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Quantitative magnetic resonance imaging of brain iron deposition: comparison between

quantitative susceptibility mapping and transverse relaxation rate (R2*) mapping

GUAN Jijing, FENG Yangqiu
School of Biomedical Engineering, Southern Medical University, Guangzhou, 510515, China

Abstract: Objective To evaluate the accuracy and sensitivity of quantitative susceptibility mapping (QSM) and transverse
relaxation rate (R2*) mapping in the measurement of brain iron deposition. Methods Super paramagnetic iron oxide (SPIO)
phantoms and mouse models of Parkinson's disease (PD) related to iron deposition in the substantia nigra (SN) underwent 7.0
T magnetic resonance (MR) scans (Bruker, 70/16) with a multi-echo 3D gradient echo sequence, and the acquired data were
processed to obtain QSM and R2*. Linear regression analysis was performed for susceptibility and R2* in the SPIO phantoms
containing 5 SPIO concentrations (30, 15, 7.5, 3.75 and 1.875 ug/mL) to evaluate the accuracy of QSM and R2* in quantitative
iron analysis. The sensitivities of QSM and R2* mapping in quantitative detection of brain iron deposition were assessed using
mouse models of PD induced by 1-methyl-4-phenyl-1,2,3,6-tetrahy-dropyridine (MPTP) in comparison with the control mice.
Results In SPIO phantoms, QSM provided a higher accuracy than R2* mapping and their goodness-of-fit coefficients (R?) were
0.98 and 0.89, respectively. In the mouse models of PD and control mice, the susceptibility of the SN was significantly higher in
the PD models (5.19+1.58 vs 2.98+0.88, n=5; P<0.05), while the R2* values were similar between the two groups (20.22+0.94 vs
19.74+1.75; P=0.60). Conclusion QSM allows more accurate and sensitive detection of brain iron deposition than R2*, and the
susceptibility derived by QSM can be a potentially useful biomarker for studying PD.

Keywords: brain iron deposition; Parkinson's disease; magnetic resonance imaging; quantitative susceptibility mapping;
transverse relaxation rate mapping
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Fig.1 Results in SPIO phantoms. A: QSM; B: R2*; C, D: Linear regression between SPIO
concentration and susceptibility and between SPIO concentration and R2*, respectively.

2.2 WA FAEA RIHER

221 A4 F 4R F 2R84 (n=5) 5X 4 (n=5)
Y/ INERUZE rotarod 17 k2S5 AN T X g e il
SRR . 245EH A 16 rimin B, PR/ N FRAGEE

il B IS B AT B 22 S B AN, /N

il B A e AR L, 2/ NRaa sh e 2R
S DU 5 g RO T D0 457 B A e i P ek ) 2 i
o AL 2 AT, 2 A E] 18 rimin i, ST Y/



- 308 -

J South Med Univ, 2018, 38(3): 305-311

http://www.j-smu.com

BRAE S 5= R s ] bl e 25 {1 (P<0.001) , Jf:
HAEREH S 20 /min i, B2/ N ARG - A5 A 1)
AHZERR XA T A A R U S 2/ Nis s Resz
1,455 MPTP R I R

222 PREZATHEELZR XTI (E 3A) AT LK &
TH P 2T MEr 2, HFHP R s, i se sk d4ind TH
FEPE R oe i B sl FL B o b A5 , AR 5K
5520 (&1 3B) Hr i Z2 EL e 22t H S . £ MPTP
BRI M 22 LA 28 0 MR AR I — o SRR AR
UEI SRV 1Y)

2.2.3 QSM 5 R2*x4/ ) R Z sk 2 2 o4rs R K4
25 o R 2H 5 56 4H 1) QSM(ET 4A FTB) \R2* (1K1 4D
FE) VAL /N QSM (K1 4C) F1 R2* (K] 4F) G445
. N QSM E iy B X Ja, mT A H 528640 (<1 4B)

A
E3 40{Z5E T EREMI TH B AL aER

160 s
1407 .
120

100

*kk

*kk

P2
o o

Time on the rods (s)
o
o

+—Control
« MPTP model

N
o o

16 18 20 22 24
Speed of the rotarod (r/min)

&2 REEET 2 28N ERE 0 b 3= B i

B L

Fig.2 Average time of the two groups of mice

staying on the rod at different revolving speeds.
***p<(.001.

Fig.3 TH cells stained by immunohistochemistry in the substantia nigra (Original magnification: x

40). A: Control group; B: MPTP group.
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the substantia nigra of the mice. C, F: Statistic results of QSM and R2*,

respectively. *P<0.05.
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