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Course Objectives

Course participants will first learn various methods for traditional
identification of different kinds of lesions and abnormalities with in a
scan, based on standard clinical review of the images.

Participants will be informed and come away with a basic knowledge of
neuroimaging quantification techniques and how to conduct them.

Participants will learn fundamentals of how to extract clinically relevant
information from commercially available programs as well as those that
are open source.

National Academy of
Neuropsychology Objectives

» Advance knowledge in assessment and
remediation of neurological impairment

* Fosterthe development of
neuropsychology as a discipline, science,
and profession

* Interact with other professional groups
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Approaches and Decisions in
Acute Pediatric TBI Trial

MRI Markers of Outcome
After Severe Pediatric TBI

Children 8 to 17 years of age with acute and follow-up
MRI at one year of greater post-injury

Comprehensive Neuropsychological Follow-Up
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ENIGMA MILITARY BRAL INJURY: A COORDINATED META-ANALYSIS OF DIFFUSION MRI
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Proc IEEE Int Symp Biomed Imaging. 2018 Apr;2018:1386-1389.
doi: 10.1109/1SB1.2018.8363830.
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Neumtechnology to address big questions

Profiling of single neurons in trssue allows structure and function linkage in brain circuits
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Neuropsychology’s Historical Roots

Neuropsychology's Origins based on 19th and 20th Century Conceptualization of Brain-Behavior Relations

< VisuAL FI “N

Bigler E.D. Structural neuroimaging in neuropsychology:
History and contemporary applications. Neuropsychology
2017 Nov;31(8):934-953. doi: 10.1037/neu0000418.
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Structural Image Analysis of the Brain in Neuropsychology U
Magnetic Resonance Imaging (MRI) Techniques

Erla D igher "+

1976
43 Years of Teaching
Neuropsychology,
What has Changed?

215 Century Growth of Neuroimaging-Neuropsychology Research
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Neuropsychologia, Volume 8, 1970

Two other journals
Cortex
Journal of Comparative and Physiological Psychology

‘Newoosveholosia, 1970, Vol 8, 99, 13 10 19, Persamon Press. Printed in England

THE STRUCTURE OF PSYCHOLOGICAL PROCESSES
IN RELATION TO CEREBRAL ORGANIZATION

A.R. Luria, E. G, SiMERNITSKAYA and B. TUBYLEVICH
Depariment of Neuropsychology, Moscow University and Department of Psychology, Warsaw University
(Received 25 April 1969)

Every attempt to analyze the cerebral orgenization of & psychological process
account not only its stabie structure but the change of this structure during the
il Functivsial developmicnt as well

"Fhis prestenption i flustrated by an analysie of the disturbaccss of writing in two cases
of left parieto-oecipital lesions where copying and slow writing bascd on optico-spatial
analysis of letiors was impossible but quick writing based on automatised writing skill
remained intact

In moperN psychology, it is now widely accepted that each kind of mental activity has a
distinct psychological structure and is effected through the joint activity of discrete cortical

7ones.
But how was neurological impairment identified?

Neuropsychological investigation with Luria’s
methods 1984 Orgina artce

by Anne-Lise Christensen, PhD'

www.ncbi.nim.nih.gov/pubmed/6494854

“One of the main trends in Luria's concept of
psychological function is that complex behavioral
processes are not "localized" but are distributed
throughout the brain in "functional systems."

Neurophysiological evidence of these
considerations has been found, e.g., in

In Memory cerebral blood flow studies, and the newest
1927-2018 histological findings concerning the diversity of
human brains give further support.

Why we need to
study networks

Oral Reading of
anonsense word

Eric Halgren, Un of Utah a neral Hospital
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Whole-8rain Networks

m The Challenge of
Scale and Complexity

Tissue to Organ level ~_

- el
100 m 5
n o

Synaptic Networks

One Cubic Millimeter =

80,000 Neurons
200,000 Glial Cells

4.5 million synapses
A - Angstrom : one ten-
billionth of a meter Gene and Protein Networks
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A Bit More History t?]pe(;?sr;?the
Montreal
Neurological
Institute ca.
1958. Assisting
Wilder Penfield
with the
procedure is
Herber Jasper
(monitoring EEG
up upper left
portion of
picture) and
Brenda Milner
(back to camera
and interacting
with patient).
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Virtual Dissection of Erin Bigler’s Brain
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The passion brain | Erin Bigler | TEDxJacksonH
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VERBAL AND MOTOR MEMORY IN THE
AMNESTIC SYNDROME#*

ARNOLD STARRT
Divisiun of Newology, Staaford University Sclool of Medicine, Stanford, Califoria 94305, U.S.A
and
Lavra Paitiaps

Departments of Psychology and Newology, Veterans Administeation Hospital, Palo Alto
i 94304, U.S.A

e N

(Received 12 March 1969)

septum
Abstract—The subject of this study was a 43-year old man who developed a disorder of
memory following herpes implex encephale st vearssaer. it memory was severely
affected in contrast To ThE preservamn tellest and immediate and remote memory.

"The Impalement of recent mermory functions wes vident on tasks wsing veebal matera] vhereas

gpencry ox mota tasks sch 2 nazs i nd (b sendering of o conposlions for

the piana was preserved. The deficit in remembering verbal items varied with (1) the \y-peol'

retrieval (recall vs. recognition), (2) the Tnodalty of stimulus presentation (acoustic

vial) and (3 the way in which learog ws stempted el prosmtaion ve it ordering
i Evi formation

by intrusion errors.

MATERIALS AND METHODS

VIRRAL AND MOTOR MEMORY I T AMNEETIE GRS n
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,and W R Whitehurst
Pneumoencephalographic planimetry in neurological
disease. J Neurol Neurosurg Psychiatry. 1969 June;
32(3): 241-248.

s.c.z Diagram of measures used. V.S. = ventricular
T.D. = transverse diameter. S.C. = septal-caudaie
Tie. Area weased by pianimetr i ined.

The first EMI scanner designed by Hounsfield in 1971 was
disassembled in the late 1970s and transferred from Atkinson
Morley’s Hospital to the Science Museum in London

europeycholosin, 1964, Vol 1, pp. 257 o 280, Peegarmon Pross Lid. Prioed i Bnghand

AN EXPERIMENTAL ANALYSIS OF THE
BEHAVIORAL DISTURBANCE PRODUCED BY A
LEFT FRONTAL ARACHNOIDAL ENDOTHELIOMA
(MENINGIOMA) .

A. R, Luria, K. H. PRIBRAM and E. D, HOMSKAYA

Deparment of Pyhology, Mscow Univrsy, USSR, and Deparimen o Py, Sanforc
vy Schaol of Mediche, Pao. Al, Caliornia, U.S.

(Received 10 Juls 1964)

Abstract-—A patient with o the bedside. iy
A scries of simple tasks was administered. These showed:

(1) An iaability to carry out compounded instructions whether these were given verbally
or prescated as a visual m -

) An inability to carry out “symbolic” instructions.

(3 These incapaitics did not depend on any difbeulty in apprebending the instrustions
per se

@ D the orienting
reaction.

s g airment
of more generalized bruin damage which may serve €0 bring out in relief and caricature
the essence of a disturbance produced by the local lesion. ™

1. INTRODUCTION

Sir Godfrey Hounsfield

Al

Introduced in the United States
In 1973 at the Mayo Clinic

Blood Flow

Morphometry

Back to Arnold Starr’s HSE Case

Davis et al. Computed tomography
of herpes simplex encephalitis, with
clinicopathological correlation.
Radiology. 1978 129(2):409-17

Zimmerman et al. CT in the early
diagnosis of herpes simplex encephalitis.
American Journal of Radiology, 1980,
134, 61-66
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Focal necrotising herpes simplex encephalitis:
a report of two cases with good clinical and
neuropsychological outcomes

C E Counsell, R Taylor, I R Whirtle
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Interesting 3-D presentation
of neuroimaging findings, with
quantitative neuroimaging, but
what does this tell us about
neural systems, networks and
neuropsychological outcome?

Amnesia
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ces.net/Amnesia
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What’s New? NETWORKS and Quantitative Neuroimaging!!
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Wilson BA, Baddeley AD, Kapur N. J Clin Exp Neuropsychol. 1995 Oct;17(5):668-81.
Dense amnesia in a professional musician following herpes simplex virus encephalitis.

Fast Forward — 2018: What is Old, What’s New?

1 Neurol Neurosurg Psychiatry 2018,
Beyond the limbic system: disruption and functional
compensation of large-scale brain networks in

patients with anti-LGI1 encephalitis

Neuropsychological assessment
In comparison to healthy controls, patients were cognitively
impaired in several neuropsychological domains (table 2).
Patients had a significantly impaired working memory when
compared with healthy controls (digit span test) and a substantial
impairment in both verbal and visual learning and episodic
memory (RAVLT/ROCF). Executive dysfunction became evident

as increased error rate on the Go/No-Go test and a decreased
semantic fluency. In contrast, the patients’ response times were

OoLD

A Working memory

Safience network

Dorsal DMN

§

B Episodic memory

Sabience network

Ventral DMN

@&

Functend o oo m— et

Correlations with memory performance. Alterations in functional connectivity significantly correlated with memory performance in patients
with anti-LGI1 encephalitis (p<0.05; corrected for multiple comparisons). (A) Better working memory performance was associated with higher

connectivity between the dorsal DMN and the left temporal and parahi gyrus, the left temporal pole as well as the cin
cortex (digit span test, p=0.012). Likewise, episodic memory function was better with increased connectivity between the ventral fraction of the o
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Structural MRI analyses
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During the acute phase, hippocampal T2/FLAIR hyperintensities on routine MRI were seen in the majority of patients (21/27
patients (77.7%); unilateral in 8/27 patients (29.6%); bilateral in 13/27 patients 148 1%)), whlle in6 pallents (22.3%) no
hippocampal abnormalities were present (table 1). At the time of g data foll ), initial
hyperintensities evolved into unilateral (in 33.3%) or bilateral (55.6%) visually detectable hippocampal atrophy, while 11.1% of
the patients showed no hippocampal atrophy. Volume measures revealed a significantly reduced right hippocampal volume

(table 2). Furthermore, patients and controls did not differ on global measures of whole brain volume (1.223x1060.33x106 Resting
mm? vs 1.191x106£0.29x106 mm?, p=0.697) and total grey matter volume (0.567x106:0.01x106 mm? vs 0.591x106£0.01x106 State
mm?, p=0.172) at follow-up. VBM analysis revealed no further cortical volume change and there was no evidence of structural
white matter damage as assessed using DTI. Functional
Connectivity
/‘ e
SALIENCE =,
DDﬁSM. NETWORK VENTRAL

4 / ‘ K DMN i ‘~x-¢:.
=
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e Psitive correlation with memory

J— h ion wi s image was
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scMRI Reveals Large-Scale Brain Network Abnormalities  .eq rois were : . Bigler, E.D., Steinman, D.R. & Newton, J.S. (1981). Clinical assessment of cognitive deficit in
in Autism selected within right 0 neurologic disorder, I: Cerebral Trauma. Clinical Neuropsychology, 3.

frontoinsular cortex
nd right
posterior cingulate
cortex[63]. These
) - s 1 : regions anchor the
. salience

Brandon A. Zieeski", e S, Andersos® %, Miyion L Froshih, Moty 8. 0. Mo’
Jared 5. Nk, daon .

respectively

Salience Network Default Mode Network

Bigler. 2005

Computerized Measures of
CT Scans of Alcoholics:
Thalamic Region Related to Memory'

CAROL A. GEBHARDT. MARGARET A. NAESER
AND NELSON BUTTER:

Boston U

Results showed that alcoholics' long-term (but not
short-term) memory performance correlates significantly
with thalamic CT density numbers in the region of the
dorsomedial nucleus and with third ventricle/intracranial
width ratio.
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Journal of Newralogy, Newrosurgery, and Psychiatry 1984:47:1314-1318
Quantifying cortical atrophy

ERIC TURKHEIMER, C MUNRO CULLUM, DONN W HUBLER, SYDNEY W PAVER,
RONALD A YEO, ERIN D BIGLER

From the University of Texas at Austin, Texas, USA

SUMMARY Most of the methods of quantifying cortical atrophy that have been proposed involve
the estimation of the volume of enlarged sulci in the cerebral cortex. The authors propose that the
surface area of the sulci is a more valid measure of cortical atrophy, and describe a system for
measuring the surface area of the cortex, and present data in support of the method's reliability
and validity.

Fig Computer drawn representation of slice from CT scan
of a brain with significant cortical atrophy.
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Nuclear Magnetic Resonance Imaging/Magnetic Resonance Imaging

Mallard, J.R. (1984). The Wellcome Foundation lecture, 1984. Nuclear magnetic resonance imaging in
medical and and problems, Proc R Soc Lond B Biol Sci. 226(1245), 391 - 4,

From early biological work and the first T1 nuclear magnetic resonance (n.m.r.) animal image in 1974, whole-
body patient images, by using a two-dimensional Fourier transform method were achieved in Aberdeen in 1980
with a 0.04 T vertical resistive magnet. Different pulse sequences produce images dependent by different
amounts on proton density, T1 and T2, and for clinical work it is advantageous to use more than one pulse
sequence to image pathology. The slow improvement of spatial resolution with increasing

standing magnetic field strength is discussed and information on the T1 and T2 contrast dependence is
reviewed: it suggests that the gains from high fields may be less than believed hitherto. Electrocardiogram
gating can be used to produce moving images of the beating heart; blood flow can be imaged and surface
radiofrequency coils are used for improved detail. N.m.r. imaging has considerable potential for studying
response to therapy; mental states and dementia; tissue generation; discriminating body fat and body fluids.
Other nuclei such as 23Na can be imaged and the potential to image fluorine-labelled pharmaceuticals could be
very exciting; n.m.r. contrast agents are now being developed. Images formed from T1 values measured for
each pixel are very useful for di is, but the values tf are less valuable for distinctive
pathological identification. With 15 companies manufacturing n.m.r. imagers and over 200 in use in hospitals,
the technique is rapidly becoming established in diagnostic clinical practice and some typical uses are
presented.

Allen, M.D. & Fong, A.K. Clinical applications of functional brain magnetic resonance
imaging (fMRI): I. Matrix 1. Verbal Fluency. 20,
127-140; 141-152, 2009.

Why it is important to view Neuropsychologid

Trail Making Test

Luria et al. “...each kind of mental
activity has a distinct psychological

structure ... through jOint
activity of discrete
cortical zones.”

Norman Geschwind wrote that
“every behavior has

an anatomy” [he
borderland of neurology and
psychiatry: some common
misconceptions. In: Benson DF,
Blumer D, editors. Psychiatric
aspects of neurologic disease.
Vol 1. New York: Grune and
Stratton; 1975.].

ScienceDirect
FLSEVIER WY S —
Research report
Processing speed and the relationship between @M_M_‘_

Trail Making Test-B performance, cortical thinning
and white matter microstructure in older adults

Sarah E. MacPherson **', Simon R. Cox ***, David A. Dickie **,
', Mark E. Basi

Sherif Karama */, John M. Starr *?, Alan C. Evans
Joanna M. Wardlaw and lan ). Deary *




Table2 Cognitive test ions with N in p

1 2. 3. 4. 5. 6
1. 18T~ (time to complete in seconds)
2. TMT-8 {total errors) 37" 411
3. Symbeol search 52" (410) 19" (410)
4. Digit-symbol 59" (a10) 347 (a10) 65" (a0d) L aSt
5. Simple reaction time 367 1) 18 (a13) 26 (a10) 33" (410)
&. 4-choice reaction time 517 @411 167 (411) 47" (910 537 (410) " (41 H H
7. Inspection time 36 (s01) 167 (401) 347 (400) 357 (400) 22° j401) 32" (s01) H | StO I’ | Cal

TMT-B — Trail Making Test Part §; p « .001; " p « 005, Note

Table 3 The results obtained from linear regression models examining the relationship between brain volumetry
measures and TMT-B completion time with and without simple and complex processing speed.

TWT-B Simple ~Complex
L] P B P B P

Intracranial valume cm) 024 530 o1 757 031 243
Whole brain valume (cn’) 080 0002 059 001 ' a0
Grey matter volume fem’) —a3 0002 —0%8 002 060 a0
AWM volume (cm) —o7s o003 30 283 s 28
WMH volume (cr) 132 om0 o 11 063 6
i — standardised regression coeficient; NAWM — ; WAL — white mattes Simple — Controling.

for Simple Reaction Time and Lnspection Time; Complex — Controlling for Symbel Search, Digit-Symbol, Simple and 4-Choice Keaction Time
and Inspection ‘Time; old — significant p-values after FOR correction based on the actual p-values produced; ‘standardized beta values
significantly attenuated (p < .05).

Time Consumlng Reglon of Interest (ROU hand tra(:lng
in Quantitative Neuroimaging Analysis
Blatter DD, Bigler ED, Gale SD, Johnson SC, Anderson CV, Burnett BM, Parker N, Kurth

S, Horn SD. Quantitative volumetric analysis of brain MR: normative database spanning
5 decades of life. AJNR Am J Neuroradiol. 1995 Feb;16(2):241-51.

2) pever Oo1Ca 1 : st 196 Subjects: 4 years of image analysis
“As these techniques become more and more automated, we should be able to,
lquantify directly a variety of parameters of the brain, including the amount of white versus

gray matter, ventricular volume, hemispheric volume, subcortical nuclei, normal’; Bigler ED, Blatter DD, Anderson CV, Johnson SC, Gale SD, Hopkins RO, Bumett B.
lasymmetries, etc. These anatomic measurements may be critical parameters with respect Hippocan;pal o iy aginb e eI [ ir{jury. '

0 i of certain r dlsor(_ier states. Accordingly, the slallsu_cal . AINR Am J Neuroradiol. 1997 Jan;18(1):11-23.

lemphasis that has played such an important role in neuropsychology needs to be applied

to brain imaging 2s well.” - 1989 - 200 Subjects: 4 years of image analysis

Bigler ED, Tate DF, Neeley ES, Wolfson LJ, Miller MJ, Rice SA, Cleavinger H, Anderson
C, Coon H, Ozonoff S, Johnson M, Dinh E, Lu J, Mc Mahon W, Lainhart JE.

Temporal lobe, autism, and AINR AmM J iol. 2003 Nov-
Dec;24(10):2066-76.

97 Subjects: 3 years of image analysis

Automated Image Analysis and Supercomputing PubMed Articles Using Methods
Game Changers!! 0
o 130
FreeSurfer* as an automated platform introduced in 2003 and gﬁg
BYU’s Super Computer comes online in 2006 ;5138 { R
2008 Use to Date: 320 scans used 5 80 (2006) NeuroQuant 2.0
21,370 hours or 890 days or 2.45 0] Fff;s;g';e' (2015)
years of processor “time” based on 2 gg Scheltens
standard single computer time to 50 zz'gg
calculate the FreeSurfer analysis. g %
# 20 L
The supercomputer did it in . A
roughly a week's time! 1964 1967 1990 1963 1996 1999 2002 2005 2008 2011 2014 2017
‘ear
==Scheltens Manual tracings ==NeuroQuant ==—FreeSurfer volume
*Fischl B. (2012). FreeSurfer. Neuroimage. 62(2):774-81. doi: 10.1016/j.neuroimage.2012.01.021.
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Why is image Quantification Important?
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Why is image Quantification Important?

Contents lists available at SclenceDirect

Neurobiology of Aging

journal www.elsevier

Proposal for a hierarchical, multidimensional, and multivariate M) Chack for updates
approach to investigate cognitive aging

Alejandra Machado *°, José Barroso °, Yaiza Molina ™, Antonieta Nieto ",

Lucio Diaz-Flores ", Eric Westman ™', Daniel Ferreira®" "'

*pivision of Clinical Geriatrics. Center for Alzheimer esearch, Department of Neurobiology, Care Sciences and Society. Karolinska Institutet,

Stackialm, Sweden

Departmentof lica ychology Pychobiology and Methodelogy. ity of Pyehalogy La apun, Teerfe, Spain

Department of Clinical Psychology and Neuropsycholagy. Faculty of Health Sciences, Universiy Fermando Pessoa Canarias, Las Palms de Gran

4 Department of Radioiozy, Haspital Universitario de Canarias, La Laguna, Tenerife, Spain

Why is image Quantification Important?

Why is
image
Quantif
ication
Import
ant?

Why is image Quantification Important?

Brain Model Marker Number N GF R
compartment of
measures
Gray mater 1 L 204 0385 D54
H o 24 01 0314
3 e

res volume (+1CV) 7 204 033 0372
Whie matier &

Vertricular 6

Why is image Quantification Important?

ans MR OPLS

Potential dthe WALSHIl Informat

Variables of int

Extraneous variables No@ R Pt p

73 conitive me:

esgritie

cogniive

copriive me:

sex 4 0505 074 4 02 0887

168 MR measures s

3 0565 076 5 0414 0079

182 UR messures

34 0888 0T & 0383 0588
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Why is image Quantification Important?

What You Can
Do Now!!

A Semiquantitative Approach

Cosilie dinssicn
Cliical dipmson
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It All Begins with the Digital Imaging and Communications in Medicine (DICOM) File

National Academy of Neuropsychology: Series
on Evidence-Based Practices
Chapter 8: Evidence-Based Integration of Clinical

ing Findings in
Erin D. Bigler

Clinical Ratings

Neuropsychological
Assessment in the Age of
Evidence-Based Practice

Neuroimaging, Medical Centers and Hospital File Access: Picture Archiving and Communication Systems (PACS) 2017

Bigler 2017: Evidence-Based Integration of Clinical

. . . . . Fazekas 1 Fazekas 2 Fazekas 3
Neuroimaging Findings in Neuropsychology
Fazekas 0 Bigler 2017: Evidence-Based Integration}
No WMHs of Clinical Neuroimaging Findings in
Neuropsychology
Fazekas 1
Focal or punctate lesions:
Single lesions <9 mm

Grouped lesions <20 mm R T 1)

Fazekas 2

Beginning confluent lesions:
Single lesions 10-20 mm i
Grouped lesions >20 mm in
any diameter No more than
connecting bridges between
individual lesions

Fazekas 3
Confluent lesion:

Single lesions or confluent
areas of hyperintensity
20 mm in any diameter




TBI and Corpus Callosum (CC) Atrophy

Bigler 2017:
Evidence-Based

e
A Integration of
\ i Sehah Clinical
MildICE Atrophyss Neuroimaging
Findings in

Neuropsychology

T
Severe'CC atrophy

WMH Methods

White Matter Methods

Method MRI Measures Unit
Scheltens FLAIR WMH ratings 010 30
Rafings (WMH)
Manual FLAIR/TI WMH volumes cm3
Tracing
FreeSurfer mn Total WM volumes | cm3
NeuroQuant ® | FLAIR/T] WMH volumes cm3
Total WM volumes

Kacie L. Wright Di 2018A C of Q and
Quantitative White Matter Methods in Pediatric Traumatic Brain Injury

Cognitive Function and WM:
Processing Speed

Processing Speed

Scheltens Ratings -41 .004
NeuroQuani® WMH -.38 .000
Manual tracing -.44 .002

APPLIED NELROPSYCHOLOGY. ADULT
2017, VoL 24, N0, 2. 148-151 ; Routledge
P arg10 10R023279095 20151113536 Tophr b Cooup

Neuropsychological Assessment of Hippocampal Integrity
Jean-Michel Saury* and Ingrid Emanuelson®

“Division of Rehabilitation Medicine, Department of Clinical Sciences, Karolinska Institutet, Danderyd University Hospital, Stockholm, Sweden;
‘nstitution for Clinical Sciences, Department of Pediatrics, University of Gothenburg, Gothenburg, Sweden

ABSTRACT KEYWORDS
Finding methods to describe subcortical processes assisting cognition is an important concem for  Diagnous RAWLT. tests
dlinical neuropsychological practice. In this study, we reviewed the literature conceming

the relationship between a neuropsychological instrument and the underlying neural substructure.

We examined evidence indicating that one of the oldest neuropsychological tests still in use, the

Rey Auditory Verbal Leaming Test (RAVLT), includes rellable indicators of hippocampal integrity.

‘We reviewed studies investigating the neural structures underlying seven tasks generated by the

RAVLT, from the perspective of whether the performance of these tasks is dependent on the

hippocampus. We found support for our hypothesis in five cases: leaming capacity, proactive

interference, immediate recall, delayed recall, and delayed recognition. No support for our

hypothesis was found with regard to short-term memory and retroactive interference. The RAVLT

appears 1o be a reliable tool for assessing the integrity of the hippocampus and for the early

detection of dysfunction. There is a need for such assessments, due to the crucial role of the

hippocampus in cognition, for instance, in terms of predicting future outcomes.

MRI biomarkers
special purpose hippocampus

o s A » left shape
v « right shape
» texture
. « ML patch

+amygdala
FreeSurfer volumetry *<caudate nucleus
+ hippocampus

The hippocampus is affected early
and severely in the AD

« pallidum
pathological process (Braak and . s
Braak, 1991; West et al., 1994), E'i‘s,.,,7r + whole brain
and the volume of this brain e -

structure is the most widely s by, « frontal lobe
applied (Jack et al., 2011b) and "’75_‘. : ';:;:Z:.:;:
only qualified (Hill et al., 2014) « temporal lobe
MRI imaging biomarker in AD * cinguiate cortex
(p.480).”

A Truly

Quantitative
Approach
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Travers et al., Developmental Science, 2016 and J Autism Dev Disord., 2015

Network
Damage and
The lesion
localization

Effects of TBI

The Future of Assessment — Gaming World,
Meets Clinical Assessment and Standardization
and Virtual Environments

Finger Tap

Leap Motion Device ‘ E \

S oo e N Wperior pariets
Van den Heuvel, M.P. & Sporns, 0. (2011). Rich Club organization of the human
connectome. Journal Of Neuroscience, 31(44), 15775 - 15786.
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Gray Matter W tey Gray-White Junction

Brainstem

Brain Connectivity, VOL. 8, NO. 5 | g roma

Characterizing Signals Within Lesions and
Mapping Brain Network Connectivity After
Traumatic Axonal Injury: A 7 Tesla Resting-State
FMRI Study

seul Lee =] Jonathan R. Polimeni, Collin M. Price, Brian L. Edlow, and Jennifer A. McNab

Published Online: 1 Jun 2018 | https://doi.org/10.1089/brain.2017.0499

Ever Changing, Improved Technology
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Potential Components to Network Modeling

Structural Imaging  Volumetric/Shape  Diffusion Tensor DTl Tractography
Imaging (DTI)
5
Century

Neuroimaging
Methods Resting State Functional
MRI (rs-fc MRI)

Connectivity Matrix NetworkPlot  Network Complexity

Notwork Comnvctivity
Analysis

Structural
Covariance
Network 3

Structurst Analysis Bcain jury
Neuroimaging Biomarkars, Brsin

Bigler, E.D. Frontiers of Systems Neuroscience, 2016. Irimia, A. & Van Horn, J.. Frontiers in Human

2014

“Functional Systems” : These systems are organized
so that each cortical zone contributes in a specific
way in accordance with its position within the
cortical hierarchy and in accordance with the rules
of innervation and inhibition. Therefore, for a
complex behavioral act to be performed in a
precise and smooth manner, the coordinated and

governed working of all cortical areas responsible
for the elements of the act is a necessary condition.

It’s Time to Fully Integrate Neuroimaging with Neuropsychology.
Clinical Neuropsychology WILL NOT advance without taking this step

Traumatic Brain Injury — Deeper Dive
into Clinical Neuropsychological Practice

October 18, 2018

As a singular term, by itself,
is the term, TBI meaningful?

T s 00 A 9055 o 1035 276 0055 st 20,

Biology,

and Traumatic Brain Injury
i oo

PRECICTIE BRAN STATE

Kenzie, . etal. Concussion i ie 017, Front Neurol,
Kenzie,. etal. i i i

10.3389/fneur.2018.00203

r

Neural Networks, Connectivity and Traumatic Brain Injury
= 3 f

l 0.30

% 0.24
0.18
012 §

. 0.06
\_ 0.00 LOC injury
Bigler, E.D. (2016). Default Mode Network, Connectivity, Traumatic

Brain Injury and Post-Traumatic Amnesia. Brain, Brain. 2016
Dec;139(Pt 12):3054-3057.
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Neuropsychology’s Failure in
Understanding Mild TBI

Foreword

“First, mTBl is a self-contained
condition that resolves quickly
without special treatment, a
generally accepted conclusion
by fair-minded

neuropsychologists (xiii)”
Manfred F. Greiffenstein, Ph.D

Mild
[raumatic
Brain

Neuropsychology’s Failure in
Understanding Mild TBI

Foreword

: 3 ! “First, mTBl is a self-contained condition that resolves
M lld quickly without special treatment, a generally accepted
l‘[ﬂlllﬂﬂ[i(" conclusion by fair-minded neuropsychologists (xiii)”
Manfred F. Greiffenstein, Ph.D

Brain

Could this possibly be an
accurate statement?

If not, why do neuropsychologists
believe this to be the case?

BPLOS ==

Injury (mTBI) and

“Results indicate that, in contrast to
the prevailing view that most
symptoms of concussion are resolved
within 3 months post-injury,
approximately half of individuals with
a single mTBI demonstrate

long-term cognitive impairment.”
PL0S ONE 12(4):e0174847.
https://doi.org/10.1371/journal.pone.0174847

Concussion and Traumatic
Encephalopathy

Original Articles

Longitudinal Study of Postconcussion Syndrome:
Not Everyone Recovers

M Cogritve Symptoms

r
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Resaarch

JAMA Neurology | Original Investigation
Association of Mild Traumatic Brain Injury With and Without
Loss of Consciousness With Dementia in US Military Veterans

CONCLUSIONS AND RELEVANCE: In this cohort
study of more than 350 000 veterans, even mild
TBI without LOC was associated with more than a
2-fold increase in the risk of dementia diagnosis.
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https://doi.org/10.1371/journal.pone.0174847

Madsen et al. Traumatic brain injuries (TBIs) can have
serious long-term consequences, including psychiatric
disorders. However, few studies have assessed the
association between TBI and risk of suicide.

JAMA. 2018 Aug 14;320(6):580-588. doi:
10.1001/jama.2018.10211.

CONCLUSIONS AND RELEVANCE:

In this nationwide registry-based retrospective cohort
study individuals with medical contact for TBI,
compared with the general population without TBI,
had increased suicide risk.

Gratwicke et a. Brain. 2015: 138; 1454-1476

Contrecoup?

Diaschisis?

Parent Ratings

Of Post-Concussive
Symptoms and
Cortical Thickness

Bigler etal. The Relation
of Focal Lesions to
Cortical Thicknessin
Pediatric Traumatic Brain
Injury.

Journal of

Child Neurology,

2016

Bigleretal. Structural
neuroimaging findingsin
mild TBI. Sports
Medicineand
ArthroscopicReview.
2016 Sep;24(3):e42-52.

doi:
10.1097/J5A.0000000000
000119.

Bigleretal. Cortical
thicknessin pediatric
mild T8I including sports
Concussion. Int J
Psychophysiol. 2018 Jul
21. pii:S0167-
8760(18)30825-0. doi:
10.1016/j.ijpsycho.2018.0
7474

Day of Injury CT and Late MRI Findings: Cognitive Outcome in a

Pediatric Sample with Complicated Mild Traumatic Brain Injury

0" ane K

Voxel-Based Morphometry of TBI

VBM Comparisons: Severe TBI vs. Controls
Regions of Greatest Difference

White Matter Gray Matter

Vulnerability of Corpus
Callosum and Fornix in TBI

19



CONTROL

Inferior Frontal Damage - TBI

Gray Matter
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Key: Lfx = Linear Fracture, Bfx = Basilar Skull Fracture , EDH = Epidural Hematoma,
SDH = Subdural Hematoma, PH = Petechial Hemorrhage, MS = Midline Shift
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to Cortical Thickness in Pediatric D00 18 TS
Traumatic Brain Injury ©SAGE

Erin D. Bigler, PhD'?, Brandon A. Zielinski, MD, PhD’,
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Bigler et al. Journal of
child Neurology, 2016
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Focal White Matter Hyperintensities

Heterogeneity in TBI

Focal Encephalomalacia

Heterogeneity in TBI
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The Integration of
Neuropathological
with the
Neuroimaging

and
Neuropsychological
Outcome

How nice
would it be?

White Matter Hyperintensity and
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Cerebral tract integrity relates to white matter hyperintensities, M) Crock or pdiates
cortex volume, and cognition

Stephan Seiler #*", Evan Fletcher ", Kinsy Hassan-Ali*", Michelle Weinstein *",
Alexa Beiser ", Jayandra J. Himali**', Claudia L. Satizabal “*, Sudha Seshadri ‘-,
Charles DeCarli *", Pauline Maillard *-"

“Department of Neurology, Center for Neurosciences, Universiey of Calforia at Davis, Davis, €4, USA
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* Department of Newrology. Boston Uiversity School of Medicine, Boston, MA, USA
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Van den Heuvel, M.P. & Sporns, 0. (2011). Rich Club organization of the human
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Traumatic brain injury and reserve

Chapter 4
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hrersiere
HUMAN NEUROSCIENCE

Traumatic brain injury, neuroimaging, and
neurodegeneration
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Review
Cerebral microhemorrhages due to traumatic brain injury and their
effects on the aging human brain

Andrei Irimia*", John D. Van Horn”, Paul M. Vespa“

*Ethel Percy Andrus Gerontology Center, USC Leonard Davis School of Gerontology, University of Southern California, Los Angeles CA, USA

" USC Mari & Mary Stevens Neuraimaging and Informatics intitute, Keck Schoal of Medicine of USE. Los Angeles, CA, USA
< Departments of Neurostgery and Neuroiogy, Duvid Geffen School of Medicine, Universcy of Califrnic, Los Angeles, Los Angeles, CA, USA

@ CrossMark

Fig. 1. Representative example of DTl streamlines
passing through the vicinity of a ~4 mm3 CMB (red)
in an old adult victim of mTBI. Arrows indicate a
CMB in the left hemisphere, close to a streamline
bundle belonging to the splenium of the corpus
callosum. (A) Standard views (coronal, sagittal, and
axial) of T1-weighted MRI are shown in addition to
DTI glyphs associated with perilesional WM
streamline bundles imaged acutely (orange) and
approximately 6 months after injury (light blue). The
splenium is notably asymmetric at both time points,
with the asymmetry being most pronounced close
to the CMB (inset). (B) Splenial streamlines
ipsilateral to the CMB diverge briefly in its vicinity,
and this is not found to occur contralateral to the
CMB (inset). This asymmetry is also found at the
time of the chronic scan. Abbreviations: DT,
diffusion tensor imaging; CMB, cerebral microbleed;
mTBI, mild traumatic brain injury; MRI, magnetic
resonance imaging; WM, white matter.
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Traumatic Brain Injury as a Disorder of Brain Connectivity @

Why Neuroimaging is Critical in
understanding SVT/PVT findings
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