne or neonatal cortcal surace reconstructon. 
NeuroImage, 173, 88–112. https://do.org/10.1016/j.neuromage.2018.01.054

4. Segment anythng n medcal mages | Nature Communcatons. (n.d.). Retreved March 3, 2025, rom https://www.nature.com/artcles/
s41467-024-44824-z

5. Shen, D. D., Bao, S. L., Wang, Y., Chen, Y. C., Zhang, Y. C., L, X. C., Dng, Y. C., & Ja, Z. Z. (2023). An automatc and accurate deep 
learnng-based neuromagng ppelne or the neonatal bran. Pedatrc Radology, 53(8), 1685–1697. https://do.org/10.1007/s00247-
023-05620-x

6. Sun, Y., Gao, K., Wu, Z., L, G., Zong, X., Le, Z., We, Y., Ma, J., Yang, X., Feng, X., Zhao, L., Le Phan, T., Shn, J., Zhong, T., Zhang, Y., Yu, 
L., L, C., Basnet, R., Ahmad, M. O., … Wang, L. (2021). Mult-Ste Inant Bran Segmentaton Algorthms: The Seg-2019 Challenge. IEEE 
Transactons on Medcal Imagng, 40(5), 1363–1376. IEEE Transactons on Medcal Imagng. https://do.org/10.1109/TMI.2021.3055428

7. Tang, Y., Yang, D., L, W., Roth, H. R., Landman, B., Xu, D., Nath, V., & Hatamzadeh, A. (2022). Sel-Supervsed Pre-Tranng o Swn 
Transormers or 3D Medcal Image Analyss. 20730–20740. https://openaccess.thecv.com/content/CVPR2022/html/Tang_Sel-
Supervsed_PreTranng_o_Swn_Transormers_or_3D_Medcal_Image_Analyss_CVPR_2022_paper.html

8. The UK Bobank magng enhancement o 100,000 partcpants: Ratonale, data collecton, management and uture drectons | Nature 
Communcatons. (n.d.). Retreved March 3, 2025, rom https://www.nature.com/artcles/s41467-020-15948-9

Poster No 1656
Attention-gated Convolutional Neural Network for Automated Segmentation of Fetal 
Subplate from MRI
Andrea Gondova1, Mlton O. Candela-Leal1, Hyuk Jn Yun1, Sungmn You1, Seungyoon Jeong1, Marsol Agular1, P. Ellen 
Grant1, Kho Im1

1Fetal Neonatal Neuroimaging and Developmental Science Center, Boston Children’s Hospital, Boston, MA

Introduction: The subplate (SP) s a transent etal bran structure mplcated n numerous developmental processes, ncludng 
neuronal mgraton, crcut ormaton, and early cortcal actvty, wth ts alteratons lnked to neurodevelopmental dsorders 
(Kostovć, 2020). Whle recent advances n etal MRI enable n vvo SP vsualzaton, automated segmentaton — crucal or 
large-scale, non-nvasve studes — remans underexplored compared to other bran structures lke the cortcal plate (CP) (Dou 
et al., 2020; Uus et al., 2023). To address ths gap, we extend a valdated attenton-gated U-Net model (Hong et al., 2020), 
orgnally developed or CP segmentaton, to ncorporate SP to acltate a more comprehensve etal bran analyss.
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Methods: We analyzed a retrospectve mult-ste cohort o T2-weghted etal bran MRI rom 134 typcally developng etuses 
(GW: 27.32 ± 2.67, range: 21.86–31.86). Data processng ncluded bran maskng, slce-to-volume regstraton, algnment to a 
31-week template (You et al., 2024), and N4 bas eld correcton to mtgate scanner varatons (Tutson et al., 2010). Fourteen 
cases were held out or testng, whle 120 were used or tranng and valdaton (Fgure 1a,b). Our approach conssted o an 
ensemble o three 2D Attenton Gated U-Net models traned on axal, coronal, and sagttal planes, wth mult-vew aggregaton 
and test-tme augmentaton (MVA-TTA) to mprove segmentaton stablty. A hybrd loss uncton combnng Dce and ocal loss 
was used to enhance boundary delneaton (Hong et al., 2020)(Fgure 1c).

Results: Our model demonstrated hgh segmentaton perormance, achevng a global Dce score o 0.98 ± 0.015 (mean ± std), 
Hausdor dstance o 5.36 ± 2.406 voxels, and 1.29 ± 0.929% volumetrc change n the test set. Perormance was consstent 
across tssue types. We observed a slght (non-sgncant) declne ncreasng gestatonal age, lkely due to evolvng tssue 
contrast and morphology complexty (Fgure 2a). Qualtatve evaluatons showed most segmentaton errors at the CP/SP 
boundary (Fgure 2b). Despte these, our method provded sucent accuracy or volumetrc and morphometrc SP analyses, 
sgncantly reducng the need or extensve manual correcton n ollow-up studes (data not shown).
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Conclusions: We present an automated deep-learnng approach or automated SP segmentaton n etal MRI, expandng 
exstng method or large-scale studes o typcal and atypcal SP development. Whle mnor manual correcton remans 
necessary, partcularly n low-qualty scans or complex morphologes at later gestatonal stages, uture mprovements could 
ncorporate automated renement technques such as condtonal random elds (Chen et al., 2021) or hybrd segmentaton 
approaches (Gaset et al., 2024). By reducng relance on labor-ntensve manual segmentaton, ths work wll allow uture work 
that could enhance the study o n utero bran development, advance our understandng o early bran development and 
detect early bomarker or varous clncal populatons wth adverse neurodevelopmental outcomes.
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Introduction: Human bran unctons are ncreasngly understood through gradents derved rom MRI-BOLD va duson 
mappng (Bernhardt, 2022). Whle eectve at capturng macro-scale unctonal connectvty and ts algnment wth the spatal 
dstrbuton o 24 cell types (Zhang, 2024), t remans unclear how ths approach elucdates the emergence o the macroscopc 
BOLD varance that cannot be explaned by these broad cell types alone. We propose that duson mappng usng lnear 
correlatons overlooks assocatons wth ner neurobologcal varatons. Usng smlarty analyss o Koopman operators 
(Kamy, 2024; Ostrow, 2024), we show that nonlnear BOLD eatures strongly algn wth transcrptonal gradents o numerous 
genes, clusters o whch are enrched n unctons underpnnng macroscopc BOLD varance.

Methods: We used restng-state MRI data rom the Max Planck Insttute Lepzg Mnd-Bran-Body Dataset (LEMON) (Babayan, 
2019), preprocessed by Jmenez-Marn et al. (2024). For algnment wth transcrptomc data rom the Allen Human Bran 
Atlas (Shen, 2012), MRI mages were parcellated nto 391 regons usng the Intal Parcellaton Atlas (Jmenez-Marn, 2024). 
Partcpants aged 20–30 were splt nto two groups: one (30 subjects) or hyperparameter tunng and another (106 subjects) 
or analyss. For each subject, Koopman operators were estmated or 391 BOLD tme courses usng a Nystroem-accelerated 
RBF approach (Meant, 2024). Parwse L2-Wassersten dstances between the sngular value spectra o Koopman estmators 
yelded a 391-by-391 dstance matrx M per subject, whch embeds nonlnear BOLD dynamcs. Hyperparameters o the 
estmators were tuned by mnmzng normalzed egenvalue sums (NeSUM) o each embeddng matrx M (He, 2022). Prncpal
components (PCs) o the group-averaged embeddng were extracted usng multdmensonal scalng. We assessed algnment 
between each PC and gene transcrpton va Spearman correlaton, testng sgncance wth a spatally constraned Moran 
spectral randomzaton. Genes wth Bonerron-corrected sgncance were used to construct an nteracton network wth 
STRING, where clusters were dented by Louvan communty detecton. We manually labeled each cluster usng the Gene 
Ontology (GO) enrchment terms assgned to ts consttuent genes.

Results: We dented three PCs o the embeddng manold, each roughly organzng the bran along a major unctonal 
axs descrbed n prevous studes (Cross, 2021): Multple Demand-Lmbc, Transmodal-Sensory, and Somatomotor-Vsual 
(Fgure 1A, B, C). The Transmodal-Sensory axs sgncantly algned wth 667 genes, ormng 26 clusters sgncantly enrched 
n GO processes lnked to neurotransmsson, cell morphology, and neurovascular couplng (Fgure 1D, E). The other PCs 
showed weaker algnment wth gene expresson: the Multple Demand-Lmbc axs s correlated wth just 6 genes, and the 
Somatomotor-Vsual axs wth 36 genes. Applyng the same transcrptomc algnment to duson mappng egenvectors 
rom the unctonal connectome (va the Pearson correlaton matrx) showed ar ewer sgncant gene correlatons: 6, 18, 


