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Promising techniques to look
underneath the surface

Diffusion Tensor Imaging
(DTI)

Iron DetectionMagnetization Transfer
Imaging (MTI)
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Microstructural MRI

Diffusion tensor imaging (DTI) probes
mobility of water protons in the axons

§ restricted mobility in brain tissue
§ modeled by a diffusion ellipsoid
§ allows estimation of MD, FA, RD, AD

cellular tissue composition
Magnetization transfer (MT) imaging
probes magnetization exchange between
tissue water and protons bound to
macromolecules (myelin)

Cellular organization

§ assessed by the magnetization transfer
ratio (MTR) or

§ true quantitatively by qMT

exchange of
energy

modulated by:
macromolecular

density and
environment

http://www.go2pdf.com


Diffusion Tensor Imaging

Diffusion tensor imaging (DTI) probes
mobility of water protons in the axons

§ restricted mobility in brain tissue
§ modeled by a diffusion ellipsoid
§ allows estimation of MD, FA, RD, AD

MD is a mean of all
three axes of the
diffusion ellipsoid and
reflects the rate of
water
diffusion within a voxel,
independently of the d

FA= fraction of the tensor that can be
assigned to anisotropic (directional) diffusion

MD = mean of all three axes of the diffusion
ellipsoid and reflects the rate of water
diffusion within a voxel, independently of the
directionality.
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David J. Madden , Ilana J. Bennett , Agnieszka Burzynska , Guy G. Potter , Nan-kuei Chen , Allen W. Song

Diffusion tensor imaging of cerebral white matter integrity in cognitive aging

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease Volume 1822, Issue 3 2012 386 - 400

http://dx.doi.org/10.1016/j.bbadis.2011.08.003

Methods for representing diffusion tensor imaging (DTI) data. A = regions of
interest (in color) placed directly on DTI image; B = voxel-based morphometry
(VBM); C = mean “skeleton” of white matter tracts from tract-based spatial
statistics (TBSS); D = fiber tracking of white matter pathways.

http://dx.doi.org/10.1016/j.bbadis.2011.08.003
http://www.go2pdf.com


Cross-Sectional DTI studies in Aging

Study year Sample Size Findings
Charlton et al. 2010 99 HC Increasing age associated with decrease FA and

increase in MD. Working memory, executive function
and speed correlated with decrease in FA and
increased MD

Della et al. 2009 16 AD, 14 HC MD correlated with executive and attention
scores

Hannedottir et al 2009 60 Hypertensives Mean MD correlated with executive function in
untreated hypertensive subjects. No other significant
correlations detected

Vernooj et al 2009 860 population-based Regardless of macrostructural white matter changes, a higher mean diffusivity or
higher axial and radial diffusivities within white matter lesions or normal-
appearing white matter were related to worse performance on tasks assessing
information processing speed and global cognition

Schmidt et al 2010 340 LADIS
participants

Strong associations between the peak height of the ADC histogram of whole-brain
tissue and NABT with memory performance, executive dysfunction, and speed,
which remained after adjustment for WMH lesion volume and brain atrophy and
were consistent among centers. No such association was seen with the mean ADC
of WMH.
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Cross-Sectional DTI studies in SVD

Study year Sample Size Findings
O´Sullivan et al 2001 36 lacunar infarcts

and SVD
Increased MD and decreased FA in the normal
appearing white matter, correlated with executive
function

O´Sullivan et al 2004 30 lacunar infarcts
and SVD

MD in normal appearing white matter correlated
with executive function and general IQ

O´Sullivan et al 2004 18 CADASIL Increased MD and reduced FA in white matter
lesion, normal appearing white matter and normal
appearing grey matter (thalamus, putamen,
globus pallidum) which correlated with executive
dysfunction.

Chabriat et al 1999 16 CADASIL MD higher and FA lower in lesion and normal
appearing white matter compared with control.
MD/FA in lesion correlated with Rankin and
MMSE

O´Sullivan et al 2005 18 CADASIL Different cognitive functions correlate with structural integrity at different sites in
the white and subcortical gray matter. The distribution of regions correlating
specifically with executive function provides clues to the organization of the
relevant cognitive networks and their important white matter projections. The
cingulum bundle is one candidate tract that may carry anteroposterior
connections important for executive processes.

http://www.go2pdf.com


©2005 American Academy of Neurology. Published by LWW_American Academy of Neurology. 2

Damage within a network of white matter regions
underlies executive dysfunction in CADASIL.
OSullivan, M; PhD, MRCP; Barrick, T; Morris, R; Clark, C;
Markus, H; DM, FRCP

Neurology. 65(10):1584-1590, November 22, 2005.
DOI: 10.1212/01.wnl.0000184480.07394.fb

Figure 2 Cognitive set-shifting and the left cingulum
bundle. On the scatter plots, each point represents an
individual subject and plots mean diffusivity, averaged
for the whole significant cluster, against performance.
Insets show the clusters for each task. (Left) Trail Making
B-A (s). (Right) Digit Symbol. Note that the values on the
y axis have been reversed for Trail Making B-A to
emphasize that performance declines as mean diffusivity
in the cluster increases for both tasks (reflected as an
increase in the time to complete Trail Making and a
reduction in the number of correct responses for Digit
Symbol).
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Study year Sample Size Findings
Boespflug et al. 2013 18 MCI disparate pathology of temporal stems and fornix WM in association with early

memory impairment in MCI

Alves et al. 2012 23 AD, 18 MCI, 17
HC

particularly tracts of prefrontal cortex and inferior frontal lobe showed FA changs in
patients; MD and DR showed changes in AD; cognitive decline may be associated
with primary (Wallerian degeneration) and secondary (cortical atrophy) WM
damage

Bosch et al. 2012 15 AD, 16 aMCI, 15
HC

DTI changes in AD and aMCI largely secondary to GM atrophy, exept for IFOF and
longitudinal fasciculi; FA is indicator for cognition

Chiang et al. 2012 19 heterozygous apeE
e2, 20 apoE e3/e3

apoE e2 harbor more robust WM integrity (decreased vulnerablity for AD)

Hong et al. 2012 35 AD, 20 aMCI, 35
HC

microstructural alterations in prodromal stage of AD, DTI parameters in the
hippocampus are more sensitive than in the posterior cingulate

Selnes et al. 2012 66 SCI/MCI, WM tract degeneration in SCI and MCI; partly independent of overlying GM
atrophy

Arenaza-
Urquijo et al.

2011 18 young HC, 15
elderly HC, 16 aMCI,
15 AD

in aMCI cognitive reserve might delay incipient cerebral damage

Zhang et al. 2011 20 HC, 20 aMCI, 20
AD

DTI can be used for differential diagnosis of aMCI and AD (cingulum tract)

Cross-Sectional DTI studies in MCI and AD

Study year Sample Size Findings
Kantarci et al. 2010 30 DLB, 30 AD, 60

HC
diffusivity measures were complementary to structural measures, elevated
diffusivity in DLB in amygdala with normal GM density (fundamental difference
between AD and DLB)

Stricker et al. 2009 16 AD, 14 HC late-myelinating fiber pathways show lower FA in AD than early-myelinating

Lee et al. 2009 47 AD, 73 MCI, 95
HC

Vascular and AD degenerative processes contribute to microstructural injury of
cerebral WM

Fellgiebel et al. 2008 12 AD, 16 HC cingulate bundles and IFOF are disturbed in AD; cingulate bundles important for
verbal recognition

Nakata et al. 2008 23 AD, 18 HC consistent with neuropathological data, posterior cingulate fiber tracts show
decreased FA and increased MD; FA and MD reflect progression of AD-related
histopathological changes in PCFT

Ukmar et al. 2008 14 AD, 15 MCI, 18
HC

FA decrease in MCI and AD in cc splenium; AD lower FA in cc genu right frontal
WM; changes were associated with MMSE

Stahl et al. 2007 15 AD, 16 MCI, 19
HC

changes of ADC and FA values in AD and MCI; DTI is less applicable in detection
of MCI than AD

Teipel et al. 2007 15 AD, 14 HC dissociation between intracortical and extracortical projecting fibers systems in AD

Fellgiebel et al. 2005 17 aMCI, 25 AD, 21
HC

FA and MD changes of posterior cingulate bundle of MCI and AD patients;
correlation of FA and MD with cognition
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• Aging
– relation between aging and white matter integrity - anterior-posterior gradient
– relation between cognition and white matter integrity – consistent correlation with speed and

executive functioning
• SVD

– Areas of hyperintensity have different characteristcs on DTI
– FA reduction and increase in MD in lesions and NAWM in both sporadic SVD and CADASIL
– FA changes in NAWM correlate better with cognitive function than lesion load, peak height FA

explains 74% of variance in executive functions if premorbid IQ is also considered
• MCI and AD

– Focus on mean diffusivity (MD) and fractional anisotropy (FA) – alterations described in
hippocampus, fornix, corpus callosum posterior cingulate/cingulum bundle, precuneus, medial
and lateral temporal lobe, prefrontal lobe WM

– Changes only partly independent of GM-atrophy
– MD and FA in AD-related ROIs relate to cognitive impairment in demanding cognitive testing.

• New post-processing techniques offer additional opportunities

Summary of Cross-sectional Results
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Diffusion Tensor Imaging

Diffusion tensor imaging (DTI) probes
mobility of water protons in the axons

§ restricted mobility in brain tissue
§ modeled by a diffusion ellipsoid
§ allows estimation of MD, FA, RD, AD

MD is a mean of all
three axes of the
diffusion ellipsoid and
reflects the rate of
water
diffusion within a voxel,
independently of the d

FA= fraction of the tensor that can be
assigned to anisotropic (directional) diffusion

MD = mean of all three axes of the diffusion
ellipsoid and reflects the rate of water
diffusion within a voxel, independently of the
directionality.
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Date of download: 8/16/2013 Copyright © 2012 American Medical
Association. All rights reserved.

From: White Matter Microstructural Integrity and Cognitive Function in a General Elderly Population

Arch Gen Psychiatry. 2009;66(5):545-553. doi:10.1001/archgenpsychiatry.2009.5

Linear Regression Models for DTI Parameters in Normal-Appearing White Matter in Relation to Cognitive Functiona

Figure Legend:
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Study Subjects Cognitive measures Conclusion

Longitudinal DTI studies in normal aging and SVD

Charlton et al 84 Healthy
volunteers

NART, trails, D-KEFS, towers,
letter fluency, category
fluency, Stoop, WICST, digit
span backwards,
letter number sequencing,
AMIPB, WAISR,
grooved peg-board

Median MD increased and FA decreased over
two-years. MD changes correlated with change
in working memory

Jokinen et al 340 LADIS
participants

MMSE, VADAS, Stroop, trails DWI microstructural changes in NABT predict faster
decline in psychomotor speed, executive functions, and
working memory regardless of conventional MRI
findings. Moreover, these changes are related to functional
disability and higher mortality.

Nitkunan et al 27 lacunar
infarcts and

SVD

NART, MMSE, MDRS, trails,
verbal fluency, digit
span, WAIS, delayed recall

FA correlated with executive function and Rankin.
MD correlated with global cognitive score.
After one-year, significant increase in median
MD and nonsignificant decrease in median FA.
No change in cognitive scores

Holtmannspotter et al 62 CADASIL Modified Rankin, Barthel,
NIHSS, SIDAM, MDRS

MD significantly increased in two-years. Change
in MD correlated with deterioration in Rankin,
NIHSS and SIDAM
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Annals of Neurology
Volume 73, Issue 5, pages 576-583, 19 FEB 2013 DOI: 10.1002/ana.23802
http://onlinelibrary.wiley.com/doi/10.1002/ana.23802/full#ana23802-fig-0001
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Study FU-period Subjects Mean age Measures Cognitive
measures

Conclusion

Fayed et al. Acad Radiol.
2008, 15(9), 1089-1098.

2.4 years 119 aMCI 70 ± 9.5 DWI,
proton

MRS, PI

n.A. regional NAA/Cr ration can predict the conversion
from MCI to dementia; MRS can diferentiate AD
from MCI; DWI allows differentiating LBD from
MCI

Duning et al. J Neurol
Neurosurg Psychiatry.
2009, 80(4)432-436.

1,25 years single case
with PCA,
single case
AD, 65 HC

AD-patient=71
years, median
age HC=61

FA,
volumetri
c changes

MMSE, WAIS-
III, verbal and
visuo-spatial

memory,
executive
functions

result suggests that PCA starts as distinct clinical
syndrome but in its later course turns into a final
pathway shared with AD

Mielke et al. Neuroimage.
2009, 46(1)47-55.

3 months 25 HC 74.3 ± 7.1 FA in ROI
(fornix,

cingulum
bundle,

splenium,
cerebral

peduncles

MMSE, CDR,
ADAS-cog,
CVLT, Log.
Memory of

WMS,
CANTAB, TMT,

COWAT

FA is decreased in specific fiber tracts in AD; FA is
stable over short time periods; fornix might be an
important indicator of AD progression

25 aMCI 75.8 ± 5.3
25 AD 75.6 ±5.3

Teipel et al. Journal of
Alzheimer's Disease. 2010,
22, 507-522.

1.08 years in
MCI, 1.33

months in HC

11 HC
14 aMCI

67.4 ± 7.7
73.1 ± 7.4

FA, GM
and WM
atrophy

MMSE, BNT,
WF, CDT,
CERAD

FA, GM, and WM volume decline in HC suggests
that structural changes precede the onset of cognitive
decline; FA decrease is comparable in size to
reductions of volumetric marker for hippocampus
(0.33-6.8%/year in AD patients); volumetric changes
of GM and WM agreed with pattern of fiber tract
change; fiber tract changes have high temporal
dynamics at 60 years of age and above.

Longitudinal DTI studies in MCI and AD

Haller et al. Journal of
Alzheimer's Disease. 2010,
22(1), 315-327

DTI baseline -
1 year

neuropsy. FU

35 HC, 67
MCI (40

stable MCI,
27

progressive
MCI)

n.A. FA, MD,
l ,ÐáÐCl?á

n.A. SVM analyses of DTI data provide high accurate
individual classification of stable vs. progressive
MCI: it might become an easy applicable tool for
early individual detection of MCI subjects evolving to
dementia

Likitjaroen et al. Eur Arch
Psychiatry Clin Neurosci.
2012, 262, 341-350.

1 year 11 HC
28 AD

(Galantamine
+ placebo

group)

67.4 ± 7.7 FA MMSE,
CERAD, CDR

DTI demonstrated FA decline in intracortically
projecting fibre tracts in aging and AD; galantamine
had limited impact in regional FA decline73.5 ± 7.2

76.4 ± 7.9

Mielke et al. Alzheimer's
& Dementia. 2012, 8, 105-
113.

1 and 2.5
years, resp.

23 MCI
(6 converted
to AD, 17
remained

stable during
FU period)

75.6 ±
5.5

78.7 ± 2.9
74.5 ± 5.8

FA, MD,
l ,ÐáÐµl?á

MMSE, CDR,
ADAS-cog,
CVLT, Log.

Memory A of
WMS, TMT A
and COWAT

Fornix FA correlated with and longitudinally
predicted memory decline and progression to AD;

Nowrangi et al.
Alzheimer's & Dementia.
2012, 1-10.

1 year 25 HC 74.3 ± 7.1 FA, MD n.A. over FU-period MD was a better predictor of change
than FA; increases of MD in the fornix in MCI
suggest this as an early indicator of progression

25 aMCI 75.8 ± 5.3
25 AD 75.6 ± 7.0

Selnes et al. Journal of
Alzheimer's Disease. 2013,
33, 723-736.

2-3 years 21 HC
11 SCI
43 MCI

64.3 (53-75)
61.3 (52-71)
62.1 (50-77)

FA, MD,
l?á, Ab42,
T-tau, P-

tau

MMSE, GDS,
Cognisat, CDR,

STEP, I-Flex

DTI surpasses CSF as predictor of cognitive decline
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Summary of Longitudinal Results

• FA and MD changes parallel cognitive deterioration
• In MCI and AD FA decrease is in the range of percent

volume loss of hippocampal volume over time (up to
7%/per year). Fiber tract changes have strong temporal
dynamics above the age of 60

• DTI measures predict not only cognitive decline but
also disability and death, and may be useful to
distinguish between stable and progressive MCI

• Very limited data on the use for monitoring treatment
effects
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Change of average MD versus the change of clinical status during follow-up in the 62
CADASIL subjects: (A) disability scores (Rankin); (B) cognitive scores (SIDAM).

Holtmannspötter M et al. Stroke 2005;36:2559-2565

Copyright © American Heart Association
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The influence of treatment on
microstrucutre

• 28 AD patients, 11 healthy controls
• 6 month double blind galantamine

treatment vs. placebo
• 6 month open label extension phase
• DTI at BL, 6 and 12 months
• FA in ROIs

Likitjaroen, 2012

FA decrease FA preservation
baseline

• Results:
– Differences in age, years of education,

MMSE and all CERAD subtests between
AD and HC (AD older, less educated,
worse cognitive performance)

– No within-group differences in age, years
of education, MMSE and all CERAD
subtests in AD (treated vs. placebo)

No other region showed significant differences in
FA comparing treatment and placebo group
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Magnetization Transfer Imaging

Magnetization transfer (MT) imaging
probes magnetization exchange between
tissue water and protons bound to
macromolecules (myelin)

§ assessed by the magnetization transfer
ratio (MTR) or

§ true quantitatively by qMT

exchange of
energy

modulated by:
macromolecular

density and
environment

The focus is rather
on tissue
composition than
on tissue
organization. It´s
role in comparision
to DTI is widely
unexplored
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Quantifying the effect of MT:
The magnetization transfer ratio (MTR)
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Histopathologic Correlations MTR

Klaus Schmierer et al.
Ann Neurol 2004;56:407.

r p

MTR vs TRmyelin -0.84 <0.001

MTR vs Axonal count 0.66 <0.001

TRmyelin vs Axonal count -0.80 <0.001

MTR vs TRgliosis 0.13 0.370
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MTI in normal ageing

The impact of sex and vascular risk factors on
brain tissue changes with ageing.
Ropele S, Enzinger C, Söllinger M, Langkammer C, Wallner-Blazek
M, Schmidt R, Fazekas F.
AJNR Am J Neuroradiol. 2010

§Microstructural changes increase with
ageing
§ More extensive in men
§ Diabetes and hypertension add to tissue
destruction

n=328 n=328
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Cross-sectional results of MTI studies in normal aging, SVD
and Alzheimer´s Disease

Study Year Sample Size Findings

Hanyu 1999 J Neuro Sci AD/23
C/16

MTR lower in patients with AD anterior and posterior CC

Hanyu 2000 AJNR AD/35
VaD/14
OD/13
C/23

MTR in hippocampus lower in patients with AD than in OD and C

Bozzali 2001 Neurology AD/18
C/16

The MTR peak heights of cortical gray matter (cGM) lower in AD than
C

Kabani 2002 Neuroimage AD/15
MCI/15
C/15

MTR of temporal lobes is reduced in subjects with MCI without volume
changes

Van der Flier 2002 Ann Neurol AD/25
MCI/13
C/28

MTR peak heights of the MTR in whole brain, frontal and temporal
lobes of MCI and AD patients lower than in

Hentschel 2004 RoFo Memory clinic
patients/61

NPV for no dementia vs. AD , over 90 %

Study Year Sample Size Findings

Fazekas 2005 Brain 198 ASPS
participants

Non-significant trend for association between motor skills and frontal
NAWM MTR

Schiavone 2009 J Magn Res
Imaging

106 elderly adults All MRI parameters correlated with cognition, but DTI, and particularly
FA, correlated most strongly. Adding DTI parameters explained more
variance in cognition than WMH alone; the increase was greatest with
FA, which alone explained 45%, 33%, and 25% of the variance in
cognition for information processing speed, episodic memory, and
executive function, respectively.

Hanyu 2005 Neurosci Lett DLB/17
AD/31
C/18

Hippocampal MTR sensitivity of 76% and specificity of 71% to
discriminate DLB from AD.

Van Es 2006 Neurobiol Aging AD/55
MCI/19
C/43

MTI changes that are related to cognitive impairment in both GM and
WM of patients with AD and MCI.

Ridha 2007 AJNR AD/18
C/18

Hc mean MTR added no statistically significant discriminatory value
over and above Hc volume measurement alone. WB volume was
significantly correlated with MMSE

Ridha 2007 Radiology AD/14
C/14

Certain MT parameters may serve as useful biomarkers of AD.

Kiefer 2009 Neuroimage AD/12
MCI/10
C/22

qMT-parameters (T2 of the restricted pool) and F (fractional pool size)
differentiated between C, MCI and AD in the anterior hippocampus

Fornari 2012 Neurobiol Aging Early AD/15
C/15

Different patterns of superficial WM demyelination. SWMD impacts
cognition
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Severity of tissue changes measured by
magnetization transfer imaging

• 198 volunteers ( 136 female, 62 male )

• Age range: 52 to 87 years ( mean age 70 years )

• Normal appearing white matter, grey matter and WMH

Fazekas F. et al. Brain 2005; 128:2926-2932
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Low MTR relates to cognitive impairment: Results from the
Austrian Stroke Prevention Family Study (submitted)
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Voxel-wise analysis Multimodal analysis adjusting for grey matter
volume
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66,5

67,0

67,5
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baseline month6 month12

MTR peak positionMMSE
p = 0.0001

Mean ±SE ±SD

Ropele S, Schmidt R, Enzinger C, Windisch M, Martinez NP, Fazekas F.
AJNR Am J Neuroradiol. 2012
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Longitudinal analyses of memantine treated vs. placebo subgroups revealed
similar results as for the whole AD cohort

Ropele, 2012
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The Manifold Applications of Iron
Tracing

• Quantification of global
and regional iron load
as an associate of aging
and neurodegeneration

• Senile plaque detection
in vivo

• Iron labeling to study
BBB transport
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Monitoring treatment effects: Interesting methods with
limited data

Microstructural changes Iron content

Iron & the brain
• /?ž?ž?ž ?ž?ž?ž?ž?ž?ž?ž?ž?ž?ž?ž?ž ?ž?ž?ž?ž?ž ?ž 

reflection rest of body due to
BBB

• Distribution iron over the brain
?Vuniform

– Varies over cell types
oligodendrocytes > neurons >

astrocytes

– Regional variation
motor function-related > non-motor-

related areas JF Schenck et al. NMR Biomed 2004;17:433
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Monitoring treatment effects: Interesting methods with
limited data

Microstructural changes Iron content
Iron & the brain
• Iron progressively accumulates

with age
• Iron-induced oxidative stress

can cause neurodegeneration
• Increasing evidence that iron

accumulation is involved in
many brain disorders

JF Schenck et al. NMR Biomed 2004;17:433
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Iron accumulates with age
and relates to brain disease

abnormal accumulation in:

§ Huntington‘s disease (HD)

§ Parkinson‘s disease (PD)

§ Alzheimer‘s disease (AD)

§ Multiple sclerosis (MS)

§ Chronic hemorrhage

§ Cerebral infarction

§ Down syndrome

§ AIDS

normal accumulation:

Hallgren B, 1958, J. Neurochem, 3:41.

years

mg
iro
n/
10
0g
fre
sh
we
igh
t
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Age-related iron accumulation
MRI manifestations - old age: patterns

A van Es et al. Neurobiology of Aging 2008

Type I (n=7%) Type II (n=66%) Type III (n=27%)

Age-related changes in the brain
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The Manifold Applications of Iron
Tracing

• Quantification of global
and regional iron load
as an associate of aging
and neurodegeneration

• Senile plaque detection
in vivo

• Iron labeling to study
BBB transport
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Iron mapping in AD

§ T2* from decay of transversal magnetization (FID):
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TR

ts

spoiled FLASH sequence
multiecho, 3D

echo 1 echo 3 echo 5 R2* map

ADcontrol
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JF Schenck et al., Top Magn Reson Imaging 2007

Increased iron
accumulation in

basal ganglia
and

hippocampus in
AD

Iron

Iron accumulation
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Iron Accumulation in AD

Zhu W et al, Radiology 2009, 253:
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Phase data: the basis for qSM

magnitude

raw data (FLASH) reconstructed phase

ϕϕ ϕ
Corr. local field effects

Unwrapping for 360°turnovers

Highpass filtering
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qSM in AD
T2w

paramagnetic

FLAIR T2*w

diamagnetic

χ

MEDI reconstruction of 3D FLASH data
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Postmortem validation of qSM @3T

Quantitative susceptibility mapping (QSM)
as a means to measure brain iron? A post
mortem validation study
Langkammer C et al. Neuroimage 2012

iron concentration (mg/kg wet mass)

13 corpses, 457 specimens

χFe=0.00097ppm*[Fe] (here)
χFe=0.00132ppm*[Fe] (theory)
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The Manifold Applications of Iron
Tracing

• Quantification of global
and regional iron load
as an associate of aging
and neurodegeneration

• Senile plaque detection
in vivo

• Iron labeling to study
BBB transport
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Specific iron accumulation in AD

§ Iron deposition at AD specific brain sites (HC, amygdala,
cortex)
Cornett et al. Neurotoxicology 1998;19:339. Bartzokis G et al. Arch
Gen Psychiatry 2000;57:47

§ NFT and SP show accumulated iron
Sayre LM et al. J Neurochem. 2000;74:270. Collingwood JF et al. J
Alzheimers Dis. 2005;7:267.

§ A� binds iron -> facilitate aggregation of the protein
Garzon-Rodriguez W. Bioorg Med Chem Lett. 1999;9:2243.
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Granular hypointense spots Inhomogeneous (patchy) cortex

Homogeneous cortex

S. van Rooden et al, Radiology 2009

Human ex vivo material @ 7 Tesla (human system)

Iron in Plaques in the Cortex –Humans
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MRI of amyloid plaques

7T3T

Image courtesy: Wolter de Graaf Braakman N et al. JMRI 2006
mo
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Pathologically confirmed intracortical infarcts detected by HR-MRI.

Jouvent E et al. Stroke 2011;42:e27-e30

Copyright © American Heart Association
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The Manifold Applications of Iron
Tracing

• Quantification of global
and regional iron load
as an associate of aging
and neurodegeneration

• Senile plaque detection
in vivo

• Iron labeling to study
BBB transport
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Nanobrain project (ERA-NET call)

Austria

Austria

Israel
Germany

Germany
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•Superparamagnetic properties
for MRI

Nanobrain project

Nanoparticle (NP)

Human Serum Albumin
(HSA)

Magnetite

Phantom Studies

In vivo Studies

•Biodegradable
•Non-antigenic
Weber et al.2000
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NP uptake in the rat body

Phase-sensitive IR sequence
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T1 histogram from segmented brain

T1 map
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MRI versus autofluorescence

R=0.74, p<0.01
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Advanced MRI Techniques allow the in
vivo view below the surface

• underlying tissue pathology

• rate and determinants of
progression over time

&
• clinical meaning of different

metrics

We only start to understand
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