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RESEARCH ON BRAIN MINERAL DEPOSITION — MAP OF OUR CONTRIBUTION
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BRAIN OBSERVER MICROBLEEDS SCALE - BOMBS
(CORDONNIER, SALMAN, WARDLAW)

Brain Observer Micro Bleed Scale (BOMBS)
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Cordonnier et al. Stroke 40, pp 94-109 (2009)




BRAIN MINERAL DEPOSITION - IDENTIFICATION

Systematic review up to July
2011 - 46/465 studies with
mineral deposition confirmed
in MRI/CT

40/46 Iron (n=553), 3/46
Calcium (n=52), 1/46 Copper,
6/46 Manganese

40/46 studies confirmed
findings histologically

Valdes Hernandez et al. Eur Radiol 22, pp
Flair > T2 cT 2371-2381(2012)



BRAIN MINERAL DEPOSITION - IDENTIFICATION

Visual rating scale

Penke et al. Neurobiol Aging 33, pp 510-517(2012)

Incorporated in standard neuroradiological forms available from:
https://www.ed.ac.uk/clinical-sciences/edinburgh-imaging/research/analysis-and-processing/image-analysis-
tools-downloads/all-the-edinburgh-imaging-rating-tools




BRAIN MINERAL DEPOSITION - IDENTIFICATION

Iron T2*-weighted MRI Hypointense
T2-weighted Hypointense
CT Hyperattenuated (i.e., white) Calclum Iron
Calcium T2-weighted MRI Hypointense TI- I
T I-weighted MRI Hyperintense weighted
CT Hyperattenuated intensities
Copper, T I-weighted MRI Hyperintense S
Manganese

T2*-weighted intensities
Valdes Hernandez et al. Eur Radiol 22, pp 2371-2381(2012)

Valdes Hernandez et al. J]MRI 40, pp 324-333 (2014)
(doi: 10.1002/jmri.24348)



BRAIN MINERAL DEPOSITION - QUANTIFICATION

Trained analyst manually segmented BGIDs in 73 LBC1936 participants (Glatz et al., Neuroimage 82, pp 470-480 (2013))

Spatial probability map confirmed suggestion (Feekes |.A., Brain 2006) that BGIDs may be associated with penetrating
arteries supplying the globus pallidus

Iron encrustations around
lenticulostriate arteries of
the globus pallidus

Morris C.M.,Acta Anat (Basel)(1992)
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BRAIN MINERAL DEPOSITION - MRI PHANTOM WORK (A. GLATZ)

Andreas Glatz PhD Thesis University of Edinburgh
https://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.721 183




BRAIN MINERAL DEPOSITION - MRI PHANTOM WORK (A. GLATZ)
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BRAIN MINERAL DEPOSITION - QUANTIFICATION

Comparison of contrast ratios (CRs): ratio between GRE, T2WV and T | W signal intensities of BGIDs and normal-
appearing tissue (Analysis in MRI from manually segmented ROls in 73 LBC1936 participants)

Contrast Ratio is significantly different in globus pallidus on T2W (longer T2) = Multi-modality approach only to
use T| and T2* - weighted images
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Figure 1.8: Effect of particle size on R2* (solid curve) and R2 (dashed curve)

Haque, T.L., Eur J Radiol, 2003

Large disparity
Between R2
(1/T2) and R2*
(1/T2%)

Possible
causes:
-Aggregation
-Higher
susceptibility
-Lower diffusion

Andreas Glatz PhD Thesis University of Edinburgh
https://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.721 183




BRAIN MINERAL DEPOSITION — QUANTIFICATION CHALLENGES

Detection of BGIDs is challenging on GRE: e

Normal iron accumulation in the BG
Confounding features (vessel)

Blooming and partial volume artefacts

Thresholds and normal tissue intensities do not

Standardized T2*W intensities

correlate.
Could explain why less IDs are detected in
putamen. Location
W Normal tissue int ity mS tation threshold
* Magnetic susceptibility easily differentiable using phase Echo time
images or qMRI but not blood-relevant sequences in >
clinical protocols - o
i el * Appearance |
{I | highly dependent
on IMaging Tr rticle size
protocols

Paramagnetic particle Diamagnetic particle
(e.g.iron) (e.g. calcium)

.




BRAIN MINERAL DEPOSITION - QUANTIFICATION

Requires combination of multi-modal signal intensities

Highest contrast on GRE / SWI| / SWAN 300
Differentiation of iron deposits and calcification with TIW (in absence of phase
: g 200
image) :
BGID intensities treated as outlier signal intensities g ol
Generally not normally distributed
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AUTOMATED DETECTION OF IRON DEPOSITS ON CLINICAL MRIVOLUMES

Lothian Birth Cohort 1936 Austrian Stroke Prevention study
|.5T GE (T2*w GRASS/FISPT I w) 3T Siemens (T2*w SPGR/FLASH, T Iw)

-

Phantom work

https://github.com/aglatz/mineral-deposit-segmentation-

White matter
T2* mask Te Co-registered TIW Atlas of normal R2* values
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*Bias field correction of T2*W g
«Calculation of AR2* map FSL FIRST

pipeline

Basal ganglia masks

Normal R2* values specific for
Field strength

*Age

*Basal ganglia nuclei

*Correction of AR2* map with normal age-matched R2* values

*Clustering of (ARZW , T1IW) pairs
*Exclusion of artefact clusters
(vessels, bias field, ...)

*Thresholding | == Threshold AR2",...

*Mixture modelling to reduce PVE and blurring artefacts ‘

Binary BGID masks

Glatz et al., Neurolmage 105, pp 332-346 (2015)
https://doi.org/10.101 6/j.neuroimage.2014.10.00]|




BRAIN IRON DEPOSITION AT AGE 72 — FINDINGS IN THE LOTHIAN
BIRTH COHORT 1936

(N = 143)

* More iron at age 72 associated with lower
general cognitive ability at age || and 72,
explaining 4% to 9% of the variance

* The relationship with age 72 cognitive ability
remained significant after controlling for
childhood cognition

* IDs are a biomarker of age-related cognitive
decline

Penke et al. Neurobiol Aging 33, pp 510-517(2012)




BRAIN IRON DEPOSITION AT AGE 72 — FINDINGS IN THE LOTHIAN
BIRTH COHORT 1936

(N = 676)
Cognitive ability was significantly related to ID volume even after control for all health (including vascular

risk) factors (mean B==0.119) and childhood IQ.

After multivariate control, the only health factor that was consistently related to ID volume was previous
history of stroke

IDs were relevant to later-life cognitive ability, and not simply related to pre-existing cognitive ability from
childhood
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Valdés Hernandez et al. AGE (2015) 37:100



BRAIN IRON DEPOSITION AT AGE 72 — FINDINGS IN THE LOTHIAN
BIRTH COHORT 1936

(N = 676)

WMH volume had a significant negative association

with general cognitive function, independent of IDs
(std B=-0.13, p<0.01).

Mediator
(WMH)
The association between cognition and IDs in the
brain stem (and minimally the total brain iron load), a/
was partially and significantly mediated by WMH
volume (p=0.03).

ndependent variable
(IDs)

Dependent variable
IDs might be an indicator of small vessel disease that (cognitive ability)
predisposes to white matter damage, affecting the
neuronal networks underlying higher cognitive
functioning.

Valdes Hernandez et al. Eur | Neurol (2016)
doi:10.1111/ene.13006



BRAIN IRON DEPOSITION AT AGE 72 — FINDINGS IN THE LOTHIAN
BIRTH COHORT 1936

(N =676)

The median daily intake of calories was
1808.5kcal (IQR=738.5), of cholesterol was
258.5mg (IQR=126.2) and of total iron was
| 1.7mg (IQR=5).

Iron, calorie or cholesterol intake were not
directly associated with brain IDs.

However, caloric intake was associated with
ferritin, an iron storage protein (p=0.01).

Iron deposits in the white matter
(microbleeds and minor haemorrhages) were
modestly associated with cholesterol intake:

0.09, p=0.035

Daily dietary iron
intake (mg)

Spearman’s (rho)
correlations before and
after correcting for age

and sex (* means

significative)

Iron-related Iaboratory\
measurements

£

-0.05
-0.1*

0.1*
0.05

Iron
deposits
in the
basal
ganglia

Iron
deposits
in the
cortex /
white
matter
junction

Valdés Hernandez et al. ] Nutr Health Aging 19, pp 64-69 (2015)




BRAIN MICROBLEEDS IN ADNI

(N =291) imaged in three consecutive visits | year apart
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% of Patients with
BMBs

CN EMCI LMCI AD
Cognitive Status

No statistically significant differences in BMB
prevalence between cognitive groups each
year

ANCOVA 1 - Biospecimen Measurements & Other

BMBY1->BMBY2 Cholesterol (B=0.002, SE=<0.001, p=0.0097)
BMBY2->BMBY3 Number of years in Education (B=-0.029, SE=0.013, p=0.028)

BMBY1->BMBY3 Cholesterol (B=0.002, SE=<0.001, p=0.044)
Family History of Dementia (B=-0.10, SE=0.046, p=0.028

ANCOVA 2 — Brain Measurements & Other

BMBY1->BMBY2 Family History of AD (B=0.060, SE=0.025, p=0.016)
BMBY2->BMBY3 -
BMBY1->BMBY3 -

ANCOVA 3 - Cognition & Other

BMBY1->BMBY2 Endocrine-Metabolic Risk Factors (B=0.10, SE=0.050, p=0.044)
BMBY2->BMBY3 -
BMBY1->BMBY3 -

Statistically significant predictors for potential change in BMB
count at each time point (i.e. BMB progression).

Harper et al.] Int Med Res 46, pp 3518-3538 (2018)



BRAIN IRON DEPOSITS AND MICROBLEEDS IN PATIENTS WITH MILD STROKE

Baseline (N = 264) and |-year post-stroke (N=190)
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Striatal ID volume and BMBs did not increase | year after the ischaemic stroke

ID volume correlated with age at both time points (p = 0.248 and 0.27| respectively, p<0.001)

Valdés Hernandez et al. Int ] Mol Sci 20(6):1293 (2019)

Baseline
Follow-up

Fit of Baseline
Fit of Follow-up



BRAIN IRON DEPOSITS AND MICROBLEEDS IN PATIENTS WITH MILD STROKE

Baseline (N = 264) and |-year post-stroke (N=190)

Probability distribution of BMBs in our sample \

G

everse Inference Map of the brain regions that were preferentially related to the term
visuospatial in 224 studies (Generated using )

Baseline ID volume was not associated with cognition | year after the stroke

Baseline BMB volume was associated with the visuospatial abilities | year after the stroke

Valdés Hernandez et al. Int ] Mol Sci 20(6):1293 (2019)




CURRENT WORK

Systematic review update 201 0-present on advances and findings related to brain iron deposition in ageing and
neurodegenerative diseases

Re-evaluation and update of the segmentation protocol in the currently acquired sequences (MSS3 imaging
protocol), not only to detect brain iron deposition in the basal ganglia, but also to separate venules from vessel
calcifications

Study longitudinal change in iron accumulation and calcification

Study wider implications and correlates of iron accumulation in small vessel disease
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