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Exploring connectivity and microstructural recovery following detoxification in individuals suffering from Alcohol Use Disorder
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Motivation: Alcohol use disorder (AUD) is a widely spread disorder responsible for 6% of global mortality. Alcohol affects a substantial portion of the population in various aspects and part of these changes may
be related to brain modifications.

Goal(s): To identify the effects of alcohol withdrawal on the brain and their link with symptom improvement.
Approach: Combination of connectivity matrices and microstructural models based on diffusion MRI tested during withdrawal period.

Results: The study of global brain connectivity revealed six connections, four of which also showed microstructure changes during withdrawal that were beneficial for recovery in areas heavily affected by
increased alcohol consumption.

Impact: We presented an exploratory way to evaluate the effects of short-term withdrawal using connectivity and microstructural models based on diffusion MRI. It revealed four brain connections that deserve
to be studied in greater depth in the case of this pathology.

Introduction

Alcohol Use Disorder (AUD) is a major concern in our society with up to 3 million deaths every year worldwide'. Besides affecting the patient’s overall mental and physical health, alcohol consumption also
induces structural alterations in brain microstructure and connectivity?3. Diffusion Magnetic Resonance Imaging (dMRI) has proven to be of great interest for observing and quantifying those microstructural
changes. It focuses on capturing microscopic water movements within tissues, providing indirect information about surrounding structures. By combining advanced dMRI microstructural models with
tractography algorithms, this study aimed to identify regions impacted by short-term alcohol abstinence and to perform microstructural analyses in these areas.

Materials and Methods

Data preprocessing

52 AUD patients underwent three dMRI scans: first and second scans were performed on the first and last day of a 18 days withdrawal period, while the third one was made three months after. Additionally, 20
healthy adults underwent two dMRI scans 18 days apart. All scans were performed with the following parameters: TR = 4842ms, TE = 77ms, 2mm isotropic voxels, A = 35.7ms, 6 = 22.9ms, 64
gradients at b = 1000, 32 at b = 2000, 3000, 5000s/mm? corresponding to diffusion gradient intensities up to 68.9mT'/m and 7 interspersed b0 images.

The preprocessing steps were brain extraction?, thermal denoising®, Eddy-current and head-motion correction®. A3D T1 image ( TR = 2188.16ms, TE = 2.96ms, TI = 900ms, 156 slices, 1mm isotropic)
was also acquired with each scan. The Desikan-Killiany atlas” was registered in each patient's native space with a diffeomorphic registration.

Tract extraction

The msmt-CSD8 algorithm was utilized for the local modeling of the in-vivo data. Whole-brain tractograms composed of 750000 streamlines were obtained with the iFOD2? algorithm and the following
parameters: maximum angle of 20°, step size of 1mm and cutoff of 0.1. They were then filtered to 500000 streamlines using SIFT'®. Connectivity matrices were obtained from filtered tractograms representing
all connections between each region pair (Fig.1A) and then normalized.

A statistical Welch's t-test between all AUD time periods corrected for multiple comparisons with Benjamini-Hochberg was conducted to highlight significant brain connections. In addition to selected
connections, tracts from each of the five subdivisions'" of the Corpus Callosum (CC) (see Fig.1B) were incorporated into the analysis, due to their frequent citation in the literature’>"3,

Analysis of tract microstructure
Once connections were identified, a microstructural analysis was performed using metric maps (Fig.2) estimated from three models: NODDI'4, DIAMOND'> and MF'®, For DIAMOND and MF, the signal was
estimated with a maximum of K = 2 fixels and with an isotropic compartment. The microstructural properties of both fixels were averaged into a single weighted value wM :
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where f;, and M}, are respectively the volume fraction and mean metric value allocated to fixel k.

Regions of interest (ROI) were created for each tract by selecting voxels crossed by the streamlines. An average microstructural value was then computed for each ROl and metric. A statistical Welch's t-test
corrected for multiple comparisons with Benjamini-Hochberg was conducted to highlight the significant differences between the evolution of both populations throughout the first and second scans.

Results and Discussion

Six connections were found to present significant changes during withdrawal period among all possible connections in AUD patients. From those, four also exhibit significant microstructural changes:
e Brain Stem— Caudate Left
e Corpus Callosum Mid Posterior— Cortex Superior Temporal Left
e Cerebellum Cortex Left— Cortex Postcentral Left
e Hippocampus Right— Cortex Inferior Parietal Right

The first connection is expected to be associated with emotion, reward processing, learning, memory, and motor execution'”. The second may be implicated in language and interpersonal relation
understanding'8, while the third is anticipated to be involved in proprioception and visuospatial function'®. The last subdivision is likely to be concerned by spatial memory and visuo-spatial attention?%2",

On Fig.3A, we can see that a connection and four CC subdivisions showed significant decrease in wM D, accompagnied by a decrease in wRD and wAD, for patients compared to controls. Furthermore,
three connections depicted an increase in the fraction of intracellular space f;,,,, and total volume fraction of fibers f,,, inside a voxel (Fig.3B-C). Connections displaying a change in f,,, have an opposite
change in fcsf (Fig.3D) due to their link: fio¢ + fcsf = 1. These four graphs indicated a general recovery of the impacted brain regions. The combination of those changes could be interpreted as a general
decrease of inflammation of the brain areas and an axonal integrity recovery.

Conclusion

The microstructural estimation throughout detoxification period showed an axonal integrity increase in AUD patients compared to controls. The tracts impacted are thought to be at play in the processing of
visuospatial information, memory and movement coordination. This supports the hypothesis that short-term withdrawal already has a beneficial effect on the recovery of areas heavily affected. However, this
work could be refined by increasing the streamline count, by including the third time period and by comparing it with an equivalent in controls. Nonetheless, this exploratory study suggests the potential of
connectivity analyses combined with advanced microstructural modeling for interpreting the biophysical processes involved in AUD.
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Figure 1: A Example of a connectivity matrix representing all possible connections between the 94 regions present in all patients and one of the highlighted connections (between Brain Stem and Caudate Left); B
Representation of the five subdivision of the CC and the resulting tract of the anterior midbody (yellow part).
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Figure 2: 2D axial slices of wM D, wAD and wRD obtained with DIAMOND, f,, and f,, obtained with MF and f;,,;,, with NODDI.
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Figure 3: Violin plots with the median (dashed line) and quartiles (dotted lines) of the microstructural evolution of AUD (blue) and control (orange) population for AwM D, B ftot, C fintm and D fcsf for the four
significant regions above mentioned and four of the five subdivisions of the cC. L Sta nds for Left and R for nght

Figure 4: ROI associated with the four significant changes in connections highlighted in the results: A sagittal view of the right hemisphere, B axial view and C sagittal view of the right hemisphere. The colors
represent different connection: blue for Brain Stem - Caudate Left, green for Corpus Callosum Mid Posterior - Cortex Superior Temporal Left, orange for Cerebellum Cortex Left - Cortex Postcentral Left and
yellow for Hippocampus Right - Cortex Inferior Parietal Right.

Proc. Intl. Soc. Mag. Reson. Med. 32 (2024)
1727


https://submissions.mirasmart.com/ISMRM2024/Itinerary/Files/PDFFiles/images/7244_1fzkTTQrl/ISMRM2024-007244_Fig1.png
https://submissions.mirasmart.com/ISMRM2024/Itinerary/Files/PDFFiles/images/7244_1fzkTTQrl/ISMRM2024-007244_Fig2.png
https://submissions.mirasmart.com/ISMRM2024/Itinerary/Files/PDFFiles/images/7244_1fzkTTQrl/ISMRM2024-007244_Fig3.png
https://submissions.mirasmart.com/ISMRM2024/Itinerary/Files/PDFFiles/images/7244_1fzkTTQrl/ISMRM2024-007244_Fig4.png

