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Dear Iberian MR Researchers,

It is with great pleasure that, on behalf of the ISMRM Iberian Chapter
Committee, I warmly welcome you to our 5th Annual Chapter Meeting, taking
place this year in the beautiful city of Barcelona, hosted at the Institute for
Bioengineering of Catalonia. The venue offers not only state-of-the-art facilities
but also a vibrant and collaborative atmosphere that perfectly embodies the
spirit of our community.

This year’s meeting promises to deliver an outstanding scientific program,
enriched by insightful presentations, dynamic discussions, and ample
opportunities for networking and collaboration. We are confident that these
three days will inspire new ideas, foster connections, and contribute
meaningfully to the advancement of MR research. Hosting the meeting in one
of Europe’s most culturally rich and stimulating cities is an added privilege we
are excited to share with you.

I would like to extend my sincere gratitude to the local organizing committee,
led by Irene Marco Rius, for their exceptional dedication and hard work in
preparing this congress. Their careful selection of speakers and meticulous
planning have been crucial in shaping what we expect to be a memorable and
successful event. Thanks to their efforts, we can look forward to three days
filled with scientific exchange, technical innovation, and, of course, some well-
deserved enjoyment in the wonderful city of Barcelona.

A message from the
ISMRM Iberian Chapter



I also want to take this opportunity to thank each of you for your continued
support and active engagement with the Chapter. It is thanks to your
commitment, enthusiasm, and contributions that our community remains
vibrant, dynamic, and ever-growing. Your involvement is the driving force
behind the success of this Chapter and the progress of MR research in the
Iberian Peninsula.

We look forward to connecting with you in person in Barcelona, to sharing
knowledge, exchanging ideas, and working together to advance the field of
MR.

Warm regards,

Silvia De Santis
Chair of the ISMRM Iberian Chapter Committee



Welcome to the 5th Annual Meeting of the ISMRM Iberian Chapter in
Barcelona!

As Program Chair of the 2025 Annual Meeting, I am delighted to welcome
you to the dynamic and inspiring city of Barcelona on June 3-4.

Barcelona is a city that embraces both the past and the future, where
centuries-old architecture coexists with cutting-edge scientific research.
Nestled between the sea and the mountains, its streets are alive with
creativity, exploration and a spirit of collaboration. It is only fitting that our
meeting is hosted at the Parc Científic de Barcelona (PCB), a hub where
pioneering research meets entrepreneurial vision, and where science and
innovation thrive side by side.

Once again, this year’s meeting brings our community together around a
shared mission: to push the boundaries of magnetic resonance imaging and
spectroscopy, bridging the gap between fundamental research and clinical
application. The program is structured to provide a comprehensive journey
through the field, from foundational concepts to cutting-edge innovations.

The meeting will open with a pre-meeting educational workshop, offering a
deep dive into the fundamentals of MRI theory, advanced fast imaging
methods (including fMRI and diffusion MRI) and the latest developments in
quantitative imaging and AI automation. This session will culminate in a
hands-on workshop using IBEC’s preclinical 3T MRI scanner, providing
participants with a unique opportunity to connect theory with practice.

Over the following two days, the program will feature a diverse and
stimulating mix of plenary lectures, oral and poster sessions, industry pitches
and ample networking opportunities. The plenary talks will highlight
trustworthy AI for brain MRI analysis, dynamic assessment of cancer
metabolism through multi-nuclear MRI, and the latest breakthroughs in
preclinical molecular imaging. 

Welcome



These sessions will set the stage for focused discussions on both clinical and
preclinical applications, showcasing how emerging technologies are
reshaping the landscape of MRI and MR.

The poster teasers and industry pitches will further amplify the meeting’s
dynamic atmosphere, providing a platform for sharing innovative ideas, new
methodologies, and technological advances from our vibrant community.
Designed to spark discussion, stimulate collaboration, and inspire new
approaches, this program promises to be both informative and
transformative.

But this meeting is not just about science. It’s also a space for networking and
collaboration. We invite you to meet someone new at each coffee break and
to join us for the networking event, where you can relax, exchange ideas and
enjoy the flavors of Catalonia. As always, take the opportunity to explore the
city’s renowned cultural heritage, from the artistic wonders of Gaudí to the
lively neighborhoods and Mediterranean shores.

The 5th Annual Meeting of the ISMRM Iberian Chapter promises to be a
celebration of scientific excellence, innovation and community spirit. I look
forward to sharing these days of discovery and connection with all of you in
Barcelona.
See you at the conference!

Irene Marco Rius
Program Chair of the 5th Annual Meeting of the ISMRM Iberian Chapter



Barcelona welcomes you with open
arms, a vibrant city where millenary
history meets the most creative
modernity. Located between the
Mediterranean Sea and the hills of
Collserola, this Catalan jewel invites you
to discover its unmistakable identity, its
unique architecture, its delicious
gastronomy and its welcoming spirit.

Get to know
Barcelona

From the majestic works of Antoni
Gaudí, such as the iconic Sagrada
Familia or the colorful Park Güell, to the
lively streets of the Gothic Quarter,
every corner of Barcelona tells a story.
Strolling along Las Ramblas, enjoying
an afternoon on the Barceloneta beach
or getting lost among the boutiques
and tapas bars of El Born is just the
beginning.

This city seduces not only for its beauty, but also for its cosmopolitan soul. Here,
tradition and innovation coexist in perfect harmony. Whether you come for
culture, leisure, business or simply for pleasure, Barcelona has something for
everyone.

Welcome to an unforgettable experience! Welcome to Barcelona!
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13.00h

13.50h

14.40h

15.10h

15.40h

16.30h

Moderator: David Gómez Cabeza

MRI Basics (Theory and Acquisition)
Speaker: Marina Benito – UCM

MRI Fast Imaging (Functional MRI and diffusion MRI) 
Speaker: Andrada Ianus (King’s College London)

 Coffee Break

MRI QUIZ!
Speaker: David Gómez Cabeza (IBEC)

Quantitative Imaging and AI Automation
Speaker: Francesco Grussu (VHIO)

MRI Basics Worksop in IBEC’s 3T Bruker RMI Practical Session –
Sponsored by IBEC
Speaker: David Gomez Cabeza – (IBEC)

Workshop - 2nd July
5th Annual Meeting of the ISMRM Iberian Chapter



10.00h

11.00h

 
11.30h

12.30h

13.00h

14.00h

Registration

Opening session: Silvia De Santis (Instituto de Neurociencias de
Alicante) and Irene Marco Rius (IBEC). “Introduction and welcome
from the Chapter and Local committees” 

Plenary Talk: Meritxell Bach (EPFL, Switzerland). “Beyond
performance: trustworthy AI in brain MR image analysis through
quality control and uncertainty quantification”
Moderator: Andrada Ianus and Ana Fauto

Industry Pitches – Moderator: Ana Paula Candiota
12:30-12:50: Platinum sponsor. MRSolutions, “Advances on MRI
technology for the Iberian chapter community” (20 min)
12:50-13:00: Gold sponsor. ParaLab, “Advances on MRI technology
for the Iberian chapter community” (10 min)

Lunch

Oral Session (Clinical Session) – 8 min presentation + 2 min Q&A.
Moderator: Francesco Grussu and Athanasios Grigoriou

Teresa Matías Correia – Fully Automated Deep Learning and
Radiomics Pipeline for Assessing Myocardial Infarction and
Microvascular Obstruction – Quantitative Bio-Imaging Lab,
CCMAR, Faro, Portugal
Pablo García Cristobal – Neuroimaging with an elliptical bore
portable MRI designed for neuromodulation with focused
ultrasound.- Institute for Molecular Instrumentation and Imaging
(i3M)

3rd July
5th Annual Meeting of the ISMRM Iberian Chapter



15.00h

15.45h

20.00h

Elias José Faro Gomez – Enhancing Hypoxic-Ischemic
Encephalopathy Classification through Region-Specific Brain MRI
Segmentation – Universidad Politécnica de Madrid
Tomasz Pieciak – Synthesizing realistic diffusion-weighted MR
data for machine learning – Universidad de Valladolid
Verónica Aramendía Vidaurreta – Motion Correction Strategies in
Renal Arterial Spin Labeling Perfusion: Qualitative and
Quantitative Performance Evaluation  – Clínica Universidad de
Navarra
Catarina Passarinho – Transfer Learning for cross-dataset brain
tumor segmentation in post-operative MRI – Instituto Superior
Técnico

Poster Teaser Clinical MRI (1 slide – 1min).
Moderator: Ignasi Barba and Elisa Moya-Sáez

Coffee break + Poster Session Clinical 
 
Dinner at “La Pomarada”

3rd July
5th Annual Meeting of the ISMRM Iberian Chapter



09.00h

10.00h

 

11.00h

Plenary Talk (Sebastián Cerdán Lecture): Rui V Simões (Universidade
do Porto, Portugal) – Dynamic Assessment of cancer metabolism
with multi-nuclear MRI
Moderator: Silvia Lope Piedrafita and Nuria Arias Ramos

Oral Session -Preclinical Session (8min presentation + 2 min Q&A)
Moderator: Irene Guadilla and Raquel González-Alday

Silvia Lope Piedrafita – Applying longitudinal MRI for tumor
evaluation in two immunocompetent chicken chorioallantoic
membrane (CAM) cancer xenograft models- Universitat
Autònoma de Barcelona
Pilar Sango Solanas – Methodological development of MR
Elastography for liver fibrosis in a murine animal model – CREATIS,
Université de Lyon
Rafael Neto Henriques – Correlation Tensor Imaging at 3T for In
Vivo Mouse Brain Imaging – Champalimaud Research,
Champalimaud Foundation
Elena Espinós-Soler – Sexual dimorphism in aging trajectories as
measured through resting state functional connectivity and
diffusion-weighted MRI – Instituto de Neurociencias de Alicante,
UMH-CSIC
David Gómez Cabeza – Hyperpolarisation-enhanced MRSI for
Metabolic Imaging in Organ-on-a-Chip Devices – Institute for
Bioengineering of Catalonia (IBEC)
Gerard Martí Juan – Fetpype: An Open-Source pipeline for
reproducible Fetal Brain MRI Analysis – Universitat Pompeu Fabra
(UPF)

Coffee break
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5th Annual Meeting of the ISMRM Iberian Chapter
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12.00h

13.00h

14.30h

15.15h

16.30h

17.30h

Industry Pitches 
Moderator: David Gomez Cabeza

11:45-11:55: Gold sponsor. NVision,“Simplifying In Vivo Metabolic
Imaging: Robust and easy-to-use Hyperpolarization” (10 min)
11:55-12:00: Silver sponsor. Bruker, “Advances on MRI technology for
the Iberian chapter community” (5min)

Plenary Talk: André Martins (Universitat Tubingen, Germany) – Latest
Advances in Preclinical Molecular Imaging
Moderator: Marina Benito Vicente and Lili Fanni Toth

Lunch

Poster Teaser PreClinical MRI 
Moderator: Emma Muñoz and Margarida Alves
27 power pitches

Coffee Break – Poster Session – PreClinical

Round Table Discussion: “Bringing advanced MRI and MRS from
research to clinic”.
Moderator: Irene Marco-Rius & Silvia De Santis. 
Panel: Meritxell Bach-Cuadra, Rui V Simões, André F. Martins  

Closing session

4th July
5th Annual Meeting of the ISMRM Iberian Chapter
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Fig 1. A) (Column 1) Segmentations for 3 representative cases: normal, MI only and MI with MVO; (Column 2) Gray-level co-

occurrence matrix (glcm) correlation radiomics maps; (Column 3) First-order root mean squared (RMS) extracted from Laplacian of 

Gaussian (LoG) maps. MI cases have higher values than normal cases, while the MI + MVO has lower values, showing the importance 

of this feature for detecting MVO. B) DL-based segmentations (Column 1) LGE images; (Column 2) ground truth segmentations; 

(Column 3) DL segmentation; (Column 4) whole-heart view with Dice scores. (bottom) Quantitative metrics for the 3D segmentation.  

REFERENCES  1 Ismail et al. Front Cardiovasc Med 9:826283 (2022). 2 Pineda et al. AJR Am J Roentgenol 191:73-9 (2008). 3 Lourenço 

et al. Lect Notes Comp Sci 12592 (2021). 4. Lalande et al. Data 5, 89 (2020). 5 Trinh et al. RIVF 635-40 (2022).   

Fully Automated Deep Learning and Radiomics Pipeline for Assessing  

Myocardial Infarction and Microvascular Obstruction 

INTRODUCTION:  Late Gadolinium Enhancement (LGE) is the current non-invasive reference standard for detecting 
myocardial viability after myocardial infarction (MI)1. LGE also shows the presence and extent of microvascular 
obstruction (MVO) or no-reflow, a marker of severe myocardial injury2. Automatic segmentation and classification 
techniques have been developed to identify regions of LGE uptake; however, they typically do not address MVO 
areas.3,4 We introduce a RAdiomics model for Myocardial Infarction detection (RAMI.dl), which combines deep learning 
(DL)-based segmentation and radiomics LGE feature extraction to automatically detect and quantify MI and MVO. 
METHODS: Clinical data 100 patients (33 normal, 67/40 pathological/MVO) from the EMIDEC LGE dataset4 and 
corresponding segmentations (myocardium, MI, MVO) were divided into stratified training/testing sets. Segmentation 
Tiramisu U-Net with Focal Active Contour Loss5 was used to segment regions of interest to extract radiomic features. 
Radiomics Features were extracted using original, Laplacian of Gaussian (LoG), wavelet decompositions, gradients, 
and 2D local binary patterns. These were used to construct RAMI.dl, a logistic regression with lasso regularization. 
RAMI was trained to automatically distinguish: 1) normal and pathological cases from image features extracted from 
DL-based myocardium segmentation and 2) MI and MVO cases considering image features extracted from DL-based 
MI segmentation. SHapley Additive exPlanations (SHAP) were used to identify key features. Segmentation was 
assessed using Dice score, Hausdorff distance, and volume differences. Predictive accuracy was evaluated with 
sensitivity, specificity, and area under the curve (AUC) metrics on cross-validation and held-out test sets. 
RESULTS & DISCUSSION: RAMI.dl exhibited excellent performance with AUC of 0.94 ± 0.04 and 0.83 on the cross-
validation and held-out test, respectively. It achieved sensitivities of 76% ± 10% and 65% on the cross-validation and 
held-out test sets, and remarkable specificities of 96% ± 7% and 100%, respectively. For MI and MVO differentiation, 
on the cross-validation and held-out test, the model yielded AUC 0.87 ± 0.11 and 0.85, sensitivity 70 ± 12 and 80, 
specificity 0.88 ± 0.13 and 90, respectively. Representative cases, illustrated in Fig 2, show radiomics maps, accurate 
segmentations and volume estimates. In summary, RAMI.dl combines deep learning segmentation with radiomics 
prediction to enable accurate MI and MVO detection and quantification, providing important diagnostic and prognostic 
information without requiring user input. 

Acknowledgements Research supported by FCT UIDB/04326/2020 (DOI:10.54499/UIDB/04326/2020), IDP/04326/2020 
(DOI:10.54499/UIDP/04326/2020), LA/P/0101/2020 (DOI:10.54499/LA/P/0101/2020) and “la Caixa” Foundation and FCT I.P. [LCF/PR/HR22/00533]. 

João Santinha1, Minh Nhat Trinh2, Teresa Matias Correia2,3* 

1Champalimaud Foundation, Lisbon, Portugal; 2 Centro de Ciências do Mar - CCMAR, Faro, Portugal; 3School of Biomedical 

Engineering and Imaging Sciences, King's College London, London, United Kingdom *tmcorreia@ualg.pt 
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Neuroimaging with an elliptical bore portable MRI designed for neuromodulation with 

focused ultrasound. 

 

INTRODUCTION: Recent advances demonstrate the significant impact that affordable, portable MRI scanners [1] can have in expanding diagnostic 

access, particularly in low- and middle-income countries (LMICs) [2]. Building on results with our initial portable MRI prototype [1], we have developed 
an advanced model capable of head imaging. Major re-engineering aspects include a shorter, elliptical-bore magnet [3] that better accommodates 

the natural shape of the human body. In Figure 1 we can see the system during a brain scan. 
Furthermore, it was later adapted to be used as a guiding system for Focused Ultrasound-based (MRgFUS) neuromodulation [4]. This setup is 
intended to be used in macaque subjects, to test its preclinical validity. Figure 1b shows the resulting setup. 

METHODS: For neuroimaging, we employed a RARE sequence. To suppress artifacts caused by eddy currents, we analyzed odd and even 

echoes separately. Images were acquired with a spatial resolution of 1.6 × 1.6 × 5 mm³ within a field of view (FOV) of 20 × 22 × 19 cm³, using an 
acquisition bandwidth of 46 kHz. T1-weighted images were acquired with a repetition time (TR) of 600 ms, an echo time (TE) of 16 ms, and an echo 
train length (ETL) of 8, following an in-out k-space trajectory, with a total acquisition time of 6 minutes. For T2-weighted images, the parameters 

were TR = 2500 ms, TE = 20 ms, and ETL = 16, using an out-center-out trajectory, with an acquisition time of 11 minutes. Additionally, we acquired 
images with an inversion pulse, using TR = 1200 ms, inversion time (TI) = 120 ms, TE = 20 ms, and ETL = 8, also with an in-out trajectory, with a 
total acquisition time of 11 minutes. To correct the distortions, we apply a magnetic-field-based correction algorithm, SPDS [5]. 

The MRgFUS setup employs a larger RF coil consisting of an elliptical solenoid with 20 wire turns, a length of 26 cm and a short- and long-axis 
length of 19.8 and 26.8 cm respectively. A water-filled pool containing the transducer is placed inside and coupled to the subject’s head by an 
elastic thin membrane. To position the transducer, a robotic setup consisting of three linear stages (one per axis), and one hexapod is integrated, 

connecting to the FUS element by a pole, so that the magnetic field of the main magnet does not interfere with the robots’ electronics. 
For accurate positioning we employ an initial transversal 3D RARE sequence, with an isotropic cubic FOV of 28 cm3 and a voxel size of 2 × 2 × 2.3 
mm. The remaining parameters are selected to accelerate the acquisition while visualizing major anatomical features of the subject and the 

transducer pool: TR = 600 ms , TE = 10 ms and ETL = 30, for a total acquisition time of under 5 minutes per scan. The resulting image is post-
processed, and the subject is co-registered to a pre-existing CT scan, where the desired position of the transducer is marked. This co-registration 
allows us to know the displacements needed between the current position of the transducer and the desired position for the treatment. Once this 

movement is done, a second image, with the same parameters, is acquired to check the correct positioning of the transducer. 

RESULTS & DISCUSSION: Figure 2 shows images of healthy brains from volunteers using three different types of contrast. In all images, the 

main anatomical structures of the brain can be distinguished. The T1-weighted image provides a high signal-to-noise ratio (SNR), ensuring sharp 
details. The T2-weighted and STIR images offer greater contrast between white matter, gray matter, and cerebrospinal fluid, making these 

structures more distinguishable. 
Figure 3 shows images of a macaque phantom in the MRgFUS system. Both the phantom and the spheroids designed to locate the transducer are 
visible. Using images to determine the accuracy of movements using the MR images, we find errors of around 1 millimeter in-plane, and 2 mm 

between image slices. 
CONCLUSION: We have developed an advanced portable MRI system capable of head imaging, integrating a novel magnet design and a US-
compatible system. Our results demonstrate that the system provides neuroimaging with different contrast types, effectively distinguishing key brain 

structures. These advancements pave the way for broader diagnostic accessibility, particularly in resource-limited settings.  Preclinical studies are 
still pending, but preliminary results with the MRgFUS setup show its viability as a cost-efficient alternative to its high-field counterpart. Its final 
validation will be carried out in the upcoming months, where an extensive study using a cohort of macaques will be subjected to a FUS 

neuromodulation treatment plan. 
 

1
 MRILab, Institute for Molecular Imaging and Instrumentation (i3M), Spanish National Research Council (CSIC) and Universitat Politècnica de València (UPV), 46022 Valencia, 

Spain; 2 PhysioMRI Tech S.L., 46022 Valencia, Spain; 3C.J. Gorter MRI Center, Leiden University Medical Center, Leiden, Netherlands * pablo.garcia-cristobal@i3m.upv.es 

Figure 1 – a) Portable MRI prototype with an elliptical bore with a volunteer. b) Back view of the scanner where the hexapod (blue) supported by the 3 linear 

stages can be seen, as well as the pole (black) that helps them move the transductor located in the pool (white). c Side view of the robot setup. Figure 2 - 

Images of healthy volunteers. a) 3D-RARE sequence T1-weighted. b) 3D-RARE sequence T2-weighted. c) 3D-STIR sequence. Figure 3 – a) Sagittal view of 

the pool and macaque phantom, where the transducer is seen, with the spheroids that form the positioning constellation.  b) Coronal view, where the 

macaque and the “shadows” produced by the metallic elements are visible. c) Axial view showing where the spheroid constellation forming a ring. 

Pablo García-Cristóbal1*, Teresa Guallart-Naval1, Jose Borreguero1, Eduardo Pallás1, Pablo Benlloch1,2, Laia Porcar2, José M. Algarín1, Fernando 

Galve1, Marina Fernández-García1, Jesús Conejero1, Luiz Guilherme1, Lucas Swistunow1, Rubén Bosch1, Beatrice Lena3, Andrew Webb3, Joseba 

Alonso1 

1. Guallart-Naval T et al. Sci Rep. 2022;12:13147. 2. Obungoloch J et al. NMR Biomed. 2023;36(7):e4917. 3. Galve F et al. NMR Biomed. 2024;e5258. 4. Lu 
H et al. Meta-Radiology. 2024;2(1). 5. Borreguero J et al. Magn Reson Med. 2024; 
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Enhancing Hypoxic-Ischemic Encephalopathy Classification through Region-
Specific Brain MRI Segmentation 

INTRODUCTION: Accurate classification of neonatal HIE severity is essential for clinical decision-making and outcome prediction 
[1]. While existing scoring systems have shown strong predictive potential, they are time-consuming and prone to observer variability 
[2, 3]. Automating scoring through advanced imaging could lead to more consistent assessments. Namely, this study investigates 
whether refined brain region segmentations enhance HIE classification accuracy. Using a public neonatal dataset and a clinical 
cohort, we study the added value of region-specific segmentation in distinguishing mild from severe cases. 
METHODS: Automatic segmentation. The nnU-Net [4] was trained on 679 annotated T2- and T1-weighted MRI volumes from the 
developing Human Connectome Project dataset [5] to segment 12 neonatal brain regions, including 6 clinically relevant for HIE, 
White Matter (WM), deep Gray Matter (dGM), Posterior Limb of the Internal Capsule (PLIC), Basal Ganglia (BG), and Thalamus with 
high (Th-H) and low (Th-L) intensity [1]. The model was trained for 500 epochs using default nnU-Net 2D settings and applied to a 
clinical dataset of 71 neonates with mild to severe HIE. Classification of severity. The clinical dataset was slightly imbalanced, so 
a 3-fold stratified cross-validation was used. Various classification experiments were conducted: (I) Deep Learning (DL) Classification. 
A DenseNet model was trained using two aproaches: (a) 2D, pretrained on ImageNet and (b) 3D, no pretraining available. In both 
cases, extensive tests were performed to optimize the hyperparameters for maximized performance. (II) Radiomics classification. 
Features were extracted using Pyradiomics [6] removing features with correlation > 0.9 from: (a) A whole-brain mask and (b) The 6 
HIE-relevant regions. We conducted two experiments: one with feature selection and another without. For the former, mutual 
information analysis was applied, retaining features with values greater than 0.2 for T2- and 0.1 for T1-weighted images. Additionally, 
ridge (끫뷸=0.01) and Lasso (끫뷸=0.1) regularization were respectively applied to T2 and T1 features. Furthermore, ANOVA-based feature 
selection was used to identify the five most important features. An ensemble approach combining, including Random Forest, Logistic 
Regression, Gradient Boosting, and Multiayer Perceptron, was adopted to improve robustness and reduce model bias. 
RESULTS & DISCUSSION: Segmenting the six key regions improves prediction accuracy, AUC, and G-Mean compared to using 
only a whole-brain mask (Fig. 1, left), emphasizing the relevance of region-specific analysis. Feature selection is not strictly 
necessary, as models without it perform similarly, though selecting five key features slightly enhances T1-based predictions, 
warranting further study. Supervised DL results were comparable to radiomics when using a whole-brain mask, suggesting that DL 
does not inherently outperform radiomics under these conditions. Incorporating segmentations in DL models may improve 
performance, though a larger cohort could be needed. Directionality of key features identified by SHAP (Fig. 1, right) appears 
potentially consistent with trend towards lower image conspicuity from PLIC myelin and abnormal thalamic intensities in the presence 
of lesion [7]. Similarly promising results have been reported by other approaches [8]. However, data and pipeline standardization for 
automatic lesion detection in HIE is an on-going work, demanding further statistical analysis and validation, to which we expect to 
contribute with our future research. 
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Figure 1 – (Left) Summary of DL and radiomic results using T2 and T1. ’Rad’: radiomic experiment with a whole brain mask. ’Rad Segs’: 
radiomic experiment with the 6 clinically relevant regions. (Right) Beeswarm plot of SHAP values showing most important features for 
both modalities. Higher SHAP values (shift to the right) are associated with more severe lesions. 

[1] M Martinez-Biarge et al. “Predicting motor outcome and death in term hypoxic-ischemic encephalopathy”. Neurology 76.24 (2011), pp. 2055–2061. [2] S. 
Shankaran et al. “Brain injury following trial of hypothermia for neonatal hypoxic–ischaemic encephalopathy”. Archives of Disease in Childhood - Fetal and 
Neonatal Edition 97.6 (2012), F398–F404. [3] LC. Weeke et al. “A Novel Magnetic Resonance Imaging Score Predicts Neurodevelopmental Outcome After 
Perinatal Asphyxia and Therapeutic Hypothermia”. The Journal of Pediatrics 192 (2018), 33–40.e2. [4] F Isensee et al. “nnU-Net: a self-configuring method 
for deep learning-based biomedical image segmentation.” Nature Methods 18.2 (2021). [5] A. Makropoulos et al. “The developing human connectome project: 
A minimal processing pipeline for neonatal cortical surface reconstruction”. NeuroImage 173 (2018), pp. 88–112. [6] Joost J.M. van Griethuysen et al. 
“Computational Radiomics System to Decode the Radiographic Phenotype”. Cancer Research 77.21 (2017), e104–e107. [7] JJM et al. “Neuroimaging in the 
term newborn with neonatal encephalopathy”. Seminars in Fetal and Neonatal Medicine 26.5 (2021). [8] T. Brochet et al. “Neonatal Hypoxic Ischemic 
Encephalopathy Severity Grading Using Multimodal Swin Transformer”. 2024 IEEE International Symposium on Biomedical Imaging. 2024, pp. 1–4. 



Abstract

INTRODUCTION: Machine learning algorithms require an extensive amount of labelled datasets to train and validate the
models  adequately  for  clinical  applications[1].  However,  obtaining  the  references  for  diffusion-weighted  magnetic
resonance (DW-MR) data is challenging owing to the quantifiable nature of the signal. To this end, one can estimate the
pseudo-reference  labels  using  the  parametric  methods [2-4] or  establish  them  through  in  silico experiments  under
predefined diffusional properties[4,5]. This work: 1) analytically derives a new formulation for the extra-cellular perpendicular
diffusivity, 2) introduces the voxel selection method with minimally dispersed fibres, 3) models intrinsic brain parameters
via the gamma distribution, and 4) introduces a scheme for synthesising realistic DW signals from in vivo measurements.
METHODS: Analysis: assuming the intra- and extra-cellular longitudinal diffusivities are equal  λ|| , ic=λ|| ,ec=λ|| and intra-

cellular transverse diffusivity λ ⊥, ic=0 , we express the perpendicular signal decay via Eq. [1] with T 2,eff  being the effective

relaxation. Now, if v ic∝f icexp (−TE /T 2, a) , we define the extra-cellular transverse diffusivity λ ⊥, ec (Eq. [2]) and find optimal b0

opt

using Eq. [3] for each pair  (vic , 0,λ⊥ ,0).  Synthesis: the DW-MR signal is synthesized using Eq. [4] with a kernel given by

Eq. [5], where f  FWVF is the free-water volume fraction, Diso=3×10
−3

mm
2 /s, and W (n) is the Watson orientation function.

MATERIALS: MICRA data[6], 3F/3M, acquired using a 3T Connectom scanner at 300 mT/m. Δ/δ: 24/7ms, b-values: 200,
500, 1200, 2400, 4000, 6000 s/mm2 with 20, 20, 30, 61, 61, 61 gradients, voxel size: 2×2×2mm3 , TE=59ms, TR=3000ms. 
RESULTS & DISCUSSION: We estimated FWVF[7], v ic , OD[8], λ||, λ ⊥

[9] and c l
[10]. From the results in Fig. 1a, we selected

the least dispersed and the most linear diffusivity regions, and illustrated the histograms of factor  ζ=OD2+c l

2
 in  Fig. 1b.

Fig. 1c shows the accepted for analysis voxels,  Fig. 1d illustrates visual inspections of the measures, histograms and
fitted gamma distributions. Next,  Fig. 1e presents the optimized parameter  b0

opt
 according to Eq. [3] with the mode b0

opt ,*
.

Fig. 1f depicts  the  synthesized  DW-MR signals  for  a  single  voxel,  Fig.  1g shows  the  spherical  average  signal  as
a function of b-value. The proposal allows for estimating λ ⊥, ec from a standard DW-MR acquisition and then synthesising

brain-originated signals assuming a realistic parameter variability (not fixed!) in the brain for a wide range of b-values.

Figure 1 – (a) Orientation dispersion (OD) and Westin's linear measure cl calculated for WM regions and aggregated over all subjects. (b) Histograms of the factor

ζ=OD
2+cl

2
 with its mean  ζ .  (c) Accepted/rejected voxel  (below a quantile  0.25 ).  (d) Estimated parameters from sub-01/ses-03, histograms generated from the

accepted voxel and *tted gamma distributions via the maximum likelihood. (e) Histogram of optimized b-values b0

opt
. (f) Synthesized DW signal at b=6000s/mm

2
 for

a selected voxel from the SCC. Green stem plot represents the inner product computed between the gradient direction g and a unit vector identi*ed with the main

direction of longitudinal di2usion λ|| . (g) Spherical means computed for in vivo and in silico data synthesized via the Di2usion Tensor Imaging (DTI) and the proposal.
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Synthesizing realistic diffusion-weighted MR data for machine learning
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Figure 1: Pixelwise RBF and tSNR maps for one representative subject with motion before and after registration. 
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Motion Correction Strategies in Renal Arterial Spin Labeling Perfusion: 

Qualitative and Quantitative Performance Evaluation 
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INTRODUCTION: Renal blood flow (RBF) can be noninvasively measured with arterial spin labeling (ASL) by 
magnetically labeling blood water. However, motion limits its clinical use, requiring correction before quantification 
 

METHODS: 
Retrospective data: 77 datasets were analyzed on a 3T Siemens Skyra MR scanner from 19 subjects (healthy individuals, 
chronic kidney disease patients and kidney transplant recipients). A pseudo-continuous ASL (pCASL) sequence with a 
2D spin-echo EPI readout was analyzed to quantify perfusion1. Datasets varied in background suppression levels, 
number of slices, post-labeling delays and total number of label-control pairs. Perfusion-weighted images (PWI) were 
generated by subtracting control and label images and pixelwise RBF maps were obtained using the single compartment 
model2. Temporal signal-to-noise ratio (tSNR) was calculated as a quality metric. Datasets were visually reviewed and 
categorized into motion (75%) and no motion (25%).  
Registration: Two algorithms were evaluated: (1) groupwise, implemented offline in Elastix1,3,4, minimizing a principal 
component analysis-based metric, aligning all images simultaneously, and (2) pairwise, implemented in the Siemens 
image calculation environment (ICE) of the sequence reconstruction pipeline5, maximizing a normalized mutual 
information metric performed consecutively between temporally adjacent images.  
Qualitative Assessment: Two experts rated all datasets by visualizing all images before and after registration for motion 
corrupted datasets (categories: failed, not improved, improved) and no motion datasets (categories: failed, same). 
Additionally, the rating “improved+” was used to denote instances where one algorithm clearly outperformed the other. 
Registered datasets by the two algorithms were presented randomly to ensure unbiased evaluation.  
Quantitative Assessment: A subset of 25 motion-corrupted datasets was analyzed. Two images were selected: the 
reference used in the pairwise approach, and the image with maximum kidney motion prior to registration. In both images, 
one kidney was manually segmented before and after each type of registration. The following metrics were computed 
from the obtained segmentations: Dice coefficient, False Positive ratio (FP), False Negative ratio (FN)5, absolute motion 
in the right-left (TRL) and superior-inferior (TSI) direction, and the Euclidean distance of the kidney center (computed as 
the centroid of the bounding box) between the reference and registered images. Additionally, in all datasets, tSNR, PWI 
and RBF measurements were compared between algorithms. 
Statistical analysis: Cohen’s kappa, ANOVA or Aligned Rank Transform-ANOVA with post-hoc t-test or Wilcoxon signed 
rank tests. Significance-level=0.05. 

RESULTS & DISCUSSION: A significantly higher Dice coefficient was obtained after registration with both methods 
compared to the values obtained before registration, indicating better overlap between the segmented kidneys. FP and 
FN ratios were significantly reduced after registration, with no significant differences between methods. Euclidean 
distance showed significant differences before and after registration and between algorithms, while TRL and TSI metrics 
showed no significant differences, likely due to the cohort variability. tSNR was higher after registration., although non-
significant differences were observed (p=0.058). Image quality of RBF maps was visibly enhanced (see Figure 1). Overall, 
metrics were more improved after pairwise registration and presented less variability across subjects. No cases were 
rated as “failed” indicating neither algorithm introduced discernible errors. Almost all datasets (90%-100%) corrected 
motion to some degree with both algorithms. The pairwise registration was better than groupwise registration in 40% of 
cases, while groupwise was better than pairwise registration in 2% of cases. Observer agreement was perfect in the “no-
motion” group (Cohen’s-kappa=1) and very high in the "motion" group. (Cohen's-kappa=0.82 (CI-95% 0.59 -1)). 
 

CONCLUSION: The pairwise registration shows promise for minimizing motion in ASL RBF measurements. 
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INTRODUCTION: High-grade glioma (HGG) segmentation is crucial for precise therapy planning and monitoring progression. 
Although manual annotation by experts remains the gold standard, automated methods have proven to be valuable alternatives 
to distinguish between tumor regions1, which is essential for targeted treatments. Despite extensive research on glioma 

segmentation, most studies have been performed on pre-operative imaging2. Post-operative tumor segmentation is more 
challenging due to changes caused by surgery and radiotherapy, in addition to the intrinsically hazy tumor margins and the 
limited availability of public post-treatment annotated datasets3,4. This work evaluates whether transfer learning (TL) applied 
to models first trained on pre-operative data improves performance in post-operative tumor segmentation. 
METHODS: Three publicly available glioma datasets were used: BraTS2021 (N=1251, pre-operative), LUMIERE (N=490 after 
curation, post-operative), and BraTS2024 (N=1350, post-operative), all including T1, T2, FLAIR, and contrast-enhanced T1 
(T1CE) MRI scans for each glioma patient and segmentation labels for three nested subregions: enhancing tumor (ET), tumor 
core (TC), and whole tumor (WT), including edema. Image alignment to a common space, bias field correction and brain 
extraction steps were applied to all datasets. Two promising segmentation architectures implemented in MONAI5 were first 
trained on BraTS2021: 1) ResNet-based architecture that uses autoencoder regularization6; and 2) Swin UNETR7, a U-shaped 
network with a Swin transformer as the encoder. Previous work showed that an ensemble model combining WT and TC 
gradings from the ResNet and the ET classification from the Swin UNETR significantly outperformed the individual models on 
the pre-operative BraTS2021 images8. Here, the same ensemble approach was used with TL, where the model weights from 
the initial round of training on BraTS2021 were consecutively fine-tuned on LUMIERE and BraTS2024 post-operative data. 
Model accuracy was assessed using Dice Similarity Coefficients (DSC) of each segmented region with the corresponding 
reference label, thus providing insights into model performance across pre- and post-operative contexts and different datasets. 
RESULTS & DISCUSSION: The obtained DSC showed statistically significant performance differences across the three 
models trained for each test subset (t-tests with p-values<<<0.05). Segmentation accuracy on the BraTS2021 declined after 
TL on LUMIERE, but drastically improved after TL on BraTS2024, highlighting the similarities between both BraTS datasets. 
TL on LUMIERE significantly improved accuracy on its test set, but subsequent TL on BraTS2024 caused a notable drop in 
performance on LUMIERE. These results are likely due to the larger dataset size of BraTS2024 but also emphasize the 
challenge of sequential learning in deep neural networks, leading to catastrophic forgetting, even when the overall task remains 
the same. Both rounds of TL significantly improved performance on the BraTS2024 test set, suggesting the model was able 
to apply learned knowledge from LUMIERE effectively. Future work will explore the impact of elastic weight consolidation, a 
strategy against catastrophic forgetting, which aims to retain previously learned features and maintain performance across 
tasks and datasets. 
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Transfer Learning for cross-dataset brain tumor segmentation in 

post-operative MRI 

Figure 1 – Dice similarity 

coefficient distributions 

for each tumor region - 

whole tumor (WT), tumor 
core (TC) and enhancing 

tumor (ET) - across the 

BraTS2021 (grey), 

LUMIERE (blue), and 

BraTS2024 (green) test 
sets before transfer 

learning, after transfer 

learning on the LUMIERE 

dataset, and after 
transfer learning on the 

BraTS2024 dataset. 

Catarina Passarinho1,2, Oscar Lally3, Ana Matoso1,4, Marta P. Loureiro1,2, José Maria Moreira4, Patrícia Figueiredo1, Rita G. Nunes1 



Abstract 

  

Applying longitudinal MRI for tumor evaluation in two immunocompetent chicken 

chorioallantoic membrane (CAM) cancer xenograft models 

INTRODUCTION: The chicken embryo chorioallantoic membrane (CAM) assay has emerged as a valuable preclinical model, 
significantly advancing the principles of the 3Rs (Replacement, Reduction, Refinement) in scientific research, with no ethical 
approval required in Spain if terminated by embryonic day (ED) 16. CAM models offer an alternative to traditional, 
immunocompromised, and costly animal models, providing robust and clinically relevant data [1]. In cancer research, the 
CAM assay is widely used, among others, for the study of tumor growth and metastasis, angiogenesis, drug acute toxicity 
and efficacy, enabling the evaluation of a wide range of therapeutics in a timely and cost-effective manner [2]. However, 
evaluations such as tumor volume or angiogenesis are performed only at endpoint, after excision of the tumors and 
surrounding tissues, lacking critical intermediate data, which could be highly relevant, especially in preclinical drug efficacy 
assessment. In this study, we evaluate the feasibility of non-invasive longitudinal MRI acquisitions in CAM-derived pancreatic 
cancer and lymphoma xenograft models, to gain intermediate insights into tumor progression. 
METHODS: OCI-Ly1 (Lymphoma) and PaTu (Pancreatic cancer) tumor cells were engrafted onto the upper chorioallantoic 
membrane of fertilized white Leghorn chicken egg on ED 9, using standard procedures [3]. MRI was performed at 7T (Bruker 
Biospec 70/30) on ED 14 and 16. Following a 60-min incubation at 4 ºC to minimize embryo movements, the egg was placed 
in the scanner at room temperature, and an actively decoupled 15 mm diameter surface coil (SC) was affixed on the eggshell 
above the tumor site. The SC was used for signal detection, and a 72 mm volume coil for transmission. Doble T2-weighted 
images were acquired with a RARE sequence (TEeff, 36 ms and 132 ms; TR, 5 s; 1.5&0.5 mm slices; MTX 256x256; FOV, 
5x5 cm2). For tumor volume assessment, regions of interest were manually delineated on each slice where the tumor was 
visible. 
RESULTS & DISCUSSION: No adverse effects were observed in the chicken embryos following both MRI examinations. 
Tumor and its vascularized system showed more contrast at T2w-132ms TE images than at 36 ms TE. The pancreatic tumor 
grew more deeply, while the lymphoma grew more superficially. Additionally, pancreatic tumors exhibited increased 
vasculature branches compared to lymphoma. Remarkably, there was a reduction in tumor volume overtime, which was more 
pronounced in the pancreatic tumor (ED14 vs ED16; pancreatic: 47,3 mm3 vs 38.1 mm3; lymphoma: 41,9 mm3 vs 38,9 mm3). 
Thus, longitudinal approaches can increase statistical power by minimizing between-subject variability and enabling the 
identification of trends and changes that may be overlooked in endpoint studies.  
CONCLUSION: We successfully conducted longitudinal MRI on two types of tumor xenografts grown on CAM membranes, 
with no observable adverse effects on the chicken embryos. This demonstrates the feasibility of this approach for future drug 
screening and therapy optimization studies. Coupling the CAM assay with longitudinal MRI analysis may offer a promising 
alternative for studying individual tumor biology and accelerating the development of tailored anticancer therapies. 
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Figure 1 – Representative CAM T2w images at ED 14 (top) and ED 16 (bottom) for pancreatic (middle panels) and lymphoma (right panels) tumors. 

A,B) CAM coronal slices through the sagittal embryo plane. Axial (C,D,G,H) and coronal (E,F,I,J) sections through the tumor. Arrows pointing tumor 

masses. 1 cm scale bars. 
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Abstract: Metabolic dysfunction-associated steatotic liver disease (MASLD) affects 30% of the global population and 
can progress to severe fibrosis. While MR elastography (MRE) enables non-invasive liver stiffness measurement, 
standard MRE sequences have long echo times, limiting imaging quality in short-T2 tissues, such as iron-overloaded 
livers. To address this, we developed a novel MRE strategy (RARE OC MRE) using optimized RF pulses to replace 
motion-encoding gradients, allowing for very short TE. In vivo experiments on healthy mice demonstrated the 
reproducibility of this method, with higher SNR compared to conventional MRE. Future work will assess its robustness 
in an iron-overload murine model. 

 

 

 

 

 

 

 

 

 

 

References: 1Younossi et al. 2023 Hepatology; 2Muthupillai et al. 1995 Science; 3Morisaka et al. 2018 JMRI; 4Ghoz et 

al. 2019 Quant. Imaging Med. Sur; 5 Sango-Solanas et al. 2024 NMR in Biomed. 

Methodological development of MR Elastography for liver fibrosis in a 

murine animal model 

INTRODUCTION: Metabolic dysfunction-associated steatotic liver disease (MASLD) affects approximately 30% of the 
global population1 and can progress to severe fibrosis and cirrhosis. Since liver fibrosis is often asymptomatic, early 
detection is challenging, with most patients diagnosed at an advanced stage. While liver biopsy remains the gold 
standard for diagnosis, it is invasive and prone to sampling errors. Given these limitations, non-invasive diagnostic 
methods are crucial. MRI is therefore a highly valuable tool, offering high-quality soft-tissue imaging and facilitating the 
identification of diagnostic biomarkers for liver fibrosis. In this context, MR Elastography (MRE) can quantify 
biomechanical properties of tissues from the encoding into the phase of the MRI signal of external mechanically-
generated shear waves propagating through tissues2. Liver stiffness can thus be measured and it is correlated to the 
level of liver fibrosis, enabling the staging of hepatic fibrosis with high sensitivity3. However, the standard MRE sequence 
has long echo times due to the presence of motion-encoding gradients (MEGs), resulting in insufficient image quality 
for exploring short T2 tissues, such as the liver with iron overload4. To overcome this limitation, we work on the 
methodological development of motion encoding strategies and MRE sequences. For this purpose, we developed an 
MRE strategy where an optimized RF pulse, applied with a constant gradient, replaces the MEGs yielding to very short 
TE and therefore allowing the biomechanical characterization of short T2 tissues5. This study aims to validate the 
proposed strategy (RARE OC MRE) trough in vivo mice liver experiments. 
METHODS: Four healthy female mice were examined in accordance with ethical guidelines. They were anesthetized 
with isoflurane (2-3%), with continuous monitoring of their respiration and temperature. MRE acquisitions at 300 Hz 
were performed at 7-day intervals, comparing the G' moduli obtained using a RARE MEG MRE and a RARE OC MRE 
sequences. In the latter, RF pulses optimized via an Optimal Control (OC) algorithm ensure both slice selection and 
motion encoding. Phase images were processed (unwrapping, temporal Fourier transform, spatial filtering) to enable 
the reconstruction of elastograms. The storage modulus G' was measured in homogeneous liver ROIs and the variations 
between D1 and D7 (ΔG’) was determined to assess reproducibility. 
RESULTS & DISCUSSION: Figure 1 illustrates the magnitude, wave, and elastogram images compared for a mouse 
at Day 1 and Day 7. Table 1 summarizes the mean G’ values, standard deviations, G’ variations and SNRs for each 
mouse and acquisition method. Test-retest reproducibility is demonstrated by the little variation of G’ measurements 
between D1 and D7 for both acquisition methods. In conclusion, the proposed RARE OC MRE strategy enables 
reproducible quantification of liver stiffness, with a significantly higher SNR compared to the RARE MEG MRE method. 
The next step will be to test this approach on a murine model with iron overload to assess its robustness in this context. 
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Table 1. Obtained results for both MRE methods 

Figure 1. Magnitude, phase images and elastograms (kPa) obtained with both MRE methods 

at D1 and D7 for the same mouse. 
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Correlation Tensor Imaging at 3T for In Vivo Mouse Brain Imaging 

INTRODUCTION: Correlation Tensor MRI (CTI) is a novel diffusion MRI technique that enhances microstructural 
characterization without relying on conventional model assumptions1,2. By extracting unique information from advanced 
double diffusion encoding (DDE) sequences3,4, CTI enables a complete separation of different diffusional kurtosis 
sources, including the often-overlooked microscopic kurtosis (Kµ), which has shown significant relevance in 
pathologies5,6. However, CTI’s initial development was performed on high-field preclinical scanners, limiting its direct 
translatability to clinical field strengths. In this study, we implemented CTI on a state-of-the-art 3T preclinical scanner 
equipped with a cryoprobe and demonstrated its feasibility for in vivo mouse brain imaging. 
METHODS: All animal experiments were preapproved by institutional and national authorities, and carried out according 
to European Directive 2010/63. Brain MRI acquisitions were performed on mice (C57BL6j background) under anesthesia 
(1.5-2% isoflurane, 31% oxygen), using a Bruker BioSpec 3T Maxwell scanner, equipped with a 2-channel cryogenic 
RF coil, and an in-house developed DDE-EPI pulse sequence (ParaVison 360). DDE experiments were performed for 
633 different pairs of gradient intensities (b1, b2) and directions according to the requirements for CTI reconstruction2 
(acquisition parameters: maximum b-value (b1+b2) = 2.5 ms/μm2; Δ = 10 ms; δ = 4 ms; τm = 12ms; TR/TE = 2500/46ms; 
resolution = 150×150×600μm; partial FT = 1.39; single-shot EPI; total acquisition time = 26min). To quantify the 
repeatability, acquisitions were repeated twice. A third dataset was also acquired to assess the potential of CTI at an 
unprecedented in vivo resolution = 118×118×600 μm (partial FT = 1.60; remaining parameters unchanged). For SNR 
enhancement, complex signals of all datasets were denoised per channel using the Threshold PCA (TPCA)7. 
RESULTS & DISCUSSION: CTI maps revealed the expected high anisotropic kurtosis (Kaniso) values in white matter 
and elevated isotropic kurtosis (Kiso) values in voxels near the ventricles, likely due to partial volume effects between 
tissue and cerebrospinal fluid (Fig. 1A). Kµ maps showed that this source of non-Gaussian diffusion accounted for 
approximately 30% of total kurtosis in white matter and 60% in gray matter, corroborating previous reports highlighting 
µK’s relevance in tissue microstructure assessment2,5,8. Repeat acquisitions demonstrated high reproducibility across 
all CTI estimates (Fig. 1B). Acquisitions at the higher spatial resolution (118×118 μm) produced CTI maps with visual 
quality comparable to the lower-resolution data, particularly in cortical brain regions (Fig. 1C). 
CONCLUSION: This study demonstrates the feasibility of performing in vivo CTI on 3T preclinical scanners, supporting 
its role in translational research applications. The 3T and cryoprobe combination offers a promising alternative to high-
field preclinical MRI systems, facilitating the translation of microstructural insights from animal model studies to patients. 
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Figure 1 – Representative CTI maps for test-retest data (A and B) and for the higher resolution data (C). From left to right, the 

following is shown: total mean kurtosis (Kt); anisotropic kurtosis (Kaniso); isotropic kurtosis (Kiso); and microscopic kurtosis (Kµ). 
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Sexual dimorphism in aging trajectories as measured through resting state functional 

connectivity and diffusion-weighted MRI 

INTRODUCTION: Characterizing functional connectivity (FC) in ageing is crucial for understanding how neural 
networks change over time, identifying early markers of degeneration, and developing interventions to promote 
cognitive health and brain resilience in older adults. In addition, studying sex-specific trajectories is crucial to uncover 
sex-dependent vulnerabilities.  
MRI provides a unique opportunity to characterize aging trajectories in a non-invasive manner and with high resolution. 
While human studies have uncovered several age- and sex-specific patterns [1,2], we need preclinical models to dig into 
their neurobiological correlates and test interventions. 
METHODS: Longitudinal resting state fMRI and diffusion weighted MR with b-value 1000s/mm2 were acquired on a 7T 
Bruker scanner in 17 Wistar rats of both sexes (9 females) from 91 to 731 postnatal days, corresponding to young, 
adult and old age (total 71 scans). After image preprocessing, resting state networks (RSNs) were extracted by group 
independent component analysis. Using generalized linear model, brain FC in each network was investigated as a 
function of age, sex and their interaction using FSL randomise. In addition, MD and FA maps from diffusion tensor 
model were extracted in each ROI and correlated with FC across RSNs at all ages. 
RESULTS & DISCUSSION: Remarkably, our rodent model of aging displays several key characteristics seen in human 
fMRI studies. Connectivity between networks decreases in number and strength with age (Fig. 1a), while FC within 
networks follows a U-shaped trajectory (Fig. 1b). This increase in connectivity in senescence is more pronounced in 
frontal regions (Fig. 1c), in agreement with the PASA theory [3]. Interestingly, we uncovered a novel interaction between 
age and sex in frontal and superior regions, paralleled by sex-specific MD trends in the same areas (Fig. 1d), where a 
Bayesian model selection supports separate models for each sex. Females display more hyperconnectivity and better 
behavior in Morris Water Maze task in the elderly (data not shown), indicating a compensatory effect [4]. Finally, FA in 
white matter and MD in grey matter at earlier ages predict FC at later ages (Fig. 1e), indicating that microstructural 
changes precede functional outcomes. 
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Figure 1 – a) Both number and strength of connections between different networks decreases over time. b) FC has U-shaped trend in different RSN, 

as shown in DMN. c) The decay in FC (pnd 91-400) is more pronounced in medial areas (blue) while the increase (pnd 400-731) is localized in 

anterior regions (red). d) Left: significant interactions between age and sex are localized in anterior networks such as the DMN, Insula, etc. Right: 

MD in anterior-superior areas best match a sex-specific second order model with age, and not a model combining both sexes. e) Number of significant 

correlations between FC and FA (left) and FC and MD (right) when testing different age pairs, summed over different regions. Preferential localization 

above the diagonal means that structural parameters at earlier ages are significantly correlated with functional connectivity at later ages. 
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Hyperpolarisation-enhanced MRSI for Metabolic Imaging in Organ-on-a-Chip 

Devices 

INTRODUCTION:  
Organ-on-a-chip (OoC) platforms are microfluidic devices in which cells can be cultured in a 3D environment to replicate 
the structure and function of human organs. These microfluidic devices allow experiments to be carried out with a high 
degree of repeatability and experimental control and provide a route to personalised medicine and to replace animal 
testing. Many diseases affect cellular metabolism (e.g., cancers), and the changes in metabolic flux provide a marker 
to track the disease progression and response to treatment. In this work we are developing a multi-sample OoC platform 
to study the metabolic activity of cell-laden 3D structures noninvasively and with sufficient spatial resolution to distinguish 
each sample.  
METHODS: We used dissolution Dynamic Nuclear Polarisation (dDNP) to hyperpolarise the metabolite [1-13C]pyruvate 
and followed its metabolic conversion into lactate upon injection of pyruvate into a eight-well microfluidic platform 
containing immortalized human hepatocellular carcinoma cells (HepG2) under different metabolic conditions. 
Conventionally, dDNP experiments are restricted to 1 study sample for each dDNP injection (be it an animal or cells in 
a test tube). Our aim is to increase the experimental throughput and to use a more relevant biological model than cells. 
After the hyperpolarised sample filled the eight wells, we performed 8x16-voxel 13C chemical shift imaging and were 
able to spatially distinguish the eight samples. 
RESULTS & DISCUSSION: We successfully parallelised the acquisition of metabolic imaging, understanding the role 
of rich media, cell lysis and extracellular NADH in converting pyruvate to lactate. With this type of voxel spectroscopic 
metabolic imaging provided by CSI, we observed three different phenomena in a single experiment. First, we observed 
the increase of lactate production in a rich media supplemented with Glu and Gln due to an increase in glycolytic activity, 
as previously reported in literature[1]. Second, extracellular NADH helps adjust the redox balance, in alive (indirectly) 
and lysed (directly) cells, resulting in an increase in lactate production[2]. Third, by lysing cells (and adding NADH), the 
metabolism of lactate was significantly increased thanks to avoiding the main limiting factor of the reaction, the transport 
of pyruvate into the cell tanks to the MCT1 transporter[3]. Yet, despite the advantages of the strategy, better detection 
coils with large areas (we employed a volume coil) and better k-space sampling with low pulsing are required to improve 
the resolution and aim for temporal imaging [4]. Nonetheless, our results are the first to show such level of parallelisation 
with high spatial resolution for cellular studies using microfluidics and HP-MRSI, contributing to incorporating 
hyperpolarised NMR into the field of precision medicine. 
 

David Gómez Cabeza1, Lluís Mangas-Florencio1, Marc Azagra1, Gergő Matajsz1, Irene Marco-Rius1* 

1. M. Grashei, P. Biechl, et. al. Cancers, 14(7):1845, 2022.  

2. W. Xiao, R. Wang, et. al. Antioxidants & redox signalling, 28(3):251–272, 2018 

3. Y. Rao, S. Gammon, et. al. Proceedings of the National Academy of Sciences, 117(36):22378–22389, 2020 

4. Yeste, J., Azagra, M., Ortega, M. A., Portela, A., Matajsz, G., Herrero-Gómez, A., Kim, Y., Sriram, R., Kurhanewicz, J., 

Vigneron, D. B., Marco-Rius, I. Parallel detection of chemical reactions in a microfluidic platform using hyperpolarized 

nuclear magnetic resonance. Lab Chip. 2023. 23, 4950-4958. 

Figure 1 – (A) Photograph of the microfluidic chip. (B) 1H-MRI with 13C-MRSI spectra overlaid acquired with Chemical shift 

imaging. The condition (i.e. cell count, lysed/intact, media composition) studied in each well is indicated. 
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Fetpype: An Open-Source pipeline for reproducible Fetal Brain MRI Analysis 

INTRODUCTION: Fetal brain Magnetic Resonance Imaging (MRI) is crucial for assessing neurodevelopment in utero. 
However, analyzing this data presents significant challenges due to fetal motion, low signal-to-noise ratio, and the need 
for complex multi-step processing, including motion correction, super-resolution reconstruction, and segmentation. 
While various specialized tools exist for individual steps, integrating them into robust, reproducible, and user-friendly 
workflows that go from raw image to volume and surface analysis is not straightforward. This lack of standardization 
hinders reproducibility across studies and limits the adoption of advanced analysis techniques for researchers and 
clinicians. To address these challenges, we introduce Fetpype, an open-source Python library designed to streamline 
and standardize the preprocessing and analysis of fetal brain MRI data. 
 
METHODS: Fetpype integrates several established neuroimaging software principles and tools to create a cohesive 
and extensible framework, which we summarize in four points. (1) Data Standardization: Fetpype expects input data 
organized according to the Brain Imaging Data Structure (BIDS) standard, promoting interoperability and simplifying 
data management. (2) Containerization: Individual processing tools are encapsulated within Docker or Singularity 
containers. This ensures reproducibility and reduces installation issues, providing a better experience for the end user. 
(3) Workflow Management: The Nipype library is used to construct processing workflows: it provides a robust interface 
for combining different steps from different containers or packages, facilitating data caching and parallelization, and 
allowing pipelines to be easily shareable. (4) Configuration: Pipeline configuration is managed using simple YAML files, 
allowing users to easily select between different modules or parameters without directly modifying the code. The current 
implementation of Fetpype integrates modules for data preprocessing, high resolution reconstruction (NeSVoR [1], 
SVRTK, or NiftyMIC), and segmentation (using existing, popular pipelines like BOUNTI [2] or the developing human 
connectome project pipeline). 
 
RESULTS & DISCUSSION: Fetpype offers a valuable resource for the fetal MRI community by providing a 
standardized, reproducible and flexible open-source platform for preprocessing and analysis. The pipeline is already 
being used across three different sites, for more than 320 subjects. We believe this tool can facilitate research, improve 
comparability between studies, and foster collaboration. The pipeline is publicly available on GitHub 
(https://github.com/fetpype/fetpype), and its open-source nature and modular design facilitate community involvement: 
researchers can integrate their own tools by creating corresponding Nipype interfaces and container wrappers, following 
the package contribution guidelines. We welcome the ISMRM community to use, test, and contribute to Fetpype. 
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Figure 1 – Overview of the fetal brain MRI processing workflow that would be integrated within Fetpype, from acquisition to surface 

extraction. 
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Splenic Switch-Off as a marker of adequate adenosine response in stress perfusion 

cardiac magnetic resonance using T1 mapping 
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Figure 1 – A. Boxplot for 

splenic T1 measurements in 

switch-off and failed switch-

off. B. Correlation between 

ΔT1 and ΔSI for splenic 

switch-off and failed splenic 

switch-off groups. C. ROC 

curves for ΔT1 for the 

classification of switch-off 

and D. ROC curve for ΔSI for 

the classification of switch-

off. 

INTRODUCTION: Stress perfusion cardiac magnetic resonance (CMR) uses adenosine to detect ischemia. One third of false-

negative CMR results are related to inadequate adenosine response.1 Guidelines recommend a heart-rate increase of 10 beats-per-

minute (BPM), after three minutes of adenosine infusion for stress acquisition. However, this not always indicates increased 

myocardial perfusion.2 Splenic switch-off, defined as splenic perfusion decrease, may be a potential marker of adequate stress.3 It 

has been assessed using contrast first-pass,3 ASL,4 PET,5 and through a reduction in splenic T1 values from rest to stress.6 Only 

two studies have explored T1 mapping as a marker of switch-off.6,7 Moreover, the authors of the first study have raised doubts about 

the validity of their results.8Thus, this study aimed to further investigate splenic T1 mapping for assessing splenic switch-off, given 

the limited existing data.  

METHODS: Study was approved by local Ethics Committee. All participants gave written informed consent to participate. Adult 

patients (>18 years) scheduled for CMR were prospectively recruited. Scans were performed using a 1.5T Aera MRI (Siemens) with 

an 18-channel body and 32-channel spine coils. Fixed adenosine dose of 140 μg/kg/min was used for stress imaging. T1 mapping 

used a MOLLI 5(3)3(0) sequence.9 Motion-corrected T1 maps were automatically generated and mean splenic rest and stress T1 

values were obtained from manually drawn ROIs covering visible splenic tissue. ΔT1spleen was computed (T1stress-T1rest). Automatically 

segmented perfusion maps were generated by an ECG-triggered bSSFP sequence for rest and stress first-pass imaging (60 

images/heartbeats, free-breathing, gadolinium dose:0.75mmol/kg).10 Semi-quantitative splenic perfusion analysis was performed on 

motion-corrected images, and ΔSIspleen (percentage change in signal intensity normalized by baseline) was calculated. 

Switch-off classification was conducted by two independent radiologists based on first-pass images (reference standard). Normality 

was tested with Shapiro-Wilk. Splenic T1 was analyzed using ART11 (non-normal distribution), followed by mixed-ANOVA for rest vs. 

stress condition and switch-off vs. failed switch-off groups. ART-C12 with Bonferroni correction was used for post-hoc comparisons 

between rest and stress within each group when interaction was significant. ΔT1 and ΔSI differences between groups were tested 

using Wilcoxon rank-sum tests. Spearman’s rank correlation assessed relationships between ΔSI and ΔT1 values. ROC curves were 

generated for ΔT1 and ΔSI data, with AUC and Youden Index calculated for switch-off detection. All tests were carried-out in RStudio, 

statistical significance was set at p <0.05.13 

RESULTS & DISCUSSION: Fifty-nine patients were scanned, with twelve patients excluded due to incomplete scans, heart 

conditions outside the scope, or not visible spleen. The final cohort included forty-seven patients (thirty-five males, mean age=65±13 

years), and 74.5% experienced splenic switch-off. Similar switch-off proportion (72%) has been reported.5 Splenic T1 post-hoc 

showed statistically significant differences between the conditions only for the switch-off group (p<0.001), where splenic T1 values 

decreased from rest to stress. Statistically significant differences were obtained between groups for ΔT1spleen(p=0.001) and 

ΔSIspleen(p<0.001) and a statistically significant correlation was found between the two parameters. Statistically significant differences 

in ΔT1spleen and ΔSIspleen between groups align with previous findings.3,6,7 The ΔT1spleen threshold was lower than previous reports 

(≥30ms).6 7 Lower splenic T1 values during stress likely resulted from adenosine-induced vasoconstriction reducing splenic perfusion, 

as T1 is affected by blood volume (water content).13 Further studies should explore adenosine’s effect on splenic T1 beyond blood 

volume reduction. This work suggests that splenic T1 values can identify splenic switch-off during adenosine stress CMR in a clinical 

population. 
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A motion-corrected reconstruction for highly undersampled perfusion CMR 

INTRODUCTION: First-pass perfusion cardiac MR (pCMR) facilitates the non-invasive diagnosis of coronary artery 
disease by acquiring dynamic images during the rapid passage of a contrast bolus through the heart1. A trade-off exists 
between heart coverage and temporal/spatial resolution. To alleviate this shortcoming, undersampled acquisitions 
followed by constrained reconstruction methods have been proposed. Also, there is a growing preference for acquiring 
images during free-breathing, as it offers increased reliability and enhanced patient comfort. In this context, the 
incorporation of motion correction (MoCo) approaches becomes essential for both free-breathing acquisitions and for 
correcting residual motion due to imperfect breath-holding. However, MoCo tends to degrade as acceleration increases. 
This work proposes a pipeline for a motion-corrected reconstruction of highly undersampled pCMR acquisitions. A novel 
rigid MoCo step, formulated exclusively in k-space, is proposed.  
METHODS: Data Three patients underwent a REST pCMR acquisition on a Philips 3T Achieva scanner. Acquisitions 
parameters were: in-plane resolution = 1.6 × 1.6 mm2, FOV = 320×320 mm2, slice thickness = 10 mm, 32 coils, and 
scan time = 1 min. A radial sampling was used with 10 spokes per frame (acceleration factor ~20x); however, prior to 
any other step, the k-space was gridded onto a Cartesian grid. Sensitivity maps were estimated using ESPIRIT2. 
Proposed approach: The main steps of the motion-corrected reconstruction pipeline are: 1) Rigid MoCo in k-space 
with K-CC-MoCo3; this method performs a pairwise registration formulated exclusively in k-space with the normalized 
cross correlation as the registration metric defined between a synthetic reference and the k-spaces of each frame. To 
focus the minimization on the heart region, a ROVir coil-compression approach4 is employed. 2) Low Rank + Sparse 
(L+S) reconstruction5 of the rigidly motion-corrected k-space. 3) Pair-wise non-rigid image-based MoCo of the 
reconstructed dynamic images to correct for slight residual motion6. 
RESULTS & DISCUSSION: Figure 1 shows the results for the motion-corrected reconstructions in a representative 
patient in which bulk motion caused by imperfect breath-holding is observable. The results show that the application of 
MoCo approaches notably reduces blurring when all the frames of the dynamic images are combined. Also, we should 
highlight that the rigid MoCo step in k-space becomes crucial for an accurate overall MoCo; specifically, the non-rigid 
motion-corrected images that were reconstructed without this first step (Fig 1.C) present a poorer correction compared 
to the images obtained with the three-steps proposed approach (Fig 1.D).  
ACKNOWLEDGMENTS Work supported by “la Caixa” Foundation and FCT with project [LCF/PR/HR22/00533t]. 
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Figure 1 – Sum along frames of the reconstructed dynamic images for the pipelines A) without MoCo, B) with only rigid k-space-

based MoCo. C) with only non-rigid image-based MoCo, and D) with both rigid (in k-space) and non-rigid (in image-space) MoCo. 

Also, intensity profiles for E) y-t direction (yellow line, foot-head) and F) x-t direction (green line, right-left). 
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Abstract 

White matter microstructure is differentially impacted by cerebral amyloid 

angiopathy, neurofibrillary tangles and neuritic plaques co-pathology 

INTRODUCTION:  
White matter (WM) is affected by and serves as a pathway to neurofibrillary tangles (NFTs) propagation in Alzheimer’s 
disease (AD). Additional neuropathological changes frequently coexist in AD, alongside NFTs and neuritic plaques 
(NPs) accumulation, further accelerating the progression of dementia. For instance, cerebral amyloid angiopathy (CAA) 
associates with NPs to exacerbate NFTs accumulation [1]. We aim to study how these co-pathologies differently affect 
WM integrity in AD.  
METHODS:  
We performed a cross-sectional study of antemortem diffusion tensor imaging (DTI) data according to participants’ 
postmortem NFTs, NPs and CAA neuropathology, from the National Alzheimer's Coordinating Center (NACC) dataset. 
Our study cohort comprised 26 AD participants, with MRI and autopsy data collected within a maximum interval of four 
years. DTI metrics were compared between neuropathology-defined groups and correlated to Clinical Dementia Rating 
(CDR) scores and hippocampal volumes. MRI data provided by the NACC was acquired at multiple Alzheimer’s Disease 
Research Centers on 3T scanners. The DTI preprocessing pipeline included threshold principal component analysis 
denoising, and corrections for Gibbs ringing, EPI distortions, eddy currents, and motion using DIPY, FSL, and ANTs. 
DTI metrics were extracted for regions defined by the JHU-ICBM-DTI-48 WM atlas. Hippocampal volumes were 
obtained from volumetric T1-weighted images using FreeSurfer. 
RESULTS & DISCUSSION:  
We found statistically significant asymmetric DTI changes in several WM regions between Braak NFTs stages III/IV and 
V/VI, and across CAA pathological burden, with increased mean, radial and axial diffusivities. CAA demonstrated a 
greater WM impact on the posterior right hemisphere while NFTs had greater impact on the left hemisphere (Fig.1). 
This posterior predominance of CAA effects has also been observed in previous studies [2]. CAA-NFTs co-pathology 
effects were observed in the splenium of the corpus callosum, as significant changes were observed in both CAA and 
NFTs analyses (Fig.1) but disappeared after correction for the co-pathology. DTI metrics correlated significantly with 
CDR scores and hippocampal volumes across multiple regions among the ones identified as exhibiting neuropathology-
related diffusivity changes, supporting the concept that these WM changes may reflect a worsening of disease 
outcomes. Our results suggest that WM integrity is differentially impacted by AD neuropathology, with CAA and NFTs 
influencing each other's effects on WM microstructure, highlighting the importance of considering the influence of CAA 
co-pathology on WM degeneration in AD. 
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Figure 1 – Asymmetric regional changes in WM integrity across advanced Braak stages and CAA severity in AD. Axial views 

of WM ROIs with differences in DTI metrics linear model residuals for age, sex and MRI-to-death interval, between Braak stages 

III/IV and V/VI (A) and severe and mild CAA (B), overlaid on the MNI 152 T1 template. Only statistically significant comparisons (p < 

0.05 according to the Wilcoxon test (A) and Kruskal-Wallis followed by Dunn’s post-hoc test (B) are shown.  
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INTRODUCTION: Carotid artery stenosis is mainly produced by the progressive accumulation of atherosclerotic 

plaque in the vascular wall. Lipids, low density proteins, expression of chemokines and adhesion molecules, and 

migration of monocytes and lymphocytes into the plaque are hallmarks of atheroma plaques. These plaques have 

variable embolic propensity depending on the composition and vulnerability of plaque, rather than the severity of the 

stenosis (1). NMR spectroscopy has been previously used in our group to determine biomarkers of plaque 

vulnerability in atheroma plaques and serum from patients (2). High sensitivity (100 % and 88.37 %) and specificity 

(91.6 % and 77.78 %) in plaque and serum, respectively have been found (2) with several metabolites participating in 

the discriminant models. Given the complexity of both serum and plaque matrices, finding a circulating metabolite 

profile that accurately reflects local dysregulation remained challenging. Therefore, to specifically identify metabolites 

released from atheroma plaques, we have designed the current study involving the analysis and longitudinal 

assessment of conditioned media from explanted plaque tissue. 

METHODS: Atheroma plaques were obtained, during standard endarterectomy procedures, from symptomatic and 
asymptomatic patients (n=29) recruited by the Angiology and Vascular Surgery Service from the Hospital Universitario 
y Politécnico La Fe, Valencia, Spain. Symptomatology was defined as transient ischaemic attack, amaurosis fugax, 
and stroke occurred at most 21 days before surgery. A 2 mm cross-section fragment of the plaque (explant) was 
incubated in DMEM (5 mL) supplemented with antibiotic (penicillin and streptomycin). Aliquots from 500 µl of 
conditioned media were collected at 24 h, 48 h and 5 days, and processed according to previous protocols (3). 
Samples were resuspended in deuterated buffer and underwent NMR spectroscopy study in a 600 MHz NMR 
spectrometer (Bruker DRX 600 MHz, U26 NMR: Biomedical Applications II platform from Nanbiosis, Research 
Infrastructures & Services of CIBERBBN, Universitat de València). After acquisition, spectra underwent phase, 
baseline and chemical shift correction with Mnova V.15 (4) Processed spectra were saved as text and were loaded in 
PLS_Toolbox Solo 9.3 (2024) software (5). Spectra were binned and PCA and PLS-DA were conducted. 
 
RESULTS & DISCUSSION: The unsupervised analysis showed differences between the spectra acquired at each 
time, being samples obtained at 5 days the most different. Samples collected at 48 h were studied by PLS-DA to 
identify different profiles between symptomatic and asymptomatic patients. In a first model, all the variables were 
considered, and a low performance was reached. To reduce the number of variables and to increase the performance 
of the model, the variables with VIP>1 were selected yielding a model with high sensitivity and specificity (100 and 
95% respectively). These findings indicate that, after 48 hours, explant conditioned media exhibit differences related to 
symptomatology, potentially facilitating the identification of biomarkers transferred from atheroma plaques to serum 
related with plaque vulnerability  
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Unsupervised learning in migraine using advanced diffusion metrics 
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Figure 1 - (a) Processing pipeline to obtain unsupervised clusters. Schematic diagram showing the steps conducted to extract 

unsupervised clusters from diverse migraine groups. The twelve datasets refer to three different clinical groups and three sets of diffusion 

descriptors. (b) Comparison of clinical characteristics between clusters. Violin plots comparing the number of months since the onset of 

CM between the clusters of the AMURA dataset, and barplots representing the distribution of the patients by sex in the clusters of the 

MISFIT dataset. 
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INTRODUCTION: Migraine is a highly prevalent neurological disorder with significant heterogeneity in its clinical 
presentation [1]. The current classification of migraine is unspecific to the clinical heterogeneity, being exclusively based 
on the monthly headache frequency, and there are no biomarkers for its diagnosis and progression [2]. This study aims 
to provide an alternative classification of migraine sub-types by using machine learning applied to diffusion MRI data.  
METHODS: A total of 107 migraine patients (56 chronic migraine [CM], 51 episodic migraine [EM]), involved in previous 
studies [3], were recruited from the Headache Unit at Hospital Clínico Universitario de Valladolid (Spain). MRI data were 
acquired using a Philips Achieva 3T scanner, including T1- and diffusion-weighted imaging with b = 1000 s/mm2 
sequences. Diffusion metrics were extracted from 48 white matter regions based on the JHU ICBM-DTI-81 White Matter 
Atlas [4] using three computational approaches: AMURA [5], MISFIT [6] and Moments-based MISFIT. The first and third 
sets of measurements included return-to-origin (RTOP), return-to-axis (RTAP) and return-to-plane (RTPP) probabilities. 
The second set, obtained with MISFIT, included propagator anisotropy (PA), generalized moment of order 2 (q-space 
Mean Squared Displacement or QMSD), non-gaussianity (NG), diffusion anisotropy (DiA), and the axial apparent 
moment of order 1/2 (MUA).  The cluster extraction procedure, shown in Figure 1(a), was then applied to twelve 
datasets, resulting from the combination of four types of diffusion descriptors (AMURA, MISFIT, moment-based MISFIT 
and DTI) with three groups of subjects (all patients with migraine, CM and EM). Additionally, the clusters were extracted 
using four diffusion tensor imaging (DTI) parameters: fractional anisotropy (FA), and mean (MD), radial (RD) and axial 
diffusivity (AD). The clinical characteristics were compared between the extracted clusters. 
RESULTS & DISCUSSION: The optimal number of clusters was consistently two in all cases, independently of the 
technique used. The clusters extracted for any clustering technique differed depending on the set of diffusion metrics, 
as shown with illustrative examples in Figure 1(b). In some cases, the distribution of patients in each cluster and the 
clinical characteristics slightly differed between the clustering methods, but no major differences were found. Comparing 
the clinical features of the clusters for the three datasets, AMURA identified more statistically significant clinical 
differences than MISFIT for RTAP, RTOP, and RTPP (four vs. three), being particularly sensitive to migraine duration 
(years lived with migraine, months since onset of CM), age, and migraine classification (CM and EM) at the time of MRI 
acquisition. In contrast, MISFIT was more effective in differentiating migraine subgroups based on characteristics 
unrelated to time, showing higher sensitivity to medication overuse headache (MOH) and migraine frequency in CM, or 
sex. Regarding DTI results, significant differences between clusters were found for less variables, specifically sex, 
duration of migraine and headache frequency. These results suggest that AMURA is more appropriate for evaluating 
long-term migraine progression, while MISFIT would be better for the identification of subgroups associated with 
headache-specific features, particularly MOH and migraine frequency. Unsupervised learning techniques offer important 
insights into the pathophysiology of migraine and can provide a basis for predicting long-term clinical outcomes. 
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Hardware Testing for Dynamic Field Probe Integration into a 7 Tesla Head Coil 

INTRODUCTION: Ultra-high field MRI (UHF, ³ 7T) has impressive benefits due to increased signal-to-noise ratio (SNR) which 
can yield higher resolution imaging. Nevertheless, UHF faces challenges like greater specific absorption rate (SAR) and 
inhomogeneities in the static and radiofrequency (RF) fields1. Parallel transmission (pTx) is a hardware-based solution for 
correcting RF field non-uniformity by using multiple transmit elements to generate independent RF fields that allow for spatial 
mitigation and homogenization and to have greater control over power deposition2. pTx coils can be complemented with high 
numbers of receive elements to further boost SNR at UHF3. Recently, hardware advances have enabled the integration of 
dynamic field probes into multi-transmit, multi-receive RF coils, offering the further capability of measuring static magnetic and 
gradient field fluctuations4.This abstract discusses key hardware tests to ensure RF coil performance and safety in a 16-
transmit (Tx), 64-receive (Rx) coil with integrated field probes. 
METHODS: Simulation and Phantoms: A numerical model (CST Design Studio, Dassault Systèmes, France) was constructed 
of the 16Tx/64Rx coils with the field probes, modeled as shielded enclosures, precisely located and oriented as mounted on 
the receive array. Receive elements were excluded from simulation5. RF transmit and temperature maps were measured with 
and without probes, and the model SAR Q-matrices6 were simulated using three body models.  
Field Mapping: The transmit array was characterized in an agar-sugar head-and-shoulders phantom with presaturated 
TurboFLASH B1

+-mapping7 (TE/TR=1.9/300ms,FOV/Resolution/SliceThickness=230 mm/3.6 mm /5 mm,TA=27 sec) on a 7T 
Magnetom Terra Scanner (Siemens Healthineers, Erlangen, Germany). The receive array was assessed by SNR mapping 
following Ref. 8 and was performed in a spherical oil phantom. Both B1

+ and SNR mapping procedures were conducted before 
and after the field probes were integrated into the coil. 
Thermometry: Temperature maps were with the proton resonance frequency shift technique9 in thermometry phantom with a 

3D gradient-echo (TE/TR/FA=25/30 ms/20°, FOV/Resolution/TA=192 mm /3 mm /TA=2:02 min). A 10 min sequence with RF-
only at the maximum power permitted for RF heating. Temperature maps were generated into B1

+ modes, circularly polarized 
(CP) and zero phase. 
Virtual Observation Point (VOPs): The simulated coil model Q-matrices were compressed to generate a set of 161 VOPS with 
an overestimation of 20% of local SAR with respect to the “worst case” configuration10. 
RESULTS & DISCUSSION: Figure 1 explores the effect of field probes on coil performance, electromagnetic fields, and 
local SAR. For the transmit array (1A), the change in B1

+ map with and without field probes is small (~1-2%). In the 
temperature maps (1B,1C), the experimental maps (acquired only with field probes integrated in the coil), show agreement 
with simulations despite confounding artifacts of receive array heating and an air bubble. For the receive array (1D), again 
little differences are found without and with probes. After confirming model validity, the generated VOPs could be validated 
(1E) to allow for accurate and conservative overestimation of local SAR using pTx.  
By characterizing the transmit, receive, and temperature distributions of the 16Tx/64Rx coil with and without dynamic field 
probes we have shown that the probes introduce negligible effects on coil performance. With full testing and VOP validation, 
this coil was approved for human imaging with in vivo results presented at the 2025 ISMRM Annual Meeting in Hawaii11. 
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Figure 1 – Simulated and experimental hardware validation data. A) Comparison of simulated (left) and measured (right) B1
+ maps without (top row), 

with (top middle row) field probes, and their difference images (middle bottom, bottom rows) along with quantitative statistics. B) Sim. and exp. 

temperature maps measured in circular polarization (CP) B1
+ mode. C) Sim. and exp. temperature maps measured in zero phase B1

+ mode. D) 

Comparison of exp. SNR maps measured without and with probes, and their difference image. E) Experimental validation of compressed VOPs for 

local SAR estimation in pTx modes on the scanner. As anticipated, scanner SAR estimates are always more conservative than offline calculations. 
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Figure 1 - (A) Performance metrics for each option in each approach tested. In green, the best option. (B) Explainability methods (Grad-

CAM and Saliency maps) applied to an example of each class and the respective probabilities of that example being classified into each 

of the four classes. PD= Progressive Disease; SD=Stable Disease; PR=Partial Response; CR=Complete Response. 
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Benchmarking Deep Learning Approaches for 

RANO Criteria Classification in Glioblastoma 

INTRODUCTION: Glioblastomas (GBM) are the most aggressive type of glioma, having a 5-year survival rate of 6.9%1. 
Treatment typically involves surgery, followed by radiotherapy and chemotherapy, and frequent magnetic resonance 
imaging (MRI) scans to monitor response2. Radiologists evaluate these scans using the Response Assessment in 
Neuro-Oncology (RANO) criteria3 to categorize the tumor into one of four labels based on imaging and clinical features: 
complete response, partial response, stable disease, and progressive disease. This assessment is very complex and 
time-consuming, as it involves the integration of various clinical information and sometimes manual segmentation. Since 
deep learning (DL) has been widely used to tackle biomedical classification problems4, this work aimed to implement 
the first DL pipeline for the classification of RANO criteria based on two consecutive MRI acquisitions.  
METHODS: The models were trained and tested on the open dataset LUMIERE5. Five approaches were implemented 
and compared to identify the best methodology: 1) inputting subtraction of images of consecutive time points, instead 
of individual time points, 2) using different combinations of imaging modalities, 3) implementing different DL model 
architectures, 4) employing different pretraining tasks, and 5) adding patient clinical data to the inputs. To evaluate 
performance on this highly unbalanced dataset, a five-fold cross-validation approach was employed, and the following 
metrics were calculated: Balanced Accuracy, Precision, Recall, and F1-Score. Two explainability methods were applied: 
Saliency maps6 and Grad-CAM7. 
RESULTS & DISCUSSION: The pipeline that achieved the best performance used a Densenet264, considering only 
T1-weighted, T2-weighted, and Fluid Attenuated Inversion Recovery (FLAIR) images as input without any pretraining 
and without inputting clinical data. A median Balanced Accuracy of 50.96% was achieved (reaching a maximum of 58% 
in one of the folds), although with a median F1-Score of 0.1335. Using Saliency Maps, the tumor region was often 
successfully highlighted. In contrast, Grad-CAM typically failed to highlight the tumor region, with exceptions observed 
in the Complete Response and Progressive Disease classes, where it effectively identified the tumor region. This 
difference could be attributed to Grad-CAM's reliance on higher-level feature maps, which might encode complex and 
abstract representations that are more challenging to interpret visually. 
These results set a benchmark for future studies on glioblastoma treatment response assessment based on the RANO 
criteria. The modest results emphasize the difficulty of this task, likely affected by a heterogeneity of factors (such as 
the complex tumor environment) that might play a role when assessing the tumor’s response to treatment. 
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Fig.1. a) Diagram of the proposed procedure for imaging in 

highly inhomogeneous B0 fields, based on previous B0 

mapping with SPDS and model-based reconstruction with 

ART. b) Application of SPDS mapping method followed by 

ART reconstruction of a RARE sequence applied for a brain of 

an in-vivo subject in a system with 5,000 ppm of 

inhomogeneity. c) Diagram of the proposed procedure for 

correction of distortions induced by gradient non-linearities 

following a co-registration process. 

 

Correction of distortions created by fields inhomogeneities in a Halbach scanner 

INTRODUCTION: Halbach mandalas have proven to be excellent tools for producing low-field (<100 mT) MRI magnets, 
offering high portability, low weight, and cost-effectiveness [1]. However, these advantages come at the expense of 
certain geometrical distortions that may appear in the acquired images, as a consequence of B0 inhomogeneities and 
non-linearities in gradient fields. To address the first, results crucially employ model-based reconstructions where the 
encoding matrix includes prior knowledge of spatial fluctuations in the involved fields. Here we present Single-Point 
Double-Shot (SPDS, [2]) method, which has proven to be essential for achieving robust and reliable B0 mapping. Then, 
we tackle the non-linearities of the gradient fields by applying a geometrical co-registration method, consisting of an 
initial rigid registration followed by a B-spline protocol. 

METHODS: Approach 1: ART reconstruction with SPDS mapping for correction of B0 inhomogeneities. First, 
we acquired a ΔB0(r) map with SPDS (Fig.1a, panel 1), which consists of two low-resolution pointwise images 
(à la SPRITE), ρ1 and ρ2, with different encoding times, Td1 and Td2. In this sense, each image has a unique 
phase in every voxel, and thus the phase difference between the two images is an exact proxy for the B0 field, 
given by ∆B0=(ph(ρ2)- ph(ρ1))/γ(Td2-Td1). The sample is then scanned with an imaging sequence, as usual, to 
get k-space pairs as {k i, s(k i)} (Fig.1a, panel 2). Finally, the information of ΔB0 is used to construct the Encoding 
Matrix (E i,j) as Ei,j=exp{-i[k i·rj + γ·∆B0(r j)·t(k i) ]}. Finally, we solve the system s i=Ei,j·ρj iteratively with ART 
(Fig.1a, panel 3). This procedure is followed for standard MRI sequences (RARE in our case) for brain imaging 
of in-vivo subjects in a 90 mT Halbach scanner with 5,000 ppm [3]. Approach 2: Deformable image registration 

methods for correction of gradient non-linearities. Initially, a reticular phantom (shown in Fig 1c a)) filled with CuSO4, 
is encoded and reconstructed with standard MRI protocolos. Additionally, we built a synthetic version of it, as a matrix 
of 0’s and 1’s which preserve the physical shapes and distances of the object. Following this, we employ both the 
synthetic and the measured phantoms, as fixed moving images, respectively, to test and evaluate a deformable 
registration protocol. This method basically takes the moving image and applies a certain number of geometrical 
transformations to convert it as much as possible into the object contained in the fixed image. The aligned files were 
then subjected to a b-spline non-linear transformation to correct the larger distortions. After fine adjustment of the 
parameters, we finally obtained a deformation field map for the whole volume of the scan, used then to batch correct a 
database that we have created containing a set of knee images acquired from real volunteers. In order to prove the 
validity of our co-registration procedure, we have tried to batch correct the distortions of one of our databases of knee 
images acquired from real volunteers. These images were acquired with the 72 mT Halbach system [1] using the same 
sequence that we used to measure our phantom. 

RESULTS & DISCUSSION: Figure 1b demonstrates the performance of ART reconstruction with (bottom row) and 
without (middle row) B0 knowledge generated by SPDS (top tow) for RARE sequences applied to a brain scan. It 
highlights significant improvements in Cartesian reconstructions when incorporating prior knowledge of the B0 
field. Figure 3c-left shows the initial knee image, where inhomogeneities induces a distortion in the form of a bright 
curved line on the superior side. After applying our deformation field, said distortion is massively reduced, as we can 
see in Figure 3c-right. Additionally, the co-registration procedure does not alter the important information of the image, 
and we can observe the anatomical features of the knee clearly and without deformation.  
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Abstract 

INTRODUCTION: Accurate grading and identification of IDH status in astrocytomas are essential for guiding therapeutic 
strategies and predicting patient prognosis. Their 2021 WHO classification emphasizes the importance of molecular 
markers, particularly IDH status, in tumor characterization1. Considering this, further investigation is needed to explore non-
invasive diagnostic approaches. On the other hand, since 2012 when specific sequences were developed to detect the 2-
hydroxyglutarate metabolite2,3 conventional MRS sequences are not regarded as an option to detect the IDH mutation in 
gliomas. This study aims to re-evaluate the potential of magnetic resonance spectroscopy (MRS) in determining IDH status 
(mt: IDH mutated, wt: IDH wild type) and tumor grade (2, 3, or 4) by analyzing metabolite patterns across different 
astrocytoma subtypes, under the assumption that the effects of mutation and grade on the metabolic profile will affect the 
whole spectral pattern to allow for non-invasive discrimination. 
METHODS: The study utilized Single Voxel (SV) MRS data collected at Hospital de Bellvitge with 1.5T Philips Ingenia and 

Intera scanners in Spain. Five classification tasks were performed on Short Echo (SE, 30 ms), Long Echo (LE, 136 ms), 

and concatenated SE+LE spectra. Sequential forward feature selection and linear discriminant analysis were used to 
identify features to distinguish between:1/Astrocitoma-IDH-mt-grade-2 (A2-mt) from Astrocitoma-IDH-NEC-grade-2 (A2-wt),  
2/Astrocitoma-IDH-mt-grade-3 (A3-mt) from Astrocitoma-IDH-NEC-grade-3 (A3-wt), 3/A2+A3-mt from A2+A3+ 
Astrocitoma-IDH-mt-grade-4 (A4-mt), 4/A2 from A3, and 5/ A2+3 from A4. Classifiers were evaluated with area under the 
curve (AUC) and Balanced Error Rate (BER). The best classifier was defined by the smallest BER in the training phase. 
RESULTS & DISCUSSION: After application of inclusion criteria, there were 71 cases with SV MRS available for analysis 

at SE (15 A2-mt, 12 A2-wt, 20 A3-mt, 13 A3-wt and 11 A4-mt) and 69 cases at LE  (14 A2-mt, 13 A2-wt, 18 A3-mt, 13 A3-

wt and 11 A4-mt). Recurring discriminative spectral features include creatine, choline and lipids at SE and lactate and Glx, 

at LE which can be seen on Figure 1. For the first question SE, and for the other questions the combined echo time, yielded 

the best classifiers. Notably, all AUC values for the best echo are quite high 0.938, 0.933, 0.834, 0.849 and 0.870 for the 5 

questions, respectively. These findings support our claim that IDH status can be successfully determined for A2 and A3, 

while A2 can be differentiated from higher grades of astrocytoma without needing specialized sequences4.  
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Figure 1 – Mean spectra of each tumor type. A: short echo (SE) spectra. B: long echo (LE) spectra. 
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INTRODUCTION: Glioblastomas, the most common and aggressive primary brain tumours, are recurrently studied 
due to their significant impact on years of life lost and low survival rates, with an average 5-year survival of 6.6% [1]. 
MRI is an essential tool to diagnose and monitor treatment response in this condition [2]. Recent years have seen a 
rising interest in the extraction of radiomics features from MR images, used in Machine Learning tools to aid in these 
tasks. However, MRI intensities and MRI-derived radiomics features depend on acquisition and reconstruction 
protocols, leading to the necessity of data harmonization. Harmonizing medical imaging data is a growing necessity, 
propelled by clinical research addressing heterogeneous datasets of medical images and their radiomics features [3-
5]. This work aims to assess the performance of ComBat, a widely used MRI harmonization method, when applied to 
radiomics features extracted from a longitudinal clinical dataset of glioblastoma patients. 
METHODS: T2FLAIR and T1CE (contrast-enhanced) images from 40 glioblastoma patients were collected over 
several time points (comprising a total of 243 time points) in a clinical setting, using different scanner models and at 
various medical centres, resulting in acquisition parameters with high variability. Images underwent pre-processing, 
while segmentation into Enhancing Tumour (ET) and Edema was accomplished with HD-GLIO [6]. The images were 
then segmented into small patches (cubes of size 16 voxels), which were labelled as four tissue regions (Normal, 
Edema, ET, and Edema & ET). ComBat was applied to radiomics features extracted from these patches with 
PyRadiomics [7]. Two correlation analyses were performed. To assess batch effects before and after harmonization, 
we applied Canonical Correlation Analysis (CCA) [8], considering the radiomics features as the first group, and a 
linear model with the batch (same medical centre and scanner model), manufacturer and region as the second group. 
Patches were classified into one of the four tissue regions, using XGBoost, balanced accuracy as the evaluation 
metric, and weighted classes.  
RESULTS & DISCUSSION: Our results show that ComBat effectively reduced batch effects while retaining 
biologically relevant information. Fig. 1 shows that data was grouped by batch prior to harmonization, but grouped by 
region after ComBat, proving that even small patches retain scanner effects without harmonization. Classification 
performance improved post-harmonization, achieving an average balanced accuracy of 0.92, compared to 0.91 
without harmonization. This suggests that radiomics features can help predict the type of tissue present in a patch, 
which could eventually aid tumour segmentation tasks.  
Acknowledgments: This work was supported by the Portuguese Science Foundation (FCT) through grants UI/BD/154928/2023, 
2023.03810.BDANA and 2022.13185.BD. This work was also supported by LARSyS FCT funding (DOI: 10.54499/LA/P/0083/2020, 
10.54499/UIDP/50009/2020, and 10.54499/UIDB/50009/2020). 
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Can Patch-Based Harmonization in Radiomics of Longitudinal Glioblastoma MRI 

Improve Tumor Region Labelling? 
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Figure 1 – Canonical Correlation 
Analysis (CCA) results for the 
first two canonical variables of 
the second group, V1 and V2, 
(categorical metadata: 
manufacturer, batch, and region) 
before and after harmonization 
with ComBat. Each point 
represents a categorical group 
(batch, manufacturer, or region) 
projected onto the first two 
canonical components. Note that 
the radiomics features were used 
as the first group. The different 
colours represent patches from 
different batches (defined by the 
hospital number and the scanner 
model), while different markers 
represent the different regions. 
Before harmonization, the data is 
organized by batch (represented 
by color), while after ComBat, 
region-based clustering becomes 
apparent (each region type is 
represented by a marker). ET: 
Enhancing Tumour. 



  

Figure 1 – Both experiments results. A. Group mean contrast ratio obtained for each MT frequency (expressed in logarithm scale), 

experiment 1. B. Signal intensities in the neuromelanin and peduncle regions and their contrast ratio measured with and without 

magnetization transfer, plotted as a function of GRE flip angle, experiment 2. C.  Boxplots of the properties for each tissue with and 

without magnetization transfer, experiment 2.  
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INTRODUCTION:  
Neuromelanin MRI (NM-MRI) has explored T1 reduction [1], magnetization transfer (MT) or proton density (PD) 
weighted images [2] as a source of contrast ratio enhancement for the NM rich areas. Observing the heterogeneity of 
the MT approaches previously used, the goal of this work was to systematically optimize the parameters of a 3D GRE 
MT sequence to enhance NM contrast.   
METHODS: 

Experiment 1: 5 healthy controls (HC) (27±3 years, 3 females) were scanned on a 3T MAGNETOM Skyra MRI, using a 
32-channel head coil. The protocol included a T1-weighted MPRAGE and the NM-sensitive 3D GRE with MT (TR=53 

ms, TE=3.67 ms, FA=20°). The MT pulse was sinc-shaped, duration=10 ms and FA=500°. The MT frequency was 
varied (500, 1500, 2000, 4000, 10K and 100K Hz) to evaluate its effect on the contrast ratio.   

Experiment 2:16 HCs (27±4 years, 11 females) were scanned using the same protocol. In this case the FA of the GRE 
readout excitation pulse was varied (5, 10, 20, 30 and 40 degrees), with MT ON and OFF (1200 Hz), to study the FA 
effect on the contrast ratio. Three echoes were acquired: TE1=3.67 ms, TE2=10.51 ms and TE3=17.35 ms.  
The images were co-registered using SPM12 and the data was evaluated using Matlab scripts. The CR was calculated 
based on the signal intensities of the manually defined regions of interest (ROIs) in the NM region and the cerebral 
peduncles (PED) as: CR= ((S_NM-S_PED)) ⁄ S_PED. Subsequently, the NM rich area volume was delineated by two 
trained observers. Tissue properties were estimated following a previously reported method [2]. Based on the group 
average results, simulations were employed to assess the optimal FA required to optimize the CR.  
RESULTS & DISCUSSION:  

In experiment 1, the highest CR was obtained for 500 and 1500 Hz (CR=0.28±0.02), with decreasing values for higher 
frequencies. In addition, significant differences were found between these two frequencies and 4000, 10K and 100 KHz. 
Figure1.A, one-way ANOVA and paired t-test results. In experiment 2, the maximum CR was obtained for MT ON and 

FA=5° (CR=0.42±0.05), Figure 1.B. Both FA and MT showed a significant main effect in the CR (two-way ANOVA and 
post-hoc tests), with no significant interaction. The same results were obtained for the volume analysis, with higher 
values measured for MT ON and FA=5°. All the post-hoc comparisons showed significant differences between the 

different FAs and MT ON/OFF condition for each FA, except the comparison between FAs of 5° and 10° with MT. The 
evaluated T1 and PD tissue properties were significantly lower with MT ON (p<0.001, paired samples t-tests), Figure 
1.C. T2* did not showed significant differences. Finally, the simulation results aligned with the experimental 
measurements obtained in vivo, both in signal intensity and contrast ratio. 
The first experiment showed that the CR did not vary significantly between 500, 1500 and 2000 Hz. 
The second experiment revealed that with lower FA yielding greater CR (albeit lower signal) and facilitating the 
delineation of the NM-rich area volume as well as the MT. At the lowest flip angle, contrast was based on proton density 
differences as suggested previously [2], which was confirmed by the simulations. MT decreased the T1 and PD values 
of the brain tissues, further enhancing the PD based CR. 
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Detection of spatial artifacts on resting state functional magnetic resonance data 

INTRODUCTION: Resting state functional magnetic resonance imaging (rs-fMRI) has shown potential to study 
changes in brain activity and connectivity. Nowadays this technique is applied to large datasets, which often combine 
many subjects acquired in different centers and at different time points. One of the drawbacks of this technique is that 
the rs-fMRI requires the acquisition of a large number of brain volumes in very short times, which are prone to be 
affected by different types of artifacts. Moreover, the analysis of rs-fMRI data requires curated pre-processing 
procedures obtain a clean and usable signal. In this context, it becomes fundamental to implement quality control (QC) 
strategies of the images to avoid artifacted datasets from the final analysis [1].  
In this work we describe a spatial periodic artifact that appears in some sets of fMRI that remains underexplored in the 
literature and we propose an approach to easily detect it. Our method uses the 3D spatial Fourier transform (FT) in 
combination with spatial correlation analyses. 
 
METHODS: We analyzed fMRI data of 1,178 participants from the A4 study [2] (ages 65-85 years) with normal cognition 
or very mild cognitive impairment. These were preprocessed in an automated fMRI pipeline combining in-house 
developed python scripts and tools from available packages as FSL, AFNI and ANTs. This pipeline already included a 
visual and automated QC to detect motion and segmentation artifacts. To further explore the presence of spatial 
artifacts, the preprocessed scans were evaluated by computing the 3D FT and correlation matrix between slices, all 
computed for each volume. The results were represented in summary figures, where the presence of peaks in the FT 
projections and/or the existence of correlated patterns within the image can be easily identified in a visual inspection.  
 
RESULTS & DISCUSSION: We detected the presence of spatial artifacts in 21.9% of the subjects analyzed. Results 
show that artifacted images present high-frequency contributions in the FT amplitude, corresponding to the periodic 
noise in Figure [1.B]. The presence of secondary peaks in the FT amplitude are reported in the QC. Moreover, an 
increased correlation between the rows in slices has shown also to be linked to this type of spatial artifact. 
We propose to integrate our pipeline to existing QC reports, mainly based on motion-related and segmentation artifacts, 
to obtain clean datasets for functional connectivity analyses. Further studies may try to fully automatize the detection 
and to use correction strategies.  
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Figure 1 – Examples of non-artifacted (A) and artifacted (B) images in the QC report, respectively. Each example includes the slice 

with the highest correlation between rows, the average correlation of all the files for each time point of this slice, and its correlation 

matrix averaged for all the time points. The second column presents the projections on the three axis of the FT analysis. Higher 

correlation values and multiple peaks in the FT amplitude indicates the presence of artifacts. 
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A comparative study of deep learning models to synthesize post-contrast imaging 

INTRODUCTION: Malignant glioma, the most common primary brain tumor in adults, is characterized by its 
heterogeneity and, in high-grade cases, its aggressiveness [1]. Its diagnosis is typically performed using MRI with 
gadolinium-based contrast agents, whose use presents drawbacks, such as potential adverse reactions, tissue 
accumulations, increased costs, and extended scan times, among others. In this study, we implement and compare 
different deep learning models to synthesize post-contrast MR weighted images in glioma patients from quantitative 
parametric maps obtained without the use of contrast agents.  
METHODS: The dataset used was acquired at Erasmus MC, Rotterdam, The Netherlands on a 3T Sigma Premier GE 
scanner. It consists of a total of 15 glioma patients. For each of them, we have 4 weighted images: T1w, T2w, FLAIR, 
and post-T1w (ground truth), and the pre-contrast parametric maps: longitudinal relaxation time (T1), transversal 
relaxation time (T2), and proton density (PD), obtained using MAGiC [2]. In this work, these three maps are used as the 
inputs of the deep learning models compared, namely, a UNet [3] and a UNet with a Vision Transformer block (UNet-
ViT). The former is based on a UNet neural network architecture with supervised learning whose inputs are the 2D 
maps. The latter is based on the same UNet neural network architecture, but it incorporates a ViT block in its bottleneck. 
Additionally, it is trained using self-supervised learning, since it incorporates a physical model (i.e., the theoretical 
equation of the applied pulse sequence) for network training, and the inputs are based on patches extracted from the 
input 2D maps. A visual comparison and a quality metric analysis with the structural similarity index (SSIM) and the 
peak-signal-to-noise-ratio (PSNR) are performed for the two deep learning models. 
RESULTS & DISCUSSION: Figure 1 shows the boxplots of SSIM and PSNR metrics and, also, a visual representation 
for two representative patients of the ground truth acquired post-T1w images, the synthesized post-T1w for the UNet 
experiment, and the synthesized post-T1w for the UNet-ViT experiment. A significant improvement is observed between 
both experiments, which suggests that incorporating physical concepts (i.e., self-supervised learning), contributes to 
the optimization of the model. Additionally, the use of patches leverages the model to focus on small details, which 
improves the prediction of tumor enhancement, as observed in the figure (Fig. 1 d vs Fig. 1 e). 

Jorge Rueda-Ramos1, Elisa Moya-Sáez1, Rodrigo de Luis-García1, Laura Nuñez-González2, Carlos Alberola-López1, 

Juan Antonio Hernández-Tamames2,3 

1LPI, University of Valladolid, Spain; 2Radiology and Nuclear Medicine Department, Erasmus MC, The Netherlands; 3Imaging 

Physics Department, TU Delft, The Netherlands. 

Figure 1 – On the left side, quality metrics a) SSIM and b) PSNR, calculated between the synthesized and acquired post-T1w images 

for the different experiments. Note that the background was not considered in the metric computations. On the right side, c) acquired 

post-T1w images and synthesized post-T1w images obtained with d) U-Net experiment and e) UNet-ViT experiment. The red arrows 

indicate tissues with enhancement. 
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New perspectives for the analysis of intrinsic fMRI data and the improvement of 

automated diagnosis of Autism spectrum disorders: application of non-standard connectivity metrics, 

deconvolution approaches, and classifiers 

INTRODUCTION: Autism spectrum disorders (ASD) are a group of neurodevelopmental conditions characterised by 
cognitive and/or behavioural impairment. The diagnostic process is multidisciplinary and time-consuming, involving 
mainly neuropsychological and imaging assessments; therefore, a fast and precise diagnostic is still challenging. In this 
context, the use of innovative methods to analyse intrinsic functional magnetic resonance imaging data (fMRI), such as 
non-standard connectivity metrics, deconvolution approaches to mitigate hemodynamic responses, automated 
diagnosis and biomarker identification, among others, are promising. The purpose of this work is to evaluate and 
compare intrinsic fMRI data from ASD subjects and typical controls, considering different non-standard connectivity 
metrics, deconvolution approaches, and machine learning classifiers for automated diagnosis. 
METHODS: Data were obtained from the publicly available database ABIDE I Preprocessed (Autism Brain Imaging 
Data Exchange) [1]. Intrinsic fMRI timeseries (AAL atlas, 116 ROIs) [2] from 346 ASD subjects and 369 typical controls 
were deconvolved using two deconvolution approaches: Blind Deconvolution (BD) (MATLAB® rs-HRF toolbox) [3] and 
Paradigm Free Mapping (PFM) [4]. Functional connectivity matrices were obtained using six different connectivity 
metrics: Pearson’s correlation without (PC) and with (Corr) time delay, Non-linear correlation coefficient (H2), Mutual 
information in time domain (MIT), Transfer entropy (TE) and Coherence (Coh) (MULAN toolbox) [5]. For each metric, 
two methods were adopted: bivariate, i.e., considering only the pairwise connections; and partial, i.e., calculating partial 
results to consider the influence of other ROIs. In addition, the connectivity direction was considered as well: for each 
metric, D indicates directed, and U indicates undirected connectivity [5]. All machine learning analyses, including 
evaluating the classification performance of classifiers in automated diagnosis of ASD, were performed with the Malini 
toolbox [6], considering features such as Accuracy and Confusion Matrix. 
RESULTS & DISCUSSION: Considering all the connectivity metrics, their specific parameters and the deconvolution 
approaches used in this work, 168 groups were obtained for the analysis of automated diagnosis of ASD. For the Ridge 
Logistic Regression (RLR) classifier, for example, bivariate computations led to higher accuracies compared to partial 
computations. In terms of deconvolution approaches, BD performed better with more conventional connectivity metrics 
such as PC and Corr, while PFM performed better with MIT and TE. These results suggest that using deconvolution 
approaches and non-standard connectivity metrics in the analysis of intrinsic fMRI data may be a very useful strategy 
in the search for biomarkers in ASD, as they showed the potential to provide a more in-depth analysis. 
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Figure 1. Functional connectivity matrices of a random ASD subject obtained using the metric Non-linear correlation coefficient (H2) 

and the deconvolution approaches BD and PFM. For each example, B indicates bivariate, P indicates partial, U indicates undirected. 

(A1) BH2U, non-deconvolved. (B1) BH2U, BD-deconvolved. (C1) BH2U, BD-fitted (adjusted). (D1) BH2U, PFM-deconvolved. 

(A2) PH2U, non-deconvolved. (B2) PH2U, BD-deconvolved. (C2) PH2U, BD-fitted (adjusted). (D2) PH2U, PFM-deconvolved. 
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Open-MOLLI for All:  Advancing Open-Source, Vendor-Agnostic T1-mapping One 

System at a Time, Now on GE! 

INTRODUCTION: Standardization of MR quantitative measures is crucial for reproducible results that can be reliably 
used in the clinic to distinguish healthy from pathological tissues [1-3]. However, the implementation of techniques such 
as T1 mapping is known to vary between vendors, affecting reproducibility and hindering the method’s applicability for 
clinical diagnostic and follow-up. Precise pulse sequence matching across centers and vendors has been shown to 
improve reproducibility [4] (e.g. VENUS [1] and Pulseq [5]). 
The open-source myocardial T1 mapping (Open-MOLLI) sequence [6,7] was previously developed to enable 
reproducible cardiac T1-mapping. Open-MOLLI has since been tested in different Siemens systems (1.5 T and 3.0T) 
and compared to the vendor MOLLI implementations. It was shown to provide comparable myocardial T1 values with 
equivalent same-scan repeatability [8]. In this work, we extend the Open-MOLLI method and adapt the sequence to 
comply with specific GE requirements, demonstrating the feasibility to run it also on GE systems.  
METHODS: MOLLI consists of an inversion-recovery (IR) sequence for quantitative T1 parameter estimation (T1 
mapping). Open-MOLLI uses trigger scheme 5(3)3. It is publicly available at https://github.com/asgaspar/OpenMOLLI.  
Open-MOLLI was adapted for the GE system using TOPPE [9] by labelling the sequence into 4 blocks: the inversion 
pulse, the readout, the delay between readouts and the delay after inversion. The GE implementation of Open-MOLLI 
was tested on 2 healthy subjects (2M) in a 3T Signa PET-MR scanner using a 32 channel Head Coil. 
The acquisition was performed in one axial brain slice, and the mean T1 was estimated in white (WM) and grey matter 
(GM) manually delineated regions of interest. Open-MOLLI with an under-sampling factor of 2 had the following 
parameters: field-of-view of 354 × 327 mm2, matrix size 256×144, slice thickness of 8 mm, TR/TE=3.24/3.12 ms, flip 
angle of 35º, readout bandwidth 808 Hz/pixel, with shortest inversion time (TI) of 183 ms. The sequence timing was built 
according to a (simulated) heart rate of 60 bpm. Data reconstruction was performed offline using GRAPPA, and T1 
estimation with 3-parameter analytic model using the magnitude signals was done in Matlab [3].   
RESULTS & DISCUSSION: Open-MOLLI was successfully implemented on GE. Figure 1a shows the T1-weighted 
images obtained for 2 subjects. Figure 2b shows the T1 maps estimated for each subject. The mean T1 values for each 
region of interest are presented in Table 1, along with their standard deviations and the respective T1 literature values 
for GM and WM at 3.0T. The mean T1 over the two subjects was 772±22 ms for WM, and 1244±72 ms for GM, which 
is in agreement with the literature (T1WM=860 ms and T1GM=1200 ms)[10-13]. The work is a proof-of-concept of the 
applicability of Open-MOLLI to a vendor (GE) different from that in which it was originally implemented (Siemens). We 
were able to estimate T1 values for the brain (GM and WM) that are consistent with those reported in the literature at 
3.0T. The adaptation of the Open-MOLLI T1-mapping sequence to the GE system required changes in the sequence 
that remain compatible with previously used Siemens systems. The current GE Open-MOLLI implementation still lacks 
the cardiac-triggering capabilities required for myocardial T1-mapping, which are the focus of ongoing work.   
CONCLUSION: This work demonstrates the applicability of Open-MOLLI in GE systems, paving the way for future inter-
scanner reproducibility studies. 
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Figure 1 – T1 mapping in vivo with Open-MOLLI in GE: a. Mean T1 (in ms) per region; b. T1-weighted images for two healthy subjects 

with TI=183 ms, and respective, c. T1 maps (in ms).  Region of interest for white matter (white) and grey matter (black) are represented, 

with respective mean T1 and standard deviation. 
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A Free and Open-Source Web Application for Pulse 

Sequence Development and Simulation 

INTRODUCTION: Both pulse sequence design and acquisition simulation are essential disciplines in MRI research. In 
previous work [1], we introduced a graphical pulse sequence editor and a web version of the KomaMRI [2] simulator. 
The former, while useful, lacked flexibility for defining global parameters and included a 3D slice visualization tool not 
well suited for web environments. Regarding the latter, it allowed remote simulations but was not integrated with the 
sequence editor. This work therefore presents a complete and improved platform that integrates both components, 
enabling the design and simulation of advanced MRI sequences in a web-based environment free of local 
installations. 
METHODS: A full-stack development has been carried out, addressing both the front-end and the back-end, as well 
as the communication mechanisms between them. Specifically, the front-end includes an improved version of the 
previously developed sequence editor, a 3D slice visualization tool, and two additional panels: one for visualizing the 
temporal sequence diagram and the other for displaying simulation results. This implementation combines the Qt 
framework with web technologies such as HTML, JavaScript, VTK.js, and WebAssembly. The back-end, developed in 
Julia, includes an HTTP server with a REST API, the KomaMRI simulator, and additional modules which include the 
database and front-end compiled files.  
RESULTS & DISCUSSION: The tests conducted with the developed tool highlight its usefulness, interactivity, and 
smoothness, also demonstrating its ability to design and simulate arbitrarily complex pulse sequences without the 
need for local installations. Figure 1 displays the application layout, integrated within the Web browser.  
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Figure 1 – Final layout of the web application. Upper panels handle sequence design and simulation launch in KomaMRI, while 

lower panels display the sequence diagram and simulation results. 
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High-resolution advanced diffusion MRI of rectal cancer surgical specimens: 

correlating microstructural characteristics with histology 

INTRODUCTION: Clinical MRI is commonly used for diagnosing rectal cancer, with T2-weighted images being the 
primary modality for staging and restaging after neoadjuvant therapy (NAT) [1,2]. Diffusion MRI (dMRI), which provides 
information on tissue microstructure and cellularity, is recommended as an adjunct for assessing tumour response. 
However, studies have demonstrated its potential to enhance tissue characterization significantly [3,4,5]. This study 
maps the diffusion characteristics of various rectal wall components using high-resolution advanced dMRI of total 
mesorectal excision (TME) specimens post-NAT; and evaluates its ability to differentiate several tissue types. 
METHODS: All experiments were approved by the institutional ethics committee. 
Specimen preparation for ex-vivo MRI: Four patients diagnosed with rectal cancer underwent TME after NAT. Surgical 
specimens were immersed in 10% buffered formalin for ~36h, then rinsed, immersed in 1xPBS for 4h, and mounted in 
a cylindrical container covered with Fomblin (a MR-invisible fluid). Samples were imaged with a 9.4T Bruker Biospec 
scanner (at 22 ºC; 86 mm transmit/receive). Specimens were pseudonymized by Champalimaud Foundation Biobank. 
Histopathology examination: The rectum was cut in 5mm sections (grossing stage), and areas of interest embedded in 
paraffin. H&E-stained slides were digitalized (Philips Ultra-Fast Scanner 1.6) and matched with the grossing images. A 
pathologist with 23 years of experience identified distinct tissues on the histology slices which were aligned with 
corresponding MRI slices based on morphological landmarks and confirmed by a radiologist with 13 years of experience. 
dMRI data: 2D standard DTI: TR/TE=11000/24 ms; 130 slices; matrix size: 140 x 130; isotropic resolution of 0.5 mm3, 
2 b0 images, 2 b-values (1500 s/mm2, 3000 s/mm2) and 15 diffusion directions. Diffusion and kurtosis tensor parameters 
were mapped voxelwise using a linear least squares (LLS) algorithm in Matlab. Regions of interest (ROIs) for mucosa, 
submucosa, muscle layers, tumour and fibrous tissue were defined on MRI following MRI-histopathology correlation 
(Fig. 1a). To evaluate differences between mean value across six tissue types of each diffusion parameter, we used a 
Linear Mixed-effects Model on JASP, with FDR correction for multiple comparisons. 
RESULTS & DISCUSSION: Our findings showed significant differences in diffusion parameters, specifically fractional 
anisotropy (FA), mean diffusivity (MD), and mean kurtosis (MK) across various tissue types (Fig. 1b). Muscle tissue 
exhibits the highest FA values, while tumor and fibrous tissue demonstrate increased FA compared to healthy mucosa. 
Tumour regions also exhibit lower MD values compared to fibrous tissue, indicating increased cellularity and restricted 
diffusion. MK values show less tissue differences, with potentially lower values in fibrous tissue compared to tumour 
areas. Colour coded FA maps further provide information about the tumour invasion in the muscle layer (Fig. 1c).  
CONCLUSION: DTI/DKI metrics can improve tissue mapping for rectal cancer (re)staging beyond conventional DWI. 
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Figure 1 – (a) An illustrative example of the defined ROIs on MRI (top) and matching histological slice (bottom). The colored lines represent 

the different tissue ROIs: Longitudinal muscle layer (dark-blue); Circular muscle layer (light blue); Tumour (red) and Fibrous Tissue (yellow). 

(b) Boxplots showing the pairwise significant differences across the various rectal wall layers, as well as tumour and fibrous regions, for FA; 

MD and MK maps. (c) The color-coded FA map showing the directionality of the principal DT eigenvector overlaid on the FA map. Yellow 

and orange arrows indicate interruption of longitudinal and circular muscle layers, respectively, due to persistent in-depth tumour invasion. 

1. Horvat N, et al. Radiographics. 2019;39: 367–387. 2. Santiago I, et al. Insights Imaging. 2021;12: 114. 3. Fokkinga, E, et al. JMRI 60.4 (2024): 1278-1304. 4. Schurink, N.W. et al, Br J Radiol, 
(2019): 92(1096):20180655; 5. Pham T. T. et al, Sci Rep (2019): 27;9:9311 
Acknowledgements: This work has been funded by Fundação para a Ciência e a Tecnologia (2023.02201.RESTART; THCS/0003/2023) under the framework the co-fund partnership of Transforming 
Health and Care Systems, THCS, (GAN° 101095654 of the EU Horizon Europe Research and Innovation Programme). 

(b) (a) 

***P<0.001; **P<0.01; *P<0.05 

(c) 



Olfactory functional MRI: Application to evaluate brain activation patterns in women with sexual interest-arousal disorders   
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Introduction: Olfactory functions such as odor detection or response to olfactory stimuli can be assessed by functional MRI 

and contribute to the understanding of brain and behavior under different conditions. However, in comparison to other sensory 

domains, fMRI under olfactory stimulation has been less explored, in part due to the need for specific olfactory delivery systems. 

We performed olfactory-based fMRI using a custom-built system and applied it to evaluate the response to pheromone in 

female sexual dysfunction (FSD) subjects before and after treatment. FSD significantly impacts quality of life, with the most 

common subtype being hypoactive sexual desire disorder (FSIAD), characterized by a persistent lack of sexual desire or 

fantasies. Its causes are not fully understood but likely involve neuroendocrine, psychiatric, and behavioral factors.  Only two 

studies have directly compared brain activity in women with and without FSIAD (3, 4). This study hypothesizes that FSD and the 

improvement in sexual dysfunction observed with ospemifene treatment is associated to changes in the response to 

pheromone, that can be measurable through olfactory stimulus-based fMRI (5). 
 

Methods: We conducted fMRI analyses to study brain activation patterns before and after ospemifene treatment, in a cohort of 

15 women with FSD (9 with ospemifene treatment, 6 with placebo). Participants were exposed to alternating scents—
pheromones, clean air, and Phenyl Ethyl Alcohol (PEA) —using an open-source, low-cost, custom-built olfactory delivery 

system compatible with the fMRI setting. The fMRI protocol followed a standard block design with 12 one-minute alternating 

scent exposures. Head movement was minimized using individually molded foam supports. Prior to functional imaging, a high-

resolution T1-weighted structural scan was acquired to exclude anatomical abnormalities and enable accurate localization of 

brain activity. Functional images were preprocessed with motion correction, EPI correction with T1 and a registration to the 

MNI152 atlas (6). First level analysis was performed afterwards, to obtain each subject activation in response to each odor in 

comparison with clean air, followed by a dual regression and randomization. The activation before and after treatment in each 

treatment group (ospemifene and placebo) was compared using voxel-wise randomize with TFCE correction. Significance was 

defined as p<0.005. 
 

Results, discussion and conclusion: Fig 1.A shows the mean activation map in response to pheromone and PEA, showing a 

similar pattern of activation in areas related to olfaction, but with some differences in more occipital regions. Regarding the 

treatment effect, in women who received ospemifene, decreased brain activation was observed after treatment in response to 

both pheromone (fig.1B) and PEA odors (Fig 1C). Specifically, changes were noted in the frontal pole and medial frontal cortex 

for the pheromone, and in the insula, parietal operculum, and planum temporal for PEA. In the placebo group, changes between 

pre- and post-treatment were smaller. Reduced activation to pheromone was seen in the frontal pole (compared to no stimulus) 

and in both the frontal pole and cingulate gyrus (compared to PEA). In conclusion, ospemifene appears to modulate brain 

responses to olfactory stimuli in women with hypoactive sexual desire disorder, that can be detected by fMRI analysis. 
 

Figures 

  A 

 

 B  C 

Fig. 1: (A) Mean of first level analysis of activations in PEA and Pheromone vs Rest. (B) Areas of decreased activations after 

treatment in response to pheromone. (C) Areas of decreased activations after treatment in response to PEA. 
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Using ADC-Based Measurements to Predict Functional Recovery and Malignant Infarction in Acute 

Ischemic Stroke of the Anterior Circulation 

INTRODUCTION: Predicting functional outcomes and complications, such as malignant Middle Cerebral artery Infarction (MCI), 

remains challenging in Acute Ischemic Stroke (AIS). Advances in the treatment of patients with even the largest ischemic lesions 

suggest that ischemic lesions may be heterogeneous.1 Apparent Diffusion Coefficient (ADC) sequences provide insights into 

ischemic lesion microstructure.2 This study evaluated the prognostic potential of ADC-derived variables in moderate-severe anterior 

circulation AIS patients.  

METHODS: 78 patients imaged within 48 hours post-stroke were retrospectively analyzed. DWI sequences were processed to 

segment lesion volumes and extract ADC maps, ADC signal intensity (Intensity Score), interquartile range (IQR), and ADC rel500 

(Lesion volume <500×10⁻⁶mm²/s relative to total lesion volume). Clinical outcomes at 90 days were assessed using mRS. Logistic 

regression models, including combined models, were developed to predict functional independence (mRS≤2) and MCI, evaluating 
their added value beyond lesion volume quantification. 

RESULTS & DISCUSSION: 55 patients (71%) had poor functional outcomes, 11 (14%) developed MCI, and 23 (29%) died. Larger 

ADCrel500 volumes, higher Intensity Scores, and wider IQRs were associated with worse mRS (p<0.05). Combined models (AUC 

0.894 for mRS and 0.896 for MCI) significantly outperformed lesion volume model (AUC 0.821 for mRS and 0.822 for MCI) according 

to Likelihood Ratio Test (p<0.01) (Fig.1).  

ADC-derived metrics, by capturing ischemic lesion dynamics and heterogeneity—encompassing cytotoxic and vasogenic edema—
may reflect early blood-brain barrier disruption and neurovascular unit dysfunction. These insights may enable early identification of 

high-risk patients, improve risk stratification and guide personalized AIS therapies. 
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Figure 1 – ROC Curves for Models Predicting (A) modified Rankin Score≤2 and (B) MCI. 
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Whole-brain functional connectivity in the A4 and LEARN datasets to study 

preclinical Alzheimer’s Disease 
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Figure 1 – A. Spatial maps of the identified RSNs; B. Matrix showing correlations between brain connectivity and age (only significant 

edges with p<0.05 are shown). C. Scatter plot of a sample edge showing positive effect of age on the connectivity.  

INTRODUCTION: Resting-state functional magnetic resonance imaging (fMRI) allows studying functional connectivity 
(FC), offering the opportunity to analyze, providing insights into brain organization, several conditions and disease. In 
the context of Alzheimer’s Disease (AD), brain changes have been described before clinical symptoms, as abnormal 
Amyloid levels, and altered structure and function. Here, we studied fMRI data of a large cohort of adults, with and 
without the presence of amyloid in the brain.  
 
METHODS: We analyzed fMRI data of 1890 participants from the A4 and LEARN-NE studies [1] (ages 65-85 y) with 
normal cognition or very mild cognitive impairment, presenting normal (LEARN) or slightly elevated (A4) amyloid levels 
as observed on Amyloid PET scans. Additional data included demographics, cognitive assessments, and APOE 
genotyping. Images were preprocessed with an automated fMRI pipeline combining in-house developed python scripts 
and tools from available packages as FSL, AFNI and ANTs. All images were passed through accurate visual and 
quantitative quality control (QC). We performed group Independent Component Analysis (ICA) to derive a set of common 
Resting State Networks (RSNs), followed by dual regression and FSLNETS approach to generate individual FC 
matrices, calculated as partial correlation between RSNs’ timeseries. We applied general lineal models to study 
differences between groups and correlations with age and amyloid levels.  

 
RESULTS & DISCUSSION:  A total of 395 subjects from LEARN and 897 subjects from the A4 study passed the QC 
and were considered for further analyses. With an ICA we identified 20 RSNs over a total of 30 components (Figure 
1A). We found FC differences (p<0.05) between groups, with subjects with amyloid positivity showing less connectivity. 
We also found both positive and negative relationships with age, suggesting whole-brain functional reorganization.  
Overall, we demonstrate that the functional architecture at rest might have important implications in driving the effect of 
amyloid pathology and age effect in the brain at preclinical disease stages. The analysis of the functional connectivity 
as a whole aims to have a remarkable role in the early diagnosis of AD. 
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A Radiomics-Based Signature for Identifying Successful Response to TMZ 

Treatment in Murine GL261 Glioblastoma: leveraging the peritumoral zone 

INTRODUCTION: Glioblastoma (GB) is the most aggressive primary brain tumor in adults, characterized by high 
invasiveness and poor prognosis [1]. Magnetic Resonance Imaging (MRI) is crucial for characterizing GBM, but 
distinguishing early treatment effects from tumor progression remains challenging. Temozolomide (TMZ) is the standard 
chemotherapy for GB, yet its effectiveness varies, underscoring the need for advanced biomarkers to assess treatment 
response, allowing for an early switch to a second line treatment [2]. This study evaluates the potential of T2-weighted 
MRI-derived radiomic features to identify local tissue changes in TMZ-treated GL261 GB-bearing mice showing transient 
response, from untreated controls in which tumors are showing uncontrolled proliferation, regardless of tumor volumes. 
METHODS:  GL261 tumors were generated through intracranial injection as described by us [3]. TMZ was administered 
(60mg/kg) to treated groups starting at day 11 post-implantation, with protocols described in [3] and [4]. T2w MRI studies 
were performed at 7T with a RARE sequence (TR/TEeff = 4200/36ms). T2-weighted MRI data were collected from 60 
mice (31 TMZ-treated, 29 controls), and radiomic features (51 features/case) were extracted from three regions: tumor 
core, dilated peritumoral borders (3.5 mm radius), and combined tumor regions (Figure 1). Image intensities were 
normalized (0–250 range), and feature discretization was tested with bin widths of 2, 4, and 6. A training set (30 mice: 
17 treated, 13 controls) was used to develop supervised machine learning models (Random Forest, SVM, Logistic 
Regression) with ANOVA-based feature selection and hyperparameter optimization (GridSearchCV, 5-fold cross-
validation). The other 30 mice were used as an independent test set. RESULTS & DISCUSSION: Models relying solely 
on tumor core or tumor edge features showed poor classification (low AUC/accuracy), while combined tumor-peritumor 
features enabled robust discrimination. The optimized Random Forest classifier achieved an AUC of 0.92 and accuracy 
of 0.93 on the test set (30 mice: 14 treated, 16 controls), with texture-based features dominating the predictive signature. 
These findings support the idea that the peritumoral zone contains molecular/cellular alterations involved in proliferation, 
invasion, and recurrence [5]. Moreover, microglial cells have been described in peritumoral zones, and depending on 
their phenotype, they can have different impact on tumor response to therapy. The changes in molecular characteristics 
and cell populations, as well as local effects on tumors, can be potentially spotted with advanced imaging approaches 
[6] which are not currently considered in standard pipelines. TMZ-treated mice that were followed-up until endpoint 
presented prolonged survival time (43±10 days, n=11), and some mice (n=4) showed total tumor remission, compared 
with the standard survival of untreated mice (ca. 21 days, UAB data, n>100), confirming the treatment efficacy. It is 
worth mentioning that in most cases, the study was not conducted to endpoint since euthanasia was done for validation 
purposes. However, data were obtained during a clear response (TMZ-treated) or exponential tumor growth (control 
mice). Although control mice do not fully represent a “tumor progression after treatment” group, this approach could 
pave the way for future studies in this direction. CONCLUSION: These results suggest that radiomic heterogeneity 
within the tumor and its peritumoral area is critical for distinguishing treatment effects triggered in TMZ-treated mice, 
which presented, as expected, relevant differences from control animals. The model’s predictive potential arises from 
its ability to capture microenvironmental heterogeneity reflective of TMZ-induced biological changes, which are linked 
to treatment response. 
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Figure 1 – MRI images at day 16: (a) Control case, (b) Treated case. 
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Figure 1. (a–d) Brain Age Gap (BAG) comparisons between healthy controls and MSKP patients across four models: (a) David A. 

Wood, (b) David A. Wood Fine-Tuning, (c) Pyment, (d) In-house model. Asterisks (*) indicate significant group differences. (I–II) 

Scatter plots showing predicted brain age vs. real age at the first and second acquisition for MSKP patients and healthy controls. 

INTRODUCTION: Chronic musculoskeletal pain (MSKP) has been associated with neuroplastic changes that may affect 
brain structure and function. Brain age prediction serves as a promising biomarker to characterize such alterations [1]. This 
study investigates brain age differences between healthy controls and MSKP patients with chronic back pain using four 
distinct models: the model developed by David A. Wood (with and without fine-tuning), Pyment, and an in-house model based 
on morphological features. Cross-sectional and longitudinal analyses were conducted to evaluate baseline differences and 
potential brain aging trajectories over time. 
METHODS: MRI data were acquired on a 3T scanner (Universidad de Valladolid) from 53 healthy controls and 38 MSKP 
patients. A second scan was obtained for 32 of the patients after a six-month interval. 
Four brain age models were used: the David A. Wood model[2] trained on an external dataset; the same model after fine-
tuning using local data from the LPI database (n = 187) ; Pyment [3]; and an in-house model, a single-layer MLP trained on 
4,268 open-access T1w MRI cases. This model uses 314 brain features extracted with FastSurfer (7.4.1) [4]. 
Brain Age Gap (BAG = predicted age – chronological age) was analyzed using ANCOVA or a robust linear model if ANCOVA 
assumptions were not met. Sex and estimated total intracranial volume (eTIV) were included as covariates. Age was either 
corrected in the predictions or included as a covariate. 
RESULTS & DISCUSSION: Two of the brain age models employed (original David A. Wood and Pyment) revealed a 
statistically significant different brain age gap between healthy controls and MSK patients (p=0.045 and p=0.019, 
respectively). The Pyment model also detected differences in second acquisition (p=0.0006). Surprisingly, differences 
indicated lower brain age in MSK patients. The other two models (fine-tuned David A. Wood and in-house model) revealed 
no differences. Also, no significant differences in the brain age gap were found longitudinally with any of the models. These 
findings suggest that, although brain age could be a useful biomarker in chronic pain, results may critically depend on the 
chosen brain age model and the specific patient group considered [5]. Further research is needed to elucidate the existence 
and nature of these possible differences 
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White matter alterations after physiotherapy intervention in chronic musculoskeletal pain patients 
using free-water corrected DTI 

INTRODUCTION: Chronic musculoskeletal pain (CMP) is the leading cause of disability in western societies1. Surgery 
and pharmacological therapy are the most common treatments, but recent advances have led to non-pharmacological 
treatments involving pain education and physical exercise. In this work we studied the white matter (WM) before and 
after one such non-pharmacological treatment, in order to assess the extent of possible brain changes. Since chronic 
pain is related to neuroinflammation, we will consider both standard DTI and Free-Water (FW) corrected metrics for the 
analysis.  
METHODS: Diffusion MRI data were acquired in a 3T scanner at the Universidad de Valladolid with a 32-channel head 
coil, using two non-diffusion weighted volumes (b=0s/mm2) and 2 shells (b= 500, 6 directions and 1000 s/mm2, 61 
directions). CMP patients with low back pain (n=35, 28/7 females/males, 50±8years), were studied in two sessions: the 
first was pre-intervention (t0) and the second post-intervention (t1). After the first session, patients went under a 
physiotherapy-based intervention during six weeks, following the protocol in Galan-Martín et al.2 Datasets were pre-
processed, and FW maps calculated with the dMRI-Lab toolbox3. In parallel, the FW fraction was subtracted from the 
diffusion signal and DTI parameters were recalculated. Registration fails and the lack of some physiological data caused 
the final number of subjects to be 29. WM regions of interest (ROI) were identified using the Johns Hopkins University 
ICBM-DTI-81 WM Labels Atlas4 and the average diffusion values were calculated per ROI for each subject. Longitudinal 
analysis was performed with a linear mixed-effects model in R. The fixed effects were the time between sessions 
(longitudinal coefficient), the evolution (whether the patient's condition improves considering the visual analogue scale), 
age, sex and interaction between time and phenotype to analyze the progression separately. P-values were corrected 
for multiple comparisons using FDR. 
RESULTS & DISCUSSION: The statistical analysis revealed significant differences in some WM tracts for the DTI 
parameters and FW values (Fig.1A). At t0, significant differences between the patients that improved and those that did 
not improve were only observed using DTI, with significant higher MD and RD values for those patients that improved, 
but at t1 significant differences were detected using FW-DTI. The FA values estimated with FW-DTI were significantly 
lower at t1, and the rest of the diffusion parameters presented increases and decreases in some WM tracts. The FW 
fraction showed significant higher values in those patients that improved after the integrated therapy programs.  
In this study, the estimation of the FW fraction and the correction of the diffusion signal reveal alterations in the WM that 
were not detected with DTI. We demonstrate that patients with CMP exhibited significant changes of the diffusion 
parameters in the WM tracts after the integrated therapy program. Patients who did not improve their condition after the 
therapy showed a higher rate of change in the diffusion parameters, which may indicate a greater evolution of WM 
damage. More analyses are required to determine the physiological processes that could explain these WM alterations. 
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Figure 1. A) Summary of the number of WM tracts with significant differences after the correction for multiple comparisons in the diffusion parameters 
from both mathematical approaches (DTI: above arrows, and FW-DTI below the arrows). B) Boxplots of the fractional anisotropy (FA), fractional 
anisotropy after the FW correction (FW-FA) and FW fraction of the right anterior limb of the internal capsule. 
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(C) Subject’s overall opinion on:(B) Trust on AI: (A) Sharing anonymized data can: 

A Multicenter Kidney Research Study about the Participant Insights on Data 

Sharing and Artificial Intelligence  
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INTRODUCTION: Data sharing in research promotes reproducibility, while artificial intelligence (AI) aids in processing 
complex clinical data. However, more research is needed on participant’s attitudes toward data sharing and AI in clinical 
data, including MRI. This study aims to explore kidney research participant’s views on data sharing and AI. 
 

METHODS: 
Survey design: included 42 questions (114 items) organized into three sections: 
-Data sharing: Assessed concerns and attitudes towards data sharing2. 
-AI: Evaluated attitudes towards AI in medical research (concerns, effectiveness, and trust)3. 
-Explanatory: Collected demographics and data sharing/AI-related variables (trust, computer skills). 

Survey distribution: 137 surveys were distributed to research participants (patients and healthy subjects) in clinical centers 
across Italy (N=36), UK (N=67) and Spain (N=34). Participants provided informed consent and responses were 
anonymous. 
Data preprocessing: Rating scale responses were coded with lower values indicating negative opinions and higher values 
indicating positive opinions. Counts and percentages for each category were computed to evaluate overall responses. 
Explanatory variables, informed consent questions and overall opinions on the balance of benefits and drawbacks were 
excluded from the internal consistency and subject’s overall opinion analyses.  
Subject’s overall opinion on data sharing and AI: Responses were normalized from -1 to 1, with 0 as neutral. Mean values 
were computed to derive a single metric representing the individual’s overall opinion.  
Survey internal consistency: Cronbach’s alpha was calculated separately for data sharing and AI4. 
Regression analysis: A two-step regression analysis was performed to identify significant predictors of overall opinion on 
data sharing and AI: (1) Univariate Gaussian regression for each explanatory variable, (2) Multivariate Gaussian 
regression for variables with p<0.10, identifying significant predictors (p<0.05). 
 

RESULTS & DISCUSSION: Figure 1A shows that many respondents perceived a major benefit of sharing clinical data to 
accelerate scientific answers. Figure 1B reveals no respondents selected “not at all” regarding trust on AI for analyzing 
clinical data, including MRI. Figure 1C shows that subject’s overall opinion on data sharing (average score: 0.51±0.25) 
and AI (average score: 0.29±0.21) were positive (on a scale of -1 to 1).Cronbach’s alpha was 0.93 [0.91-0.94] for data 
sharing and 0.90 [0.87–0.92] for AI, indicating excellent internal consistency of the survey indicating reliable measurement 
of participants' perceptions.  
The data sharing regression model included four variables (education, family income, trust in people, and institutional 
trust). Institutional trust (p<0.001) and family income (p=0.0579) were significant, suggesting that higher trust and income 
increased the likelihood of sharing data. The AI regression model included health status, clinical category, participation 
experience, and AI knowledge. Clinical category (p=0.04) and AI knowledge (p=0.02) were significant, indicating that 
healthy volunteers and those with higher AI knowledge viewed AI more positively. 
 

CONCLUSION: Participants in renal MRI studies generally hold positives views on data sharing and AI, consistent with 
existent literature. Key factors influencing these attitudes include institutional trust, participant clinical category and 
technical knowledge of AI. 
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Figure 1: (A) Subject’s overall opinion on data sharing and AI. (B) Impact of data sharing. Most respondents chose "a great deal" 

for its impact on faster science, health insights, and rare disease understanding. (C) Trust in AI. No respondents chose "not at all" 

trust in AI algorithms analyzing clinical data like MRIs. 



 

 

 

 

 

 

 

 

A Framework for Organizing and Processing DWI Data in the FTLDNI Database 
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Figure 1 – Data base processing pipeline. The images downloaded from the NIFD database are transformed from DICOM to 

NIFTI format and organized to follow the BIDS specification. Then, an automated protocol to derive FA and MD maps from 

the diffusion input images using a tensor (DTI) approach, including eddy current artifacts and motion correction. 

 

 

INTRODUCTION: The availability of large neuroimaging datasets has become crucial for modeling patterns and 
trajectories in neurodegenerative disease, offering opportunities for data reusability and open science. Structural T1 
MRI images are straightforward to use. However, other modalities, such as diffusion MRI (DWI), represent more 
challenges in terms of data pruning, harmonization, and pipeline generation. We present a methodology to enable the 
automatic use of the DWI data available in the Frontotemporal Lobar Degeneration Neuroimaging Initiative (FTLDNI) 
(https://memory.ucsf.edu/research-trials/research/allftd) database in research setting and their processing 
 
METHODS: We have implemented a full pipeline including: (1) data exploration and selective download, (2) BIDS1 
standardization and data organization, and (3) Image preprocessing. A summary of the pipeline is shown in Figure 1. 
All the procedures were implemented in Python using specific tools available in the HD-BET2 and FSL-FDT toolboxes.  
First, we download all the T1-weighted and DWI images available in the NIFD project through the Image and Data 

Archive (IDA) platform (https://ida.loni.usc.edu/login.jsp). All these images are cleaned and organized within the 

database. Then, they are transformed from DICOM to NIFTI format and organized to follow the BIDS specification.  

Specifically, we implemented an automated protocol to derive FA and MD maps from the diffusion input images using 

a tensor (DTI) approach, including eddy current artifacts and motion correction. 

 

RESULTS & DISCUSSION:  The entire dataset contains images from 246 patients from four different centers, where 

each patient has multiple images corresponding to different visits. We cleaned and filtered all these images to retain 

only T1-weighted and one DWI images from each visit. After the application of the automatic BIDS transformation to 

organize the database into a research setting, we performed an exploratory analysis to identify usable data across 

centers and protocols. From this analysis, the larger homogeneous set of images was selected to implement our 

processing pipeline. This set consisted of 534 images from 262 participants from a single center, with across 1 to 6 

sessions per participant. All the selected images were acquired using a 64-direction DWI protocol.  

We applied our automated processing pipeline to this subset, computing FA and MD maps (Figure 1), as common 

diffusion measurement. These maps were visually inspected for validation.  

We are currently working on automatically obtaining all the FA and MD maps for all the datasets, including basic 

automatic quality control, minimizing the number of images requiring visual validation. Further analyses would include 

implementing the protocol in the selected subsample and examining patterns and differences across groups. 

Code available at: https://github.com/celiacruzescalera/DWI-pipeline 
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 Accuracy Dice Recall Precision 

Axial 0.98 0.51 0.20 0.28 

Sagittal 0.99 0.44 0.37 0.41 

Coronal 0.99 0.43 0.37 0.45 

 

Deep learning segmentation for morphological assessment of optic nerve integrity in 

optic neuritis 

 

INTRODUCTION:  
 
Deep learning techniques, particularly convolutional neural networks, have shown promise in automating complex tasks 
such as anatomical structure segmentation, offering faster and more objective assessments. Among these, U-Net has 
emerged as a powerful tool for segmenting anatomical structures in medical images. Optic neuritis (ON) is one of the 
most common demyelinating manifestations of multiple sclerosis (MS), yet its segmentation primarily relies on manual 
methods that are time-consuming and subject to a certain degree of inter-rater variability. This highlights the need for 
an automated, deep learning-based approach to enhance standardization and accuracy. This study aims to develop a 
U-Net model to segment the optic nerve from conventional 3D T1-weighted magnetic resonance imaging (MRI) scans.  
 
METHODS:  
 
The cohort included healthy controls (HC, n=18) and subjects with MS with (n=16) and without ON (n=17). Ground 
truths were generated by manually outlining each optic nerve, for all subjects, based on the T1-weighted MRI. Before 
implementing the deep-learning model, a preprocessing pipeline was set up to crop automatically the optic nerve area, 
based on a predefined region of interest (ROI) drawn at the Montreal Neurological Institute template. Then, this ROI 
was brought to the native space, by inverting the normalization transformation matrix. This step was implemented with 
SPM software package.  
For the deep-learning task, a 2D U-Net architecture with four encoding and decoding levels was implemented. The 
model incorporated batch normalization, ReLU activation, and a dropout rate of 0.2 to improve generalization. The 
network was trained using grayscale single-channel input with a binary segmentation output. 
Patches of 32 x 32 voxels were generated for segmentation across different planes—sagittal (n=7954), axial (n=6066), 
and coronal (n= 9345)—allowing for a more comprehensive assessment of the optic nerve. The dataset was divided 
into training (70%), testing (15%), and validation (15%) sets. 
To assess the model performance, the generated masks were compared to the ground truths by using the Dice 
coefficient as well as other metrics such as precision, recall, and accuracy.  
 
RESULTS & DISCUSSION:  
 
The single-plane segmentation approach yielded promising results, enhancing the detection of optic nerve structures 
and demonstrating strong generalization on the test set performance (see Table 1). Preliminary results indicate that the 
deep-learning model can successfully differentiate the optic nerve from surrounding tissues, despite the challenges 
posed by its size and similar gray tones to brain structures. Future work will focus on extending segmentation to multiple 
planes to further improve accuracy. 
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Table 1 – Segmentation performance across axial, coronal and sagittal plane. 
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Accelerated EPG-based myocardial T1 mapping with PENGUIN 

INTRODUCTION: Model-based Deep Learning (DL) allows accelerating MRI reconstruction and quantitative mapping. 
Here, we propose a DL architecture that performs myocardial T1 mapping directly from accelerated k-space, which 
models the signal with the Extended Phase Graph (EPG) formulation, to allow more accurate quantification. The DL 
architecture is a modification of PhasE Graph sigNal and Gradients QUantitative Inference machiNe (PENGUIN)1, with 
the following novelties: (a) quantitative mapping is performed directly from undersampled k-space; (b) signal intensity 
curves are simulated not only for a range of T1 values, but also for a range of regular heart rate (HR) values. 
METHODS: PENGUIN (Figure 1a) combines a Recurrent Inference Machine2 with a dictionary of EPG simulated signal 
evolution curves that provides the network with a pre-calculated signal model. PENGUIN performs 𝐽=2 inference steps 

to obtain 𝐽 estimates of the T1 maps, considering the L1-norm loss function evaluated in the myocardium. Networks 

were trained for acceleration factors acc={4,8}, ADAM optimizer, learning rate=1e-4, for 300 epochs, 64=ܥ and 256=ܥ 
channels for acceleration factors 4 and 8, respectively. Data were obtained from MICCAI’s 2023 CMR reconstruction 
challenge3. T1 mapping was conducted following a 4-(1)-3-(1)-2 MOLLI sequence, short axis (SA) view only, 
FOV=360×307 mm2, spatial resolution=1.4×1.4 mm2, slice thickness=5.0 mm, TR=2.67 ms, TE=1.13 ms, partial 
Fourier=7/8, and GRAPPA factor of 2, on a 3T MAGNETOM Vida Siemens scanner. K-space data were undersampled 
retrospectively, following a radial k-t sampling trajectory with golden angle increments. EPG-based simulations were 
implemented for HR=[28,102] bpm, T1=0:1:2000 ms, T2=50 ms. Ground-truth T1 maps were obtained by performing a 
pattern recognition approach over the reconstructed, fully sampled signal intensity images, through dot product 
matching. Zero-filled (ZF) and Compressed Sensing (CS) reconstructions were performed to compare with PENGUIN. 
RESULTS & DISCUSSION: PENGUIN’s T1 maps (Figure 1b-c) achieved mean relative errors of 10.1±11.0% and 
15.9±15.4%, and mean MSSIM scores of 0.999±0.001 and 0.998±0.001, for acc=4 and 8, respectively. PENGUIN is 
less resource-consuming than CS reconstruction, since the computational burden is moved to the preprocessing stage. 
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Figure 1 – (a) PENGUIN architecture for inference step ݆. The estimate ݌௝ is given to the dictionary to obtain the signal-intensity and 

corresponding derivative of each T1 value in ݌௝. The gradient of the negative log-likelihood Δܮ௝ is calculated, concatenated to ݌௝ and 

given as input to the network, which outputs the incremental update to the estimated maps. ℎ௝: memory vectors. (b) T1 maps of 5 

distinct test subjects (rows), acc=4; ground truth (GT), Exponential Fitting, zero-filled (ZF), compressed sensing (CS), and PENGUIN. 

(c) T1 relative errors and MSSIM scores obtained for all testing images; * (p-value<0.05) and *** (p-value<0.001). 

1. Carvalho C, Gaspar A, Nunes R, Correia T. Diving into Extended Phase Graph-based Deep Learning for accurate T2 mapping 
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dataset and benchmark to advance deep learning for cardiac MRI. Sci Data. 2024;11(1):687. 
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Figure 1. Sex-specific patterns in DWI, resting state FC and behavior. (A) Left: Example of aging curves in representative WM regions (FA, NDisp and NDen). Right: t-test 

between sexes show delayed breakpoint in females (blue) vs males (orange) for FA (p<0.05), NDisp (p<0.01) and NDen (p<0.05). (B) Left: MD trends in corpus callosum. 

Right: mean WM slopes show faster change in males (p<0.05). (C) For MD slope in WM, males show a significant correlation with the ventro-dorsal coordinate (orange) 

(p<0.05), while female with the antero-posterior coordinate (blue) (p<0.05). Yellow-brown gradient represents faster-slower slopes after breakpoint. (D) Posterior regions (left) 

for MD best follow a linear model, while anterior regions (right) follow a segmented model. This pattern is also depicted in the brain map on the right. (E) A representative 

trajectory of FC versus age for males (orange) and females (blue), showing a significant sex-age interaction, with females exhibiting significantly greater hyperconnectivity 

after one year (top). Age-related hyperconnectivity is mainly observed in anterior and superior regions (bottom), such as DMN, somato-motor, cingulate and insula networks. 

(F) Short-term memory performance shows no significant difference in the slope of the latency over days between sexes (top). In contrast, long-term memory performance 

reveals a significantly higher learning rate in females compared to males (p < 0.05) (bottom). DMN= default mode network. 

REFERENCES:   [1] Toschi N, Gisbert RA, Passamonti L, Canals S, De Santis S. Neurobiol Aging. 2020;86:191-200. 

Microstructural MRI trajectories in healthy aging: sexual dimorphism, functional and 

behavioral correlates  

INTRODUCTION: Characterizing sex differences is crucial to identify resilient/vulnerable targets, and understand the differential 
susceptibilities to neurodegeneration. MRI enables non-invasive, detailed analysis of brain microstructural and functional 
trajectories. Previous results indicated that women experience a delayed onset of microstructural decline1; to understand the 
biological underpinning of this finding, here we measure longitudinally microstructural MRI biomarkers in a rat model of aging across 
the full lifespan. Additionally, to determine the impact of the structural sexual dimorphism on cognition, we assessed resting state 
functional connectivity (FC) and spatial memory performance using the Morris Water Maze (MWM).  
METHODS: 30 Wistar rats (15 f) were scanned longitudinally over 2 years to collect diffusion-weighted (b-value 1000 and 2500 
s/mm2) and resting state functional data (TR 2s).  First, we extracted Mean Diffusivity (MD), Fractional Anisotropy (FA), Neurite 
Dispersion (NDisp) and Density (NDen) maps. Their trend with age was modeled ROI-wise using either linear, segmented with sex 
effect, or segmented separate for each sex regression models. Then, the best model was selected via a Bayesian information 
criterion. Segmented models capture: i) the breakpoint, the age when the curve inverts its trend towards reduced microstructural 
integrity, and ii) the slope after the breakpoint. Spatial patterns were tested by correlating slopes with the mean ROI coordinates. 
To assess FC, independent component analysis was used to extract resting-state networks, and age and sex effects were tested 
within each network. At the final time point, animals underwent 5 days of MWM test. Long-term memory was assessed by measuring 
the latency in finding the previous platform position, while latency in finding the new platform assessed short-term memory. 
RESULTS & DISCUSSION: Females consistently exhibited a delayed mean breakpoint across all WM in FA, NDisp and NDen 
(Figure 1A), and across all GM regions in NDen (data not shown). In addition, males showed a mean faster rate of change once the 
breakpoint was reached, particularly in MD (Figure 1B). MD in males demonstrated a significant correlation between the slope and 
the mean Y-coordinate, indicating a ventro-dorsal gradient in the rate of change, while females showed a correlation along the Z-
axis, demonstrating a posterior-anterior gradient (Figure 1C). Interestingly, posterior regions best fit to a linear model, while anterior 

and superior regions best fit to a sex-specific segmented regression model (Figure 1D). Functional analyses revealed an overall 

decline in FC with age until approximately one year, followed by an increase thereafter. This hyperconnectivity is more pronounced 
in anterior and superior regions, and in females (Figure 1E). Finally, behavioral analyses in the MWM revealed a significant sexual 
dimorphism in long-term but not short-term memory, with females displaying a significantly faster learning compared to males (Figure 
1F). Taken together, our findings demonstrate that: i) the sexual dimorphism in microstructural aging trajectories observed in humans 
is conserved in rats; ii) it is preferentially localized in anterior and superior regions; iii) it is paralleled by sexually dysmorphic 
hyperconnectivity in the same spatial locations; and iv) translated in better performance in tasks heavily relying on prefrontal cortex. 
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Efficient Model Fitting of Diffusion MRI via Simulation-Based Inference 

INTRODUCTION: Diffusion-weighted MRI (dw-MRI) is a key technique that enables non-invasive exploration of tissue 
microstructure [1]. When combined with advanced mathematical and biophysical models (e.g. AxCaliber [2]), it provides 
valuable diagnostic insight. However, these models require long, complex acquisitions due to noisy data and limitations 
of standard fitting using e.g. non-linear least squares (NLLS). We propose using simulation-based inference (SBI), 
specifically neural posterior estimation, to estimate model parameters from substantially reduced experimental 
acquisitions. In contrast to prior approaches relying on model-based fitting or post-hoc uncertainty quantification [3], this 
work employs amortized posterior estimation to directly infer model parameters from reduced acquisitions. 
METHODS: We evaluate the efficacy of SBI on various diffusion models including DTI, DKI and AxCaliber. We leverage 

SBI to obtain reliable diffusion maps from far fewer samples than are required for robust NLLS fitting, more in line with 

the theoretical minimum - equal to the number of parameters under ideal identifiability and noise-free conditions. Neural 

density estimators were trained on simulated data by minimizing the negative log-likelihood of known parameters under 

the network-predicted posterior [4]. Once trained, the network can infer posteriors from experimental data, providing 

accurate parameter estimates where other methods are impractical.  

RESULTS: Using the AxCaliber model, we evaluated SBI and NLLS on both in-silico data and in-vivo data using a 

reduced acquisition set (19 acquisitions - 1 B0 and 6 for B > 0 repeated for three diffusion times - a 90% reduction from 

the full 273). In silico, SBI consistently outperformed NLLS across full and reduced acquisition schemes and noise levels 

(SNR = 2–30). In vivo results (five subjects from [5]) showed SBI maintained an accuracy > 0.7 (measured using the 

structural similarity index, SSIM) compared to full-data results for key model parameters, using only 10% of the full data. 

In contrast, NLLS achieved an average SSIM of just 0.4. Figure 1c demonstrates that SBI-derived restricted diffusion 

fraction maps retain anatomical fidelity and contrast at reduced acquisitions. Similar results were also achieved for DTI 

and DKI. These results establish SBI as an efficient, generalizable tool for accurate parameter estimation from sparse 

acquisitions, reducing scan time demands and broadening clinical accessibility. 
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Figure 1 – a) Example schematic illustration of the AxCaliber model (hindered and restricted diffusion in orange and teal, 

respectively). Estimated parameters, such as restricted bundle angles or compartment fractions, serve as quantitative biomarkers of 

tissue integrity. b) Special acquisition schemes produce signals encoding microstructural fingerprints, which are input to neural 

density estimators pre-trained on simulations. The network infers posterior distributions over the model parameters for each 

experimental measurement. c) Example restricted fraction maps from a single axial slice, comparing SBI and NLLS fits using the 

AxCaliber model with full (273 acquisitions) and reduced (19 acquisitions) datasets. SBI preserves anatomical detail and parameter 

fidelity at 90% acquisition reduction, while NLLS exhibits a significant reduction in structural information. 



 

Tumor detection via MRI using metal-free organic radical dendrimers as contrast 

agents. 

Currently, gadolinium-based contrast agents (GBCAs) are the most commonly used MRI CAs in clinical settings. While 
historically considered safe, a well-established link emerged over the past decade between GBCA administration and 
the development of nephrogenic systemic fibrosis (NSF) in patients with renal impairment. Additionally, recent studies 
have reported the accumulation of residual Gd(III) ions in various organs—including the brain, bones, skin, liver, and 
kidneys—even in individuals with normal renal function and an intact blood-brain barrier (BBB). Given these concerns, 
the development of alternative imaging probes that circumvent GBCA-related toxicity is of paramount importance. 
 
Persistent organic radicals present a promising alternative, as they exhibit paramagnetic properties similar to Gd-based 
CAs and function as T1 contrast agents while avoiding the risks associated with metal accumulation. However, isolated 
organic radicals show low ability to generate contrast and can undergo rapid bioreduction.  
Our strategy involves anchoring multiple organic radicals onto the surface of a dendrimeric macromolecule (radical 
dendrimers)[1-8], which enhances contrast capacity while also protecting the radicals from bioreduction, thereby 
improving their performance. 
 
We have successfully synthesized various generations of radical dendrimers that are fully water-soluble and 
functionalized with nitroxide organic radicals at the periphery. Both in vitro and in vivo studies have demonstrated that 
these dendrimers provide contrast enhancement comparable to or even superior to GBCAs. Under in vivo conditions, 
radical dendrimers have effectively enhanced contrast in murine GL261 glioblastoma (GB) tumors, achieving similar 
imaging results to commercial Gd-based agents despite being administered at a fourfold lower dose[2] (Figure 1). They 
selectively accumulate in brain tumor tissues, enabling imaging over extended periods (≥2.5 h) compared to Gd 
chelates. Furthermore, the radicals on the dendrimers exhibit high stability in biological environments. These findings 
support the potential of radical dendrimers as a viable alternative to metal-based MRI contrast agents, particularly for 
glioblastoma imaging. 
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Figure 1. Left) Structure of the third generation of a radical dendrimer based on polyphosphorhydrazone dendrimer and proxyl organic 

radicals (in blue). Right) Color-code scale for relative contrast enhancement (RCE) of GL261 glioblastoma tumour-bearing mice with 

intravenous administration of the radical dendrimer at 0.025 mmol/Kg. 
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Hyperpolarized NMR Reveals Distinct Liver Metabolic Alterations in Female Mouse 

Models of Obesity 

INTRODUCTION:  
Hyperpolarized nuclear magnetic resonance (HP-NMR) enables real-time, non-invasive metabolic assessment in vivo 
[1, 2], making it a valuable tool for investigating obesity-induced metabolic alterations. Despite the well-established 
impact of obesity on metabolism, its effects in female subjects remain underexplored [3]. Given the liver’s central role 
in metabolic regulation, different types of obesity may drive distinct hepatic adaptations, particularly in key metabolic 
hubs such as pyruvate, which integrates glycolysis, mitochondrial respiration and amino acid metabolism [4].  
In this study, we employed HP-NMR to investigate how obesity alters hepatic pyruvate metabolism in female mice. 
METHODS:  
Obesity was induced in female C57Bl/6J mice through two different approaches: (1) a high-fat diet (HFD, 60% fat) for 
20 weeks, and (2) genetically induced obesity in leptin-deficient (Ob/Ob) mice, maintained on a regular diet until 12–14 
weeks of age. These groups were compared to lean control mice fed a low-fat diet for 20 weeks. All animals underwent 
metabolic characterization, including body weight assessment, glucose tolerance testing, and insulin sensitivity 
evaluation. At the study endpoint, HP-NMR was utilized to analyze hepatic 1-13C-pyruvate metabolism (figure 1), when 
kinetic rate constants (Kp) for lactate, alanine, and bicarbonate production were determined using a mathematical fitting 
model. 
RESULTS & DISCUSSION:  
HP-NMR analysis revealed distinct metabolic alterations between obesity models. The 1-13C-lactate production rate 
from hyperpolarized 1-13C-pyruvate differed significantly between the two obesity groups. Compared to lean controls, 
1-13C-alanine kinetic rate was decreased in the Ob/Ob model but increased in the HFD-induced obesity model. Notably, 
bicarbonate production was detected exclusively in the Ob/Ob mice, suggesting enhanced mitochondrial metabolism, 
likely contributing to active triglyceride synthesis. These findings highlight HP-NMR as a powerful tool for elucidating 
metabolic adaptations in vivo, providing critical insights into obesity-associated hepatic metabolic reprogramming. 
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Figure 1 – Experimental outline and obesity mouse models for analysis of 1-13C-pyruvate metabolism in the liver. The relative flow 

of liver pyruvate converted into lactate, alanine or bicarbonate was assessed by HP-NMR spectrometry. 
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Study of the relationship between tumor metabolism modulators, IDO1, IDH and 

ChK-α, and the expression of the immune checkpoint, PDL1, in glioblastoma models 

INTRODUCTION: Immune checkpoint blockade-based immunotherapies (IMT) have demonstrated efficacy in some 
tumors such as melanoma, but have failed in others like glioblastoma, and we don't know the reason. A possible cause 
is aberrant tumor metabolism that allows tumors to create an immunosuppressive microenvironment. Previous studies 
showed a relationship between immune checkpoint PD-L1 and key pieces of tumor metabolism. This work aims to 
investigate the existence of a relationship between aberrant tumor metabolism and acquired tumor immunoresistance.  

METHODS: We modulated the immune-checkpoint PD-L1 and three key metabolic enzymes, ChK-α, IDO1 and IDH1, 
to assess their effect on the lipid profile of various GBM models. We used the murine glioma cell line GL261 wild type 
(GL261wt) and IDH mutated (GL261mIDH) along with human glioblastoma cell lines (SF10602ML). Cells were seeded 
and treated for 48h with metabolic inhibitors, or transfected with siRNAs against PD-L1 and ChK-α. Metabolic profiles 

were obtained through dual-phase metabolite extraction and subsequent 1H high-resolution NMR. Spectra were 

acquired on a Bruker Avance Neo 11.7T NMR spectrometer. Integrals of the metabolites were determined and 
normalized to the TSP reference and the number of cells, from at least three experimental samples.  

RESULTS & DISCUSSION: Decreasing PD-L1 expression depicted increased levels of lipids involved in tumor 
progression, such as cholesterol or phosphatidylcholine in SF10602ML and GL261mIDH cells. Downregulating Chk- α 
increased the levels of total lipids in GL261-WT cells. Furthermore, the pharmacological inhibition of IDO1 with 1MT 
showed a significant increase of cholesterol, phosphatidylcholine and total lipids in GL261-WT cell line. On the other 
hand, the inactivation of mIDH1 with AGI-5198 reduced the total level of lipids in murine cell lines carrying IDH1 mutation.  

Our results showed the existence of an interrelationship between PD-L1 expression and lipid metabolism in glioblastoma 
cells, highlighting the influence of the genetic profile on this interrelationship. This study demonstrates that PD-L1 has 
pro-oncogenic functions that go beyond its traditional role as an immunomodulator, influencing tumor metabolism. 
Metabolism also impact immunoresistence, as it has been demonstrated that lipids can reprogram T cells infiltrating the 
tumor mass towards immunosuppressive and anti-inflammatory phenotypes. Therefore, the increase in lipid levels upon 
PD-L1 downregulation could be utilized by tumor cells to regain resistance against the natural immune response.  

These results are highly relevant as they unveil a relationship between tumor metabolism and tumor acquired 
immuneresistance. The study of this relationship and the mechanisms that control it will allow us to understand why 
certain tumors do not respond to IMT, as well as rationally design new combinations of therapies seeking a synergistic 
effect. 
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Figure 1 – Representation of lipid levels in SF10602ML cells (A), GL261-WT (B) and GL261-mIDH (C) cells. Control cells (dark 

blue), Chk-α siRNA-interfered cells (light blue), PD-L1 siRNA-interfered cells (lilac), AGI-5198-treated cells (orange) and 1MT-treated 

cells (green). It has been generated from the quantitative analysis of high-resolution MRS spectral data of lipid phases. The mean 

value ± standard error is represented, with n≥3. *p ≤ 0.05, **p ≤ 0.01, compared to control cells. 
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Figure 1. (A) Schematic representation of DCE-

MRI time intensity curves for mice of each age 

group. Table on the right-hand side explains 

parameters measured. (B-F) Quantification of 

BM DCE-MRI parameters CE, ttp, WIR, WoR, 

and iWoR. *<0.05; **** <0.001 
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Quantification of healthy aging of BM vasculature by DCE-MRI 

INTRODUCTION: Alterations in bone marrow (BM) vascular function can significantly impact the microenvironment in 
which hematopoietic cells reside, particularly hematopoietic stem/progenitor cells (HSPC). We have previously shown 
that DCE-MRI can be used to quantify bone marrow (BM) vascular changes induced by Acute Myeloid Leukemia [1]. 
In this study we focus on healthy NSG mice and expand on the findings of the previous study to characterize normal 
aging of the NSG BM vasculature. 
 
METHODS: NSG mice were divided in groups according to age (2-3 months, 5-8 months, and 14-16 months). MRI 
was performed on a 9.4 T Bruker with a B-GA12SH gradient coil system and a 40 mm ID quadrature birdcage coil. 
DCE scans were performed using a FLASH (TR 17.639 ms; TE 1.859 ms; FA 10°; FOV 30x30x0.5 mm3 (128x128), 
Dotarem (0.4 mL/Kg, Guerbet, France) was injected 4 min after the start of the scan. Anesthesia was induced and 
maintained using isoflurane (1-4%) in room air supplemented with oxygen (80%/20%). Temperature and respiration 
rate were monitored using an SA Instruments system (Bayshore, NY, USA). MatLab 2019b was used for all DCE-MRI 
non model based analyses. 
 
RESULTS & DISCUSSION:  
Healthy aging alters BM vascular function (Fig1) Key changes in vascular function are already present at 6-8 months 
of age, and no significant changes were detected between 6-8 months and 14-16 months. Our study shows that 
healthy aged BM vasculature is characterized by slower blood inflow and increased leakiness. Lower blood flow can 
lead to hypoxia and inadequate nutrient delivery, potentially impairing HSPC function and skewing differentiation, 
while increased leakiness can disrupt the tightly controlled exchange between the vasculature and BM tissue, allowing 
inappropriate exposure to systemic signals or immune cells [2,3].  
The importance of this dysfunction extends beyond basic hematopoiesis. Understanding the specific nature of BM 
vascular dysfunction—namely, low blood flow and leakiness—can offer insights into disease mechanisms and reveal 
new therapeutic targets. Strategies that normalize or restore vascular function in the BM may improve outcomes in 
conditions like myelodysplastic syndromes, leukemia, or even age-related hematopoietic decline [4]. Moreover, since 
the BM vasculature is uniquely specialized compared to other vascular beds, these findings highlight the need for 
tissue-specific approaches when studying or targeting vascular pathologies [5]. 

Ana Gomes1*, Dominique Bonnet2, Bernard Siow1 

1In Vivo Imaging, The Francis Crick, London, UK, 2Haematopoietic Stem Cell Laboratory, The Francis Crick Institute, London, UK 

*ana.gomes@crick.ac.uk 



Abstract 

References 

Raquel González-Alday1, Carla Dávila-Yagüe1, Nuria Arias-Ramos1, Blanca Lizarbe1,2, Pilar López-Larrubia1* 

Evaluating neuroinflammation in-vivo in a mouse model using multiparametric MRI, 

with ex-vivo insights from immunofluorescence and HRMAS spectroscopy 

INTRODUCTION: Systemic administration of lipopolysaccharide (LPS) is a widely used murine model for studying 
neuroinflammation, with established microglia activation and cytokine production [1]. While MRI studies have primarily 
focused on rats or in diffusion-weighted imaging, the objective of this work is to characterize this model in mice using 
a multiparametric MRI approach to identify non-invasive biomarkers of neuroinflammation. 
 
METHODS: C57BL/6J wild-type adult male and female mice were subjected to a single intraperitoneal injection of 
either saline or LPS derived from Escherichia coli, administered at a dose of 10mg/kg. MRI studies were conducted in 
a Bruker Biospec 7T system, acquiring baseline scans and subsequent scans at 3h and 24h post-administration. The 
multiparametric MRI protocol included T2W images, T2 and T2* maps, magnetization transfer imaging (MTI) and 
diffusion tensor imaging (DTI). The multiparametric MRI maps were processed using Resomapper, an in-house 
developed Python pipeline that uses Dipy [2] for DTI fitting, they were co-registered using ANTsPy [3], and then a 
region of interest (ROI)-based analysis was performed using linear mixed effect models in the software R. The 
selected ROIs include the cortex (Cx), hippocampus, (HPC), thalamus (Thal), and hypothalamus (HTH). At the end of 
the study, mice were sacrificed either by high-power focused microwave for 1H HRMAS spectroscopy or by 
intracardiac perfusion for immunofluorescence assays. In these assays, brain slices were stained with Iba1 to detect 
microglia and GFAP to detect astrocytes. Various morphology aspects of these cells were analyzed using an in-house 
developed ImageJ [4] macro. 
 
RESULTS & DISCUSSION: The analysis of the MRI studies showed a significant decrease of mean diffusivity (MD) in 
LPS-treated mice after injection in all the studied brain areas, while the contrary effect was observed in control mice, 
with an increase of MD (Figure 1). The same behavior was observed in axial diffusivity (AD). The results of the 
immunofluorescence assays (Figure 2) confirm that in LPS-treated mice, a higher number of astrocytes and 
microglia, being the microglia cells also bigger and more circular than in controls, which confirms that the diffusivity in 
these mice is hindered by these reactive immune cells, explaining the MRI results of LPS-treated mice. The increased 
diffusivity in controls suggests a vasogenic effect caused by the saline injection, which might be masking a higher 
decrease in MD in LPS mice. A decrease over time in T2 was observed in all mice, probably due to the effect of 
anesthesia. Finally, regarding the HRMAS analysis of the ex-vivo samples, the most notable differences were that a 
lower concentration of glucose was observed in all brain areas of LPS-treated mice than controls, and a higher 
concentration of glutamate in the cortex of these same mice was found (Figure 3). These differences are expected to 
be caused by the toxic effect of LPS and the reactive state of astrocytes and microglia. More work is currently in 
progress to better understand these results and to combine the information of all MRI maps into a more advanced 
analysis. 
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Figure 1   Figure 2   Figure 3  

 
Figure 1 – Mean diffusivity before and 3h and 24h after injection (average of all brain areas for each subject is represented). 
Figure 2 – Immunofluorescence images of microglia (Iba1) and astrocytes (GFAP) in a section of hippocampus. 
Figure 3 – Relative metabolite concentrations obtained by HRMAS spectroscopy of ex-vivo samples. A) Average of glucose 
concentration along all brain areas. B) Glutamate concentration by brain area. 
 

1. A. Skrzypczak-Wiercioch, K. Sałat, Molecules. 27, 5481 (2022); 2. E. Garyfallidis et al., Front. Neuroinformatics. 8 (2014); 3. N. 

J. Tustison et al., Sci. Rep. 11, 9068 (2021); 4. J. Schindelin et al., Nat. Methods. 9, 676–682 (2012)  

 



Abstract 

References 

Raquel González-Alday1, Adriana Ferreiro1, Nuria Arias-Ramos1, Blanca Lizarbe1,2, Pilar López-Larrubia1* 

Resomapper: a user friendly and versatile pipeline for multiparametric MRI data 

processing and mapping  

INTRODUCTION: Magnetic resonance imaging (MRI) is essential in research and clinical settings, with quantitative 
MRI (qMRI) improving reproducibility and sensitivity. However, qMRI processing can be challenging, especially for 
users with limited coding experience. We introduce Resomapper, an open-source, cross-platform tool that integrates 
well-established processing libraries into a unified, user-friendly workflow, simplifying qMRI analysis and promoting 
accessibility, reproducibility, and data sharing. 
 
METHODS: Resomapper is a Python-based tool designed for user-friendly multiparametric MRI processing. It 
integrates well-established libraries, including Nibabel [1] and SimpleITK [2] for image and data handling, Dipy [3] for 
diffusion modeling, and others. The software supports T1, T2, and T2* relaxometry, magnetization transfer imaging 
(MTI), diffusion tensor imaging (DTI), and simple apparent diffusion coefficient (ADC) fitting. To enhance data quality, 
Resomapper includes preprocessing options such as denoising, Gibbs artifact removal, and bias field correction. 
Users can process data via an interactive sequential pipeline or an automated JSON-configured workflow, both 
executable through simple command-line instructions (see Figure 1 for an overview of the workflow). Resomapper 
ensures compatibility by converting raw MRI data from different formats (DICOM, Bruker, MR Solutions) into the 
standardized NIfTI format within a BIDS-like structure [4], enhancing reproducibility, scalability, and data management 
efficiency. As an example of application of the software, we present a brain MRI study carried out on healthy, adult 
C57BL/6J mice, both males and females (n=34). MRI acquisitions were conducted in a Bruker Biospec 7T system, 
with a multiparametric MRI protocol including anatomical T2W images, T2 and T2* maps, MTI and DTI. The studies 
were processed with Resomapper and then co-registered using ANTsPy [3]. Finally, a region of interest (ROI)-based 
analysis was performed to check for differences between sex and brain areas. The selected ROIs include the cortex 
(Cx), hippocampus, (HPC), thalamus (Thal), and hypothalamus (HTH). 
 
RESULTS & DISCUSSION: The results of the preclinical MRI studies are shown in Figure 2. Expected differences 
were found between brain regions in all parameters, and in addition, a small significant sex difference was observed in 
T2*, being the values found in the thalamus and hypothalamus higher in female mice than in males. This might mean 
that anesthesia affects differently across sex (T2* is the last acquisition in the MRI protocol, in this case). Moreover, 
this example serves as a reference for other multiparametric MRI studies in mice, demonstrating the feasibility of 
using Resomapper for standardized multiparametric qMRI analysis. By integrating multiple processing tools into a 
single, user-friendly framework, Resomapper simplifies qMRI workflows and facilitates reproducible, high-quality 
image analysis. Its support for diverse preprocessing techniques, multiple imaging modalities, and standardized data 
formats makes it a valuable tool for researchers with varying levels of programming expertise. Future work will focus 
on expanding modality support, improving automation, and enhancing compatibility with clinical datasets. 
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Figure 1 – Schematic of the workflow implemented in Resomapper. 

Figure 2 – MRI results across different brain areas. Males and females are represented together in A) – F), where no sex 

differences were found, to illustrate differences between areas. For T2*, in G), females vs males are represented to illustrate the 

difference found in the thalamus and hypothalamus. 
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Leveraging the MouseX DW-ALLEN atlas and the QUINT workflow to match 

MR and histological data in a mouse model of neurodegeneration 

INTRODUCTION: Working within the same reference space in neuroimaging is crucial to integrate and compare 
different techniques effectively. The Allen Mouse Brain Atlas (AMBA), as the largest open resource for mouse brain 
data, plays a central role in this process. Given the pressing need of validating MRI data’s underpinning biology, 
matching histological and MRI data is of key importance. To this end, we have adapted the parcellation of the QUINT 
workflow [1]- which brings AMBA parcellation over histological brain slides- to match the same regions and resolution 
as the MouseX DW-ALLEN atlas [2]. This enables us to overlay the AMBA onto histological slides and analyze MRI-
derived parameters alongside their histological validation using the same parcellation, ultimately uncovering the 
underlying biology of MRI contrast. As a proof of concept, we have applied the framework to test associations between 
MRI markers and reactive periplaque microglia in the APP/PS1 mouse models of Alzheimer’s disease. 
METHODS: APP/PS1 mice (n=11) were scanned on a 7T Bruker scanner at 9 months, when pathology is reportedly 
spread to cortical and hippocampal areas [3]. Whole brain gray matter was characterized by relaxometry, and by 
conventional and advanced diffusion-weighted MRI to extract diffusion tensor imaging markers, and markers sensitive 
to microglia morphology. Parcellation was done according to the MouseX-DW-ALLEN Atlas [2] as illustrated in Figure1a. 
A subset was perfused right after MRI acquisition for histological processing, and immunofluorescence staining was 
used to stain microglia (Iba-1). A representative slice per subject was processed following our modified QUINT workflow: 
i) DAPI staining was registered to AMBA space; ii) Iba-1 staining was thresholded and segmented for periplaque 
microglia quantification; and iii) microglia load was quantified region-wise (workflow shown in Figure1a, results in 
Figure1b). Next, we tested correlations between MRI markers and periplaque microglia load (Figure1c), revealing 
significant association between microglia load and FA (R2=-0.52; pvalue=0.016); AD (R2=-0.46; pvalue=0.036); T2* 
(R2=-0.63; pvalue=0.002); and stick dispersion KW (R2=-0.47; pvalue=0.031) . 
RESULTS & DISCUSSION: Quantification of periplaque microglia confirms the presence of pathology in cortical and 
hippocampal regions (Figure1b), as guided by MouseX parcellation. Notably, a significant negative correlation was 
reported between MRI-derived stick dispersion and periplaque microglia count per region (Figure1c), supporting 
sensitivity of this parameter to process retraction following plaque-associated microglia reactivity. In addition, reduced 
T2* in areas of reactive microglia is compatible with iron accumulation [5]. This workflow enables testing correlation 
between MRI biomarkers and histological markers under a common anatomical division, thus holding a great potential 
to elucidate disease-specific microstructural biomarkers.  
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Figure 1. a) Data acquisition and analysis workflow for MRI and histological data. MRI maps where registered to the MouseX-DW 

ALLEN Atlas and advanced markers of glia morphology were extracted by modelling different cylindrical and spherical compartments 

[4]. Immunostaining for microglia (Iba-1) was processed with QUINT workflow modified to match MouseX parcellation. b) periplaque 

microglia load (sum of positive pixels/total pixels per region) was quantified per each of the 44 grey matter regions, showing 

presence of inflammation in cortical and hippocampal regions, and minimum in internal nuclei. c) both MRI and histological data 

were extracted under common anatomical division, which allowed testing their correlation. Stick dispersion (KW) was reported 

to be significantly correlated to periplaque microglia accumulation per ROI (Pearson correlation=-0.47; pvalue=0.031). 
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Diet-induced obese mice show altered cerebral mean diffusivity and FA values 

during fasting 

INTRODUCTION: Obesity is a chronic disease linked to multiple comorbidities and it is associated with cerebral 
changes, including neuroinflammation and resistance to insulin and leptin, in cerebral regions involved in appetite 
regulation and energy homeostasis1. During fasting periods, the brain changes its metabolism, promotes the activity of 
hypothalamic orexigenic neurons and other regions, and regulates food-intake hormones2. In this study, we propose 
MRI to investigate in vivo the effects of short-term fasting on the brain in mice and how they are affected by obesity.  
METHODS: MRI images were acquired using a 7T Bruker Biospec scanner after 20 weeks of low-fat low-sugar (LFLS, 
10 kcal% Fat) diet or high-fat high-sugar (HFHS, 45kcal% Fat with 30 kcal% Sucrose) diet consumption (n=16 C57BL/6 
mice for each diet group, 50% females), and after 4 hours of fasting during the dark phase. Their body weight was 
monitored weekly and their blood glucose levels were checked before the acquisition. MRI study included DTI (30 
directions, TR/TE= 3000/37.56 ms, δ/Δ= 4/25ms, Mtx= 128×128, slice thickness= 1.25 mm, b-values= 800μm2/s and 
2500μm2/s) and MTI (MTON/OFF, TR = 2500 ms, TE = 9.8 ms, and Av = 1) images that were processed using a python-
based software to obtain mean diffusivity (MD), axial diffusivity (AD), radial diffusivity (RD) and fractional anisotropy 
(FA) maps using “patch2self” filter3, and magnetization transfer ratio (MTR) maps using adaptive “soft coefficient 
matching filter”3. In each map the regions of interest were manually selected using ImageJ and a mouse brain atlas as 
a reference4. To investigate the effects of diet, sex and brain region on the MRI coefficients we fitted the data to a linear 
mixed-effects model using R software5. After selecting the best baseline model, ANOVA tests were performed to 
estimate the significance of each effect and interaction on the MRI variables, and pos-hoc t-test with Bonferroni 
correction when interactions where significant. 
RESULTS & DISCUSSION: After a short fasting period, we found MD values changing significantly in a diet and brain 
region manner (diet:region interaction, p < 0.05) and an area effect (p < 0.001), with post-hoc tests showing significantly 
higher values in HFHS-fed mice in the NAc and ILA (padj < 0.05 both) (Figure 1A). Regarding FA values, significant 
effects were found for diet, sex, and area (p < 0.05 all). An increase in FA values was noted in HFHS-fed animals 
(Figure 1B). MTR values only showed a significant area effect (p < 0.001).  
In summary, we report that, in both sexes, mice fed with a HFHS diet have increased MD values, more remarkably in 
the reward regions NAc and ILA, and increased FA, under fasting conditions, as compared to non-obese mice. This 
MRI results are in agreement with previous investigations that report neuroinflammation6 and microgliosis7 processes 
under obesity conditions. In order to investigate this effect in depth, H1 HRMAS data will be acquired to examine the 
metabolic changes undergoing. In parallel, results will be compared to a non-fasting group. 
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Figure 1 – A: Distribution of MD values by area and diet in LFLS-fed (red) and HFHS-fed (purple) mice in the four brain regions 

investigated: hypothalamus (Hyp), hippocampus (Hipp), Nucleus Accumbens (NAc) and Infralimbic Area (ILA) (*p < 0.05). B: 

Distribution of FA values by diet in LFLS-fed (red) and HFHS-fed (purple) mice (*p < 0.05). C: Representative MD (top) and FA 

(bottom) maps of LFLS-fed (left) and HFHS-fed (right) female animals in the slices containing the NAc /ILA (MD) and Hyp/Hipp.(FA). 

1. Lizarbe B et al., Front. Neuroenergetics. 5 (2013); 2. Bogdanov VB et al., Psychoneuroendocrinology. 112 (2020); 3. Garyfallidis 

E et al., Front Neuroinform. 8 (2014); 4. Allen Brain Atlas, Reference Atlas (2024); 5. R Core Team, R (2021); 6. Jais A et al., J Clin 

Invest. 127 (2017); 7. Nguyen LT et al., npj Metab Health Dis. 2 (2024). 



 

 

A Custom Bioreactor for dDNP-NMR Studies of 3D Cell Models 

INTRODUCTION: Dissolution Dynamic Nuclear Polarization (dDNP) significantly enhances NMR sensitivity1, enabling 
the real-time, non-destructive tracking of metabolic conversions and the study of cellular metabolism. We developed a 
bioreactor (BR) fabricated from biocompatible materials and equipped with a fluidic system to maintain optimal culture 
conditions during NMR acquisition in benchtop spectrometers. This platform has been designed for dDNP-NMR 
studies of 3D cell models and has been tested on two tissue-engineered models of cervical cancer and hepatocellular 
carcinoma. 
METHODS: To characterize the BR-NMR signal distortion, an NMR tube was filled with 10% H2O/D2O.  The different 
pieces of the BR were added one by one to the NMR tube in their correct position and 1H NMR spectra were 
acquired. To assess the capability of the BR for cell maintenance, the metabolic activity of the scaffolds was assessed 
via alamarBlue assay. The 3D construct was placed inside the BR with the circulation system connected to a media 
reservoir a peristaltic pump with a flow of 0.2mL/min. For dDNP-NMR experiments, 2x106 scaffolded cells in the BR 
were placed inside a 1.4 T benchtop NMR spectrometer. After dissolution of hyperpolarized 1-13C pyruvate2, 1mL of 
growth media containing 3.2mM of 1-13C pyruvate was injected into the BR and 13C NMR spectra were acquired 
dynamically for 200s. 
RESULTS & DISCUSSION: The compatibility of the presented BR materials with NMR acquisitions was studied by 
assessing the signal distortion caused by the addition of each BR piece close to the detection area. In Fig. 1 A, we 
show a comparison between line shapes after sequentially adding the BR pieces. 
The efficiency of the cell media recirculation was examined to assess the suitability of the BR as a cell culture 
platform. As seen in Fig. 1C, the viability of the 3D cell models kept without media recirculation decreased by 45%, 
while the 3D models under flow maintained their viability.  These results illustrate the suitability of the BR platform to 
maintain cell viability during analysis.  
To validate the BR for dDNP-NMR analysis, the 3D cell models of HeLa and HepG2 cells were tested both in 2D and 
3D (Fig 2).  While HeLa show no significant difference between 2D and 3D conformation, HepG2 cells showed a 2.2-
fold higher rate of lactate production compared with the cell suspensions. 
Our findings suggest that this bioreactor platform effectively sustains and enables analysis of 3D cell models in NMR 
studies, providing a flexible and accessible tool for metabolic and biochemical research in tissue engineering. This 
platform integrates complex cellular models with NMR spectroscopy, establishing a solid foundation for future use in 
non-specialized laboratories. 
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Figure 1 – Metabolic analysis of 3D cell models in the bioreactor. (A) Representative dynamic 13C NMR spectra of 3D HepG2 

acquired every 5 s after HP pyruvate injection. (B) Time-course plot of pyr and lac signal integrals. (C) Summed dynamic spectra 

showing metabolic data from panel A. (D) Lactate-to-pyruvate ratios for HeLa and HepG2 in 2D and 3D models (mean ± SD). 
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Cerebral magnetic resonance imaging insights into bariatric surgery-induced 

changes in obese mice   

INTRODUCTION: Obesity is a chronic disease associated with several pathologies such as type 2 diabetes, 
cardiovascular risk or neurodegeneration. Bariatric surgery (BS), initially a high-risk weight-loss procedure, is still the 
most successful approach at restoring non-obese body mass indexes (BMI) in an increasing range of population [1]. 
Beyond weight reduction, BS alters metabolism, gut microbiota, and brain function. [2,3]. Among available techniques, 
vertical Sleeve Gastrectomy (VSG) is one of the most common, removing 70%–80% of the stomach. This study aims 
to investigate VSG's effects in the brain on a rodent diet-induced obesity model using diffusion tensor imaging (DTI) 
and magnetization transfer imaging (MTI). 
METHODS: 26 C57BL/6 mice (male and female) were fed with a high-fat high-sugar (HFHS, 45kcal% fat, 30 kcal% 
sucrose) diet (Research Diets Inc., D08112601i). After 20 weeks, obese mice were assigned to either a sham-operated 
or BS group. Post-surgery, animals were maintained on a liquid diet for 1 week, followed by a chow diet for 6 weeks. 
Body weight (BW) was followed daily. Brain diffusion tensor images (DTI, 30 directions, TR/TE= 3000/37.56 ms, δ/Δ= 
4/25ms, Mtx= 128×128, slice thickness= 1.25 mm, b-values= 800µm2/s & 2500µm2/s) and magnetization transfer 
images (MTI, MTON/OFF, TR=2500ms, TE=9.8ms, and Av=1) were acquired pre-surgery and at 3- and 6-weeks post-
surgery using a Bruker Biospec 7T system (Bruker Biospin, Ettlingen, DE). Image pre- and processing was performed 
using a software based on Dipy [4]. Parametric maps of mean, axial and radial diffusivities (MD, AD, RD), anisotropic 
fraction (FA) and MT ratio (MTR) were obtained, and regions of interest (ROI) from the hypothalamus (Hyp), 
hippocampus (Hipp), nucleus accumbens (NAc), and infralimbic area (ILA) selected.  Statistical analyses were 
performed using R [5], and MR parameters were fitted to a variety of LME regression models using the “lme” function 
of “nlme” [6] package to evaluate the differences of the MR parameters between sham and BS groups over time. 
RESULTS & DISCUSSION: The analysis of MR parameters in the Hyp and Hipp revealed significant variations in RD 
values associated with the “Type” (Sham/BS) and “State” (Pre, Post3w or Post6w) interaction (p<0.001 and p<0.01, 
respectively). Specifically, in BS group, RD increased significantly and Sham group decreased (Pre Vs Post6w) (Figure 
A). Additionally, in the Hipp, LME analysis of the FA also demonstrated a significant Type:State interaction (p<0.001), 
indicating that at week 6 the BS group had lower FA values, compared to the Sham (Figure B). Up sum, treatment with 
BS, which effectively reduced BW, resulted in decreased FA values and increased RD, on agreement with a successful 
reversal of the inflammatory state induced by obesity [7]. Currently our dataset comprises only n = 5 with the three time 
points. Future research will increase the n and expand the analysis to additional brain regions. 
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Figure 1 – (A) Boxplot of RD illustrating the comparative analysis across different time points for both the Sham and 
BS groups in the hyp and hipp. (B) Boxplot of FA values comparing the Sham and BS group in the different time points 
in the hipp. (C) Parametric maps of RD of the brain of a mice at different time points after a bariatric surgery (top) and 
a sham procedure (bottom) in the slice containing the hyp and hipp. (*p < 0.05, **p < 0.01, ***p < 0.001). 
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Neuroinflammation and Metabolic changes induced by medium-term High-fat diet in 

an IL-1R1KO murine model: An MRI-based study 

INTRODUCTION: Nowadays, obesity is a pathological condition with a high and increasing prevalence in society, due 
to the complex relationships between biological and socioeconomic influences; it has different comorbidities associated 
too, such as diabetes [1]. Chronic inflammation is strongly associated with obesity, moreover, high-fat diets (HFD) 
activate pro-inflammatory cascades in the brain because saturated fatty acids can cross the blood-brain barrier (BBB). 
Interleukin-1-receptor 1 (IL-1R1), a pro-inflammatory mediator, bridges the metabolic and inflammatory systems since 
previous studies have demonstrated that deletion of IL-1R1 signaling prevents the onset of insulin resistance in a mouse 
model of diet-induced obesity (DIO) [2]. In this context, our objective is to characterize the neuroinflammation by in vivo 
multiparametric MRI in an IL-1R1KO DIO murine model and wild-type mice (WT) both fed with standard diet (SD) and 
HFD. Also, we study the differences in mouse phenotyping between groups by using an indirect calorimetric assay. 
METHODS: Male C57BL/6J wild-type mice (n=12) and male IL-1R1KO mice with the same genetic background (n=19) 
of 7-8 weeks of age were divided into 2 groups: mice fed with HFD for 10 weeks and with SD for 10 weeks. At the end 
of this diet period, multiparametric MRI studies were conducted using a Bruker Biospec 7T scanner; we acquired 
magnetization transfer (MT) images, diffusion tensor imaging (DTI), T2 and T2* maps. Subsequently, parametric maps 
were processed with an in-house Python-based software (Resomapper) and, using ImageJ software, 4 brain regions of 
interest (ROIs) were selected and quantified: cortex (Cx), hippocampus (HPC), thalamus (Thal) and hypothalamus 
(HTH).  Linear mixed effects models were used to statistically assess the impact of diet and genotype (WT or KO) across 
areas on MRI parameters. Moreover, after 5 days from the MRI study, a metabolic and motor analysis system of cages 
(Phenomaster, TSE Systems GmbH) was used to study every mouse from each group (2 different genotypes with HFD 
or SD), which provided data on indirect calorimetry, motor activity and food intake, among other parameters. 
RESULTS & DISCUSSION: WT mice gained weight faster than KO mice and both groups with HFD lost circadian 
oscillations of respiratory exchange ratio (RER). MRI studies have detected higher T2 values in KO mice, which could 
indicate the occurrence of vasogenic edema in these mice. On the other hand, in the T2* studies, the values are 
significantly higher in the Cx of obese WT mice suggesting microvascular changes, potentially due to inflammation. 
Also, we observe a difference between KO and WT -significantly higher values in HPC and Thal of WT- and this 
difference remains independent of diet. The absence of Il1r1 gene in these mice might indicate an altered 
neuroinflammatory response, affecting homeostasis or oxygenation of brain tissue. This study is a work in progress; 
thus, we expect that the addition of new MRI studies with more WT mice and studying these groups after 20 weeks of 
SD and HFD, will help us to better understand the role of IL-1R1 in neuroinflammation caused by HFD. 
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Figure 1 – Boxplots representing the quantification of T2 values in the 4 regions comparing both genotypes (Above). Boxplots representing the 

quantification of T2* values in the 4 regions according to genotype and diet (Below). Figure 2 – Representations of body weight increase in the 

experimental groups relative to the start of the diet (Above). Representations of Respiratory Exchange Ratio (RER) adjusted to 72 hours (Below).  
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2. Finucane, O. M. et al. (2015). Monounsaturated fatty acid–enriched HFD impede adipose NLRP3 inflammasome–mediated IL-1β 
secretion and insulin resistance despite obesity. Diabetes 64, 2116–2128. 
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Towards Robust Diffusion MRI Biomarkers: A Reliability and Repeatability Study 

INTRODUCTION: Neuroimage studies are often obscured in their reliability assessment. In the diffusion MRI field, 
researchers are obtaining bigger datasets to evaluate the reliability of the developed methods. However, critics argue 
that better rather than bigger datasets should be acquired. This, together with the lack of a common framework for 
reliability evaluation limits the comparability between the developed markers. Extending the work in [1], we provide a 
thorough reevaluation of reliability assessment in region-based diffusion MRI studies, and evaluate the reliability of 
state-of-the-art EAP-based diffusion markers derived from DTI [2], AMURA [3], MiSFIT [4], MAPL [5], and HYDI-DSI-
QP [6]. Also, we study the required sample size for different group tests.  
 
METHODS: Two repeated-measures multishell datasets (MICRA [7] and ZJU [8]) are used to assess the repeatability 
and reliability of relevant diffusion metrics: the return probabilities (RTOP, RTAP, RTPP) [9], non Gaussianity (NG) [9], 
Mean Squared Displacement (MSD) and Q-space Inverse Variance (QIV). For a fairer comparison, MICRA dataset 
has been subsampled to mimic the ZJU’s acquisition protocol.  
 
RESULTS & DISCUSSION: EAP-based biomarkers show a different behavior for the two datasets. For MICRA, 
MiSFIT and HYDI-DSI yield the best results in terms of reliability across the different biomarkers. For ZJU, however, 
HYDI-DSI obtains the best results in all but two (RTPP and MSD) biomarkers. We conclude that only evaluating 
repeatability is not enough: restricted methods tend to score higher on repeatability given their lack of freedom when 
fitting the signal. HYDI-DSI and MiSFIT show a consistent high reliability, which may be due to the positivity 
constraints they impose. While the return probabilities and QIV seem to be the most robust measurements, NG 
performs slightly worse, and MSD is poor in terms of repeatability.  
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Figure 1 – (Left) Displacement of reliability vs. repeatability estimates across different datasets for different models: (1) AMURA, 

(2) DTI, (3) MiSFIT, (4) MAPL, (5) HYDI-DSI. Orange represents those estimates from MICRA, whereas blue represents ZJU. Even 

though the MICRA dataset has been subsampled for a fairer comparison, there still exists differences in the quality of the data, 

which have an effect on the reliability of their estimates. (Right) Required sample size for an ANOVA test using the data provided.  

The samples have been grouped across the different biomarkers. Green, therefore, represent the samples of MICRA, whereas 

purples are ZJU’s. The background shows the required sample size for the given effect size in an ANOVA test. As it can be seen, 

MICRA’s MiSFIT is the most reliable, and therefore, requires less samples to find statistical significant group differences.  
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Advanced AI strategies to estimate inflection point of response/relapse in preclinical 

GL261 glioblastoma using T2w MRI data 

INTRODUCTION: Magnetic Resonance Imaging (MRI) enables disease progression and treatment monitoring in clinical 
practice. Identifying early imaging biomarkers predicting treatment response is crucial for improving prognosis in 
Glioblastoma (GB), a primary brain tumor with poor outcome. In this work, we harness the GL261 preclinical GB model, 
which allows for longitudinal explorations1,2, providing a robust framework for evaluating treatment efficacy. In past work, 
we suggested that T2 weighted (T2w) MRI could identify response to Temozolomide (TMZ) independent of volume 
changes3. Here, we compared standard machine learning (ML) with feature extraction from T2w longitudinal MRI and 
deep learning techniques (DL), assessing their effectiveness in distinguishing between relapsing and cured TMZ-treated 
mice, prior to volume changes. METHODS: GL261 GB bearing mice were generated and TMZ-treated as described by 
us1. T2w MRI studies were performed at 7T with a RARE sequence (TR/TEeff = 4200/36 ms), every 2-3 days. Mice 
showing transient response were followed-up until endpoint. Mice were considered “cured” if tumor disappeared or 
remained as scar for one month after therapy halt, and control mice received TMZ vehicle. The dataset used was n=8 
control mice (84 images), n=5 cured mice (66 images), and n=5 relapsing mice (232 images, representing different time 
points). For standard ML, radiomic features were extracted from tumor segmentations using PyRadiomics and models 
such as XGBoost were employed. Different data splitting and data augmentation strategies were approached to assess 
their impact on predictive performance. For DL, we implemented CNNs, LSTMs, and Transformers to capture both 
spatial and temporal tumor evolution. To enhance interpretability, we leveraged explainable AI techniques, including 
feature importance analysis in ML and Grad-CAM for visualizing DL model attention, examining whether the extracted 
features align with biological indicators. RESULTS & DISCUSSION: Our ML models achieved a mean accuracy of 67% 
and an AUC exceeding 74% using a 50-fold strategy. DL models significantly outperformed ML, achieving 94% accuracy 
and an AUC above 91%. Radiomic texture-based features played a key role in distinguishing between relapse and 
response/cure, particularly those from Gray Level Run Length Matrix (GLRLM), Gray Level Size Zone Matrix (GLSZM), 
and Neighbouring Gray Tone Difference Matrix (NGTDM) (Figure 1). GLRLM captures patterns of texture organization, 
with Run Entropy reflecting randomness in intensity distributions—higher values were observed in relapsing tumors, 
suggesting greater structural disorder. Gray Level Non-Uniformity was also more pronounced in cases with poor 
response. GLSZM quantifies gray level zones, with Size Zone Non-Uniformity indicating the variability of zone sizes. 
Non-uniformity is linked to irregular texture patterns, often associated with uncontrolled growth. NGTDM provides 
insights into spatial intensity relationships, and its Coarseness feature evaluates the smoothness of intensity transitions. 
Lower values, indicative of abrupt intensity changes, were matched to tumors prone to relapse, whereas higher values 
suggested more uniform, less aggressive structures. These features have been also described by authors investigating 
radiomics in GB response4, suggesting that our findings are biologically sound and can pave the way for a future 
translational scenario, with the potential advantage of relying in single T2w MRI. The findings contribute to a better 
understanding of glioblastoma progression and highlight the role of AI-driven biomarkers in early relapse prediction and 
treatment stratification. 
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Figure 1 – Average trend of the GLRLM Gray Level Non-uniformity, GLSZ Size Zone Uniformity, GLRLM Run Entropy and 

NGTDM Coarseness features for relapsing tumours (red) and cured mice (green). 
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T2* MRI hiperintensity in a rat model of intracerebral hemorrhage are related to 

dynamic changes in perilesional edema and clot formation 

INTRODUCTION: Spontaneous acute intracerebral hemorrhage (ICH) accounts for 15-20% of strokes, but it is the 
deadliest and causes the highest disabilities [1]. Its clinical diagnosis and progression are done through MRI techniques 
[2]; however, the histopathological modifications related to specific lesion stages and their correlation with alterations in 
conventional MRI sequences are not well-known [3]. Therefore, our study aimed to characterize histological changes in 
hyper- and hypointensities in MRI T2 and T2*- weighted images during the acute, subacute, and chronic stages of an 
experimental animal model of ICH.  
METHODS: Autologous blood was injected into the striatum of adult male and female Sprague-Dawley rats. After 
acquiring T2-weighted (RARE sequence; TEeff/TR=36ms/5s) and T2* weighted mages (FLASH sequence 

TE/TR/=8ms/500ms/40º) with a Bruker BioSpec 70/30 small animal scanner at 2h, 24h, and 3, 7, and 21 days post-
injury (dpi), the animals were euthanized, and brains were collected for histology. Brain tissue was stained with 
Hematoxylin-Eosin (HE), Perls, Martius Scarlet Blue (MSB), and Iba1 and GFAP immunohistochemistry, and sections 
were analyzed. 
RESULTS & DISCUSSION: In T2 and T2* weighted images, the lesion volume and hypointensities progressively 
decrease through time. Lesion hyperintensities in both imaging types peak at 24h in the perilesional area and at 3 dpi 
also in the core, coinciding with the maximal lesion edema volume. Histological observations with HE and MSB show 
that, in the lesion core, erythrocytes are mainly lysed at 3 dpi, coinciding with the first appearance of mature fibrin. In 
the perilesional area, edema extends until 3 dpi, along with tissue vacuolation, and iron deposits accumulate 
intracellularly at 3 dpi and extracellularly at 7 and 21 dpi. Microglial/macrophage reactivity, which participates in 
erythrophagocytosis, peaks at 3 dpi and decreases later. Meanwhile, astroglial reactivity starts at 3 dpi and increases 
later, coinciding with glial scar formation. In general, brain hypointensities located in the lesion core at early time points 
in both T2 and T2* weighted images reflect the paramagnetic effect of iron produced by the injected autologous blood, 
which progressively reduces over time, an event dissociated from iron accumulation detected by Perls staining or 
hemosiderin deposits by HE. On the other hand, T2 and T2* hyperintensities at 24 h and 3 dpi mainly reflect two 
phenomena: brain edema in the perilesional area, as observed by tissue vacuolation, and clot formation, corresponding 
to mature fibrin detected in the lesion core and lesion margins. Overall, changes in T2 and T2* sequences in ICH reflect 
different histopathological phenomena depending on the lesion stage (acute, subacute, and chronic). Further studies 
are needed to correlate other main tissue changes to conventional MRI sequences and their relation to lesion outcomes. 
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Figure 1 – MRI T2*w and T2w images and histological stained HE, Perls and MSB images at 2h, 24h, and 3, 7, and 21 days post 

autologous blood injection, modeling acute intracerebral hemorrhage. 

1. Veltkamp R, Purrucker JC. Management of spontaneous intracerebral hemorrhage. Curr Neurol Neurosci Rep. 2017;17(10):80. 

doi:10.1007/s11910-017-0782-3.; 2. Penckofer M. et al., Front Neurosci. 2024 May 9;18:1408288 3. Chaudhary et al., J Cereb 

Blood Flow Metab. 2019 Mar;39(3):562–4. 
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Bridging 3T and 7T MR: Towards Unified Metabolic Profiling for Preclinical Brain 

Tumor Studies 

INTRODUCTION: High-field 7T MRI provides good sensitivity and spectral resolution for treatment response 

assessment in preclinical brain tumor models1,2. As 3T MRI remains the standard for clinical translation, bridging the 

two magnetic field strengths requires careful evaluation of data comparability. In this study, we acquired an analyzed 

3T and 7T MR spectra from a well-characterized phantom solution, to identify magnetic field-dependent differences and 

thus the feasibility of integrating data from both systems for metabolic profiling. METHODS: Phantoms studies were 

based on quality control assessment procedures implemented in the e-Tumour project3. A one-chamber metabolite 

solution was prepared, mimicking human brain MR spectra: N-acetyl aspartate, choline, creatine, glutamate, myo-

inositol, lactate, and glutamate. Data was acquired at 3T (Bruker Biospec Maxwell 30/17, i3S, Portugal; using either a 

conventional single channel surface RF coil or a cryoprobe, both for the mouse brain) and 7T (Bruker Biospec 70/30, 

UAB, Spain; using a conventional single channel mouse brain surface RF coil) with a PRESS sequence: TE/TR 

12/2500ms, sweep width 10.05 ppm, 2048 points, 128 averages, and voxel size 2.5-3mm3. Magnetic field homogeneity 

adjustments were performed within the PRESS voxel based on B0 mapping, with water FWHM 4.43 Hz, 1.95 Hz (3T 

with and without cryoprobe), and 1.96 Hz (at 7T). Data were processed in Topspin, with 1 Hz line broadening and 

baseline correction, and calibrated for the creatine peak at 3.03 ppm. Processed spectra were exported as text for unit 

length normalization,  signal-to-noise (SNR) estimation, and plotting using a home-built R script. RESULTS & 

DISCUSSION: Conventional single channel RF coil data confirmed the lower signal-to-noise ratio (SNR) at 3T compared 

to 7T (approximately 46%). However, the cryoprobe enhanced 3T SNR up to 5-fold, remarkably surpassing 7T SNR by 

2.4-fold (Figure 1). CONCLUSIONS: As expected, compatible RF coil configurations rendered better SNR and spectral 

resolution at 7T, revealing spectral multiplicity details not resolved at 3T. The latter are consistent with 3T clinical MR 

spectral profiles and should be taken into account in future pattern recognition studies integrating different magnetic 

field strengths, as recently reported for human brain tumors at 1.5T and 3T4. Importantly, the cryoprobe enhanced MR 

spectral SNR at 3Tby a factor of five , outperforming 7T sensitivity – a crucial parameter for developing metabolic 

pattern-based classifiers for automated assessment of treatment response. Unlike spectral fitting approaches for 

metabolic quantification, aimed at estimating specific concentrations, pattern recognition classifiers focus on regional 

changes in spectral vectors, less dependent on spectral resolution, as shown in class activation maps analyzed using 

Grad-Cam5.  These preliminary results hold promise for future studies bridging 3T and 7T MR spectroscopy. 
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1Universitat Autònoma de Barcelona, Departament de Bioquímica i Biología Molecular, Spain; 2CIBER-BBN, Instituto de Salud Carlos III, Madrid, 
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Figure 1 – Top: Unit-length normalized spectra from Phantom 1 acquired at 7T (red), 3T without (light blue) and with cryoprobe 

(dark blue), with the calculated SNR. Bottom: expansions for better appreciation of myo-Inositol (left) and glutamate (right) zones 

1. Calero-Pérez P, et al. Cancers (Basel). 2021;13(11):2663; 2. Wu S, et al. NMR Biomed. 2020;33(4):e4229 3. Julià-Sapé M, et al. 

Database (Oxford). 2012;2012:bas035. 4. Ungan G, et al. Cancers (Basel). 2023;15(14):3709. 5.Ortega-Martorell S, et al. Cancers 

(Basel). 2023;15(15):4002.  
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Fear conditioning pathways:  
Psychophysiological interaction analysis of the basolateral amygdala 

INTRODUCTION: Fear is a psychological response to a stimulus that is perceived as a threat. Fear mechanisms have 
been long studied at a physiological level through the Pavlovian paradigm of fear conditioning, and it has been 
established that the amygdala is a key region to fear mediating circuits. Among the different nuclei forming the 
amygdala, the basolateral amygdala (BLA) has been known to be activated during fear learning, memory formation 
and fear response [1]. MRI-based Psychophysiological interaction (PPI) analysis can be helpful to identify which brain 
regions have task-dependent connectivity to a seed region of interest in a way to further understand neural pathways 
associated to a specific task [2]. In this work, we aim to identify the brain regions effectively connected to the BLA 
during the phases of a fear conditioning task. 
 
METHODS: 188 healthy subjects were recruited and scanned with functional magnetic resonance imaging (fMRI) 
during a reversal fear conditioning task [3]. Pictures of blue and yellow spheres were used as the conditioned stimulus 
(CS) and an electric shock as the unconditioned stimulus (US). The fear conditioning task consisted of three phases. 
During pre-conditioning, the pictures with the CS were presented to the participants without US. During fear 
conditioning, the US was paired to one of the two spheres, with that sphere becoming CS+, with a 33% reinforcement 
rate. During fear reversal, the pairing of the US and CS was switched (un-signaled). Conditioning phase CS+ became 
the “new CS-” and the CS- became the “new CS+” (with US pairing). A PPI analysis with the left and right basolateral 
amygdalae as separated seed regions was performed for each of the phases of the task as first-level analysis. One-
sample and two-samples T-test analyses were performed as a second-level analysis using FSL RANDOMISE with a 
grey matter mask and threshold-free cluster enhancement correction. Statistical significance was set at p < 0.05. 
 
RESULTS & DISCUSSION: One-sample analysis during the fear conditioning phase showed a pattern of effective 
connectivity between the right BLA and a region comprising the right frontal operculum and insular cortex. In the 
comparison between pre-conditioning and fear conditioning phases, we found differences in effective connectivity with 
the right BLA in the right middle frontal gyrus. These results suggest two pathways related to the BLA and modulated 
by fear conditioning in line with previous knowledge of an increased connectivity of the amygdala with the insula as a 
response to negative images [4] or an association with regions of the prefrontal cortex related to threat processing and 
anxiety [5], [6]. 
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Figure 1 – Second-level analyses of PPI analysis of the BLA: a) One sample analysis of the fear conditioning phase. b) Comparison 
between pre-conditioning and fear conditioning phases. In blue, voxels with statistical significance thresholded at p < 0.05. 

a) b) 
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T2 heterogeneity analysis of the infarcted region reveals a new aspect of cerebroprotection by SAHA in stroke  

INTRODUCTION: Stroke is a major global health problem associated with focal neurologic brain deficits triggered by the 
interruption of blood supply. It represents the second leading cause of death and the third of adult disability in the world [1]. The 
potential benefits provided by several pharmacological strategies have been evaluated to reduce brain injury and ameliorate 
neurological deficits, with brain damage recovery typically assessed through infarct volume measurement using staining or 
magnetic resonance imaging [2]. In most stroke MRI studies, ADC, CBF, and/or T2 acquisitions are used to assess the 
response to treatment by comparing mean values of a region of interest (ROI) [3]. However, these quantitative comparisons, 
based solely on the dimension of the ischaemic region or in a mean value of a ROI, could mask the complex underlying events 
taking place within the lesion, particularly in the metabolically-active penumbra. In this way, the analysis of the heterogeneity 
within the infarcted pre-delimited ROI in MRI parametric maps like T2 may offer a novel strategy to assess an indirect measure 
of a wide range of severities within that injury region. In the present study, a set of adult male spontaneously hypertensive rats 
(SHR) were subjected to the intraluminal occlusion of the middle cerebral artery (90 min), and an epigenetic drug 
(suberoylanilide hydroxamic acid; SAHA) was administered 4 h after reperfusion onset. The infarct volume as well as the 
severity of the injury were evaluated through T2-weighted images and T2 mapping obtained at 24 h and 8 days post-insult. 
METHODS: The right MCA was occluded for 90 min using a nylon suture thickened at the end as described in [4]. MRI acquired 
at 7T (Bruker Biospec 70/30). High resolution T2w images acquired at two echoes with RARE sequence (TEeff, 36 ms and 136 
ms; TR, 6.5 s; 30-1 mm slices; MTX 256x256; FOV, 32x32 mm2). T2-maps acquired using a multi-slice multi-echo sequence 
(TE, 10 to 240 ms, TR,4000 ms, MTX, 128 x 128, and FOV,32x32 mm2). T2 relaxation maps generated on a pixel-by-pixel 
basis using Paravision 5.1 software. Slices containing lesion components were identified, and ROIs were manually delineated 
to measure cortical and subcortical lesion areas in both hemispheres on each slice. Infarct volume was adjusted for oedema 
by dividing the lesion volume by the ratio of ipsilateral to contralateral volume. In T2 maps, pixel counts at different thresholds 
were computed to evaluate lesion severity. Given that T2 values in the ipsilateral brain regions ranged from 52 ± 5 ms, with a 
maximum T2 of 65 ms, three threshold ranges were defined to assess lesion severity: T2 < 70 ms (mild), 70 ms ≤ T2 ≤ 90 ms 
(moderate), and T2 > 90 ms (severe). RESULTS & DISCUSSION: In SAHA-treated animals, the cortical infarct showed a 
higher percentage of volume with T2 values between 70-90 ms, while most of the infarct volume in vehicle-treated animals had 
T2 values above 90 ms on both days 1 and 8 post-reperfusion (B). In a similar way, in the subcortical infarct of SAHA-treated 
animals, 1 day after injury, there was a trend (p = 0.08) toward a higher percentage of infarct volume with T2 values between 
70-90 ms compared to vehicle-treated animals, though this difference was not observed at 8 days post-surgery. Furthermore, 
the percentage of infarct volume with T2 values above 90 ms was significantly reduced in the SAHA treated group compared 
to the vehicle-treated group on both days 1 and 8 post-insult (C). Notably, there was an increase in the percentage of volume 
with low T2 values in the treated rats on both days 1 and 8 in both cortical and subcortical regions (B, C). This alternative 
analysis may enhance the performance of therapeutic agents in the treatment of ischaemia-reperfusion injuries. 
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Figure 1 – Modulation damage severity within the infarcted region by SAHA treatment at 4 h of reperfusion, assessed at 1 and 8 days post-tMCAO. 

(A) Representative T2w images and corresponding T2 maps. Percentage of cortical (B) and subcortical (C) infarcted volume within T2 pre-stablished 

damage threshold. Results are the mean ± SEM *p<0.05; **p<0.01; ***p<0.001. 

1. Li, et al. EClinicalMedicine. 2024;75:102758; 2. Weber, et al. Data Brief. 2024;53:110188; 3. Van Velthoven, et al. 2016 J Neurosci 

Res. 95:1225–36; 4. Díaz-Pérez, et al. Biomed Pharmacother. 2024; 172:116287. 
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13C metabolic imaging in chorioallantoic membrane (CAM) assays: 

methods development and optimisation 

INTRODUCTION: The chorioallantoic membrane (CAM) assay is a versatile biological model for cancer studies. The fast 

angiogenesis of chicken embryos provides an optimal, borderline in-vivo physiological environment for tumour growth, achieving 

sizes comparable to 3–6-week-old mouse models within days [1]. Therefore, they provide a low-cost, high-turnover alternative for 

studies on real-time cancer metabolism via Hyperpolarized Magnetic Resonance Spectroscopic Imaging (HP-MRSI). Nevertheless, 

preclinical MRI scanners need further optimization for CAM assays as they are designed for rodents. 

METHODS: We kept the CAM assays at 36 °C and 50% humidity in a rotating incubator until inoculating with MDA-MB-231 breast 

cancer cells on embryonic day (ED) 10. We grew the tumours until and performed HP-MRSI experiments on ED 17. We used a 

Hypersense (Oxford Instruments) polarizer for the dynamic nuclear polarization (DNP) of 1-13C pyruvic acid (PA) substrates. We 

used a Bruker Biospec 3T MRI with commercial surface and volume coils to acquire spectroscopic data, and a custom-made Python 

code to process them. We held 25G stainless steel needles close to a bar magnet to inject the tumours directly [2]. We used Autodesk 

Fusion to generate egg holders and custom receiver coil 3D models. We used an Ender S3 Pro extrusion 3D printer to fabricate the 

holders from polylactic acid (PLA) filaments. 

RESULTS & DISCUSSION: We encountered shimming challenges during HP-MRSI studies following ex-situ 1-13C pyruvic acid 

(PA) injection in CAM assays. This occurred due to several factors: mispositioning our sample with respect to the MRI’s B0 field, 

tilting of the radiofrequency (RF) surface coil due to twisted coaxial cables and movement of the chicken embryos. We used single 

pulse 1H sequences with slice selection on unfertilized chicken eggs to recreate and troubleshoot this obstacle; with a custom 3D 

printed holder design, achieving similar signal-to-noise ratio (SNR) to high intensity volume coil scans (Fig.1. a-i).  

To avoid shimming disturbances during future injections, we will use PEEK needles in-situ without removing CAM assays from the 

homogeneous B1 field. SNR may further be improved by reducing the distance between the receiver loop and our sample and 

increasing the filling factor arising from their different size. Hence, we propose an adjustable surface coil design descending into the 

CAM’s window (Fig. 1. j-k). In this study we troubleshooted issues arising from using CAM assays during MRI experiments with 

instrumentation designed for rodents. Using 1H spectroscopy we highlighted several challenges with their implementation, i.e., 

consistent positioning and low SNR. We will investigate the proposed solutions during 13C metabolic imaging experiments to 

characterize and present the potential of CAM assays for HP-MRSI at the 2025 edition of the ISMRM Iberian Chapter. 

Gergo Matajsz1, Eduard Salinero-Lozano1, David Gomez-Cabeza1, Patricia Fernandez Nogueira2, Gemma Fuster 

Orellana3, Paloma Bragado-Domingo4, Almudena Porras-Gallo4, Irene Marco-Rius1 
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Figure 1 – Single slice 1H measurements with commercial volume and 

surface coils and proposed solutions for an optimised setup during 

HP-MRSI experiments with CAM assays. Experimental setup for 

volume coil measurements (a), surface coil measurements with 

handmade supports (b) and surface coil measurements with 3D 

printed coil holder (c). d-f) T2-weighted images highlighting the single 

slice selection for spectroscopic data collection in the order of a-c). 

Single pulse slice selection 1H spectra for the volume coil (g), 

handmade setup (h) and 3D printed surface coil holder measurements 

(i). (j) 3D printed surface coil holder indicating the positioning of the 

components of the setup. (k) 3D model of the proposed adjustable-

height surface coil for improving SNR via increased filling factor for 

CAM assays. 

1. Fischer, D., Fluegen, G., et. al. Cancers, 15(1), p.191 
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Advanced Diffusion MRI in the Mouse Brain in vivo at 3 Tesla 

INTRODUCTION: Mouse brain MRI typically relies on high magnetic field strengths for enhanced sensitivity, which often 
limits the translation of preclinical neuroimaging to clinical scanners. We recently described a novel 3T MRI configuration 
for mouse neuroimaging, demonstrating ex vivo high-quality microstructural images [1] and the ability to detect white 
matter lesions [2]. Here, we demonstrate its sensitivity and reproducibility for advanced mouse neuroimaging in vivo. 
 

METHODS: Animal experiments were preapproved by institutional and national authorities, and carried out according 
to EU Directive 2010/63. Female C57BL6j mice (n=3, P90) underwent longitudinal MRI on a 3 Tesla Bruker BioSpec 
Maxwell scanner, equipped with high power gradients (900 mT/m) and a cryogenic RF coil. Mice were kept under 
isoflurane anesthesia and warmed during diffusion MRI, which was acquired with single-shot DTI-EPI: TR/TE, 2500/35 
ms; 30 b0 values; 8 b-values (250-8000 s/mm^2); 24 directions; 118 µm in-plane resolution; 0.6 mm slice thickness; 
18.5 min. Data were TPCA denoised [3] and analyzed for pixel-wise DKI fitting [4], SANDI modeling [5], and SNR 
assessment. 
 

RESULTS & DISCUSSION: SNR maps indicate higher sensitivity in the upper brain region, due to the surface design 
of the cryogenic RF coil; and a consistent 10-fold SNR increase after TPCA denoising. DTI parameters were extracted 
from DKI fitting in the denoised data [4]; whereas SANDI fitting estimated spheres (intra-soma), sticks (intra-neurite), 
and water pools (extra-cellular) fractions, and cell sizes (radius) – Fig 1. DTI and SANDI maps were very reproducible 
across the 3 animals; and the SANDI maps were consistent with the literature [5], e.g. cell radius (8-9 µm).  
 

CONCLUSION: Advanced diffusion MRI of the mouse brain is feasible in vivo at 3 Tesla, delivering high-quality and 
reproducible microstructural images at clinical field strength. This setup is ideally suited for translational mouse 
neuroimaging. Undergoing studies include: further improving the denoising pipeline; reproducing in vivo our initial ex 

vivo results [2], demonstrating reliable longitudinal MRI quantification of age- and treatment-dependent changes 
associated with de/re-myelination; and characterizing the brain tumor microenvironment and its progression. 
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Figure 1 – Diffusion Maps (DTI and SANDI). DKI and SANDI fitting rendered good quality maps, as illustrated for Fractional 

Anisotropy, and compartment model estimates for cell fraction maps (soma, neurite, and extra-cellular) and cell sizes (soma 

radius), respectively. 
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vivo mouse brain and comparison with the Allen Brain Atlas. Neuroimage, 2022. 254: p. 119135. 
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micro-MRI as a tool to determine neurodevelopmental changes derived from Afadin 

protein perturbation  

INTRODUCTION: Afadin is a multimodal scaffolding protein with essential functions in cell-cell adhesion (1). It is part 

of adhesion complexes in epithelial cells, linking the activity of two types of cell-cell adhesion molecules, Nectins and 

Cadherins, which participate in the establishment of adherens junctions (2). Afadin has been described as playing 

important roles in cerebral cortex development, where its embryonic inactivation causes over-proliferation of neural 

stem cells and severe malformations, including cortical hyperplasia and the formation of subcortical band heterotopia 

or “double cortex” (3). However, a detailed characterization of the structural brain malformations in the conditional 

Afadin mutant mouse for the cerebral cortex is still lacking. In this study, we propose the use of MRI techniques to 

perform extensive anatomical measurements of these mutant mice. 

METHODS: MRI was used to study the anatomy of mice brains from control and Afadin conditional mice (3). Adult 
mice were euthanized using pentobarbital and transcardially perfused with 4% of PFA. Heads were preserved in PBS 
at 4 C until the date of analysis. The heads underwent micro-MRI study in a 9.7 T spectrometer (Bruker Avance III 400 
WB), a 400 MHz magnet with wide bore, equipped with a microimaging probe MIC WB40 for mouse applications 
(NMR section on Servei Central de Suport a la Investigació Experimental, SCSIE, Universitat de València, U26 NMR: 
Biomedical Applications II platform from Nanbiosis, Research Infrastructures & Services of CIBER‐BBN). Each mouse 
head was placed at the bottom of a 2.5 cm diameter glass tube and inserted into the sample probe receptacle. The 
probe with the sample was inserted into the magnet and the necessary connections were made. After initial 
adjustments, low-resolution T1-weighted localization sequences were acquired in all three planes. Next, T2-weighted 
Turbo RARE 2D and 3D sequences were acquired. Temperature was kept at 15 C during the micro-MRI experiments.  
 
RESULTS & DISCUSSION: MRI analysis of Afadin conditional brains revealed the previously described anatomical 
alterations observed with standard histology, including brain enlargement and ectopic white matter characteristic of 
subcortical band heterotopia, with high resolution. This approach enabled rapid and precise measurements across 
different brain axes and planes. Moreover, this non-invasive analysis allowed us to study ventricular alterations 
without potential sectioning artifacts. These alterations included changes in the ventricular surface, which appeared 
rough and uneven, along with an increase in ventricular size in the mutants. Finally, this technique allowed us to 
identify and describe significant alterations in axonal tracts, including corpus callosum agenesis and the near absence 
of the anterior commissure. Importantly, MRI provides a powerful tool for in vivo imaging, enabling the study of brain 
morphology in a two and three-dimensional context while preserving tissue integrity. 
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New metal-free MRI contrast agents based on organic radical dendrimers. 

Magnetic resonance imaging (MRI) is a non-radiative and non-invasive imaging technique widely utilized for early 
diagnosis and monitoring of tumors and other pathologies. The most commonly used contrast agents (CAs) in MRI are 
Gd(III)-based chelates. However, alternatives to these metal-based CAs are needed due to their known toxicity.  
 
Organic radicals present a promising alternative since they possess paramagnetic properties, allowing them to function 
as T1 CAs similar to Gd-based CAs, while being organic and thus reducing concerns about toxic metal accumulation. 
Although isolated organic radicals generally have limited contrast-generating capabilities and are prone to rapid 
bioreduction, anchoring numerous organic radicals onto the surface of a dendrimer scaffold (creating radical 
dendrimers) can enhance contrast capacity and protect the radicals from bioreduction. 
 
High water solubility, high 1H water relaxivities, low toxicity and long in vivo lifetimes are essential requirements for this 

purpose. We have synthesized and characterized several families of water-soluble radical dendrimers that exhibit 

substantial contrast enhancement both in vitro and in vivo while maintaining low toxicity.[1-8].  
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2D Glioblastoma Segmentation in Rat and Mouse Models Using U-Net Architecture 

INTRODUCTION: Rodents are essential in preclinical brain disease research, including stroke, tumors, and 

degenerative disorders. Magnetic resonance imaging (MRI) plays a vital role in visualizing brain tissue at various 

timepoints, but accurate analysis requires segmentation [1-3]. We present a multi-task 2D U-Net, a convolutional 

neural network designed for the automated identification, segmentation, and quantification of brain regions or brain 

tumors in rodents using T2-weighted imaging (T2-wi). 

 

METHODS: Our convolutional neural network models enable automatic segmentation and volume or T2-relaxivity 

quantification across three MRI datasets: (i) multiple brain regions (striatum, neocortex, hippocampus, whole brain) 

in healthy rats using T2-wi; and (ii) glioblastoma tumor segmentation using T2-wi. We evaluated quantification accuracy 

by comparing our results against the ground truth obtained from traditional semi-automatic methods using Dice 

coefficient, Hausdorff distance, Sensitivity, and Volume ratio. Additionally, we compared our models with existing 

methods to validate their accuracy, robustness, and potential for preclinical and translational research applications 

 

RESULTS & DISCUSSION: In total, 111 animals were studied, resulting in 1,949 images, which were expanded to 

5,847 images after data augmentation. Our results are either comparable to or outperform those in the literature, 

demonstrating the strength of our  segmentation framework. A detailed representation of the Spearman correlation 

between automated and semi-automated mask volumes across cohorts demonstrated a consistently high correlation 

(= 0.99-0.82).   

Our framework exhibits enhanced robustness and broader applicability across different brain regions, pathological 

conditions, and MRI acquisition settings. These tools will be valuable in overcoming issues related to inaccuracies, 

inter- and intra-rater variability, and time consumption when analyzing rodent brain MRI data. 
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Diffusion MRI Simulation Takes Advantage 

of Higher Order Models than DTI 

INTRODUCTION: Diffusion is a random phenomenon thermodynamically driven. Within this procedure, spins exchange 
positions leading to an overall signal loss. Without restrictions, free diffusion can be modeled as a 3D random walk, for 
whose case, a trivariate Gaussian probability density function suffices the mathematical characterization. This model is 
called diffusion tensor imaging (DTI) [1]. However, inside biological organs, diffusion is prone to be restricted, and 
consequently, DTI is not enough to fully describe this procedure. Higher order (HO) models than DTI, such as MAPL 
[2] or MiSFIT [3] have arisen to fill this gap. 
Moreover, there is a plethora of scenarios, from radiologists’ training to research, in which simulation of diffusion can 
be a differentiating factor. Focusing on research matters, simulation’s accuracy is a key point to rely in whichever 
development built upon synthetic data. In this work, diffusion simulation will be assessed in terms of the model used to 
recreate the phenomenon, as well as the number of spins used in the simulation. 
METHODS: Departing from three slices of a dense myocardial dMRI acquisition, composed by 192 DWIs equally 
distributed among six shells, with b-values in {300, 600, 900, 1200, 2000, 3600} s/mm2 and a baseline acquisition. Each 
of those slices presents signs of ischemia. 
All diffusion models presented beforehand were computed over these three slices, along with relaxometry maps namely, 
T1, T2 and PD. Spins’ motion following each model distribution was computed throughout rejection method [4]. All 
relaxometry maps in combination with the computed motion was fed into Koma MRI simulator [5]. Simulated data, 
acquired with a simulation of the same sequence as in reality, was put against original data and pixelwise MSE and 
pixelwise correlation was computed using all three slices. 
RESULTS & DISCUSSION: Results can be found in the figure, (a) subfigure depicts the overall pixelwise MSE for each 
model with a given number of spins, (b) subfigure shows the overall pixelwise correlation. As can be seen, each of these 
models got an improvement with the increase of spins for the simulation. Though differences in MSE are smaller, 
progression suggests that HO models get bigger improvements while DTI seems to be more stagnant. Correlation 
results suggest that HO models need more simulated spins to reflect their potential. 
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Figure 1 – Pixelwise MSE and pixelwise correlation metrics for a compound of three simulated slices of dMRI. (a) subfigure depicts 

the boxplots of MSE, grouped in the X axis by model. Blue boxplots depict the 100 spins results and orange boxplots depict de 

1000 spins results. (b) subfigure depicts pixelwise correlation results for each model. X axis groups the results by model. 100 spins 

results are shown in blue while 1000 spins are shown in orange. 
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