Neuroimaging Harmonization:
Approaches, Considerations, and Gaps




Goals for today

* Understand the importance of harmonization for neuroimaging data
 Explain types of harmonization and considerations for these

* Review gaps in the field

Focus on neuroimaging in TBI but most approaches and considerations apply to many types of
biomarkers across psychiatric and neurological disorders



Dennis et al., BIP 2023

Why is harmonization
important?

» Rate of publication and funding In
1Bl neuroimaging is accelerating
but successful translation can be
hampered by small sample sizes
limiting generalizability

* |ncreasing understanding of the
need for multi-site/multi-cohort
analyses

 Data must be comparable however
to avoid garbage-in/garbage-out




Why is harmonization important for biomarker development?

Birth to 36 months: Boys NAME
Length-for-age and Weight-for-age percentiles RECORD #
Birth 3 6 ¢! 12 15 18 21 24 27 30 33 36
—— ..:— 1 1 1} 1 1 T T 1 L} T T L} 1] 1] 1 I]II1IIIIIIITII T 1 T T L L 1] 1 L} T 1 ] L) o~ —.—_. —
::{:— = AGE (MONTHS) il -:::
- E L
Sl e = Ty e
[ 39 - ’33,10 ~399 N
" = G
-38—___ P > - -
. . . -37 = » = sof=t 95+ 38_ T
. = ’4—, P i = -37 H
tandardization Is necessary to make e
+-90 A 1090 +
" " " -gi' ,r, > = B 2 - 35
185 = .
biomarkers usable Cllnlcally aszav: _
S en ’/’ - -
gf: 80 = % = (T2
L ma ., -
L 30 7.t i —90~ 136
E [oF22 = = 16+
N [ | [ | N = 29— ; , A A B
e Imagine every doctors office usin JEEST 7Z; ¥ 2 S
T Fo74 A 7 P o > i [ a0
- v/ = s
u n H o6 /ar )r(//( ~ 507 u
=65 VAVAT/. - 144
lrrerent Uunits or measurement - E===EE7,777 + 30| w
_24“_60. y. /1 > //' ‘25-/ 131 E
" -3 = » > o 287 |
Inches, cm, hands, bananas, etc 222 et |k
+55 y = —> >~ = 5T leT 5| H
, , , , " -21-_- 1/ I 1! — 26 T
& — .- == B
cUFEg A — At 11+ 24+
_19: 1/‘ = ’/'/ P = B
. " i gL s s - 10+ 22-
e Historically there hasn’t been much EEaeagse
= 7 P P -
ISTOrically tnere nas ee UC o a0t A
] N N n = I// / 18-
consideration of this with MRI 17477
_16__ jlrl o7 :16'
4+—7 g AGE (MONTHS) kgf—lb—
- Y 12++15++18++21++24++271+30 331136 >+
- v
1—6 L Mother's Stature — . Gestational
n ™ n n ‘g _12_‘ ,‘, ,’ Father's Stature_______ = Age: Weeks Comment
 Disincentive for having data that ==
g G 10 T =i
. H 2
T _8; ?] ‘;1
COU e compine ="
3 /d
=6 Jé
_.I__2
Ib_—_—kg | 1 1 | 1 1 | | 1 |
Birth 3 6 9
Published May 30, 2000 (modifie_d 4/20/01). g ; : ,;’Z"',)/;
SOURCE: Developed by the National Center for Health Statistics in collaboration with !!f////// 5

the National Center for Chronic Disease Prevention and Health Promotion {2000).

http://www.cde.gov/growthcharts SAFER: HEALTHIER: PROPLE™



Many sources of site effects

 Methodological sources * Biological

e Scanner platform - SNR/CNR, coil Age
Inhomogeneity Sex/Gender

Scan sequence - sensitivity to Severity/chronicity of condition -
tissue differences, sensitivity to treatment, medication

motion
Background demographics - SES, race/

Acquisition procedure - task details, ethnicity, genetics, environmental
instructions, time of day, motion EXPOSUres

. Control samples
Postprocessing

Inclusion/exclusion criteria

Bayer et al., Front Neurol. 2022



Prospective

e Synchronizing scan parameters prior
to data collection

* Seqguences coordinated across
vendors - not identical

 Some sequences vary within
iIndividual within scanner

« DWI/DTI, fMRI, ASL
 Hydration, caffeine

* Often use “human phantoms”

 Examples

* ADNI

« ABCD

« TRACK-TBI

* LIMBIC-CENC

 CARE Consortium and CARE4KIids

armonization
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Neuroimaging Parameters

Fli Phase
% FOV Resolution TR TE TI Anglie Parallel MultiBand partial Diffusion Acquisition
Matrix Slices FOV phase (mm) (ms) (ms) (ms) (deg) Imaging Acceleration Fourier Directions b-values Time
256 x 256 176 256 x 256 100% 10x1.0x1.0 2500 2.88 1060 8 2x Off Off N/A N/A 7:12
256 x 256 176 256 x 256 100% 1.0x1.0x1.0 3200 565 N/A Variable 2x Off Off N/A N/A 6:35
500 (6-dirs)
1000 (15-dirs)
2000 (15-dirs)
140 x 140 81 240 x 240 100% 1.7x1.7x1.7 4100 88 N/A 90 Off 3 6/8 96 3000 (60-dirs) 7:31
90 x 90 60 216 x 216 100% 24x2.4x2.4 800 30 N/A 52 Off 6 Off N/A N/A
Fli
% FOV Resolution TR TE TI Anglie Parallel MultiBand Half Scan Diffusion Acquisition
Matrix Slices FOV phase (mm) (ms) (ms) (ms) (deg) 1Imaging Acceleration Factor Directions b-values Time
256 x 256 225 256x240 93.75% 1.0x1.0x1.0 6.31 2.9 1060 8 1.5x2.2 Off N/A N/A N/A 5:38
256 x 256 256 256 x 256 100% 1.0x1.0x 1.0 2500 251.6 N/A 90 1.5x2.0 Off N/A N/A N/A 2:53
500 (6-dirs)
1000 (15-dirs)
2000 (15-dirs)
140 x 140 81 240 x 240 100% 1.7x1.7x1.7 5300 89 N/A 78 Off 3 0.6 96 3000 (60-dirs) 9:14
90 x 90 60 216 x 216 100% 24x2.4x2.4 800 30 N/A 52 Off 6 0.9 N/A N/A
Flip Phase
% FOV Resolution TR TE TI Angle Parallel MultiBand partial Diffusion Acquisition
Matrix Slices FOV phase (mm) (ms) (ms) (ms) (deg) 1Imaging Acceleration Fourier Directions b-values Time
256 x 256 208 256 x 256 100% 10x1.0x1.0 2500 2 1060 8 2x Off Off N/A N/A 6:09
256 x 256 208 256 x 256 100% 1.0x1.0x1.0 3200 60 N/A Variable 2x Off Off N/A N/A 5:50
500 (6-dirs)
1000 (15-dirs)
2000 (15-dirs)
140 x 140 81 240 x 240 100% 17x1.7x1.7 4100 81.9 N/A 77 Off 3 5.5/8 96 3000 (60-dirs) 7:30
90 x 90 60 216 x 216 100% 24x2.4x2.4 800 30 N/A 52 Off 6 Off N/A N/A

. cex ®
Adolescent Brain Cognitive Development
Teen Brains. Today’s Science. Brighter Future.

ABCDStudy.org




Phantom harmonization
CHIPS Project

 Use of novel phantom objects where models
of tissue with known properties can be used
to assess scanner accuracy

Phantom Laboratory

« CHIPS project currently working to use
phantoms across VAs to Improve scanner
accuracy and data comparability

 Example: anisotropic diffusion can be
measured with hollow 6-10 pm fibers
arranged to mimic white matter tracts

« Measurements can be compared to known
diffusion properties and correction
algorithm can be applied

Psychology Software Tools



Ground truth

 Phantom harmonization - closest to ground truth, but it’s not biological tissue

* Prospective sequence harmonization with traveling human phantoms - next
best thing

 But what about retrospective harmonization? How to identify ground truth?

* No single answer yet - common approach is to model a known biological
effect before and after harmonization to ensure it is preserved

« Room for improvement here!



Retrospective harmonization techniques

* Next slides review several approaches for statistical harmonization

 Key take-away is how do the outputs vary



Retrospective harmonization
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Retrospective harmonization
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Retrospective harmonization
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Retrospective harmonization
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When to harmonize

* | Raw imaging data

* Derived imaging metrics

e Summary imaging metrics



Harmonization of raw

diffusion MRI

e Matched controls
e Scale b-values

 Upsample data to standardize
voxel resolution

e Signal at each voxel is
represented by spherical
harmonics (equations to
describe a sphere)

e Harmonics can be scaled and
applied to dataset

ODF = Orientation Distribution Function (QBI)
PDO = Principal diffusion orientation (DTI)

FOD = Fiber ODF (CSD)
DE = Diffusion Ellipsoid (DTI)

Leemans, Diffusion MRI 2010

(a) Learning inter-site differences only from training subjects:

Original __
DWI data
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mapping

Original __
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(b) Applying the learned inter-site differences to harmonize all subjects:

REFERENCE SITE

Original
—_
DWI data
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mapping
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unringing

TARGET SITE

Original
—
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Cetin-Karayumak et al., NIMG 2019
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Summary

 Why is this important for biomarker development?

 We should be able to leverage the vast amount of data that has been collected already to develop
normative databases for a whole range of imaging metrics

* There have been tremendous advances in this area in the last decade
* Technical - better computer hardware makes computationally intensive algorithms and programs feasible
e Sociological - increasingly willingness and enthusiasm for collaboration and data sharing

 Federal archives like FITBIR and NDA support these efforts

Each advancement brings us closer to the goal of being able to place
an individual scan in context, furthering precision medicine efforts
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