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Outline

— What is “REALTIME fMRI”?
— Specific Example: NIH/AFNI Real-time fMRI System.

— Most Common Applications

— Automatic On-line Data Quality Control
— On-line Computation of Functional Localizations Maps

— Neurofeedback / Brain-Computer Interfaces

— What do we know from these early experiments/prototypes

— Considerations when designing your own real-time fMRI studies
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Real-time fMRI: Original Work

Real-Time Functional Magnetic Resonance Imaging

Robert W. Cox, Andrzej Jesmanowicz, James S. Hyde MRM 33(2); 1995

 WHY NEAR-REAL-TIME VIEWING OF FMRI ACTIVATION 1S DESIRABLE:

1. Data Quality may be monitored as experiment progresses.
2. Develop new task & stimulus protocols more quickly than offline analysis.

3. Interactive experimental paradigms may be created.

* FAST ALGORITHM TO RECURSIVELY COMPUTE:

1. Voxel-wise correlation between incoming time-series and reference vector

2. Associated statistics and thresholded map.
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Real-time fMRI Today

2
REAL-TIME IMAGE RECONSTRUCTION

l | Cox. R.W.,, Jezmanowicz A. “Real-Time

3D HEAD MOTION CORRECTION 3D Image Registration for Functional
i T MRI” MRM 42:1014-1018 (1999)
[

Hinds O. et al. “Computing moment-

REMOVAL OF NUISANCE SIGNALS to-moment BOLD activation for
realtime neurofeedback” Neurolmage
( ‘ 4:361-368 (2011)
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NIH/AFNI Real-time System: Look & Feel Fi M
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NIH/AFNI Real-time System: Look & Feel FiI M
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NIH/AFNI Real-time System: Look & Feel Fi M
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Real-time fMRI Applications:

(1) Automatic Data Quality Assurance



Automatic HW-QA P

fim.nimh.nih.gov

* Conducted every morning before any research/clinical scans starts

e Subject: TLT Spherical Phantom

* Scans: -
3D Localizer
e 2 Axial EPI Scans L APPROX. 30 MINS OF
« 1 Sagittal EPI Scan SCAN TIME
e 1 Coronal EPI Scan

* Real-time automatically performs QA Analysis/Publish in the Web
: MINIMUM
e Subject = QA_<extra_text> = HUMAN
* History = QA-Compute INTERACTION

* QA Metrics
* Image Signal-to-Noise Ratio (SNR)
* Temporal Signal-to-Noise Ratio (TSNR)
* Ghost Intensity
* Background Noise Levels
* Transmit Gain | Center Frequency



FMRIF
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) WHY DO IN-SESSION QA?

* HW is just one part of the equation

* Subjects introduce additional noise ‘
 Head Motion o
e Physiological Noise

* HW can break throughout the day/be
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incorrectly connected.

[+663]
WHAT DOES IT PROVIDE?
b
* Check Image Quality. %
e Check Time-series: spikes, drift, task
fluctuations.
1714
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. . AWAWAY J: 48| 6rid:  50|Scale: 13 datun/pix | Mean: 2003.4 | Tran 0D = -none-
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Generate TSNR Maps at the end of each
scan.
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Real-time fMRI Applications:

(2) Online Functional Localizers



Functional Localizers at Scan Time

GOAL: HELP REVEAL THE SPECIFIC FUNCTIONAL NEURO-ANATOMY OF THE SUBJECT

1 Define target regions for main experiment more precisely...

...s0 that we can scan faster and/or at higher spatial resolution

HIGH RES-ANATOMICAL EPI FUNCTIONAL LOCALIZER MAIN EXPERIMENT

1x1x1mm 52 Slices @ 2x2x2mm 11 Slices @ 2x2x2mm
TR=2000ms TR=400ms



TR Functional Localizers at Scan Time (Il)

2 Define target regions for main experiment more precisely...

... to obtain a Region of Interest (ROI) for a subsequent Neurofeedback scan

HIGH RES-ANATOMICAL EPI FUNCTIONAL LOCALIZER ROI FOR MAIN EXPERIMENT

Ix1x1Imm 52 Slices @ 2x2x2mm NEUROFEEDBACK/BCI
TR=2000ms



Gesser et al. “Intraoperative functional MRI: Implementation and preliminary experience”
Neurolmage 26 (2005): 685-693
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 CAN BE VERY EFFECTIVE AT EXPLAINING:

* BOLD Effect.

* Hemodynamic Delay/Filter.

e Artifacts: Head motion.

» Effect of Imaging Parameters/Tuning of Scanning Protocols

e CANHELP GET NEW STUDENTS INTERESTED IN FMRI

* REPORTED POSITIVE PAST EXPERIENCES:

* Wellcome Trust Center for Neuroimaging (London, UK)
* International Max Planck Research School (Tubingen, Germany)

Weiskopf N et al. “Real-time functional magnetic resonance imaging: methods and applications”
Magnetic Resonance Imaging 25 (2007): 989-1003
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Real-time fMRI Applications:

(3) Brain-Computer Interfaces &
Neurofeedback



http://biedermanblog.com

BRAIN — COMPUTER INTERFACE

“Techniques that allow translation of brain activity into direct control
of mechanical or computer components without the involvement of
the peripheral nervous system or muscle” Lee JH et al. (2009)

* Specific type of Biofeedback
e Conscious control of activity within a region of one’s own brain.
* Applications: Therapy and Learning

* Use “thoughts” to control an electronic/motorized device
* Applications: prosthesis, gaming

COMMUNICATION

* Use “thoughts” as a communication act.
* Applications: communicate with vegetative-state patients




http://biedermanblog.com

BRAIN — COMPUTER INTERFACE

“Techniques that allow translation of brain activity into direct control
of mechanical or computer components without the involvement of
the peripheral nervous system or muscle” Lee JH et al. (2009)

= éév » Specific kind of Biofeedback
S e Conscious control of activity within a region of one’s own brain.
NEURO"FEEDBACK * Applications: Therapy and Learning

* Use “thoughts” to control an electronic/motorized device
* Applications: prosthesis, gaming

COMMUNICATION

* Use “thoughts” as a communication act.
* Applications: communicate with vegetative-state patients




fMRI BCl/Neurofeedback in Perspective
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o Neurofeedback (1) — Original Experiments

EXPERIMENTAL SETUP

Siemens Sonata 1.5T:

Turbo-BrainVoyager:
EPI, 16 slices, TR =1.5s

= Ul Functional analysis

€<

Scanner console

-

Image reconstruction

>>>

Processing Time from Acquisition to Feedback < 2 seconds

e 1 Subject.
e Consciously Increase and Decrease the BOLD signal of the Anterior Cingulate Cortex.
* Processing: (1) Linear Detrending, (2) Head Motion Correction, (3) Correlation Analysis

N. Weiskopf, R. Veit, M. Erb, et al. “Physiological self-regulation of regional brain activity using real-time functional
magnetic resonance imaging (fMRI): methodology and exemplary data”. Neurolmage 19 (2003): 577-586



Neurofeedback (1) — Original Experiments FiiMm

fim.nimh.nih.gov

FEEDBACK SCREEN

TO THE SUBJECT

i

e T s o

TR
B e e

GREEN = Increase Signal | GREY = Return to Baseline

N. Weiskopf, R. Veit, M. Erb, et al. “Physiological self-regulation of regional brain activity using real-time functional
magnetic resonance imaging (fMRI): methodology and exemplary data”. Neurolmage 19 (2003): 577-586



Neurofeedback (1) — Original Experiments m

RESULTS

WHAT DID THE

. NEUROFEEDBACK
o REALLY ACCOMPLISHED
%o HERE?

3 0

0.2

0

Session #

\,/ Session #

N. Weiskopf, R. Veit, M. Erb, et al. “Physiological self-regulation of regional brain activity using real-time functional
magnetic resonance imaging (fMRI): methodology and exemplary data”. Neurolmage 19 (2003): 577-586



Does learned, deliberate manipulation of rostral anterior cingulate cortex (rACC)
activation by subjects lead to predicted effects on pain perception?

EXPERIMENTAL DESIGN FEEDBACK SCREEN
—— CYCLE, (3 BLOCKS, 150s TOTAL) —

4
REST | INCREASE DECREASE

30s 60s 60s 3
\ STIM STIM |__--- 27
BRIEFING |° el T

PRE-TESTS CYCLE1 | | CYCLE5 | [AFTERSCAN| 0
ANATOMY 150s 150s RATINGS 1l

L RUN, (5 CYCLES + RATINGS, 13 min).—I 0 50 100s

1-5 RUNS PER TRAINING DAY)
e 36 healthy subjects & 8 Chronic Pain Patients

e Type of Scans:
* Localizer + Anatomical Scans
* 3 Training Runs (Rate Stimuli at end of run)
e 1 Post-test Run (Rate Stimuli at each presentation)

e Pain Rating using a Visual Analog Scale 1 - 10

deCharms RC, Maeda D et al. “Control over brain activation and pain learned by using real-time functional MRI” PNAS 102(2005):18626-31



“*) Neurofeedback (2) — Mitigation of Chronic Pain m

#TRAINING

POPULATION FEEBBACK RUNS INSTRUCTIONS
TYPE )

(13mins)

HEALTHY

deCharms RC, Maeda D et al. “Control over brain activation and pain learned by using real-time functional MRI” PNAS 102(2005):18626-31




Neurofeedback (2) — Mitigation of Chronic Pain

RESULTS: H1 GROUP (HEALTHY, rtFMRI rACC)
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A os " B o« °
T 50 80
S —~ 05 S’ * .g o °
€9 =3 40 T ET0| o e e
>0 04 | Ly zE .
o 20 30 | | es
T = 03 ‘D = o=
z » o 235 20
O S ¥ 2 £T
> € 02 | 25 | | £€,
0.1 f £ 20 e y=28.167x + 7.013
. & 0 L—— . R=0.368 p<0.00076
Training Training Training Post-test TrainingTraining Training Post-test 40,5 0 0.5 1 15
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BOLD Activity Change Behavioral Change Correlation

deCharms RC, Maeda D et al. “Control over brain activation and pain learned by using real-time functional MRI” PNAS 102(2005):18626-31



RESULTS: SPECIFICITY DUE TO rtFMRI TRAINING IN HEALTHY PATIENTS

50 [ Intensity

B Unpleasantness
40 + p<.01
30 11 p<.001

| * p<.05 vs. exp.
* p<.01 vs. exp.
*** p<.001 vs. exp.

m! H_rn! I

m TT * x Wik Rk R xkk whw

N
o

Change in pain rating (% difference)
8 3 o 3

5

rACC - rtfMRI Attention PCC Yoked
experimental control control control control
group group| groupll group lll group IV

deCharms RC, Maeda D et al. “Control over brain activation and pain learned by using real-time functional MRI” PNAS 102(2005):18626-31



RESULTS: CHRONIC PAIN PATIENTS

A ;—p<.02—| B
—nis — 100[R=0.92 p<0.01
ey Tttt G
S t11 p<.001
o
=
©
= NERUOFEEDBACK = BEHAVIORAL CHANGE
§ NEUROFEEDBACK IS NECESSARY
'g,’ POTENTIAL CLINICAL USE
-
(&

rACC rtfMRI Autonomic 0 5 10 15
experimental feedback rACC change in
group control group activation (BOLD)

“In interviews after the procedure, patients described an increased sense of control over their
pain as well as an overall decrease in pain level when not overtly attempting to exercise

control, but they were not able to provide clear details regarding the strategies that they
used.”

deCharms RC, Maeda D et al. “Control over brain activation and pain learned by using real-time functional MRI” PNAS 102(2005):18626-31



Neurofeedback (3) — Other Studies

POPULATION REFERENCE

BEHAVIORAL
CHANGE

—
v <_|
| 20
w O x
- il
Q| =2
2 88
3 C>Du

Amygdala Healthy 6 YES YES Posse et al. 2003
Anterior Insula Schizophrenia 9 YES YES Ruizetal. 2011
Insula Healthy 15  YES N/A Caria et al. 2007
Suppl. Motor Area Healthy 1 YES N/A  Weiskopf et al. 2004
Parahippoc. Place Area  Healthy 1 YES N/A  Weiskopf et al. 2004
Right Inferior Frontal G. Healthy 7 YES YES Rotaetal. 2009
Primary Auditory Ctx. Tinnitus Patients 6 YES 2/6 Haller et al. 2009
Subgenual ACC Healthy 18  YES N/A Hamilton et al. 2001
Ventral Pre-motor Ctx. Healthy & Subcortical 4/ Sitaram et al. 2012
Stroke Patients 2 YES YES

Orbito-frontal Cortex Healthy ? YES N/A Hampson et al. 2012



COMMON EXPERIMENTAL SETUP

PRE-TRAINING TRAINING .

LOCALIZER

TRANSFER

EVALUATION

—>

EXPERIMENTAL CONSIDERATIONS

ROI Definition

Data pre-processing prior to Feedback
Baseline Calculation

Feedback Display Configuration
Provide Strategy: Yes/No

Control for Motion, Physiology, etc.

ADDITIONAL
OFFLINE ANALYSIS

DESIRED OUTCOMES

Volitional Behavioral
Control Change
Real
Feedback YES YES
Sham
Feedback NO NO

&

Transfer of Behavioral Change beyond

Scanning Sessions

Do | really need a multi-million machine to do this?




NIH/AFNI Neurofeedback System FiM
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NIH/AFNI Neurofeedback System FiM
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@ &/ [A] NIH RT Neurofeedback @ @
AFNI Plugin: Configuration of NIH-RT Neurofeedback Visual Interface

Save+Keep Save+Close

| BT | £ cutable |[FIM Neurofeed = | [0ther
| UIGENERAL [ iy | 1 ROI = #Volumes |¥||& ¢ 200 | Ignore (#Vols) [¥||la [ 5 ||Baseline (#Vols)|¥|[4| 20
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_MOTION Type ‘ None ‘ Weight : - 0. Color Thresh. 1[¥|[&]f o. ||color Thresh. 2 [¥][&]f 0.4 | |Color Thresh. 3[¥|[i]f 0.65 |
__[EXPORT Write PIPE [No & Path

(1) External Presentation Software to Use = Default is our in-house development.
(2) Number of ROIs: 1 ROIl, 2 ROIs, (A — B)

(3) Number of Acquisitions

(4) How many volumes to ignore

(5) How many volumes to use for baseline computation



FIM

fim.nimh.nih.gov

B e [A] NIH RT Neurofeedbac @&

AFNI Plugin: Configuration of NIH-RT Neurofeedback Visual Interface

Quit Save+Keep Save+Close

B SUGET | Excutable Im |lother

B T (ROTI Input ’T #Volumes [ Ignore (#Vols) F ||Baseline (*'Vols)"T ‘
_METRICS CONF.  [[RFSaSTe |#Signal Change = ||StDev Win Size|¥|[4]f 5

Vl“lax ZSChangeF ‘77l“lax StDev NT “T: 10
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Circle = | |Icon Color
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_EXPORT Write PIPE = Path j |

(6) DISPLAY METRIC

* Percent Signal Change from Baseline: [Min, Max]

* Standard Deviation from Baseline over time: [Min, Max, Window]



NIH/AFNI Neurofeedback System FiM
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= [A] NIH RT Neurofeedback

AFNI Plugin: Configuration of NIH-RT Neurofeedback V¥isual Interface

Quit Save+Keep Save+Close Help
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LIMETRICS CONF.  |[[SSSTS
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B EE A i itc PIPE |No = lPath = S
(7) FEEDBACK DISPLAY CONFIGURATION

SINGLE ROI TWO ROIS

-0.08 %

THERMOMETER | LEGEND OFF  GAUGE | LEGEND ON THERMOMETER | LEGEND OFF




NIH/AFNI Neurofeedback System FiM

fim.nimh.nih.gov

B e [A] NIH RT Neurofeedbac &

AFNI Plugin: Configuration of NIH-RT Neurofeedback Visual Interface

Quit Save+Keep Save+Close
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NIH/AFNI Neurofeedback System

TARGET VALUES

1.69 % -0.15 %




NIH/AFNI Neurofeedback System

AS TIMESRIES

AS COLORED DOTS

MOTION FEEDBACK

-0.46 % -0.09 %

30.01




Neurofeedback / Brain Computer Interfaces

BRAIN — COMPUTER INTERFACE

“Techniques that allow translation of brain activity into direct control
of mechanical or computer components without the involvement of
the peripheral nervous system or muscle” Lee JH et al. (2009)

http://biedermanblog.com

» Specific kind of Biofeedback
e Conscious control of activity within a region of one’s own brain.
* Applications: Therapy and Learning

* Use “thoughts” to control an electronic/motorized device
NEURO-CONTROL | * Applications: prosthesis, gaming
g |

& * Use “thoughts” as a communication act.
COMMUNICATION | © Applications: communicate with vegetative-state patients




Neuro-control (1) — Cursor Control

BOLD activity patterns from 4 different tasks were measured and translated into four
directional cursor commands for navigation through a 2D maze presented to the subjects.

PHASE |
SUBJECT TRAININ & ROI DEFINITION

\
Task
instruction
Training Paradigm
< | min 5| s >
Dummy | Task Rest
—r—>
I5s I5s
J

S.S. Yoo, T. Fairneny, N.K. Chen, S.E. Choo, L.P. Panych, H. Park, S.Y. Lee, F.A. Jolesz, Brain—computer
interface using fMRI: spatial navigation by thoughts, Neuroreport 15 (2004) 1591-1595.
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BOLD activity patterns from 4 different tasks were measured and translated into four
directional cursor commands for navigation through a 2D maze presented to the subjects.

f Start  Stage Il B . . .
& e Data processed in near real-time (2min 15s).
w e < | min5ls >
,<\EI MR-gOggle Dummy Task Rest
% I15s I15s
= . .
= * Cursor moved according to the pattern with
_ Finish
=< e the best match (Max Overlap).
< >
T <
T =
@)
|_
|_
o
=
Ll
|_
|_
< »
\ S

TR=1.5s | 3.75x3.75x5mm No errors for 2 subjects | 1 error for 1 subject

S.S. Yoo, T. Fairneny, N.K. Chen, S.E. Choo, L.P. Panych, H. Park, S.Y. Lee, F.A. Jolesz, “Brain—computer
interface using fMRI: spatial navigation by thoughts”, Neuroreport 15 (2004) 1591-1595.



Neuro-control (2) - BOLD Brain-Pon

Play the traditional Ping-Pong videogame controlling the racket with the level of BOLD
activity within a given brain ROI.

Subjects control vertical
position of racket by
the amplitude of the

BOLD response
in modulated
brain area

Subject 1 £nG, , Subject 2

(e vy

y 3

* How difficult is adaptation to the hemodynamic delay?
e Can two subjects exchange information based on ongoing fMRI measurements?
e Can we finely control activation levels within an ROI?

Goebel R, Sorger B, Kaiser J, Birbaumer N, Weiskopf N. BOLD Brain Pong: self-regulation of local brain activity
during synchronously scanned, interacting subjects” Washington (DC) Society for Neuroscience; 2004.



Neuro-control (2) - BOLD Brain-Pong

TRAINING SESSION VIDEO-GAME SESSION

http://videolectures.net

-

(1) Adapt to Hemodynamic Delay otherwise effortful brain modulation process.
(2) Learn Fine control of activity level | ¢ With extensive practice subjects could reach &
(3) Select optimal ROI per subject maintain levels of brain activity with high accuracy.

* Hit Rate: 60 — 80%
* The game was highly motivating to practice the

e Potential use to explore the neural substrate of
social cognitive processes.

Goebel R, Sorger B, Kaiser J, Birbaumer N, Weiskopf N. BOLD Brain Pong: self-regulation of local brain activity
during synchronously scanned, interacting subjects” Washington (DC) Society for Neuroscience; 2004.



Neuro-control (3) — SVM

SVM = Support Vector Machine | Supervised Learning & Classification Technique

Every BOLD volume is regarded

as a high dimensional vector CLASSIFICATION PROBLEM
A Vector representation of a brain
image time point
,M M,, '”; ‘?; . High Dimensional
’ . : Input Space Scalar
o O Edl CLASSIFICATION /N
' X: ™ MODEL >g
f?? ?% ’f? {F Xy

Mental State/

& : Brain Volume .
N = number of brain voxels Action

* Does not require feature selection.
* Classifies every incoming volume

LaConte S, Strother S et al. “Support vector machines for temporal classification of block design data” Neurolmage (2005) 26: 317-29



Neuro-control (3) — SVM

CLASSIFIER TRAINING
fMRI Training Data OUPUT: CLASSIFICATION MODEL
r B L
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X11 Xy Xiz e Xgq Z 2A
Xo1 Xyo Koz oo Ko7 1 B Decision
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Kn1 Xng Xz - Xnr AR
. v m ot %&: 5 .,
“ 4. ‘““‘o‘
N = # of Voxels O aa ‘»:’a:;f:
T = # of Volumes — wis®
@) =4
L p
Training Labels = '
[ Vi Y2 V3 - Y7l = >0 : Label A (Left)
Decision F ion: D(X.) =2 '
g ecision Function: D(X,) < 0: Label B (Right)
Mask o
(ol
-
Vg

LaConte S, Strother S et al. “Support vector machines for temporal classification of block design data” Neurolmage (2005) 26: 317-29



TRAINING RUN

Left Button Press Right Button Press
OR OR
Sad Thoughts Happy Thoughts
OR OR
English Inner Speech Chinese Inner Speech
OR OR
Left Motor Imagery Right Motor Imagery

LaConte S, Peltier SJ, Hu XP. “Real-time fMRI using brain-state classification.” Human Brain Mapping (2007) 28:1033-1044



Neuro-control (3) — SVM for Cursor Control

TEST RUN

Left Code Right Code

Arrow Advanced Arrow changed direction

LaConte S, Peltier SJ, Hu XP. “Real-time fMRI using brain-state classification.” Human Brain Mapping (2007) 28:1033-1044



SVM Output
- 0 - N

Neuro-control (3) — SVM for Cursor Control m

54 (77% Accuracy) 9 (83% Accuracy) 2 (76% Accuracy 2 (88% Accuracy)

9 -2
012345678 012345678 012345678 012345678

minutes minutes minutes minutes

Right/Left Motor Task Sad/Happy English/Chinese Right/Left Imagery

O

S1

Classification
Accuracy (%)
52383388

012345678
manuies

LaConte S, Peltier SJ, Hu XP. “Real-time fMRI using brain-state classification.” Human Brain Mapping (2007) 28:1033-1044



AFNI Realtime SVM Support Fi M

fim.nimh.nih.gov

AFNI Plugin: Set Real-Time Options for 3dsvm — An AFNI SVYM-Light Plugin
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Neurofeedback / Brain Computer Interfaces

BRAIN — COMPUTER INTERFACE

“Techniques that allow translation of brain activity into direct control
of mechanical or computer components without the involvement of
the peripheral nervous system or muscle” Lee JH et al. (2009)

http://biedermanblog.com

» Specific kind of Biofeedback
e Conscious control of activity within a region of one’s own brain.
* Applications: Therapy and Learning

* Use “thoughts” to control an electronic/motorized device
NEURO-CONTROL | * Applications: prosthesis, gaming

& * Use “thoughts” as a communication act.
COMMUNICATION | * Applications: communicate with vegetative-state patients
T




Neuro-Communication

IN SUBJECT WITH ZERO MOTOR CONTROL/RESPONSIVENESS

(1) Detect potential ability to generate willful, neuroanatomical specific BOLD responses.

A Healthy Controls B Patient 54

D Patient 23

Mental Imagery (Yellow & Red) | Motor Imagery (Blue & Green)

Monti M, Vanhaudenhuyse A, Coleman M, Boly M, Pickard J, Tshibanda L, Owen A, Laureys S. “Willful
modulation of brain activity in disorders of consciousness” The New England Journal of Medicine. 2010: 579-589



Neuro-Communication

IN SUBJECT WITH ZERO MOTOR CONTROL/RESPONSIVENESS

(2) Determine whether such responses could be used to answer simple yes-no questions.

A “Is your father's name Al der?” “Yes” resp with the use B “Do you have any brothers?” “Yes” resp with the use
of motor imagery of motor imagery

# PATIENTS = 54

5 Willfully modulated
brain activity

Patient
Control

1 Was able to answer
questions correctly

MOTOR IMAGERY
YES

C “Is your father’s name Thomas?” “No” response with the use D “Do you have any sisters?” “No” response with the use
of spatial imagery of spatial imagery

Identify incorrect
diagnosis

Patient

Establish basic
communication with
patients

SPATIAL IMAGERY
NO

Monti M, Vanhaudenhuyse A, Coleman M, Boly M, Pickard J, Tshibanda L, Owen A, Laureys S. “Willful
modulation of brain activity in disorders of consciousness” The New England Journal of Medicine. 2010: 579-589



3‘.«’ Neuro-Communication — BOLD Spelling m

System to allow subjects spell any word based on their pattern of BOLD activity

MULTI-DIMENSIONAL CODING TECHIQUE

TIMING
Onset delay 10s
Duration| 10s | 20s

10s ZOs

C|D

motor imagery

ROls

mental calculation

N

ROls L
R|S
\

MENTAL TASK

inner speech

g

ROIs

Letter = f(task, when you start, for how long you do it)

Sorger, B., Reithler, J., Dahmen B. & Goebel, R. (2007). “A Realtime-based spelling device immediately
enabling robust motor-independent communication”. Current Biology (22):14, 1333-1338 (2012)



FIM
fim.nimh.nih.gov

motor
1magery

mental
calculation

nner

‘\} CE( ]l

motor
imagery

mental i
calculation IS

inner
speech

~50secs/letter

20
Sorger, B., Reithler, J., Dahmen B. & Goebel, R (2007). “A Realtime-based spelling device immediately
enabling robust motor-independent communication”. Current Biology (22):14, 1333-1338 (2012)



Word encoding and automated letter decoding

Sorger, B., Reithler, J.,, Dahmen B. & Goebel, R. (2007). “A Realtime-based spelling device immediately
enabling robust motor-independent communication”. Current Biology (22):14, 1333-1338 (2012)




initial question follow-up question
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Sorger, B., Reithler, J.,, Dahmen B. & Goebel, R. (2007). “A Realtime-based spelling device immediately
enabling robust motor-independent communication”. Current Biology (22):14, 1333-1338 (2012)



Conclusions m

1 REALTIME FMRI CAN

Help increase the quality and productivity of your fMRI center.

Allow novel/more interactive scanning protocols.

BEHAVIOR | ' BOLD SIGNAL

p

Incorporate More and More Offline Processing Tools / Get Faster.

Gone a long way.... | VOLITIONAL CONTROL USE THOUGHTS TO

OF MOTOR REGION ™ COMMUNICATE/CONTROL

fMRI NEUROFEEDBACK/BCI HAS TEACH US THAT:

Healthy and Clinical subjects can gain volitional control of regional brain activity.

* How fine is that control?
Volitional control can translate into behavioral changes.
Results are quite variable across subjects / not very strong.

Neurofeedback has no adverse effects (safe therapy) [Hawkinson et al. 2011]




Conclusions m

WHEN DESIGNING NEUROFEEDBACK EXPERIMENTS WE NEED TO

Make sure subjects understand hemodynamic delay & variability of signal.
Make sure we account for signal drift & motion artifacts.

Make sure our baseline calculation is not contaminated.

Use simple interfaces the subject can understand (Fire Metaphor)

As scanning progresses, make sure our ROIls are still in the correct place.

Too small ROl (Motion problems) | Too big ROI (wash out effect of interest)

Providing strategy seems to accelerate learning.

We need to show that the Neurofeedback is essential to the result (Sham group).
Do we want to show consolidation effects beyond scanning sessions?

Use more subjects / Show more convincing results
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