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Age-dependent cerebrospinal fluid-tissue water exchange detected by non-
invasive magnetization transfer indirect spin labeling MRI
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Cerebral Glucose Uptake and Glymphatic Pathway by DGE

Ahn, J.H., Nature 2019; 572, 62-66.

CSF circulation by MRI is mainly achieved by Gd agents

Geir Ringstad, JCI Insight 2018; 3:e121537.

Intrathecal injection of  
gadobutrol

https://www.cancer.gov
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Cerebral Glucose Uptake and Glymphatic Pathway by DGEBlood to CSF flow measured by ASL MRI

P. G. Evans, et. Al . Nat Commun (2020)11:2081 Petitclerc L, NeuroImage (2021) 245: 118755.
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Magnetization Transfer Indirect Spin Labeling (MISL)
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Illustration of the principal of the MISL method

Continuous MISL pulse scheme
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Anna Li and Jiadi Xu , Magn Reson Med 2022, 87:2287.
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Tissue in vivo

Validation of the MISL with extracted CSF 

CSF drawn from 
cerebroventricle

Z spectrum of

Anna Li and Jiadi Xu , Magn Reson Med 2022, 87:2287.

CSF ex vivo CSF in vivo
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Ventricle and perivascular space (PVS) distribution

Mestre H, Nat Commun 2018;9(1):4878.

High-resolution MRI images

Angiography maps overlapped with 
the high-resolution MRI images

Same finding: PVS is two 
triangular channels!

Anna Li and Jiadi Xu , Magn Reson Med 2022, 87:2287.
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Tissue to CSF flow :

(830 ± 40) ml/100ml/min for LV 
(730 ± 30) ml/100ml/min for 3V.  !?

Continuous-MISL on wild type mice

Anna Li and Jiadi Xu , Magn Reson Med 2022, 87:2287.
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Age and AQP4 dependent CSF-Tissue exchange

Age: lower ∆Z when aging

AQP4-/-: no significant difference

Anna Li and Jiadi Xu , Magn Reson Med 2022, 87:2287.
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Age and AQP4 dependent CSF-Tissue exchange

Anna Li and Jiadi Xu , Magn Reson Med 2022, 87:2287.

Glial side

CSF side
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Alzheimer’s disease: significantly lower ∆Z

CSF-Tissue exchange in the Alzheimer's Disease

(Unpublished results)
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Compared with mice:

Human study at 3T: CSF distribution

CSF distribution

MISL signal
!CSF exchange rate)

(Unpublished results)
• Saturation at -5 ppm
• Similar strong signal
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Summary: model of CSF flow
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BCSFB Flow

CSF Bulk Flow

1. CSF flows from blood to the 
ventricle through BCSFB

2. CSF exchanges rapidly with 
ependyma via cilia

Anna Li and Jiadi Xu  Magn Reson Med 2022, 87:1207.
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