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Philips 3 Tesla Achleva dStrea

Functional Magnetic Resonance Imaging (fMRI)
Pre-Study Setup (Julie bumas and Jay Gonyea)
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Imaging Methods

Source: modified from Posner & Raichle, Images of Mind



What 1s MRI and how
does It work?
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Protons align with field

Outside magnetic field

* randomly oriented

« spins tend to align parallel or anti-
parallel to B,

e net magnetization (M) along B,

« spins precess with random phase

e N0 net magnetization in transverse plane

longitudina
axis

Longitudinal
magnetization

transverse
plane



http://porkpie.loni.ucla.edu/BMD_HTML/SharedCode/slides/BasicMRPhysics/ppframe.htm
file://fahcfiler/M215169$/Paul/Local Settings/Temp/psych554/afni.nimh.nih.gov/afni/edu/mrip.pdf

RF Excitation

Excite Radio Frequency (RF) field

Source:

 transmission coil: apply magnetic field along B1
(perpendicular to Bj) for ~3 ms

» oscillating field at Larmor frequency

» frequencies in range of radio transmissions

e B, is small: ~1/10,000 T

« tips M to transverse plane - spirals down

» analogies: guitar string (Noll), swing (Cox)

« final angle between B, and B, is the flip angle
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file://fahcfiler/M215169$/Paul/Local Settings/Temp/psych554/afni.nimh.nih.gov/afni/edu/mrip.pdf

T1 and TR

T1 = recovery of longitudinal (B,) magnetization
« used in anatomical images
« ~500-1000 msec (longer with bigger BO)
TR (repetition time) = time to wait after excitation before sampling T1

Source:


http://porkpie.loni.ucla.edu/BMD_HTML/SharedCode/slides/BasicMRPhysics/ppframe.htm

T2 and TE

T2 = decay of transverse magnetization
TE (time to echo) = time to wait to measure T2 or T2* (after
refocussing with spin echo or gradient echo)

T2and TE

Source:


http://porkpie.loni.ucla.edu/BMD_HTML/SharedCode/slides/BasicMRPhysics/ppframe.htm

12*

T,* relaxation
» dephasing of transverse magnetization due to both:
- microscopic molecular interactions (T,)
- spatial variations of the external main field AB
(tissue/air, tissue/bone interfaces)

» exponential decay (T,* = 30 - 100 ms, shorter for higher\B;)

Source: Jorge Jovicich



BOLD signal

Blood Oxygen Level Dependent signal

Theural activity = T blood flow = T oxyhemoglobin = T T2* = T\MR signal

Basal state Activated state

, capill , capill
arterioles /"@ arterioles | }};e;ly
@ |

in® T,* task

: ® ¢
Tyt T 2Te® T,* control

| | 'y AS
- normal flow : szﬂffz - increased flow control ®

- basal level [Hbr] - decreased [Hbr| (lower
- basal CBV ﬁ?ld gradients around vessels ) e fime
- normal MRI signal - increased CBV optimum

- increased MRI signal

(from lower field gradients)

Source: Jorgedovicich


http://www.fmrib.ox.ac.uk/fmri_intro/

Rl I1s extremely flexible and can
be applied to virtually all body
regions. Some of the MRI
techniques used to generate
guantitative data include:
 fMRI

« Diffusion

* Perfusion

* Tlrho mapping

 T1 mapping

T2 mapping

» Structural Volumetric Analysis
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Neuroscience
Applications of MR




MRI provides
exceptional
tissue
contrast and
IS especially
useful for
brain imaging
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\
Applica\tions of
MRI in the Brain

Contrasts due to

*  Proton density

*  Magnetic relaxation properties (T1, T2,
T2%)

*  Water motion (diffusion)

*  Blood oxygenation\{(fMRI/BOLD)

*  Blood flow/perfusion(CBF)

f

MR Angiography
(Non-Contrast)



Functional MRI (fMRI, BOLD)

Blood Oxygenation Level Dependent Imagin

(1) Neuronal (3) Haemodynamic fMRI EOLD

activity response response
(2) Neurovascular (4) Detection by

i couplin MEI scanner
Stimulus E; |'| . ping S -
= - ﬂ _—
Fy

or modulation A
in background A
activity

- Excitatory activity - Metabolic signal - Blood flow - Magnetic field
and inhibitory activity unknown - Blood strength
- Anaesthetic influence - Anaesthetic oxygenation - TR, repetition
influence level time
- Blood volume - TE. echo time
- Haematocrit - Spin or gradient
echo EPI

TRENDS in Meurosclences
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The BOLD Effect is the result of the
Hemodynamic Response to Brain Stimuli




MRI vs. fMRI

Functional MI
studies brain

MRI studies brain anatomy.

Culham 2006



Is fMRI better than
phrenology?
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What can fMRI tell us about
cognition?

» Brain regions involved in cognition

» Brain regions that work together as a network during a
cognitive process

» How the localization of a cognitive process changes over
time, training, illness, medication, etc.




fMRI Studies by LCOM Investigat

Adolescent Brain Cognitive Development (ABCD)
U01 DA041148 MPIs Garavan and Potter
The Nicotinic Cholinergic System and Normal Cogniti
RO1 AG05071 Pl Dumas
Fatty Acid Effects on Normal Aging
R56 AG062105 Pl Dumas
Health of the Cholinergic System and Risk for Alzheimer’
Disease in Postmenopausal Women
R01 AG066159 MPIs Dumas and Newhouse
Tobacco Center on Regulatory Science (TCORYS)
Pl Higgins
Cannabis and Schizophrenia
R0O1 DA034699 UVM Pl Garavan and Mackey
Investigator of Opioid Exposure and Neurodevelopment
(IOPEN) R34 DA050283 MPIs Potter, Garavan, Heil
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An Example: Pharmacological fMRI

Functional Neuroimaging 4~  Psychopharmaca

(fMRI)
Localization of neural correlates of Neurochemical modu
cognitive function cognitive functio

NN 4

Modulation of task-related activity

Placebo A-B Drug A-B Placebo A-B) - (Drug A -B)

Plaz. Drug

® ®
Ce® O g

Drug by task interactior




\
Cognitive Aging and Cholinergic System

RED:MECA> PLC

Young > Old: . Old > Young: : SCOP>PLC
Occipital { Prefrontal : '
Cortex '

Time (sec) - Phase 2

Working Memory
Visual Attention =

Episodic Retrieval

Cabeza et al. (2004) PHYSO > PLC

Bentley et al. (2003)




Working Memory Task
» Working memory task

» Visual verbal N-back

Verbal N-back task

1-back 0-back

ABCCDEEFG ABXCDXFGX
T S
T 171
2-back
ABCBDEFEG
< &
3-back

ABCADEFDG
DAY G




Cholinergic modulation of Working Memory
Networks

p(Bonf) < 1.000

MECA — PLC
3-back — 0-back

Dumas et al. (2012)




Cholinergic modulation of Working Memoky
Networks

SCOP - PLC
3-back — 0-back

1

Dumas et al. (2012)



Estradiol modulation of cholinergic activity

p(Bonf) < 1.000

E2 — PLC during SCOP
challenge

1

Dumas et al. (2012)

3-back — 0-back




Estrogen modulation of cholinergic activity

p(Bonf) < 1.000
TRA

E2 — PLC during MECA
challenge

1

Dumas et al. (2012)

3-back — 0-back



Brain diffusion (DTIl) demonstrates axonal
diffusion and directionality or anisotropy of
water along white matter tracts. (Blue=Superior
to Inferior (CST), Red=Left to Right (CC),
Green=Anterior to Posterior
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T2*-FLAIR
Central Vessel in Multiple
Sclerosis (MS)

IMPROVING DIAGNOSIS
MULTIPLE SCLEROSIS
THROUGH THE INTEGRA
OF NOVEL IMAGING AND

LABORATORY BIOMARKER
K02 NS109340 Pl Solomon

Central vessel sign is a promising
(Andy Solomon, M.D. Department of
Neurological Sciences)

Note: the blood vessel seen within the
multiple sclerosis lesion (arrows)
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Various Scan Sequence Typ
Yield Specific Tissue Contras

Note: the varying appearance of the multiple sclerosis (MS) lesic

MRI contrast in MS
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Note: the varying appearance o
the cerebrospinal fluid (CSF) in
patient s/p brain tumor resection

Proton Density T2




Musculoskeletal Applications of M



Dr. Bruce Beynnon and his team are
Investigating geometric characteristics
of the knee to better understand risk
factors for anterior cruciate ligament
(ACL) injury among young athletes in
the contralateral knee following ACL

repair.

Knee 3D Tlw FFE WATSc Knee 3D PD w TSE
(For Cartilage (For Meniscus and Ligaments)

Segmentation) (arrow )

RO1 AR050421
Pl Beynnon
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Quantitative T1,
Map of Knee

Load data Options  Store maps (MUREC)  Store maps (PMGY  CAUTION: Inwestigation Device,  Limited by Federal Law ko investigational use.

Inputimage: * Mod ¢ Real ¢ Imag ¢ Fhase Output map: @ T map[msec] ¢ R map[1/3ec]

1 150 Change hax 26
4 3K »| [rooo 4] [
Slies Na S_calE|Va\ues' MimmumJJ ] Max\mumJ Eolov lnok-up table selectia

kil il

Echa[T2 or T2")/Phase(T1)

Auta Calculation:

“ 0  On

Calculate T2 map

ROl diawing on maps:press Noise Calculation:

and move left mouse button anual | Auto
ROl mean value:
124025.00

ROl area:
| |Eursnr pos: 122, 167

Delete dravn ROI T=39.1523 [rris]

|Fi = 255413 [142]

Save drawn ROI

M PFlaot area legend:

+: data point
Redline:  pure fit
Green ling: fitted curve:

Status processing:




Cardiac MRI

» Jiming Zhang, Ph.D.

Water movement though sand

» George Pinder, Ph.D.




The UVM MRI Center for Biomedical |
IS supported by the
Larner College of Medicine

Thank you!
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Echos

pulse sequence: series of excitations, gradient triggers and readouts

Excitation Pulse ele-TelSa =l Iolll Echos - refocussing of signal
pulse sequence

Flip angle ~ Power

Spin echo:

RF Transmitter
Power

use a 180 degree pulse to “mirror
image” the spins in the transverse plane

when “fast” regions get ahead in phase,
make them go to the back and catch up

Frequency Encoding measure T2
Gradient

ideally TE = average T2
Phase Encoding _ Gradient echo:

Gradient

flip the gradient from negative to
positive

RF Receiver

1o t— Data Readout lytervak—* make “fast” regions become/slow” and
[center of RF pulse] [10-20 ms] vice-versa
A gradient reversal (shown) or measure T2*

180 pulse (not shown) at this )
ideally TE ~ average T2*

point will lead to a recovery of

transverse magnetization TE = time towaitto
Source: measure refocussed spins



http://porkpie.loni.ucla.edu/BMD_HTML/SharedCode/slides/BasicMRPhysics/ppframe.htm

Estradiol and Cholinergic System
Interaction and Working Memory in
Postmenopausal Women

» Hypothesis — Estradiol will reverse anticholinergic-
related brain activation patterns.

» 24 healthy, cognitively normal PMW

» 3 months treatment with 1 mg oral 17- estradiol
per day or placebo

» 3 cholinergic challenge and fMRI study days
» 2.5 ug/kg SCOP - IV
» 20 mg MECA — oral
» Matching placebos




Cholinergic Challenge Day

» Study day timeline

0800 0900 0930 1100 1200

Arrive at
GCRC  MECA SCOP Cognitive  lunch
orplc orplc testing/
fMRI

discharge



Aging, the Cholinergic
System, and Brain Imaging

» Attention, working memory, and episodic memory

» Prior research shows a shift in brain processing from
occipital to a frontal pattern in older relative to
younger adults (Cabeza et al. 2004).

» Cholinergic agonists show posterior increases in
activity (Bentley et al. 2003; Furey et al. 2000).

» Cholinergic antagonists show increased frontal
activity older women (Dumas et al. 2012).




