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Noninvasive vascular imaging (20-um size in |
Vivo)
* Simultaneous imaging of arteries and veins

* Applications to fMRI and clinical studies

» High-resolution blood flow mapping 0p ¢ H'f.;_ frigit
+ Mapping blood flow directionality 0or g 0%
+ Measurement of venous oxygen level ~
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Functional MRI 3
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. Mapping of cellular pH sources
- + 31P MRI for detection of cellular energy « Improving spatial specificity of fMRI
metabolism « Understanding signal sources of resting-state
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In-vivo study
Pathophysiology & treatment for neurodegenerative diseases

: Two-photon microscopy, VSDI
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INTRODUCTION: ALZHEIMER’S DISEASE

Abnormal ST
—— Amyloid-f accumulation (CSF/PET) ' '__,,-*"j‘_'_:--""
—— Synaplic dysfunction (FDGE-PETHRI) ' P
—— Tau-mediated neuronal injury (CSF) ] - ;
—— Brain structure (volumetric MRI) '
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Dementia

Preclinical ’ MCI

Clinical Disease Stage
[1] RA Sperling et al. (2011) Sci Trans! Med

» A progressive neurodegenerative disease

- 60-70% of cases of dementia
= The etiology is unclear, might related to accumulation of A3 protein
= None of the treatment proposed have been demonstrated to

significantly alter the disease progression.



Representative Modules
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is an emerglng AD biomarker that -
a NC nvaswe"’fnethod to measure subtle
changes in the brain.
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= Known iéatures: decreased DMN connectivity O
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INTRODUCTION: ANESTHESIA LEVEL

= |tis common in animal experiment to use
Am., - Mean BOLD Variance over time C ) SD of the Correlation distribution over time » Functional integration over time a n e St h etl C S :

BOLD Variance
~ N 2

N | | LR N - M = Recently, Bettinardi et al(2015) proposed that
¥ et T LI D ¥ Pl ™ Spontaneou s correlated brain activity WS

. Mean Global Synchronization over time F | Funcﬁoialsogngaﬁonovcrﬁme gradua”y emerged durlng reducmg the |eve| Of
anesthesia in rats.

B Mean Correlation time course
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s — = The default-mode network was the one of the
4] Bettinardi et al. (2015) Neurolmage first networks to emerge.
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'_"Transger]ic mouse model: Alzheimer’s disease (AD)
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With normal rat
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Segmented GE-EPIl image



With normal rat
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Segmented GE-EPI image



With normal rat

Comp 13 : anterior cingulate cortex




ISSUES: AD TRANSGENIC MOUSE RS-FMRI

= Animals : > 7 months old APPSWE/PS1AE9 (APP/PS1) and wild type littermates
- APP/PSENL1 gene knock in mouse
- Amyloid deposition in hippocampus, striatum, thalamus, and brainstem
(> 3-4monthes)
- AP and tau level increase in CSF
- Neuronal loss (> 5monthes)
- Cognitive impairment (> 7monthes)
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ISSUES: PULSE SEQUENCE

Segmented EPI - Single-shot EPI
- Phase correction (ghost correction)

- Improve temporal resolution (within 2s/image)

= K-space trajectory : Linear (zigzag) > Phase encoding grouping , Linear
(bSSFP)

Eddy current artifacts | but encodes from k-space center

Improve BOLD contrast
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Pairing PE-grouping




ISSUES: AD TRANSGENIC MOUSE RS-FMRI

= EPI

- Raw: 40x68x76
- Localized raw: 51x40x34
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= Preprocessing

- Bregma orientation
- Spatial realignment
- T1 registration

- Template registration

= Analysis

- ICA
- Functional connectivity
- Bold response




STUDY PLANS
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