
• Progressive myelin loss occurs in hippocampal tracts as AD worsens

• Advanced diffusion MRI can quantify these tract-specific myelin changes

Vivian Y. Zhu, Andy Liu, Sophie Kovacevich, Nhu Nguyen, Michael Zeineh, Marios Georgiadis.

Radiology, Stanford School of Medicine, Stanford, CA, USA.

RESULTS

Quantifying Myelin Degeneration ​In Alzheimer's Disease

In Human Hippocampus Subfields And Tracts ​

Using MRI
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• Myelin is a multi -layered lipid-rich 

sheath surrounding axons

• I t enables fast signal transaction

• I t provides trophic support for neurons

• Increasing imaging and –omic evidence 

implicate it in Alzheimer’s Disease 

• However, i ts role in AD remains unknown

• Hippocampus is the central memory and cognition hub, 

severely affected by AD

• Diffusion MRI is sensitive to t issue microstructure

• Basic di ffusion metrics, such as radial diffusivity (RD), 

and advanced di ffusion metrics, such as axonal water 

fraction (AWF) and radial kurtosis (RK),

can model the effect of myelin in the axons, 

and can be used to detect myel in changes in AD

GOAL:

Quantify myelin levels in hippocampal subfields and tracts 

for AD specimens vs controls using di ffusion MRI.

METHODS
• 21 fixed hippocampi (8 control/6 Low- /7 High-AD) scanned at Bruker 7T

• Diffusion-MRI (100 direct ions at b=[1,2,5,10]ms/μm, 200μm iso)

• Multi-gradient echo (MGE) (10 echoes, TE=4-40ms, 100μm iso)

• Diffusion metrics reflecting myelin levels (radial diffusivity -RD, radial 

kurtosis-RK, axonal water fraction-AWF) were generated using DESIGNER

• Aligned MGE and diffusion MRIs to improve segmentation accuracy

• Followed a rule-based system of anatomic and myelin -based images, 

atlases, and landmarks

• Calculated average myelin intensities (from AWF data) and volumes 

for each subfield/ tract using MATLAB

• Compared values in each subfield/ tract across AD conditions

Axonal water fraction (AWF) values reflected myelin levels in hippocampal subfields 

(top) and tracts (bottom) for Control, Low-, High-AD specimens.

Subfields: Most subfields showed a V-shaped trend: control values were higher than 

low AD, while high AD showed higher AWF intensity than both groups.

• Radial Kurtosis (RK) and Radial Diffusivity (RD) are also potential indicators of  axonal myelination

• RD measures the diffusion of water molecules perpendicular t o axonal fibers

• RK measures the non-Gaussianity  (complexi ty/restricti on) of water diffusion perpendicular to axonal fibers

Radia l di ffusivi ty (RD) – top: no significant results fo r ei ther subfields (left) or tracts (r ight)

Radia l kurtosis (RK) –  bottom: Similar to AWF, RK had a  V-shaped trend in sub fields and dec reased with AD stage in most tracts d etected by AWF.

Signif icance in the JT test, sugges ting dec reasing myel in levels w ith  AD stage, is indicated  by  a star, with the  (uncorrec ted ) p-value under i t .

CONCLUSIONS

• We studied myel in levels in hippocampal subfields and tracts in Control, Low- and High-AD specimens using advanced 

diffusion-MRI metrics

• Advanced metrics (AWF, RK) were more sensitive in detecting changes than basic ones (RD)

• Tracts: AWF levels significantly decreased with AD status in most tracts, showing a l inear drop or a drop in high AD, except 

alveus/fornix. This might be reflecting the myelin degeneration increasingly implicated in AD

• Subfields: Most subfields exhibited a V-shape trend, with AWF levels decreasing in Low-AD and increasing in High-AD (either 

bouncing back or overshooting

• This could reflect a compensatory mechanism following hippocampal neurodegeneration

• Overall,  we showed that di ffusion MRI metrics can be used to assess myelin levels, 

revealing important localized trends in myelin degeneration in AD in the human hippocampus

• Future work: 

• Validating results with myelin-specific methods (X-ray scattering)

• Identi fying proteomic, l ipidomic, and transcriptomic signatures of changes

• Correlating with amyloid/tau

• Combine with microscopic tract delineation and degeneration using micron -resolution methods
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• Segmented Subfields : dentate gyrus, CA1-4, prosubiculum, subiculum, 

presubiculum, parasubiculum

• Segmented Tracts: Alveus/Fornix, Endfolial Pathway, Schaffer Collaterals, 

SLRM-CA1,  SLRM-subiculum, Parahippocampal Gyrus (PHG) Top, PHG 

bottom, Pre/Para-Subicular Myelin

• Hippocampi were manually segmented using ITKSnap

Tracts: Most tracts showed decreased myelin levels with AD stage.  Stars indicate 

significance in the JT test, suggesting decreasing levels with disease stage.
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