


GOALS

* BEGIN LOOKING AT USING PROCESS
CONTROL TO DETECT ABERRANT BRAIN
VOLUMES

e DECREASE TIME IT TAKES FOR A BAD SCAN
TO BE REVIEWED (CURRENTLY ABOUT ONE
WEEK IF TOO MANY SCANS WERE
COLLECTED)



CURRENT PRACTICE

PHYsIcS OF MRI AND THE T1 IMAGE

QUALITY CONTROL IN MRI

EXAMPLE OF USING INDIVIDUALS CHART
WITH MORPHOLOGICAL DATA

REASONS FOR RESEARCHING USE OF
PROCESS CONTROL CHARTS IN
CLINICAL DATA

MOVING FORWARD






Flow Chart (future)

Re-Scan

Bad Scan

Out of
Control

Appears unhealthy, Still gets

reviewed

*Subjects that are screened as healthy but appear unhealthy are the
ones that can be dropped at Pl discretion

drop from study™




Background on Federally
Funded Grants and
Ethics

* ALL GRANTS MUST GO THROUGH IRB
APPROVAL

e ALL SUBJECT’S BRAINS WILL BE REVIEWED BY A
RADIOLOGIST

* IN HEALTH SCIENCES, SUBJECTS MUST BE
SCREENED FOR HEALTH PROBLEMS RELATED

TO THE STUDY

* QA FLAGS THOSE MOST LIKELY TO HAVE HEALTH
PROBLEMS TO GET SCREENED FIRST

e THIS IS A SUBSTITUTE FOR HUMAN REVIEWS






The Unhealthy Healthy

Control
CONSEQUENCES:

CHANGES WHAT RESEARCHERS THINK THEY
ARE COMPARING

COULD INCREASE VARIABILITY AMONG HEALTHY
SUBJECTS

COULD LESSEN EFFECT SIZE DIFFERENCES
BETWEEN PATIENTS AND CONTROLS



detected
state resona




Many other people added to the science so that
Images could be produced.

Dr. Damadian was the first to publish that
cancerous cells had longer T1 relaxation times

Dr. Paul Lauterbur and Sir Peter Mansfield were
awarded the 2003 Nobel Prize in Physiology or
Medicine












No radio frequency pulse applied

0900004

Higher energy because it is
aligned against the field




Radio frequency pulse applied

Causes protons to flip against the initial
magnetic field

19t

Higher energy because it is
aligned against the field




The protons will eventually return
to a lower energy state. Not all
return though.

0900004

Higher energy because it is
aligned against the field







Pure water is not affected by magnetic
field strength

The relaxation time for T, of water Is the
same at 1.5T as it is at 3T

Physiology (particulate masses) make T1
different among structures

Pathology makes a difference too



Any of the following can cause measure error

SLICE THICKNESS ACCURACY

RADIOFREQUENCY COILS
SOFTWARE ISSUES

NON-IDEAL SLICE PROFILE

MAGNETIC FIELD HOMOGENEITY

RADIOFREQUENCY PULSE AMPLITUDE






Summary of Methods

WE USED THE HARVARD BASED PACKAGE
FREESURFER TO PARSE OUT STRUCTURES IN THE
BRAIN USING THE FREESURFER ATLAS

WEBSITE:
HTTPS./ /SURFER.NMR.MGH.HARVARD.EDU/FSWIKI/
FREESURFERANALYSISPIPELINEOVERVIEW

THE STRUCTURES WERE YOLUME MEASURED AND
THE VOLUMES WERE QUALITY CHECKED IN SAS






EXAMPLE
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Subject with ventricles
statistically larger than sample
EXCEPT THIS IS A CHRONIC PATIENT

AND LARGE VENTRICLES ARE TO BE
EXPECTED

THIS ONLY CONFIRMS WHAT WAS
ANTICIPATED




CAN A
HEALTRHY
PERSON BE

OUT OF
CONTROL?



YES

Healthy Subject
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Subject Type:

First Episode Patient, First Episode Control,
Chronic Patient, Chronic Control

Region:

Thalamus Proper, Putamen, Pallidum, Lateral
Ventricle, Inferior Lateral Ventricle, Hippocampus,
Cerebral White Matter, Cerebral Cortex, Cerebellum
White Matter, Cerebellum Cortex, Caudate, Amygdala,
Accumbens area

Level of Failure:

They can either be at or outside of control limits



Table of Subjects Caught Out of

Control
Subject Type | Subject ID Region Level of Failure
First Episode Patient 41 Accumbens area Above UCL
Chronic Patient 54 Amygdala At UCL
Chronic Patient 31 Caudate Above UCL
First Episode Patient 7 Cerebellum White Matter At UCL
Chronic Control 13 Hippocampus Above UCL
Chronic Patient 42 Inferior Lateral Ventricles Above UCL
Chronic Patient 43 Inferior Lateral Ventricles Above UCL
Chronic Patient 42 Lateral Ventricles Above UCL
First Episode Patient 31 Putamen At UCL




Individual Measures Chart

No Range Chart is used because subject ordering is
nonsensical

Intended to detect one of three things:

Unhealthy brains

http://brighamrad.harvard.edu/Cases/bwh/images/49/DR10MRT1A.GIF



Figure 1: Decision Tree
average, range
average, sigma
run chart

% control chart

np centrol chart
p chart
¢ chart
u chart










USE A LARGER NATIONAL DATABASE SUCH AS DR.
DAVE KENNEDY’S* TO ESTIMATE THE MEAN, UCL,
AND LCL VALUES OF BRAIN VOLUMES FROM MULTIPLE
SITES/STUDIES

THIS WOULD DECREASE VARIABILITY
(HOPEFULLY) AND GIVE GREATER
CONFIDENCE IN ESTIMATED VOLUMES

* http://www.cma.mgh.harvard.edu/ibvd/



USE ONLY SUBJECTS FROM A

SPECIFIC DISEASE STATE TO DETECT
OUTLIERS

THIS SHOULD MAKE THE CONTROL
CHARTS MORE SENSITIVE TO OUTLIERS

IT WOULD DECREASE VARIABILITY
BECAUSE IT IS KNOWN THAT CERTAIN
DISEASE PROCESSES SHOW VOLUME
DIFFERENCES



Flow Chart (future)

Re-Scan
Bad Scan
Disease
Out of Good| gtate
Control
Appears unhealthy,
drop from study™ Still gets

— -

*Subjects that are screened as healthy but appear unhealthy are the
ones that can be dropped at Pl discretion







Bad
Scan

Flow Chart for Automation

Acquire T,

Good

Process while
the study is
occurring

Scan

Scan
New
Subject




AS SCANNERS BECOME FASTER AND
ARE ABLE TO TAKE SMALLER SLICES OF
THE BRAIN, THE RADIOLOGIST WILL BE
OVERWHELMED

CONTROL CHARTS BASED ON
AUTOMATED MEASURES CAN DIRECT THE
RADIOLOGIST TO POTENTIAL PROBLEM
AREAS

CONTROL CHARTS CAN ALSO BE USED
TO TRACK LESION OR TUMOR GROWTH
OVER TIME






