PSY3180 Neuropsychology Notes

The BrianImaging Revolution

e  Post-mortem limited:
- No experimental control
- Waiting until patients are deceased

e Imaging providesaccessto the brain in-vivo (whilstin persons head functioning normally) L dg
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e  RFpulses(energy) causesspinning hydrogenatoms to dephase

e WhentheRF pulse stops, hydrogen returnto the original aligned
position withthe magneticfield

e  MRI measures how hydrogenreturns to original position which gives us
ourimages

RF Pulse
Structural MRI (T1)

e Highlydetailed, staticimage of the brain
e Usedto examine propertiesof brainstructure '\“5"\’ .
e  Oftenusedclinicallyto diagnose gross pathology { N
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e  Morphometrics
- Examinethe ‘size’ and ‘shape’

Spatial smoothing

- Caveats Bf." " + ~0.4 km dendrites
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> ~1 billion synapses
> ~4km axons
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Diffusion Weighted MRI

e  BasicDWIPhysics A lesirapic Diftusion B Anisotrogis RFumer

- DWI measures the diffusion of water throughout the brain : m‘ )! ~.
. '-I ¥ [ lI i P

- Without constrain, water diffuse randomlyinall directions (isotropic)

- With constrain, diffusionis directional parallelto constrainingbarriers
(anisotropic)

- White matter fibres create such constraints

To Diffusion Tensor Imaging (DTI) to Tractography

e  Tracks ARENOT axons

e  Tractographyisonlyanapproximation of underlying white matter, a wiring map of the brain

e Determines which grey matteris physically connected

e Cross fibres

e Undirected —notsensitive to efferent/afferent connections, not sure if signalssentto Aorsentto B

Functional Magnetic Resonance Imaging (fMRI)

e  BasicfMRIPhysics
- Imaging brain ‘states’ or ‘function’ instead of structure
- Snapshots of the brain thatcanbe out togetherto develop a time series of neural activity
- Neurons need oxygento operate



- Oxygen is supplied via the bloodstream Doaliive
- Theratiobetween oxygen-richand oxygen-poor blood ina given voxel is bloodrushesin  BOLD pespomse . oonal activity
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=  More neuronalfiring=more blood flow = greater contrast
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BOLD response, %

- This contrastis the basis of the Blood-Oxygenation-Level-Dependent 2 dip Overshoot undershoot
(BOLD) signal ! \'
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- Every voxel has an associated time series
- fMRI response is modelled using the General Linear Model (GLM )
- A good match impliesactivityinvowel related to stimulus

L] Common fMRI designs Activity in Predictor  Weight Error

A Block Pros Cons avoxel
‘ | simple simple
Stimulus Powerful No trial type

Sampling ERKAXAKAKARAKARA KA KA KA KKK KKK KKK KK

BOLD signal

B Event-related Pros Cons

| | Random presentation Less power

Stimul, | Flexible

Sampling RGO XA XA AR XA XXX XA XA XX KK EKK

BOLD signal

e (Caveats
- Bloodflowis not neuronalactivity
- Increased BOLD may reflectall kinds of neural activity
- Relatively poortemporal resolution

Resting-State fMRI

e The brainrepresent 2% of bodyweight, but accounts for 20% of oxygen consumption
e  Task-evokedactivityaccounts for <5% of the brain’s energy consumption; possibly as low as 1%
e  ~80% of energyconsumptionis devoted to neural signalling
e Resting state fMRIis the spontaneous fluctuations in BOLD activity while the brainis not engagedina task
- Is often quantified using
= Seed-based connectivity
> Involvestaking aregion of the brain and pullingout the time series
>  Correlatethetimesseriesfrom aregionof interest againthe time series ofthe rest of the brain
>  GivesusanSPMwhich quantifies the extent to which the time seriesinour region of interest predicts BOLD
activityaroundthe rest ofthe brain (restingstate functional connectivity)
= |Independentcomponentanalysis (ICA)
> Takesalltheindependenttime series and | ooks forindependent components that relateinall of the time
series
>  Provides mapforrestingstate networks

Electroencephalogram (EEG)

e Measuretheelectrical potentials produced by neuronalfiring
e Electrodesattachedto salp
e  Three common modes of analysis
- Event-related potentials (ERP)
- Time-frequency analysis
= Howthe powerofthefrequendes changes across different sites and different conditions
- Source reconstruction
= A projectionofsignals learnt from the scalpontothe brain
=  Make a prediction ofwhere onthe surface of the brain the EEG signals originated from

Magnetoencephalogram (MEG)

e  Measures the magneticfields produced by neuronal firing
e  Similarmodes of analysisto EEG

- Event-related potentials (ERP)

- Time-frequency analysis

- Source reconstruction

EEG vs MEG

e  Complementary modalities
- EEG sensitive to parallel electric currents



