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臨床應用：科學化與醫療的舞曲 
神經影像在神經與精神疾病的應用 
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亞歷山大弗萊明 
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Stress 

8 



2017 認知巡迴工作坊 

Affected Diseases 

• Neurodegenerative disorders 
– Alzheimer’s disease (AD), Parkinson’s 

disease (PD), Huntington’s disease, 
Amyotrophic lateral sclerosis (ALS) 

• Neurodevelopmental disorder 
– ADHD 

• Mental disorder 
– Major depression, schizophrenia, bipolar 

disorder, anxiety disorder… 
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Difficulty 

• Unclear mechanisms 
• Progressive (neurodegenerative illness) 
• Heterogeneous (mental illness) 

– Symptom (subtype) 
– Treatment outcome 
– Recurrent 

• Lose the ability to enjoy life!! 
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Cognitive  
neuroscience 

Neuroimaging 
Clinical  
Medicine 
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Normal 
subject 

Keta
mine 
abuse 
subje
ct 

Why neuroimaging?  

Correction Rate 
  

Error Rate   Avg. Reaction 
Time (ms) No-Go Go No-Go Go   

Normal R 98% (49/50) 100% (50/50)   2% (1/50) 0% (0/50) 436.66 

  L 98% (49/50) 100% (50/50)   2% (1/50) 0% (0/50)   465.18 

Ketamine R 98% (49/50) 96% (48/50)   2% (1/50) 4% (2/50)   534.42 

  L 98% (49/50) 52% (26/50)   2% (1/50) 48% (24/50)   569.81 

CMUH Unpublished data 



What’s neuroimaging?? 

2017 認知巡迴工作坊 

Everything that can image your brain 
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Neuroimaging in hospital 
• Magnetic Resonance Imaging (MRI) 
• Computed Tomography (CT) 
• Positron Emission Tomography (PET) 
• Single Photon Emission Computed 

Tomography (SPECT) 
• Electroencephalography (EEG) 
• Ect… 
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It’s our routine 

• Use for diagnosis for long. 
• The limitation of human eyes 

– Intensity 
– Contrast 
– Texture 
– (Subjectively) 
– (Empirically) 
– (Individually) 
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Why we love this big monster? 
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It looks fantastic!! 
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It creates lots of images 
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Even more! 
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Today’s focus: MRI 

2017 認知巡迴工作坊 

• Structural 
–Diffusion Tensor Imaging 
–Quantitative Volumetric Analysis 

• Functional 
–fMRI 
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Diffusion Tensor Imaging (DTI) 

• A structure image to display/recon. the 
orientations of WM. 

Image courtesy of Alexander Leemans 

CMUH Data 

cFA tractography 

Tractography of u-fiber 



Structure MRI Diffusion MRI 
(Tensor Map) 

Fiber Connection 
(tractography) 

Tractography 
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Tractography-based Analysis 

CMUH data 

Group analysis 

CST changes in single stroke patient 

Stroke side Normal side 2017 認知巡迴工作坊 23 



FA differences between MDD  
Non-remission / remission group 

Post-treatment data 

** =  most significant predictors of remission 

Korgaonkar et al, 2014 
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Meta-analysis - FA reduced areas 
in MDD 

Chen et al, 2016 
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Pre-processing 
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Hiroshi 2013 

GM changes in AD 
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Brain atrophy in schizophrenia 
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DeLisi LE et al, 2006 

• Smaller total brain volume. 
• Enlarged ventricles. 
• Reduced hippocampal and thalamic volume. 
• Increased globus pallidus volume. 

Takao et al, 2010 

28 



Cortical thickness Analysis 

• A image processing technique 
to evaluate cortical thickness 
in vivo. (Fischl 2000) 

• Different approach form 
VBM. 

• Several researches have 
demonstrate significant 
correlation between imaging 
and histological approach.(Rosas 
2002, Cardinale 2014, Popescu 2016) 
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Processing steps 

Fischl, 2000 
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Normal > PD  
(cortical thickness) 

N=13 
PD=14 
P<0.01 

rh lh 

CMUH data 



Aging 
(cortical thickness) 

rh lh 

Age Correlation of all sbj 

Young ET - ET 
CMUH data 



Thicker cortical regions in MDD 
Inf. frontal gyrus (pars opercularis) 

medial orbitofrontal gyrus  

supramarginal gyrus  

Rostral middle frontal gyrus  

Qiu, 2014 
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How old are they? 
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A B C 

28y 55y 71y 
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Movement Disorder - fMRI 

• F67y, acute left hand motor abnormally 

Right hand motor (normal) 

Left hand motor (abnormal) 
max t=16 

max t=12 

L 
R 

CMUH data 
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Movement Disorder - fMRI 

• F27y, bilateral movement disorder 
• Red/Blue: Patient/Normal 

Left real motor 

Left motor imagery R L 

CMUH data 
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• M36y, right side AVM 
• (arteriovenous malformation)  
• pre-surgical planning 

max t=12 

R L 

CMUH data 
2017 認知巡迴工作坊 

Pre-surgical Planning 
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Right hand motor (normal) 

Left hand motor (abnormal) 
max t=16 

max t=12 

L 
R 

R L 

Right hand motor (normal side) Left hand motor (tumor side) 
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• M28y, brain tumor, pre-surgical planning 
max t=12 

R L 

CMUH data 
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Pre-surgical Planning 
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Pre-surgical Planning 

Data from University of Cincinnati Dep. of Radiology 
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Active stimulators 

fMRI guided TMS 
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Limitation to become routine 
• High field scanner (3T) (15% in Taiwan) 
• fMRI equipment 
• Preparation time (functional task ) 
• Scanning time 
• Data processing 
• Explanation 
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Scan Room 
console 

projector MRI Unit 

fMRI environment (UCSD) 
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 Clinical fMRI 
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fMRI  
compatible  
equipments 
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Current limitation 
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• Currently, neuroimaging can’t be used in 
diagnosis directly. 

• Difference is too small to be observed in 
single case. 

• The results remain inconsistency. 
– Image quality, parameters 
– Statistic method 
– heterogeneous of patients 
– Disease progresses 
– Treatment 
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• But can play an important role in 

understanding more about: 
– etiology, pathophysiology 
– treatment response 
– Prognosis 

Current limitation 
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Future works 
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• Worldwide image pool. 
• Meta-analysis. 
• Machine/ Deep learning 
• Biomarkers 
• Diagnosis and treatment prediction (single 

subject) 
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THE END 
Thank you for your attention! 
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