
Abstract. – OBJECTIVE: The overall goal of
this study was to evaluate the usability of the
susceptibility weighted imaging (SWI) in (1) as-
sessment of iron deposition to enhance our
ability to detect PD in the early phase and (2) in
estimation of the degree of PD.

PATIENTS AND METHODS: SWI scans were
carried out in 54 patients with PD (18 patients
with the Hoehn-Yahr scale < 1.5 and 36 patients
with the Hoehn-Yahr stage > 1.5) and 40 control
individuals. The phase values of the substantia
nigra, red nucleus, caudate nucleus, putamen,
and globus pallidus were measured on the cor-
rected phase image.

RESULTS: Compared with control individuals,
patients with both the early and intermediate/
advanced stages of PD had significantly differ-
ent phase values in the substantia nigra, red
nucleus, caudate nucleus, putamen, and globus
pallidus (all p < 0.05). The phase values of the
substantia nigra and globus pallidus inversely
correlated with the Hoehn-Yahr scale (respec-
tively, r = -0.845, p < 0.05, and r = -0.868, p <
0.05). Weaker correlations were found between
the phase values of red nucleus, caudate nucle-
us, putamen, and Hoehn-Yahr scale (red nucle-
us r = -0.543, caudate nucleus r = -0.620, p <
0.05, putamen r = -0.537).

CONCLUSIONS: A semi-quantitative assess-
ment of the iron content of the substantia nigra
and globus pallidus with the help of SWI may
be useful for early diagnosis of PD and evalua-
tion of the degree of this disease.
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Introduction

Parkinson’s disease (PD) is a neurodegenera-
tive disease commonly seen in elderly individu-
als. It is estimated that 1% of people over 60
years old have PD1. The pathogenetic mechanism
of PD comprises degeneration of dopaminergic
neurons. The Lewy body formation induces a ni-
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grostriatal pathway damage and reduction of
dopamine levels in the caudate nucleus and puta-
men. An abnormal iron metabolism is thought to
play a role in the pathogenesis2.

The Susceptibility-Weighted Imaging (SWI)
utilizes magnetic susceptibility differences and
uses pulse sequences to enhance the contrast.
SWI is capable of showing non-heme iron (e.g.,
ferritin) clearer than other techniques3. In the pre-
sent study, we utilized the 3.0T ultra-high field
strength SWI to semi-quantitatively assess iron
deposition in the cerebral nuclei of patients with
PD by measuring the phase value from the cor-
rected phase image. The overall goal was to eval-
uate the usability of SWI in (1) assessment of
iron deposition to enhance our ability to detect
PD in the early phase and (2) in estimation of the
degree of PD.

Patients and Methods

Patients
The data were collected from 54 patients with

PD who were treated in our Hospital from Janu-
ary 2012 to December 2012. There were 33 male
and 21 female patients whose mean (± SD) age
was 65.6 ± 5.8 years. The diagnosis of PD was
made by two neurologists in line with the United
Kingdom Parkinsons’s Disease Society Brain
Clinical Diagnostic Criteria4. Patients with en-
cephalitis, cerebral vascular disease, poisoning,
drug-induced Parkinsonism, and Parkinson’s plus
syndrome were excluded. The patients were
stratified according to their severity grading by
the Hoehn-Yahr scale5: early PD (Hoehn-Yahr
scale of < 1.5; 18 patients) and intermediate/ad-
vanced PD (Hoehn-Yahr scale ≥ 1.5; 36 patients).
Forty healthy individuals were chosen as controls
whose age and gender distribution matched those
of patients with PD. There were 18 female and
22 male healthy individuals with a mean age of
66.5 ± 6.0 years.
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Instruments
The Philips 3.0T superconductive MRI system

(Philips, Amsterdam, The Netherlands) was used.
Study individuals were asked to lie on their backs
and tested using an eight-channel phased array
coil fixed to the head and neck. The patient’s head
was positioned in the midline between both shoul-
ders. Cushions were used to help to maintain the
head position. Horizontal and sagittal T1WI,
T2WI, and SWI scans were carried out in all pa-
tients. The MR data acquisition sequences and pa-
rameters were as follows: cross sectional spin-
echo (SE) sequences, axial and sagittal T1W1 se-
quence (TR 600 ms, TE 15 ms), axial T2WI se-
quence (TR 3600 ms, TE 90 ms) and FLAIR se-
quences (TR 10000 ms, TE 115 ms), slice thick-
ness 5.5 mm, slice spacing 1.2 mm, FOV 24 × 24
cm, matrix size 384 × 512. The MR scanning po-
sition of each axis was kept consistent. SWI used
3D gradient-echo sequence whose parameters
were set as follows: TR 33.0 ms, TE 20.0 ms, flip
angle 15º, bandwidth 48.00 Hz, slice thickness 1.5
mm, slice spacing 0, matrix size 448 × 384.

Image processing and analysis
Post image processing was performed on

Philips Workstation after data acquisition with
SWI scan. All images were read by two experi-
enced radiologists who excluded cerebral lesions
manually marked the region of interest, and mea-
surde phase values of caudate nucleus head, puta-
men, globus pallidus, substantia nigra, red nucle-
us, which are the areas of iron deposition. The ra-
diologists were blinded to the individuals’ group-
ing. The phase values were presented in forms of
mean ± SD in term of radian. We specifically
avoided regions with calcification and visible le-
sions. The corrected phase image was obtained
and combined with the magnitude data with
weighting to produce final SWI images. Two sides
from the same region were evaluated, and for each

side a triplicate measurement was performed to
obtain mean value to reduce potential bias. The
same scanning plane was chosen for all subjects.
The measurement methods and data processing
methods were as per Philips recommendations.

Statistical Analysis
The SPSS17.0 statistical software package

(SPSS Statistics, IBM, USA) was used. Data are
presented as mean ± SD. The phase values of pa-
tients with PD were compared with control values:
the t test was used for data that were normally dis-
tributed, while the non-parametric Mann-Whitney
U test was utilized for not normally distributed da-
ta. The Spearman correlation analysis was utilized
to evaluate correlation between phase values and
Hoehn-Yahr scale of each PD subgroup, and coef-
ficients were compared by t test. p < 0.05 was
considered statistically significant.

Results

We first compared data from control individu-
als and early PD. The corrected phase image had
a higher resolution compared with conventional
scanning. Therefore, the region of interest (ROI)
was set at the low signal iron deposition zone,
and phase values were measured. The two-way t-
test was applied to compare phase values of each
brain region (Table I). There were significant dif-
ferences in phase values of caudate nucleus head,
putamen, globus pallidus, substantia nigra, and
red nucleus between control individuals and pa-
tients with early PD (all p < 0.05). Figure 1
shows SWI phase values of substantia nigra of
control individuals and patients with early PD.

Then, we compared parameters between control
individuals and patients with intermediate/ ad-
vanced PD. On a corrected phase image, ROI was
set at low signal iron deposition region, and phase
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Grey matter Control Early pa Intermediate pb

nuclei group stage PD and advanced PD

Substantia nigra -0.101 ± 0.019 -0.125 ± 0.016 0.005 -0.131 ± 0.013 0.002
Red nucleus -0.092 ± 0.020 -0.091 ± 0.025 0.043 -0.106 ± 0.017 0.023
Caudate nucleus -0.061 ± 0.009 -0.065 ± 0.013 0.012 -0.072 ± 0.015 0.010
Putamen -0.071 ± 0.021 -0.073 ± 0.019 0.023 -0.075 ± 0.021 0.013
Globus pallidus -0.076 ± 0.014 -0.082 ± 0.018 0.002 -0.093 ± 0.031 0.001

Table I. Comparison of corrected phase values between groups.

Footnote: Data are presented as control (mean ± SD). pa = early stage PD vs. control group; pb = intermediate and advanced PD
vs. control group.



values were measured again (Table I). As before,
all values were significantly (all p < 0.05) different
in patients with intermediate and advanced PD.

Correlations between Hoehn-Yahr scale and
phase values were quantified in both PD groups.
Patients with early PD (Hoehn-Yahr scale < 1.5)
included 9 patients with stage 1 and 9 with stage
1.5, while the intermediate/advanced PD group
(Hoehn-Yahr scale ≥ 1.5) included 7 patients
with stage 2, 8 with stage 2.5, 7 with stage 3, 8
with stage 4, and 6 with stage 5. The correlation
analysis demonstrated that phase values signifi-
cantly and inversely correlated with the Hoehn-
Yahr scale in caudate nucleus head and globus
pallidus (respectively, r = -0.845, p = 0.021, and r
= -0.868, p = 0.024). This correlation was weaker
in red nucleus, putamen and substantia nigra (re-
spectively, r = -0.543, p = 0.013, r = -0.537, p =
0.023, r = -0.620, p = 0.032).

Discussion

Neuropathological basis of PD is the degenera-
tion of dopaminergic neurons in substantia nigra
and subsequent reduction of dopamine level in cor-
pus striatum. The exact mechanism of iron involve-
ment in PD is unclear. Iron metabolism is a com-
plex process that includes iron uptake, storage and
transport, and involves many proteins, such as
transferrin, transferrin receptor, ferritin, copper-pro-
tein, and others6. In PD, iron levels increase without
a corresponding rise in ferritin levels, which leads
to an enhanced level of free iron in the brain. There
is currently no unified theory to explain this phe-
nomenon. Most researchers believe that this is relat-

ed to abnormal expression of ferritin7 8. Iron deposi-
tion increases gradually in the nervous system
along with the progression of the disease, which is
especially true for the basal ganglia. The main toxi-
cological effect of iron deposition originates from
highly cytotoxic hydroxyl radicals which are the
products of Fenton reaction. Hydroxyl radicals can
cause damages to proteins, nucleic acids and cell
membranes, with the latter comprising high levels
of unsaturated fatty acids. Accumulation of hydrox-
yl radicals can eventually lead to cell death.

SWI can show magnetic susceptibility differ-
ences between ferrous and non-ferrous tissues. It
also can be used to measure iron content changes
in local brain regions9,10. In specific, when the
phase image is corrected after the filtering process,
SWI can show the changes in the phase of proton
spin caused by uneven local magnetic field due to
the presence of magnetic material. High levels of
iron in red nucleus and substantia nigra cause
changes in magnetic susceptibility and a decrease
in the phase value. Calcium is a typical diamag-
netic substance and calcification is mainly shown
as high signal in the phase diagram11.

Our study demonstrates that patients with PD
have various degrees of iron deposition in the
basal ganglia and that iron deposition increases
along with progression of the disease. However,
our observations are different from a previous
study12 which showed that iron deposition levels
in the globus pallidus and putamen are lower in
PD if evaluated by the T2-weighted imaging.
We believe that our findings are more reliable
because SWI is more sensitive to iron than T2-
weighted imaging. Further, Graham et al13 used
1.5T MR and SWI imaging and also demon-
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Figure 1. SWI phase values of substantia nigra of (A) control group (-0.901), (B) early PD group (0.110), and (C) intermedi-
ate/advanced PD group (0.130).
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strated increased iron deposition level in sub-
stantia nigra which is in agreement with our
study. However, using the susceptibility weight-
ed MRI, Huang et al14 found that iron levels in
the substantia nigra and globus pallidus were
significantly different between patients with PD
and healthy individuals, while there was no dif-
ference in iron levels in the red nucleus, caudate
nucleus head, and putamen. The discrepancy
between our and their findings may be a result
of different sampling size and different inclu-
sion criteria.

In our study, phase values of each region of
basal ganglia were found to significantly and in-
versely correlate to the degree of PD. The phase
values of substantia nigra and globus pallidus
were in a better agreement with the Hoehn-Yahr
scale than the values for other tested regions.
However, Shen et al15 only found such negative
correlation in substantia nigra and globus pallidus.
This discrepancy may also be a result of differ-
ences in the sampling size and inclusion criteria.

Conclusions

Assessment of basal ganglia phase values and
semi-quantitative evaluation of iron deposition
content in patients with PD using SWI imaging
may help to obtain insights into early pathologi-
cal changes, which would be beneficial for earli-
er diagnosis. This technique also provides reli-
able imaging data and enriches the information
available for further clinical examination or treat-
ments. Due to constant advances in the MRI
technology, especially in the 3.0T MRI with its
high signal-to-noise ratio, high chemical shift
and high magnetic susceptibility effects also
evolves. Studies of iron deposition in patients
with PD using SWI imaging definitely can facili-
tate early diagnosis, better treatment stratifica-
tion, and a more accurate prognosis.
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