Medical
Journal

of Tabriz University
of Medical Sciences

Nikparast, et al. Med ] Tabriz Uni Med Sciences. 2023;45(2):130-140.
doi: 10.34172/mj.2023.021
https://mj.tbzmed.ac.ir

Original Article

Application of Nobel QSM technique in MRI for diagnosis of Alzheimer's
disease: What is the relationship between iron deposits in brain nuclei
with age and severity of disorders?

Farzaneh Nikparast'"", Ali Shoeibi**', Shabnam Niroumand*"~, Hossein Akbari-Lalimi'*", Hoda Zare"**

'Medical Physics Research Center, Mashhad University of Medical Sciences, Mashhad, Iran
*Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

ARTICLE INFO

Article History:
Received: 7 Nov 2022
Accepted: 28 Jan 2023
ePublished: 18 Apr 2023

Keywords:

e Mild Cognitive
Impairments

o Quantitative
susceptibility mapping

o Alzheimer’s disease

e Iron Metabolism
Disorders

Abstract

Background. Iron deposits impair neurons and cause cognitive disorders through
different pathways. Today, with the help of quantitative susceptibility mapping (QSM),
iron accumulations in different brain areas can be evaluated and measured.This
research aims to identify the changes of iron deposits in the brain nuclei in different
stages of cognitive disorders using the QSM technique and introduces biomarkers for
the early diagnosis of these disorders.

Methods. The data of thirty-five participants with normal cognitive conditions and forty
six patients with cognitive disorders, classified into four different groups based on the
severity of the disorder, were downloaded from the ADNI database.

After determining the regions (ROIs) with the FSL automatic segmentation tool, the
mean QSM values of twelve brain nuclei were determined with the help of Slicer
software, and SPSS software was used for statistical analysis.

Results. There was an inverse correlation in the left putamen nucleus of LMCI group
(P=0.041). Direct correlation between age variable and QSM values of the left putamen
nucleus (P=0.000078) and right putamen nucleus (P=0.000017) of the control group
were reported.

Conclusion. As the severity of disorders increases in the LMCI group, the number of
paramagnetic deposits, such as iron, in the left putamen nucleus increases. Therefore,
the QSM values of the left putamen nucleus can be used as an indicator of the severity of
the disorder in the advanced stages of cognitive disorders.

Practical Implications. Iron deposits cause damage to neurons and cause cognitive
disorders through various pathways. Today, with the help of the quantitative
susceptibility mapping technique, the numeral of iron accumulations in different brain
areas can be evaluated and measured. This research aims to identify the changes of iron
deposits in the brain nuclei in different stages of cognitive disorders by using the
Quantitative susceptibility mapping (QSM) technique to introduce biomarkers for early
diagnosis of these disorders.
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Extended Abstract

Background

The spectrum of cognitive disorders is classified
into four groups, SMC, EMCI, and LMCI, based on
the severity of the cognitive decline. Each of these
stages has a great potential to become Alzheimer's
disease. Today, cognitive disorders have imposed a
heavy economic and social burden on the elderly
group of society. Therefore, it is necessary to identify
these disorders early and before the onset of
Alzheimer's disease. Brain anatomical changes, such
as atrophy of different areas of the brain tissue,
usually occur after the appearance of clinical
symptoms. However, pathological changes, such as
deposits of beta-amyloid plaques, neurofibrillary
tangles, and iron deposits, appear before the
appearance of clinical symptoms. The iron
deposition is one of the most critical microscopic
changes in the brain during decreasing cognitive
functions, which is closely related to the production
of beta-amyloid deposits, oxidative damage of
neurons, and death of nerve cells. Different
techniques, such as CSF sampling, are used to check
blood biomarkers and imaging methods based on
PET and MRI. This research uses the new and non-
invasive QSM technique, which is a kind of post-
processing of MRI images. The QSM technique is an
image processing that is applied to the MRI images
of multi-echo GRE sequences and can determine the
areas of iron deposition with high accuracy and
precision on the ppm scale. With this approach, it is
possible to benefit from the advantage of early
diagnosis of cognitive disorders prone to Alzheimer's
disease, which leads to the introduction of a method
for cognitive screening, investigation, and evaluation
of the amount and pattern of iron deposits in the
brain nuclei. This research aims to introduce a
specific biomarker for timely treatment to prevent
the spread and progress of the disease. Also, the
relationship between age and the degree of cognitive
impairment with the amount of iron deposition in
each cognitive impairment stage is evaluated.

Methods
The first step to start this research project is
selecting the study group. Based on the explanations

provided in the previous chapters, five groups of
healthy people, SMC, EMCI, LMCI, and Alzheimer's,
were included in this study. In addition to T;-
weighted images, the phase and magnitude data of
each subject's MRI scan were downloaded from the
ADNI research database. Before starting image
processing, the most appropriate toolboxes for the
QSM reconstruction phase were selected by
reviewing the algorithms used in previous research
projects. With the help of FSL software and the BET
toolbox, the brain mask was extracted from
Magnitude images and used to combine with the
final QSM image. In order to «create the
reconstructed QSM image, three stages of Phase
unwrapping, Background field removal, and Dipole
inversion were applied to the phase images of the
scans. In the next step, the anatomical regions of the
brain nuclei required for the study were determined
with the help of the FIRST tool available in FSL, and
the brain nuclei mask was made. In order to measure
the mean values of QSM in the designated areas, the
QSM images were entered into the 3D Slicer
software. At the end of the statistical analysis, SPSS
software was used. The modules used in Slicer
software are Segmentation, Segment Statistic, Data,
and Dicom.

Results

There is a direct correlation between the MMSE
scores variable and QSM values in the left
hippocampus nucleus of the SMC group (P=0.036)
and the left hippocampus nucleus of the LMCI group
(P=0.030); also, there was an inverse correlation in
the left putamen nucleus of LMCI group (P=0.041).
Direct correlation between age variable and QSM
values of the right caudate nucleus of SMC group
(P=0.007); Left thalamus nucleus (P=0.030), left
putamen nucleus (P=0.000078) and right putamen
nucleus (P=0.000017) of the control group were
reported. However, the inverse correlation was
reported between the age variable and QSM values in
the right hippocampus nucleus of the SMC group
(P=0.002), Right putamen nucleus (P=0/043), right
hippocampus nucleus (P=0.004), left caudate nucleus
(P=0/050) and left hippocampus nucleus (P=0.014)
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in the EMCI group and right caudate nucleus in the
control group (P=0.041).

Conclusion

For many years, the putamen's functional role
was mainly devoted to movement, but more recent
research points to a more general role for the
putamen; For example, the putamen has now been
shown to be involved in learning, memory, speech,
and emotion. Today, it is well accepted that the
correct functioning of the basal ganglia contributes
to a healthy cognitive state and that the putamen is
actively involved in various cognitive functions such
as episodic memory, cognitive health, and learning.
In this study, the magnetic susceptibility of bilateral

putamen nuclei and left thalamus increased with age
in the control group. The correlation between
MMSE scores and QSM values in the left putamen
nucleus of the LMCI group is inverse. In other
words, with the increase in the severity of disorders
in the LMCI group, the number of paramagnetic
deposits, such as iron, in the left putamen nucleus
increases. Therefore, the QSM values of the left
putamen nucleus can be used as an indicator of the
severity of the disorder in the advanced stages of
cognitive disorders; also, bilateral hippocampal
nuclei are susceptible to the occurrence of the Plato
effect, the occurrence of compensatory mechanisms,
or the deposition of other diamagnetic substances.

Med ] Tabriz Uni Med Sciences. 2023;45(2) | 132



NFe=\Yor(YV)FD ) FoY 415 g ooy )J)uu_ﬁu).v/o}[c olLiils iy Ao .oy Ko g cunyy S
e doi: 10.34172/m;j.2023.021 S

U https://mj.tbzmed.ac.ir

-4 .
SFmkon

g dlde

Rl wbguy o gldbarly 42 2 50l)IT gylon R gz MRI 4> QSM y54bg5 b9y 318
?J)L) 3529 A v FETR WY 9 o L S0 GLM;M

e g oY ST e T aiag p8 e ot Sle ¢

Mgy S 58

ol g cgio iy pale olKails (Kibsy Siied 09y liiss 350!
Ol gk cgie iy oale olKasly (Sissy oaSasls”

oS>

o950l Wade Gl wINs] szl 5 lapygysh 4 casl el alizre glague Gayb 5l ol whgw, - disoj
5lade «(QSM, Quantitative Susceptibility Mapping) suablie ¢ylidpis 05 gilappaas by SeS 4
Cguy @l lolid Ban b (iR ool 6503lil g bl DB 20 calize (2l 5 ool gasd
Gy slmySilits (Byme 4 QSM (g I edliiunl b izl wIMisl calizee Jolye 55 300 ladiws (ol
3jlose YN (ol (Basg pansds cqe

I & Vino Lo €7 g s il Laglys L oauSieSyd F0 @ byo claosls aslllas ol 33 5425,
RtRW) éyf)b ADNI o35 o55L 31 esloss gawdid calize ogf)le:g 30 sl wads wlwl p o Gisbas
w0359 QSM yslio (1:Sile FSLyo95 s lil SeS 4 (ROIS) 1b5 3590 (2lgh s 31 puw
b oslaswl SPSS 138105 51 (g )loT ko g dujant w9 paseitno 3D Slicer ,li8loyp SaS 4 (520

o (Siunod 035 oaslie (P=o/oF)) LMCI 0g)5 o (oligy dimd 33 (wgS2o (Siwon .ol
J5S 09)8 (P=/+++4)Y) camsly (paligy g (P=o/0000YA) iz (paligy (slodticuss QSM yoléio 5 (paw o 30
oyobioy diuss 33 T wilo ublisoll @lgey oo LMCI 05,8 35 c¥Ss] @b Gl b gpfa
Mt azys @i 5l il gie 4 Dlgie ez (elisy G QSM jlie cralpbs .35 0 lay Ginlidl ez
g e3laiwl il YW didyiny J=lye 30

Glid wis] skl 5 loggyg @ cunl ceb Gilize glage Gub I gol whew, lagslotoly
3o dilize (215 40 ol gexd o (uublize G lndy oS Glonmeas gy SaS @ ejgyel g0
oo 39 380 sladinn ol Oowy @l b Baa b Giegs ol -l 6uSeilsl g bl LB
o ﬁK}.{bJ9)’ Lasis e sy lySilas (Byeo 4 QSM g, 3l oslaiwl b sislus w¥Mis! walise
31050 woYNis|

dlio wledbl

o ddsls

VN ANV edlyys
VEN WA s ipdy
Ve[V /YA sdasyy Lol

{ojlg oS

oS Glopdads o
cublize g)ldndy o
saalill gyl @

ool o, @

doddo

ez sl 33 585 orko VWY & Vol Jlo 1 yonli)T ¢ Mo
2ol b (leygdS @ boyye obiMise olasl cyiiey o oy
sl 3 o e oS disle ol cuws 3 il Lawgie
@ e 55 Gl Shs auY @ 5 cwl il glan el
©hests Glgie Jlie plgie 4 45 83,50 03938 agl @adle
39 dﬁLol 9 Uo§l5 quLuJ el ‘)L‘ié) 9 Couatd 4
it el sl oy @b ) (5 5 sl gloaySlee
Jaie Jlo; 3l seletie 9 gy 3 yaame 33 [,35 dloye S, (MCD)

ras i 035 S (5lew 29 (AD) yaulilT (g lew

el wile ola S5 b pdnb Sy g sdigyoin wigo @
)9b<lg el a0 01395 dbadl> 3D e g GJ)S.LO.C - U.s.Dqu
Bo 393> g whise Linlidl cwo inlidl b SN ol £ e SIS
e ly Jlo £0 Y 31481 auoys Vo g Jlw AD YU 3148l suoys
wle sz J,Q|9c ede 4 HESed  LABI(0 )‘)9 ).ut
Yo o 393> b Sglez ahél 3 glaw ol «(Sy ()l
3yl slaws Sguvse sin T cwl sau3)S sdalin 15 Jle

hodazarel354@gmail.com : |l ¢ Joguwo soiumngs *

(http://creativecommons.org/licenses/by/4.0) CC BY 4.0 310lS gy jgme0 e 5003 Sty pgle ol8asly Jawgs ST oy b dllio ol sl Bgamo lalso gly @b g
il 0 0315 glanyl g Sl pitie g6 4 ol 43l @ a5 il lxe g0 5o g5 eoli] digSym T slao Gub 45 e yiiine


https://doi.org/10.34172/mj.2022.012
https://doi.org/10.34172/mj.2022.012
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0003-3119-1180
https://orcid.org/0000-0002-5987-3290
https://orcid.org/0000-0002-6479-1636
https://orcid.org/0000-0003-3753-8747
https://orcid.org/0000-0002-0480-2452

slon b & 09 punillo 33 M98 0 uas Jolw
l; U.CDT O UAM.\S‘O&D)) el Jo.u)o as IO'*‘“M cm,\fw)su
2350 Sl ol slagian b g samolel-by SN,
Sl oz g 38 4 ymie aoalon ool 5 wel e Jolus
ol inlidl 4 e T Jlisle 55 (ol Sy g 000y T
Uiyl ol 33 T3S 5 ol Sye dzid 13 g (gaelaus]
oS ©lpeal Gezlging o Wiz bgy Sl eolaiwl b
OBl e 09y £ S - (QSM) uublise g )ldnd;
hil Gl wWlis] Jolhe 5l elaS 3o 33 ol Cgwy ¢ie
Jseo gl 5l (g)luww 3 poad (B3l ey ool
GRE o5 oo sloilSo Lol vl Jlocl b8 MRI
iloads By QM (gilwib gz Jlgs yicwlio lgicd
S L5 dold g 318 yaglat 09,5 93 0 «giloil yauwme ol o
bzl slad ol oy pels Slial b Gigleie lopinsSl g
(pPm) plis e 1 lie b (greoal colg 13 353, 0
L oilitl (2l & myls 63959 soed gl (bl 3 g
LRV I XV K 9 W)y d.le uu.u.’ohm LSJL\Q)J.\J u»_mlf
Al gz ddsinn Gl Glagie, 5l e ras gilagas
L ohas PET Sasl ol YooY Jlus 31 cusl youlyT @ Sl
«total-tau (Ap) U;L'}.’a (S20 &3Lo OiSg y d—‘—L’-‘ 9 dy=3 g MRI
Solow Laras ey cwbo gy SO lgicds (phospho-tau
5o duwgo) NINCDS- ADRDA dumwge lawgs ool
sl golan (yezdl g (g0 diSs 5 (Pl g e YN
Lmu,ug) UJ‘ .\—ub 929 lJ cwwl odws wyw (Jo.u)a NN 9
Oxb cows & aglely o Yb dgie liser slagin ol
Silse anlge JSitio b 1y o 5 il ooliil (PET (c3olgiss
el gm0 milo 5| xiSege wile glalslae wloladl Sy
OIS ssbes Ll hgy ol cele 3 Sl eS8 Gab
Gy gz CSF 3l glopdiges by Jolaie slagsig,
MRI g PET 4y 3 glongai slaghs) o Gieo slaySilas
.))il.o.c Ailo Lmui‘@) U"l uOL> culeo wde @ 45_).3)‘3 3929
5 e b pread Jb dpie g s gdedd (el
2 ueblize 53l803) a3 Gloneal Baz i) 3l eslaiwl
waitd eaie 3l olgice 3Sagy onl b pedyS gy ol
3y oy youlill 0 Ml oS awine vl YN @Bindg
9 oy oiold e e gy Brme caw 39> oS
2 5 e gladiun 55 ool whbawy 655l 5 e by

eIV 313 youlslT @ Mol g oIl ey 455 e
s o 4 Jis] s Gl Golal y s sl
Jolo ol 53 33l Ngde pamds LMCI g EMCI SMC
23975 ol b aiSse 4y |y gl el il Gileys
Lol 35 Lol iyl gam JSie 35 alis) slacallsd ol
P Gl glagas eIl glaw wile Jie Jlgs slas,
"yl wligy 0Slee p el BB 3 g e yeyiuS
33 o0 sk Jole glgie @ s Gl @IS b
wislits ool ofag & Jie Jlgj o 4 glan wdying
W] el el g bl Sy @ d2gi b g Ngde
Vo) gge 4 Eoxd 50 caanl b oS o plimag; alwbus
Jae Jloy ObsinS o iy oyd 3l ©xSslr 5 Gloyd
wINis] 5 4l gilaw 55 G320 whuuss IS yeba el
b8 Sigledise o Sigleily 0g)S 93 3 was sl
320 blizno 219 (B9 T diile Saislodyse wlynad 135,50
S Ghgo 33 Wm0 &) Glow Wity Jolo 3 Ygaso
5 ool oy wile Sujoleilh b SugSiwgySae @iy
3 Ol S Ghee gladim 33 snghel-by glas¥y S
oadpse 3l 550 (o Nable @l b whalks ggy
i il oINS g yeliT gilew Siglsily slawlas
@) 320 wlize 2l 3> poal yaie olul I i oo
S Slesls plaw wlidss cwl (Goe gladiws (ogas
i sBglaw 5l Grawy b b gl 3> 3l i oy
! (FA) Glayand (ST (yamdis slaglos ke uac
9 0suSik (ALS) Sibgyisel il soslSl onas (Sosudl
oy 53l sulisedl wlale cuwl hiye pgSil
Olpls el yeldT @ Mie ohlew 390 5l 2lg 5o ol
Zobo sl Glaw 5 0ol pudalio (o bloyl 4us
L (Ferritin) (08 o 4 ool SIS jba’ 1055 0
QT 198> g Jo)fb,o 032> 320 3> (Hemosiderin) (y3y3wgon
wile oo JSiglon 9 prub sloanTyé 5l g)lww pleil cp>
Lol camnl (53930 o 9 05 Ol ok 4z 5aST Jlal
4 o Galise glaanld (b s o ol s il Lim Cowy
il el 93550 Gi2e slaySles ials s Jobw ol
pailSo £ (gl 55 50 S izme auwilSe 05y 93 5
Syo 3l gapaz JSib & sade (Syme jgngsd oo e
sl oSee gilow 3l Ebro g 03,5 amiie |y ol b ol
g Lilidl b ool sasay cpl 5o iy @lasl syl des 4o
Syo 9 olanaST sl 4 yzxie 3 iaSTy (5aaST sladisS

Y oylacs FO 0493 )J)uuﬁuy/oﬁlc o8y S aloeo [ \WF



e gy S

ol csan aellae 3lg g ol g8 O 43 MMSE
(KOVET g S 09y lgices @l oSSy (%F¥)Y0
09yS - g delllas oyl 33 il @YEs] b eSSy
el slobisl g MMSE wlyes ulel by @ Yls|
9 Vb gawdass 09,5 Jlgz= 13 ADNI laasio bowgs oo
Y Jods 3 Ulf‘x.ufuf)w n.i.@bfgob wlasine g wledbl
Miao c@lluo 331 15 MMSE wlyes (55l ol oamlio 15
FMAo YA Jolis Cuiys 4 youlidT g LMCI (EMCI SMC

g VYO o YE/55 YY/V0

9 &go 4 ploy e paxin Silgn Byme wolg
2350 slan cdyiig o by | S5l

BTy
sobas Jolds (Slani=s 23k ol ghz! ez @Y glaosly
9 T s b silizle yglad 09,5 93 33 MRI Sl I Jol>
s (o wygo 4 3 g dield yuglas) o1 ilge suglas
ADNI, Alzheimer’s ) awgh ilidss oo 3l esls ¢yl
T cuasS g oais 5L (Disease Neuroimaging Initiative

sl 90T Wl el p HBaSeSw o JyuS

P CN(35) SMC(10) EMCI(17) LMCI(9) AD(10)
P=o/1\ AATARETVAY YY/VEY/50 YENTES[YA YY/YYEOND YAV £5/AY (slere Slyzmik Kl oo
P=cfos)  Y3/idV/FV YA/A VY YV/Y o+ /g Y¥/7745/A ARAZES VA (slaro BlymikyKiluw) iz buises|pod
P=ofof 30 Woui TV %o ¥guiV 3w Wopit 200905t 3900900 i

CN, COGNITIVELY NORMAL; SMC, SUBJECTIVE MEMORY CONCERNS; EMCI, EARLY MILD COGNITIVE IMPAIRMENT; LMCI, LATE MILD

COGNITIVE IMPAIRMENT; AD, ALZHEIMER'S DISEASE; MMSE, MINI-MENTAL STATE EXAMINATION.
Lloas ools u;.u[m Ly ﬁls L:)bb_v.a @léMis| 9 Cawl 03 w)f)la.: 3 6)loT L_;)l.\u‘&o @b.w Q|9A.c L P<./.0

".(https://www.eecs.berkeley.edu/~chunlei.liu/software html)
Background field d>yo (flgic e Lglhol gladiwg Bis
ly>! STISUITE 33 d92g0 V-SHARP S g3 SeS ¢ g removal
b« bl STAR i3] SaS 4 QSM pguas olgs 15 .o

slus g plesl Jol doyo 33 st skl (g520 Swlo pguas
QSM « ylio 29,5 3JUT g o disbo PPM s (505
slie puiydy plgie 4 oad (Bl 31 solad oo Swle
gole (S Wi SaS @ o 3l Jolyo (riznem 03,8 Ol

WY s y>! SEPIA

Sle il doe Jla Jols QM gilush G5 ssbes
9 BACKGROUND FIELD REMOVALPHASE UNWRAPPING g}0
o2l 31 plsS 32 g i FIELD-TO-SUSCEPTIBILITY INVERSION
BB o o 35 Sgliie slauS s 5 piysSIl b Jose
Sixe P19 50 puo giRe Swle wliil .V JSb) sl ]
b oleol FSL 8oy 3> BET wSWes 1 eslaiwl b
3l 63Sol> gz (HTTPS:/FSLEMRIB.OX.AC.UK/FSL/FSLWIKI/BET)
oreblizo 5803 pumio ress 9 Sl eSag)l slas,
3l dee ol gh2! cpz - palosse PHASE UNWRAPPING ¢ =l
cwol odd odlaiwl STI SUITE ;3 dgg0 pawdod 5l

QM il Jlye Y S

locioSw b oo r:LéJ‘ QSM u-’l@ BELv=Y) .D S0 L_gl.cnct;'\mm )1539} G |<x,wu.a) .C )'lé )39[;43 89 u,u)b);B dold )ggba'i )‘l 3T Swle C|)>.u,u| A

WO | Y oylows ¥O o)géyju‘_,ﬁu).:/oglc ol&isls Sy dtlzo


https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/BET
https://www.eecs.berkeley.edu/~chunlei.liu/software.html

olSopm yiio plo Siunon byl Jg (P=o/o0V) sit0
9 99 G gz 33 5 AL capo b oS il 33 (e b sy
0lS @i ool unblise glidiy lise e 355y YU b
QM gloysio oo EMCI 0g)S 3o (P=+/++Y) wdliso
(P=0/00F) cuwly cuolSqum QSM «(P=0o/o¥V) cuwly :1oligy
(P=0/2)F) iz olSguum QSM g (P=o/o) .z 4l5 03 QSM
xS 09)5 53 39 e gz 33 9 sblise (Siwmen e b
oolisy QSM (P=+/-Y) o w9Vl QSM loysio o
o b (P=o/++0)Y) canly oligy QSM g (P=o/s000YA) i
oo b3 pizen 09 cutie gz 33 g blee (Siwen
sl jlolino g ako (P=+/+£)) canly 41305 QSM yusio g
o3 b lagssio I S em EMCl J5isS posilT sloeg S 5
0935 33 «yoymal (3303 gl ulwl y .833g0 blsyl yo MMSE
MMSE Wi g o cwolSgmad QSM glaysio o SMC
cgz 30 g /T Swod cops b (P=o/o¥9) g lobio bl
O e (3903 (LMCI 09,5 33 .o odmliv caie
MMSE wlyed g iz opoligy QSM lapsio cpu 3l s
Sg2g ofSA Ssuads (aspid b g (P=o/oF)) Lo ylobizo bl
olSarm QM slouio o e Simunod (yizred 3yl
ofYY o oypd b (P=o/oVo) MMSE wlyes g

A ol line

2 (AR Lmamshel oy skl o pol Cow

L SasSwgySae whns Gyme 320 has glodius
aile (Sujgledige Wit yoabs 3l Gl & wiws Sojeleily
3929 pae s @ Lol cumdse &y (i0 lizo (2lgs (99,5
WJB3elily @l ol 4 ol g Sletel J loySilogn
by Jolyo 35 Gl slaaisl pulul » (ais Ygoso
Siuan bl Glegsy ol 5l Ban S e @iz G)len
b 32 glodive ublge gldndy whnss e o
3 QSM gy (wlwl el @I o ¢lise g o iwl8]
@ Shy ol el wéb qublise GlénL caols 4l
wuwblize Glae Jlocl 4 il So38 g SIS b o9
cdl oamy LS glgime sanS (uSmie &S 03y >l
gz 3555 50 58 (ubolisalys Slge 09,5 35 lagyily ol
sl elew Glol gloShs 5l 45 - b suslel oYy
5 g 03 b (glagyg Sl S Glaliél @ yzxie - wie
Gldpdy pials) 4l moge Gublse gldpd 3

Slpl 5l (ROIS) 3k 3550 JSaegibl Sl ol ey
ESL ,li8ley (FIRST) (320 hac gladiun 45395 (gapmuds
.(HTTPS://FSL.EMRIB.OX.AC.UK/FSL/ESLWIKI/FIRST) o) 03 o3léiwl
LS)bbL‘” )ng.ca.» S )l G320 L VY 03g9d==x0 4.1:>yo UJ' 3
L_gl.tz: ROI .o daislw 4b99),o Swlo 9 oS Ti (49 b MRI
)l.)|o.) ‘wl) 9 = uus.oljb GLQM L Jogg)o oMl oo
wawly 9 e poadh wwly 9 e el wwwly 5 2
g it cuoly 9 e SISl g cwly 9 Gz welSone
sl 51w (gioe gladine QSM p3lio (1:SSke duwlxe
aislw 6[.::3&“)[40 T JK.»AsJL\T )nga.l U»Lw'  ROIs k7'>|9’
"03,S elesl QSM - yglai b 3D SucER l38loy 33 oadd
V5 a5 IBM STATISTIC SPSS 133l 0y SoS @y (g loT (sleozllT
plad 3> glol Hlsbimo Fhw glgic 4 P<o/od g 13,5 ol

b 438y 5 5 lygeil

lodidly
wleMbl @ So Guibyly Judss g03T SaS 4 lawl 5o
0955 5 8l MMSE wlyal g (uiz o 4 boyye S8lSg03
(P=0/o)) oais (yus3 ylolimo pdaw 4 dmgs b .au3)S ST
Mo sloegS e 33 gybline BMisl G (1Sike e
33 MMSE wlyod oyl a5 Sigo 33 (P =o/))) iy aellho
(P<o/o0Y)) 333)S samline g)bolimo wgles Buo sloeg)S
»éio 4 boye loosly gylol 30T gz 36 oSl 5 (905l
LT 5 bapils slass o s bl s oslisas] i
235 saslin gblime wglas daellae 3y (glwogyS 4>
@ bow gbosls seub 595 Hbiyl .(VJgaz) (P=o/-F)
gz aallas 3y50 09)5 3o 33 (Gike L o QSM polie
ol 31l wygpe sam gylel lasdbT b gy oloxl
s polel p ab eoliiwl Bginawl Bg)SsalsS (35T
fa9J.JLx 9 p«,olfg,u.cb L QSM )gbL’o’.o b b.u)n L;Lmobb
oy JlSel (358 09,5 33 iz JIaSel SMC 09,5 33 oz
8295 SMC g JyisS slwog,S MMSE wilyai g EMCI 0g)S 4o
seloso diaoime Siy by Joaz 53 polie ol il eub
LMCI g youl3)T slmogyS 3 2ol Lwlwl 5 Sloads oals Lioles
0935 33 . 3395 byl 33 oy b ladiss 51 SO 2 QSM yuolio
g (P=o/ooY) canly Hl3pd ladine QSM ylio SMC
S3pd a5 bl 33 (s b (P=e/00Y) cawly oo
Cotie gz 33 5 /YA Copo b g6 Siuen bl el
Y 30 diwd ol QSM polde w38y Yb b g cuwsld

Y oyloss FO 0593 )J)JJU:‘AJ)J,OSZC oLy S dlo | VWS


https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FIRST

e gy S

b gioe sladinn 13 ol Couwy pialidl onl a8 a5
ol adaw 4 ol 51 e 9 055 0 la dalsl (Swy € b Ve amd
ol odud dislus g3 Y3l lgie o wnTyd ol <5 w0
>l 33 ol Cgwy lime ielidl b o ilS 5l Sl Gu
e 33 s Gl l (YUSD) ™ aeoe &y gie cilizxe
Gde s wile goasie Yo suiS wSeio u.CbT STVt
vilS (izan el ol giledliT olise pildl b o ol
Gueblizohs coaols wde 4 Wigine uublise g lidnd
59,5 33 dalllio oyl 35 ail oa sloul (30 wligey s
99 3ebiny sladind ublize g8y oy ialiél b JyuS
b Ll a5 cul 0355 oy Ginlidl iz (ugedl g a8k
sl Lol 03 (ylSem 5 J 5 e g (30 wlindss puls
s GMop &5 038 o ialS culy Hloes diws QSM

(F US) Y ol i olidine

Brain Iron

oo So ool 00 gow 3l dgdse (el subline
13 o @l slal el £ 900 ol sl Guablisahly
S plojam j9a> 5 39d50 bl Guublizs glidpnd
» oosSme whil wéb SO 5 ol whow g Ly duskuel
ol 31 2 szas cnluly 35yls 4ot o Guublise gl
dol> QSM poai 1 Gilyuss slasy Coaw wdl 33 dlge
sl @ yzxie 235 J18 S0aSo JUS & 9o 3 g s
(WhlSem 5 sl asllae @b 8550 Jlo Jluw cuwlpes
dlss 9 (ITG) Glixd aBnsS @S 1 pol gexs o
$l2oyS g ol i « AP oS by S8l yo sl
ool wble Giliél 5 3l d92g 68 Loyl gMmdss
pohd rae cowl o by gl goxs wgz Jlosl Jalys
s azyd Gali8l g oy i3S b Jgame yoba S0
b Gl gie sladine 33 ool Cowy (e il

Relative Cognition

Age 3

Left Thalamus

é 0.01 R=0.36, P=0.03

e

g ‘ —

= 0.00 2 i

S ° e

& =

= e .

F oo - @

Z =

g

z -0.02

7

50.00 60.00 70.00 80.00 90.00

A Age (years)

- 010 Left Putamen

=

= 008 R=0.61 ,P<0.001

z

2 006 .

= iz .

Z 004 -

Z _—

= B il

Z o [ el

b=} e _—

= — .

2 000 S

2 e

& >

© 002
C 50.00 60.00 70.00 80.00 90.00

Age (years)

")

530 sladium 55 el gy olise 33 el (plateau)gidl, il LY S

008 Right Putamen

g
e =0.65, P<0.00
S o R P<0.001
= .
g
= 004
z
= 002
= 0.00
5
2
7
=
7 -0.02
50.00 60.00 70.00 $0.00 90.00

Age (years)

0.10 Right Caudate
0.08 +R=-0.34, P=0.041
0.06_ g

0.04 T g

0.02 . :‘: S

0.00

Susceptibility Values (ppm)
/

-0.02
50.00 60.00 70.00 80.00 90.00
Age (years)

JS 0938 33 o 9 5320 ladins QSM jalie o g (Siuwod poeil gl 1 JSb
.wb)lé |c3 Lwud :D9 (g unby G :C wb unby G :B (g u»ga}]b L 1A

WY | Y o)[m.b A2 a)gby)uu.ﬁu);/o}[c olSiily ‘_,iw)_: dalxo



Whydny Jobo 33 Jlisl 4z wab I oSl g
collgun slodiue cpises g odlaiwl sislus wYMNis
Lo Glnz GlopuslSe slasy (it 3l jo5 amine sk 93

2 6o yokio 4 sgiie (Siiy Suid 09,5 3l (Baiungs
S 50 (5319598 gy S wolial slay

olglay es)live
dio (5SS g Slibns ik ghel cuwn S aliyd
» el Oladl g 520 prasio Yloe 4 e Ge ol
(S)lel Gl Julod covo y iogys piad (@aid Ng) oo
G &5 o2 9 molas iilon weve » GalY 5T e

oxge |y Jobo o 3Slae p oyl 23b gime Glgie
Lldieols

o gl
oSl 31 639 (sloosls caed @3l o plio Lims ol
S35,b (ADNI, Alzheimer's Disease Neuroimaging Initiative )

LSiloas

Lodls (g yado pwyians
i (yied bl ADNI oSoL 5o et delllho gloesls

W] wllasie

33 ol oz whess bl olsie b zsb 5l dlie ¢l
Sl gy il edlaiwl b Sixbus eIl wlie >l
ciglee 33 o5 odds zlyxiwl "MRI 33 (QSM) 505 ool
AL g Gy e Sty pole olSsly 5y35l8 5 wliniss
sl 0dds Cogas IRMUMS.MEDICAL.REC.1400.510 §Ne|

&8lo Byl
siegh So Job> Sl ol oS S edlel ghelay
G)QJ uoszl 9 Lmol.a)’[w lJ U_Q_QL\.O olas Z> g 03y 8o

Dyl

References
1. OBryant SE, Mielke MM, Rissman RA, Lista S,
Vanderstichele H, Zetterberg H, et al. Biofluid Based

3 00l Cowy olize u Gieli8l b 36 SMC dalllas 09,5 3
0l cuwly Crollons diwd 33 g il cunly slopd diwe
hlew 53 (Siuman ol bl o o Oili8l b3S o
(o lSonn e 4loes ladiwe 33 i bl EMCI
b ohle @ el cuns 4 cuwly colonn o cusly (b
Olsee EMCI 09,5y oaub oylinl slodiwsd 3> oy yinliél
vl oad ob (2lg 33 el Cgwy 5 puublize gldnd,
s Gialdl om bl eoasie wlidss S
sl oal wbowy dlise Gl 5 Gbe @Ykl
diwes QSM yolio Liohdl pols dellhe yo O siles,S
sl2og)S 33 MMSE wiyed (iolidl b buwhes o cuolSoun
Oy @lddss 2ol GMsy «S 30 &y LMCI g SMC
oo LMCI 09)S o (yoligy diws 43 blayl ¢l Lol .ol
s LMCI 69,3 43 e¥Mis) o Giwldl b Shlhe 4 el
o oy i 53 sl il uublisal @l Ll
g ooy liging alis b Liwlyes o5 35S el Gilsdl
gz 320 gloacll sladine (uyiise 5l o elisy diwe
e bl cuenl g o3g dibls 5 g5l pumo 3Slac
T3S e atiie (gylew ol sy Jole 3> bl

(35 s
4 odac yobdy el 3Sles s (o3l sl
O 4y yiaaas @lidss Lol NI TR WY NS UOLO.\D‘ c.;SP
ol 03 ols ST Jlio (gl 35 o oylitl yeliny s3yiwS
30 wholus! g 13y cumo @idls (61.S3b > (1oligy oS
3HSlae &5 cwl ol didpds (w9 @ oigyel Wl s
SeS u.a?l,u.u ﬁJl.w ooy D 6|o.\cl§ 6[@0.\.&9 o
wile Gld geaySles glgl 1o Jlod yobay (3oligy g WS 50
Syl s 5,80l g bl el cumoy «Spdgiml sl
Sk e Gl b S 0g)S 05 asllae ol
llidl Gz Gwgedl g ik 93 (el lodiwe uublize
33 QSM y3lae g MMSE wlyed ¢y (Siwod ol 63,5 o
Gl b Ghle @ .l oo LMCT 0g)S iz (paligy divd
wbowy  Lwhdl e LMCI 6g)S o wYMisl was
I LRls8l  abisy ium 1 ool e unblisolly
& Slgise e el diws QSM ylie ulply .S s

Biomarker Professional Interest Area: Blood-based
biomarkers in Alzheimer disease: current state of the

Y oyloss FO 0593 y)uuﬁuy,cglc ol&iily Sy alzo [ YWA



e gy S

10.

science and a novel collaborative paradigm for
advancing from discovery to clinic. Alzheimers
Dement. 2017;13(1):45-58. doi: 10.1016/j.jalz.2016.
09.014

Zvétova M. Alzheimer’s disease and blood-based
biomarkers—potential contexts of use.
Neuropsychiatric disease and treatment. 2018;20:1877-
82. doi:10.2147/ndt.s172285

Sanford AM. Mild cognitive impairment. Clinics in
geriatric medicine. 2017;33(3):325-37. doi:10.1016/
j-cger.2017.02.005

Jessen F, Wolfsgruber S, Wiese B, Bickel H, Mosch E,
Kaduszkiewicz H, et al. AD dementia risk in late MCI,
in early MCI, and in subjective memory impairment.
Alzheimers Dement. 2014;10:76-83. doi:10.1016/ j.jalz.
2012.09.017

Paradise MB, Glozier NS, Naismith SL, Davenport TA,
Hickie IB. Subjective memory complaints, vascular risk
factors and psychological distress in the middle-aged: a
cross-sectional study. BMC psychiatry. 2011;11(1):1-7.
doi:10.1186/1471-244x-11-108

Pandya SY, Clem MA, Silva LM, Woon FL. Does mild
cognitive impairment always lead to dementia? A
review. Journal of the neurological
2016;369:57-62. doi:10.1016/j.jns.2016.07.055
Gong N-J, Chan C-C, Leung L-M, Wong C-S, Dibb R,
Liu C. Differential microstructural and morphological

sciences.

abnormalities in mild cognitive impairment and
Alzheimer's disease: Evidence from cortical and deep
gray matter. Human brain mapping. 2017;38(5):2495-
508. doi:10.1002/hbm.23535

Nikparast F, Ganji Z, Danesh Doust M, Faraji R, Zare
H. Brain
neurodegenerative diseases and their identification

pathological changes during
methods: How does QSM perform in detecting this
process? Insights into Imaging. 2022;13(1):74.
doi:10.1186/s13244-022-01207-6

Nikparast F, Ganji Z, Zare H. Early differentiation of
neurodegenerative diseases using the novel QSM
technique: what is the biomarker of each disorder?
BMC Neurosci. 2022;23(1):48. doi:10.1186/s12868-
022-00725-9

Wang Z, Zeng YN, Yang P, Jin LQ, Xiong WC, Zhu
MZ, et al. Axonal iron transport in the brain modulates
anxiety-related behaviors. Nature chemical biology.
2019;15(12):1214-22. doi:10.1038/s41589-019-0371-x

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mills E, Dong XP, Wang F, Xu H. Mechanisms of brain
iron transport: insight into neurodegeneration and
CNS disorders. Future medicinal chemistry.
2010;2(1):51-64. doi:10.4155/fmc.09.140

Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R,
Zaitsev EM, Gleason CE, et al. Ferroptosis: an iron-
dependent form of nonapoptotic cell death. Cell
2012;149(5):1060-72. doi:10.1016/j.cell.2012.03.042
Yang Q, Wu F-r, Wang J-n, Gao L, Jiang L, Li H-D, et
al. Nox4 in renal diseases: An update. Free Radical
Biology and Medicine. 2018;124:466-72. doi: 10.1016/
jfreeradbiomed.2018.06.042

Haacke EM, Liu S, Buch S, Zheng W, Wu D, Ye Y.
Quantitative susceptibility mapping: current status and
future directions. Magnetic resonance
2015;33(1):1-25. doi:10.1016/j.mri.2014.09.004
Langkammer C, Schweser F, Krebs N, Deistung A,
Goessler W, al. Quantitative
susceptibility mapping (QSM) as a means to measure

imaging.

Scheurer E, et

brain iron? A post mortem validation study.
NeuroImage. 2012;62(3):1593-9. doi:10.1016/j.
neuroimage.2012.05.049

Li W, Wu B, Liu C. Quantitative susceptibility
mapping of human brain reflects spatial variation in
tissue composition. Neurolmage. 2011;55(4):1645-56.
doi: 10.1016/j.neuroimage.2010.11.088

Straub S, Schneider TM, Emmerich ], Freitag MT,
Ziener CH, Schlemmer HP, et al. Suitable reference
tissues for quantitative susceptibility mapping of the
brain. Magnetic resonance in medicine. 2017;78(1):
204-14. doi: 10.1002/mrm.26369

Chan K-S, Marques JP. SEPIA—susceptibility mapping

pipeline tool for phase images. Neurolmage.
2021;227:117611.  doi:10.1016/j.neuroimage.2020.117
611

Fedorov A, Beichel R, Kalpathy-Cramer J, Finet ],
Fillion-Robin J-C, Pujol S, et al. 3D Slicer as an image
computing platform for the Quantitative Imaging
Network. Magnetic resonance imaging. 2012;30(9):
1323-41. doi:10.1016/j.mri.2012.05.001

Ayton S, Wang Y, Diouf I, Schneider JA, Brockman J,
Morris MC, et al. Brain iron is associated with
accelerated cognitive decline in people with Alzheimer
pathology. Molecular psychiatry. 2020;25(11):2932-41.
doi:10.1038/s41380-019-0375-7

Peters DG, Connor JR, Meadowcroft MD. The
relationship  between

iron dyshomeostasis and

WA Y oylows FO gg&y)u‘_,ﬁu).:/oglc olluils K dl=o


https://doi.org/10.1016/j.jalz.2016.09.014
https://doi.org/10.1016/j.jalz.2016.09.014
https://doi.org/10.2147/ndt.s172285
https://doi.org/10.1016/j.cger.2017.02.005
https://doi.org/10.1016/j.cger.2017.02.005
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1186/1471-244x-11-108
https://doi.org/10.1016/j.jns.2016.07.055
https://doi.org/10.1002/hbm.23535
https://doi.org/10.1186/s13244-022-01207-6
https://doi.org/10.1186/s12868-022-00725-9
https://doi.org/10.1186/s12868-022-00725-9
https://doi.org/10.1038/s41589-019-0371-x
https://doi.org/10.4155/fmc.09.140
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1016/j.freeradbiomed.2018.06.042
https://doi.org/10.1016/j.freeradbiomed.2018.06.042
https://doi.org/10.1016/j.mri.2014.09.004
https://doi.org/10.1016/j.neuroimage.2012.05.049
https://doi.org/10.1016/j.neuroimage.2012.05.049
https://doi.org/10.1016/j.neuroimage.2010.11.088
https://doi.org/10.1002/mrm.26369
https://doi.org/10.1016/j.neuroimage.2020.117611
https://doi.org/10.1016/j.neuroimage.2020.117611
https://doi.org/10.1016/j.mri.2012.05.001
https://doi.org/10.1038/s41380-019-0375-7

22.

23.

24.

25.

amyloidogenesis in Alzheimer's disease: two sides of
the same coin. Neurobiology of disease. 2015;81:49-65.
doi:10.1016/j.nbd.2015.08.007

Ravanfar P, Loi SM, Syeda WT, Van Rheenen TE, Bush
Al Desmond P, et al. Systematic review: quantitative
susceptibility mapping (QSM) of brain iron profile in
neurodegenerative diseases. Frontiers in neuroscience.
2021;15:618435. doi:10.3389/fnins.2021.618435

Du L, Zhao Z, Cui A, Zhu Y, Zhang L, Liu J, et al.
Increased Iron Deposition on Brain Quantitative
Susceptibility Mapping Correlates with Decreased
Cognitive Function in Alzheimer's Disease. ACS
chemical neuroscience. 2018;9(7):1849-57.  doi:
10.1021/acschemneuro.8b00194

Moon Y, Han S-H, Moon W-]. Patterns of brain iron
accumulation in vascular dementia and Alzheimer’s
dementia using quantitative susceptibility mapping
imaging. Journal of Alzheimer's Disease. 2016;51(3):
737-45. doi:10.3233/jad-151037

Thomas GEC, Leyland LA, Schrag AE, Lees AJ,
Acosta-Cabronero ], Weil RS. Brain iron deposition is
linked with cognitive severity in Parkinson's disease. ]
Neurol Neurosurg Psychiatry. 2020;91(4):418-25. doi:
10.1136/jnnp-2019-322042.

26.

27.

28.

29.

30.

Tiepolt S, Schifer A, Rullmann M, Roggenhofer E,
Gertz HJ, Schroeter ML, et al. Quantitative
Susceptibility Mapping of Amyloid-p Aggregates in
Alzheimer's Disease with 7T MR. Journal of
Alzheimer's disease: JAD. 2018;64(2):393-404. doi:
10.3233/jad-180118

Shahmaei V, Faeghi F, Mohammdbeigi A, Hashemi H,
Ashrafi F. Evaluation of iron deposition in brain basal
ganglia of patients with Parkinson's disease using
quantitative susceptibility mapping. Eur ] Radiol Open.
2019;6:169-74. doi:10.1016/j.ejr0.2019.04.005

Li DT, Hui ES, Chan Q, Yao N, Chua S, McAlonan
GM, et al. Quantitative susceptibility mapping as an
indicator of subcortical and limbic iron abnormality in
Parkinson's disease with dementia. NeuroImage:
Clinical. 2018;20:365-73. d0i:10.1016/j.nicl.2018.07.028
Mink JW. The basal ganglia: focused selection and
inhibition of competing motor programs. Prog
Neurobiol.  1996;50(4):381-425.  do0i:10.1016/s0301-
0082(96)00042-1

Kreitzer AC, Malenka RC. Striatal plasticity and basal
ganglia circuit function. Neuron. 2008 Nov
26;60(4):543-54. doi: 10.1016/j.neuron.2008.11.005.

¥ oslods FO 003 i Kby ogle olSib Ky dtlxo | \Fe


https://doi.org/10.1016/j.nbd.2015.08.007
https://doi.org/10.3389/fnins.2021.618435
https://doi.org/10.1021/acschemneuro.8b00194
https://doi.org/10.1021/acschemneuro.8b00194
https://doi.org/10.3233/jad-151037
https://doi.org/10.3233/jad-180118
https://doi.org/10.3233/jad-180118
https://doi.org/10.1016/j.ejro.2019.04.005
https://doi.org/10.1016/j.nicl.2018.07.028
https://doi.org/10.1016/s0301-0082(96)00042-1
https://doi.org/10.1016/s0301-0082(96)00042-1

