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MRI*scanner*(old*school)*–
University*of*Nottingham*3T



MRI*Scanner*– Mission*Bay



Protons*in*a*magnetic*field*and*MRI

• Different%tissues%have%different%proportions%of%“free%hydrogen”%that%align%with%the%
magnetic%field%and%rotate%like%spinning%tops%(precess)%together%at%a%specific%

frequency%– therefore%different%tissue%types%have%differing%signal%intensities%that%can%
be%detected%and%differntiated using%a%radio?frequency%coil.%

• Magnetic%field%gradients%are%applied%in%the%x%and%y%directions%to%perturb%the%signal%

to%specify%spatial%location%within%a%2D%slice%– leads%to%an%image%– multiple%slices%3D



Why*automate*MRI*diagnosis*of*dementia?
• Different%dementias%have%different%patterns%of%brain%loss%

• Current%standard:%neurologists%and%radiologists%review%images%and%generate%

a%diagnosis%from%images,%neuropsyche testing,%and%family%interviews%etc.

• Group%patterns%clear,%but%individual%scans%more%difficult%to%interpret/classify

• Clinicians/radiologists%often%disagree%on%image?based%diagnosis

• Imaging%based%classifier%will%provide%useful%tool%to%clinician%– especially%in%

smaller%clinics%with%no%expert%neurologist%– Kirsten%will%say%more

AD svPPA bvFTD



The*Quest*project*
– Kirsten
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The%Growing%Dementia%Epidemic%

• ~15%%of%individuals%>age%71%in%the%US%have%dementia,%and%the%

number%of%people%>%age%65%is%expected%to%double%to%70%million%by%

2030%

• Most%individuals%with%neurocognitive%symptoms%rely%on%%primary%care%

providers%(PCPs)%to%perform%a%screening%evaluation,%and%often%to%

provide%ongoing%care

• Many%PCPs%report%they%don’t%have%the%appropriate%resources%or%

training%to%ensure%timely%and%accurate%diagnosis%of%their%dementia%

patients
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No*diagnosis*or*the*wrong*
diagnosis*leads*to:
• Wrong%tests%ordered,%wrong%
treatment%given

• More%medical%costs%as%the%correct%
diagnosis%is%sought

• Missed%opportunity%for%curative%
treatments

• Burden%on%caregivers%who%need%
answers%and%resources

• Patients%lose%opportunity%to%guide%
their%own%life%planning

• Doctors%lose%confidence%and%self?
efficacy%treating%dementia

Late%or%Inaccurate%Dementia%Diagnosis%is%a%Major%Problem
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Dementia%is%the%most%expensive%healthcare%problem

! The%direct%U.S.%medical%costs%of%dementia%care%are%> $200%billion%/%
year% (NEJM%article%2014)

! Greater%than%the%costs%of%heart%disease%or%cancer

! $1%out%of%every%$5%Medicare%dollars%is%spent%on%people%with%
Alzheimer‘s%and%other%dementias
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What%is%Dementia?%

Dementia%is%a%clinical%syndrome%defined%as%cognitive%or%behavioral%

decline%that%leads%to%an%inability%to%complete%daily%tasks%independently.

Dementia%has%many%causes%some%of%which%are%reversible,%such%as%

metabolic%disorders,%while%some%are%progressive%such%as%Alzheimer’s%

Disease%(AD)

Symptoms%of%dementia%may%include:%

• Memory%loss

• Language%impairment

• Loss%of%social%function

• Parkinsonism%

• Behavioral%or%personality%changes%

• Visuospatial deficits%
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Types%of%dementia
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Alzheimer’s%Disease%

! Alzheimer’s%is%the%most%common%form%of%dementia,%accounting%for%between%60?80%
percent%of%cases.

! The%cause%of%Alzheimer’s%Disease%is%unknown,%but%is%associated%with%the%
accumulation%of%amyloid%plaques%and%tau%neurofibrillary%tangles%

! The%majority%of%patients%with%AD%present%with%mild%memory%problems%that%gradually%
interfere%with%the%patient’s%ability%to%manage%daily%tasks.

! AD%is%prevalent%in%older%adults,%but%can%also%
affect%people%in%their%40s%and%50s

! The%progression%usually%occurs%slowly%over%
decades%

! May%develop%other%symptoms%such%as%difficulty%
recognizing%familiar%people,%dysphagia,%or%gait%
disturbances.

! No%cure%yet,%but%there%are%medications%that%
help%manage%the%symptoms%
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Frontotemporal Dementia%

! Condition%that%slowly%damages%the%front%or%temporal%part%of%the%brain%

! Behavioral%variant%frontotemporal dementia%(bvFTD)%is%one%subtype%of%that%
condition%

! Characterized%by%alterations%in%social%decorum%and%personal%regulation

! May%affect%how%a%person%deals%with%everyday%situations%as%well%as%cognitive%skills

! One%of%the%most%common%causes%of%dementia%in%people%less%than%65%years%
old

! Cause%is%unknown,%scientist%know%that%bvFTD is%the%result%of%a%large%build?up%of%
one%of%three%kinds%of%proteins%(Tau,%TDP?43,%Fused?in%sarcoma%(FUS))

! Most%people%with%bvFTD start%having%symptoms%in%their%50s,%although%some%
people%have%shown%signs%earlier%
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Primary%Progressive%Aphasia%

! Primary%progressive%aphasia%(PPA)%is%an%isolated%language%deficit%with%an%
insidious%onset%and%gradual%progressive%impairment%of%language%production,%
object%naming,%syntax,%or%word%comprehension.%

! Aphasia%is%the%most%prominent%deficit%at%symptom%onset%and%with%disease%
progression,%although%other%cognitive%deficits%may%be%affected%later%in%the%
disease.

! Activities%of%daily%living%are%unaffected%except%those%related%to%language.%

! Variants%

! Non?fluent%Variant%(nfvPPA)%– people%have%increasing%trouble%getting%words%out%

! Logopenic Variant%(lvPPA)%– people%have%increasing%trouble%thinking%of%the%words%
they%want%to%say

! Semantic%Variant%(svPPA)%– people%have%increasing%difficulty%understanding%the%
meaning%of%words,%finding%words,%or%naming%people%and%objects.

! Cause%is%unknown%
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Integrated%Solutions

The*Dementia*Care*Pathway

• Step%by%step%dementia%diagnosis%and%care%guidelines%through%

interactive%insights

• Tablet?based%cognitive%testing%with%instant%interpretive%reports

• Guidance%for%expanded%lab%ordering

• Imaging

• Streamlining%ordering%of%dementia?specific%MRI

• Automated%quantification%of%structural%brain%abnormalities

• Parameters%for%dementia%specific%MRI%interpretation

• Diagnosis?specific%educational%modules%to%guide%treatment%and%

patient%care
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Summary

! The%dementia%pathway%aims%to:%

! Shorten%the%amount%of%time%to%correctly%diagnosing%a%dementia%patient

! Better%identify%patients%with%treatable%dementias

! Enable%better%patient%and%physician%education%and%treatments%consistent%
with%best%practices

! Lower%costs%by%eliminating%redundant%or%improper%testing



Pre<processing*
– Yann



Brain MRI
3D cube 

● Vector = 160 x 240 x 256 voxels 
(volume elements 1x1x1 mm3)

● Several tissues: gray matter, white 
matter, CSF, muscles, fat, bones, ... 

T1 structural image



Brain MRI
3D cube 

● Vector = 160 x 240 x 256 voxels.

● Several tissues: gray matter, white 
matter, CSF, muscles, fat, bones, ... 

● Complex real world classification 
challenge.

○ Algorithm treating images in 
the native space

○ Normalization of the images



Brain 
Normalization



Brain Normalization
● Transformation of e.g. gray matter or 

white matter into a standard/ideal brain 
MNI (Montreal Neurological Institute)

○ Increase the likelihood of a voxel to 
have the same meaning across 
images

○ Conserve the physical properties of 
the native space head

MNI gray matter tissue probability



Brain Normalization
Segmentation 

● Clusterization of grey scale image

○ Every voxel of a MRI structural 
image is projected in an 
histogram (2 dimensions)

○ Each bump is potentially a 
tissue: gaussian mixture

● Refinements: 3 dimensions 
information; other contrast (T2, 
FLAIR, ...)

Gray level

Hits



Brain Normalization
Normalization and modulation

● Linear transformation (global)

○ Rigid body: 3 rotations + 3 translations

○ Affine: Rigid body + 3 scaling + 3  Skews/Shears 

Affine transformation



Brain Normalization
Smoothing 

● Gaussian kernel

○ Blurring the image decrease 
subject features 

● Increase the likelihood of a voxel to 
have the same meaning across 
images

Unsmoothed Smoothed

MNI



MAC*Dataset*and*
IBM*modeler*–

John



UCSF*Memory*and*Aging*Clinic*
(MAC)*Dataset

• Structural%(volumetric)%MRI%– multiple%dementia%

studies%– but%in%same%scanner%and%same%protocol

• Single%time%point

• Gold%standard%Dx – autopsy%(if%dead)%UCSF%clinical%

expert%joint%decision%(otherwise)

• Objective%is%to%classify%patients%as%having%or%not%

having%dementia%and%if%yes,%what%type%of%dementia?



Data*reduction:*ROIs
• Regions?of?interest%(ROIs)%as%

predictors:%Insight%Segmentation%
and%Registration%Toolkit%(ITK)

library%extraction%of%ROIs%in%MNI%

space%– each%ROI%is%a%predictor:%
136%ROI%predictors%– big%data?

• ROIs%are%defined%in%terms%of%anatomical%regions%and%

landmarks%in%the%human%brain%that%are%common%to%
all%individuals%– often%have%specific%functional%roles

• Yann%will%later%discuss%more%complex%voxel?based%

analysis



IBM*Modeler*analysis

• Classification%analysis%– predicting%dementia%

existence%and%type%based%on%voxel?based?
morphometry%gray%matter%maps

• Using%region%of%interest%(ROI)%estimates%as%
predictors

• Training?test?validation%approach

• Use%auto?classifier%to%look%at%many%models



IBM*Modeler*stream



Var.*File*node



Var.*File*node*– Preview



Type*node*– initial



Type*node*– after



Partition*node



Audit*node



Audit*node



Audit*node



Audit*node



Audit*node



Audit*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Auto<classifier*node



Golden*nugget



Golden*nugget



Golden*nugget



Golden*nugget



Golden*nugget

Test Training



Golden*nugget



Analysis*node



Analysis*node



Analysis*node



Analysis*node



Voxel<based*analysis*
– Yann



Classification
 

Group 1
Group 2



Support Vector Machine
Algorithm

● Supervised parametric

○ Training and Testing

○ Cross-validation

● Maximization of margins

● Support vectors

● Feature space



Voxel-based analysis
Vectors

● Voxel-based 

○ Size of the vector managed 
by down-sampling and 
interpolation

● Region of interest

● Big data

○ The large size of images and 
the big number of images 
need low level programming



Support Vector Machine
Multi-class classification

● binary to multi-class classification 

○ Probability score (J.C.  Platt)

○ Multi-class (T.  Hastie  and  R.  
Tibshirani)



Wrap*up*
– John



What*next?
• Compare%results%across%algorithms

• Validate%on%1.5T%scans%– generalizability%to%

multiple%scanner%field%strengths

• Validate%relative%to%different%Dx proportions

• Validate%on%external%data%from%another%
center%– eventually%multiple%centers

• Add%other%clinical%information:%blood%tests,%

neuropsyche testing%etc.



New*research*directions?
• Use%additional%spatial%information%

• Consider%sub?classes%(unsupervised%and%

unknown%number)

• Incorporate%longitudinal%scans%– clinically%
improve%diagnostic%accuracy%through%
follow?up



Summary
• Automated%volumetric%MRI%diagnosis%is%a%lofty%

but%important%goal

• SVM%on%ROIs%or%down?sampled%images%can%

provide%a%feasible%way%to%develop%image?based%
classifiers%on%large%datasets

• Multi?diagnosis%classifiers%with%class%probabilities%
can%be%developed%– tool%for%clinicians

• Thanks*to*Yann*for*all*the*hard*work!

• And*thanks*for*listening!


