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Changes in Brain Water Components in Normal Aging
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Water homeostasis in brain involves the fluid dynamic through the intracellular fluid, extracellular fluid and CSF, and it's important to help maintaining the brain function. The change of water compartments
with aging may reflect the physiology and pathophysiology of the brain. We mapped the brain CSF water fraction, myelin water fraction and intro-extracellular water fraction using an MR FAST-T2 relaxometry
approach. We found the brain CSF water quadratically increases with normal aging. Myelin water increases before the 50s and then decrease in adults. Intro-extracellular water decreases in the adult lifespan.
This results are impactful for understanding the glymphatic clearance mechanism.

Introduction

Water homeostasis in the brain involves the dynamic flow of fluid through the intracellular space, extracellular space, and CSF, which is important in maintaining brain function'-2. Changes in these water
compartments with aging may reflect both the physiology and pathophysiology of the brain and can be mapped as intra-extracellular water (IEW), myelin water (MW), and parenchymal CSF by using MRI T2
spectrum#, Myelin water change reflects both demyelination and remyelination. Intra/extracellular water may reflect brain tissue dehydration and atrophy. CSF dynamics are believed to play a significant role
in the clearance of brain metabolic waste. Dysfunctional brain clearance is postulated to be a cause of many neurodegenerative diseases®, and increased brain parenchymal CSF may reflect glymphatic fluid
stasis. Understanding how the brain water components change in normal aging may help us differentiate the mechanisms leading to healthy aging versus neurodegeneration disease® and has been
incompletely assessed. In this study, we investigated how brain water components change with age for cognitively normal subjects using MRI-based multi-echo FAST-T2 relaxometry3.

Material and methods

Subjects

The T2 components of CSF fraction (CSFF), myelin water fraction (MWF), and intra-extracellular water fraction (IEWF) were examined using multi-echo FAST-T2 relaxometry on 66 healthy subjects (age range: 22-
80 years, mean(sd) = 48.41 (16.7), female/male = 40/26). All the subjects were scanned on a 3T Siemens Prisma scanner with a 64-channel head-neck coil. The multi-echo (TE=0, 7.5, 17.5, 67.5, 147.5, 307.5) FAST-
T2 with voxel dimension 0.93x0.93x5 mm3 for water components mapping, 0.5mm isotropic T1 MPRAGE for ROI parcellation and co-registration, 0.5 mm isotropic T2 SPACE for perivascular space (PVS)
segmentation were acquired.

Processing

CSFF, MWF, and IEWF were obtained by fitting the multi-echo FAST-T2 data into the three-water components model using the nonlinear least square with a smoothing regularization term3. CSFF corresponds to
the long T2 (T2>200 ms) component, IEWF is for the intermediate T2 (20 ms<T2<200 ms) component and MWF is for the short T2 (T2<20 ms) component. The partial volume effect was addressed by eroding the
considered ROIs by 4 mm. All the water maps were coregistered to the FreeSurfer space and ROl values were extracted.

Analysis
Multivariate regression models were evaluated between water components in deep gray matter (combining caudate, thalamus, and putamen) and cerebral white matter, adjusted for age, gender, and regional
volume. The relationships between PVS load and CSF were evaluated as well by using simple linear regression.

Results
Figure 1 shows the maps for the three water components in a healthy subject.

We found that the CSFF, MWF, and IEWF change with age but in different patterns. Specifically, CSFF changes quadratically with age in both deep gray matter and cerebral white matter, i.e., CSF water stays flat
relative to age before the 50s, and increases after that in all considered regions (p < 0.0001) as shown in Figure 2 (a) and (d). MWF in the deep gray matter and cerebral white matter follows an inverted U-shape
with age (p < 0.05), i.e., it increases before the 50s and decreases after that as shown in Figures 2 (b) and (e). IEWF decreases in all the considered ROIs (p < 0.001) shown in Figures 2(c) and (f).

The CSFF is significantly correlated with PVS load in Figure 3 (a) and (b). PVS load is linearly related to age in Figure 3 (c).

Discussion

Brain water components change with normal aging in different patterns. Our results suggest that multi-echo FAST-T2 sequence-based water component maps could be a useful quantitative biomarker of
normal aging and a helpful tool to better understand diseases related to dysfunctional water clearance.

PVS is considered a key pathway of brain glymphatic clearance. The enlargement of PVS is an indicator of brain water stasis and clearance dysfunction. CSFF maps the free water in PVS in the brain parenchyma
and in turn, reflects the total PVS load in the brain, beyond what is visible on T2w. Imaging processing of PVS load by segmentation tools could be biased by image resolution and noise level.

MWF increases and decreases at different time points for adults as has been reported elsewhere, which is confirmed by our results in Figure 2 (b) and (e).”8

IEWF decreases with age in Figure 2 (c) and (f) and could be explained by brain atrophy and dehydration during normal aging. More experiments should be conducted to confirm the mechanism of intra-
extracellular water changes during aging.

Conclusion
We describe the brain water components, CSFF, MWF, and IEWF, change with normal aging across the adult lifespan. The normal aging water component pattern could be helpful to understand many
glymphatic clearance-related diseases, including neurodegenerative (e.g., AD/RD) and neuroinflammatory diseases (e.g. MS).
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Figures

Figure 1 Example of three brain water components in a healthy subject. (a) CSFF in window [0, 15]%, (b) MWF in window [0, 20]1%, and (c) IEWF in window [50, 100]%.
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Figure 2 Plots of water components with age in dee gray matter and white matter. (a)-(c) are CSFF, MWF, and IEWF in deep gray matter with age, respectively. (d)-(f) are CSFF, MWF, and IEWF cerebral white
matter with age, respectively. The results show that CSFF and MWF change with age quadratically, while IEWF changes with age linearly. CSFF keeps flat before the 50s in life and increases sharply after the 50s.
MWEF increases before the 50s and decreases after 50s. IEWF decreases steadily in the adult lifespan.

Figure Plots between CSFF and PVS load, and PVS load with age. (a) the CSFF in deep gray matter with intracranial volume normalized PVS load, (b) the CSFF in cerebral white matter with normalized PVS load.
PVS is filled with CSF that can be measured by CSFF, (c) normalized PVS load with age. We see both deep-GM and WM are linearly associated with PVS load. PVS load is also linear with age.
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