tigtetolstalA] A5 A13(2024 3%)
J Korean Med. 2024;45(1):150-164
http://dx.doi.org/10.13048/jkm.24010
pISSN 1010-0695 ¢ eISSN 2288-3339

Original Article

1 kA2 2 1 1 2 1 1,3*
X\j‘l_'{'ﬂ , 0]9}@ ,3’ %].%%]_ ,3, Jz_,/‘_:(ﬂ 3 Ao J—Z,'ﬁ’ 1=} J—_‘,ﬂlﬁy [ﬂ_}-;é—)]u] ,3y i;g-ld— ,3’ 1;]_]-/(61:(.)1_ ,3

o y O y o
BSHBUBISE HAZME SHIT, “HBI0RE BUARHIZD
SZB{fstm StolTyEH 28 ML}

The Analysis of relation to brain iron deposition of Parkinson’s Disease using
Quantitative Susceptibility Mapping
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Objectives: This study aimed to investigate the levels of brain iron deposition in Parkinson's disease (PD) patients
using Quantitative Susceptibility Mapping (QSM) and to determine whether distinctions compared to the general
population exist. Furthermore, we examined potential variations in iron deposition among different PD subtypes.
Methods: Structural brain imaging was conducted on 75 participants at Gangdong Kyung Hee University Hospital
between August 2017 and May 2020. PD patients were categorized into Tremor Dominant (TD) and Postural
Instability and Gait Difficulty (PIGD) subtypes. Voxel-based morphometry and QSM were employed to compare
voxel-wise magnetic susceptibility across the entire brain between Normal Controls (NC) and PD groups.
Subsequently, QSM values were compared between TD and PIGD groups.

Results: QSM values were compared among 46 PD patients and 23 normal controls, as well as between TD (n=22)
and PIGD (n=24) groups. Voxel-based QSM analysis revealed no significant differences between groups. Similarly,
ROI-based QSM analysis showed no significant distinctions.

Conclusions: No significant variations were observed between the PD patient group, NC group, or PD subtypes. This
study systematically compared QSM values across a broad range of brain regions potentially linked to PD pathology.
Additionally, the subdivision of the PD group into TD and PIGD subtypes for QSM-based iron deposition analysis
represents a meaningful and innovative approach.
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Table 1. MRI Data Acquisition

Structural MRI
MR scanner 3T, Pihilips Achieva 5.3.0
TR 9.9 ms
TE 4.6 ms
FOV 240x240x 190 (x,y, z)
Flip angle 8°
Voxel-size 1.0x1.0x1.0
Slice number 190

MRI : Magnetic resonance imaging; TR, repetition time; TE, echo
time; FOV, field of view
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Fig. 1. Study flow chart

UPDRS, Unified Parkinson's Disease Rating Scale; MMSE-K, Korean version of Mini-Mental State Examination; TD, Tremor dominant; PIGD,
Postural instablility and gait difficulty; QSM, Quantitative susceptibiltiy mapping
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Fig. 2. Voxel-based analysis of the area where increased QSM values between Normal control and PD group

(@), (o) SPM results: Height threshold T = 3.216386 {p¢0.001(unc.)

} Extent threshold k=50 voxels

Ao dutAQl B4 BAISH 43 PIGDEY volume)of|Al= oI5t #o]7} gigith(Table 2).
Hat Aol 66A= 7MY E9kL, TDT-Z 61.454],
A Rzt S856MZ Al I 7F RO AolE 2. 5M J7|HE QSM 2M Zit
Hoh oIy et B & A dEe 1) ORZIEY 2Ra Fd A Hlw
noelel B4 2T BYSRGOL, BE 9P BAS /O Sjof w1eY BAEH B4 o
Ae Smet tdAE ol YololA Rogt ZfolE 279 QSMZ HwRt A3 FojulstA AolE H
Hol @7t 9tk 2} CSFV(Cercbrospinal o JAL lthFig. 2). B4 BEZIA T
fluid volume), GMV(Gray matter volume), WMV &8 SEETE QSM Fo] £ 99, mh14y Sk
(White matter volume), TIV(Total intracranial oA A dRLET QSM #ol 2 39S
Table 2. Baseline Characteristics of Participants

Characteristics NC (n=23) PIGD (n=24) TD (n=22) p-value

Age (years) 58.56 +£9.93 66 +7.35 61.45+9.80 0.023"

CSFV 384.73 + 83.41 413.70 + 64.02 413.36 + 66.67 0.567

GMV 615.08 +49.11 598.29 + 59.75 619.27 + 68.29 0.73

WMV 504.21 +59.51 504 +53.91 529.18 + 74.47 0.893

TIV 1504.21 £ 135.27 1516+ 115.83 1561.81 £165.11 0.665

MMSE-K - 2825+ 1.79 28.86 + 1.64 0.235

UPDRS Part II - 9.17+5.21 5.86+4.45 0.026"

UPDRS Part [II - 13.04 +£10.13 10.05+7.81 0.27

Data analysed by one-way ANOVA test. Shown as mean * standard deviation. 1*¢0.05, statistically significant. NC, Normal control; PIGD,
Postural instablility and gait difficulty; TD, Tremor dominant; FWE, Family wise error rate; CSFV, Cerebrospinal fluid volume: GMV, Gray matter
volume; WMV, White matter volume; TIV, Total intracranial volume; MMSE-K, Korean version of Mini-Mental State Examination; UPDRS,

Unified Parkinson's Disease Rating Scale
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Fig. 3. Voxel-based analysis of the area where increased QSM values between Normal control and PIGD group
(@), (o) SPM results: Height threshold T = 3.229296 {p{0.001(unc.)} Extent threshold k=50 voxels

Table 3°] 2|5ttt 7|tez sfo] 4t PIGDEY]

QSME. S|zt 2 Selvlob] AolE Mol
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(1) A4 223 PIGDE BliL QSM Zro] 2 9l PIGDZIA A4 thEHTh

Table 3. Comparison of QSM Values between Normal Control and PD Group

Group Cluster

- - Cluster location BA Talairach coordiantes Z score
Analysis size
NC>PD 241 Left cerebellum 824 5061 2498 3.89
Anterior lobe
Left cerebellum
Posterior lobe -5.36 -55.35 -34.39 3.57
Cerebellar tonsil
Right cerebrum
57 Occipital lobe 31 17.01 -60.2 24.09 3.87
Precuneus
94 -6.09 -28.3 -41.75 3.78
Right cerebrum
65 Frontal lobe 6 7.03 35.46 36.58 3.62
Medial frontal gyrus
Right cerebrum
68 Temporal lobe 38 37.22 7.58 -16 3.6
Superior temporal gyrus

Left cerebrum
56 Temporal lobe 41 -39.2 -36.24 11.89 3.56
Superior temporal gyrus

Right cerebrum
PD>NC 114 Frontal lobe 47 20.51 25.51 -6.47 3.72
Inferior frontal gyrus

NC, Normal control; PD, Parkinson's disease; BA, Brodmann area.
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Fig. 4. Voxel-based analysis of the area where increased QSM values between Normal control and Tremor dominant group
(a), (b) SPM results: Height threshold T = 3.229296 {p¢0.001(unc.)} Extent threshold k=50 voxels

QSM gto] 2 9 Table 40 Aejsteich wgs sutoz sl 4 fzes TDRO
QSME HHE 23} ol Hol Mol
@ 34 H223 TDF ¥ %2 Gt Fig. 4. B4 GEZOIA TD Bt QsM

Table 4. Comparison of QSM Values between Normal Control and PIGD Group

Group Clgster Cluster location BA Talairach coordiantes Z score
Analysis size
Right cerebellum
NC>PIGD 294 Anterior lobe 8.89 -53.41 -25.86 4.239

Dentate
Left cerebellum

276 Anterior lobe -9.17 -50.65 -24.55 3.880

72 Right cerebrum 6 7.05 36.52 35.33 3.775
Frontal lobe

70 Right cercbellum 4.96 -50.29 43.19 3.749
Posterior lobe
Right cerebrum

PIGD>NC 436 Frontal lobe 47 21.41 24.87 -4.72 4481

Inferior frontal gyrus
Left cerebellum

187 Posterior lobe -21.46 -46.36 -39.21 4.204
Cerebellar tonsil
Right cerebellum

202 Posterior lobe 22.93 -49.51 -37.41 4.048
Cerebellar tonsil

Left cerebrum
104 Sub-lobar insula 13 -32.98 21.92 13 3.638

Left cerebrum
82 Limbic lobe 34 -10.51 -5.05 -14.85 3.594
Parahippocampal gyrus

NC, Normal control; PIGD, Postural instablility and gait difficulty: BA, Brodmann area.
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Fig. b. Voxel-based analysis of the area where increased QSM values between PIGD and Tremor dominant group
(a), (b) SPM results: Height threshold T = 3.229296 {p¢0.001(unc.)} Extent threshold k=50 voxels
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Table 5. Comparison of QSM Values between Normal Control and Tremor Dominant Group

Group Cluster

. . Cluster location BA Talairach coordiantes Z score
Analysis size

Right cerebrum
Sub-lobar caudate

Right cerebellum
Anterior lobe culmen

NC>TD 210 14.13 0.46 14.47 4.133

77 33.87 -39.83 -21.44 3.997

Left cerebrum
78 Sub-lobar lentiform nucleus -17.82 -0.91 15.15 3.756
Putamen

Left cerebrum

Sub-lobar caudate -12.34 -0.06 20.73 3.154

Right cerebrum
84 Temporal lobe 38 34.03 7.94 -19.62 3.637
Superior temporal gyrus

Left cerebellum
Anterior lobe Dentate

Left cerebrum
TD>NC 62 Limbic lobe 24 -6.34 23.75 -6.64 3.855
Anterior cingulate

NC, Normal control; TD, Tremor dominant; BA, Brodmann area.

59 -6.39 -54.73 -26.24 3.327
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Table 6. Comparison of QSM Values between PIGD and Tremor Dominant Group

18] dud 24 (159)

Group Clgster Cluster location BA Talairach coordiantes Z score
Analysis size
Left cerebrum
PIGD>TD 236 Parietal lobe 31 -9.84 -62.47 2432 3.714
Precuneus
Left cerebrum
Occipital lobe 7 -9.96 -68.85 31.82 3.629
Cuneus
Left cerebrum
Occipital lobe 18 -8.52 -75.32 25.82 3.350
Cuneus
Right cerebrum
TD>PIGD 114 Limbic lobe 30 29.36 -47.88 3.39 3.690
Parahippocampal gyrus
PIGD, Postural instablility and gait difficulty; TD, Tremor dominant; BA, Brodmann area.
Table 7. Comparison of QSM Values between Normal Control and PD Group
NC (n=23) PD (n=46) p-value
Head of caudate nucleus 0.01176 + 0.00999 0.00993 + 0.00767 0.132
Insula -0.0191 £ 0.00758 -0.0194 + 1009550 0.365
Postcentral gyrus -0.011 £ 0.00874 -0.0113 £ 0.00625 0.056
Precentral gyrus -0.0097 £ 0.00861 -0.0097 £ 0.00627 0.071
Precuneus -0.0103 £0.00913 -0.0107 £ 0.00627 0.033*
Putamen 0.01921 +0.01906 0.01552+0.01514 0.19
Red nucleus 0.06964 +0.03103 0.05945 +0.02819 0.572
Substania nigra 0.08147 +0.03995 0.09184 + 0.03284 0.263
Thalamus -0.0125 £ 0.00791 -0.0142 + 0.00688 0419
Globus pallidus 0.05542 +0.01682 0.05367 +0.0199 0.397

Data analysed by 2 sample t-test. Shown as mean + standard deviation. p*(0.05, statistically significant.

NC, Normal control; PD, Parkinson's disease
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Table 8. Comparison of QSM Values between Normal Control, PIGD, and Tremor Dominant Group

Total (n=69) NC (n=23) PIGD (n=24) TD (n=23) F-ratio p-value
Head of caudate nucleus 0.01265 0.01106 0.00777 2.105 0.13
Insula -0.01845 -0.01965 -0.01984 0.266 0.767
Postcentral gyrus -0.009939 -0.01239 -0.01117 0.688 0.506
Precentral gyrus -0.008613 -0.01108 -0.009318 0.78 0.463
Precuneus -0.009251 -0.01139 -0.01103 0.578 0.564
Putamen 0.02219 0.01402 0.01403 2.176 0.122
Red nucleus 0.07286 0.06008 0.0554 2.247 0.114
Substania nigra 0.08542 0.09174 0.08781 0.183 0.833
Thalamus -0.0122 -0.01463 -0.01404 0.641 0.53
Globus pallidus 0.05551 0.05705 0.04988 0.883 0.418

Data analysed by ANCOVA test. Shown as mean. p*(0.05, statistically significant.
NC, Normal control; PIGD, Postural instablility and gait difficulty; TD, Tremor dominant
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