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ABSTRACT

BACKGROUND AND PURPOSE: In the early stages of idiopathic Parkinson disease, motor symptoms are usually asymmetric. We aimed
to assess the feasibility of nigrosome 1 detection at 3T MR imaging to analyze the agreement of its asymmetry and clinical laterality.

MATERIALS AND METHODS: High-resolution 3D multiecho imaging was performed at 3T MR imaging in 13 healthy subjects and 24
patients with idiopathic Parkinson disease confirmed by N-3-fluoropropyl-2-�-carbomethoxy-3-�-(4-iodophenyl) nortropane (18F-FP-CIT)
PET. The nigrosome 1 detection findings by using the MR imaging data were rated as “normal,” “possibly abnormal,” and “abnormal” by 2
independent reviewers. The degree of 18F-FP-CIT binding was visually assessed in the caudate nucleus and putamen on PET images. Clinical
laterality was evaluated by scores of the Unified Parkinson Disease Rating Scale, Part III. Asymmetry of the affected nigrosome 1 and the
degree of 18F-FP-CIT binding were analyzed for agreement with clinical laterality.

RESULTS: The diagnostic sensitivity, specificity, and accuracy of the nigrosome 1 detection at 3T MR imaging was 100%, 84.6%, and 94.6%,
respectively. Interrater agreements for the abnormality and asymmetry of nigrosome 1 were excellent (� � 0.863 and 0.835, respectively).
In patients with idiopathic Parkinson disease, the agreement of asymmetry between clinical laterality and nigrosome 1 detection was good
(� � 0.724). The degree of the 18F-FP-CIT PET binding showed fair agreement (� � 0.235) with clinical laterality.

CONCLUSIONS: The abnormality involving nigrosome 1 can be detected at 3T MR imaging with an accuracy of 94.6%. The clinical laterality
is in high concordance with the laterality of the nigrosome 1 detection at 3T (� � 0.724).

ABBREVIATIONS: DAT � dopamine transporter; 18F-FP-CIT � N-3-fluoropropyl-2-�-carbomethoxy-3-�-(4-iodophenyl) nortropane; H&Y � Hoehn and Yahr stage;
IPD � idiopathic Parkinson disease; MEDIC � multiecho data image combination; UPDRS III � Unified Parkinson Disease Rating Scale, Part III

Nigrosomes are calbindin-poor zones within the substantia

nigra pars compacta.1 The nigrosomes are primary subre-

gions of the substantia nigra pars compacta where dopaminergic

cells are lost in idiopathic Parkinson disease (IPD). Within the

nigrosomes, the maximal cell loss occurs in nigrosome 1, which is

the largest subgroup of the nigrosomes.2

Recently, a few researchers have tried to visualize the nigro-

some 1 area with 7T MR imaging and demonstrated its feasibility

as an imaging biomarker for the diagnosis of IPD.3-6 The results,

however, had a limited clinical utility because of low availability of

7T MR imaging. Hence, several studies have tried to translate

nigrosome 1 detection to 3T MR imaging, which is widely avail-

able.7-9 In the previous studies at 3T, however, patients were

confirmed as having IPD by clinical assessment, not by dopa-

mine-transporter (DAT) imaging such as N-3-fluoropropyl-2-

�-carbomethoxy-3-�-(4-iodophenyl) nortropane (18F-FP-CIT)

PET or SPECT, which is commonly used for an early diagnosis of

IPD.

In clinical practice, it is more difficult to diagnose an early

stage of parkinsonism than an advanced stage. Therefore, a con-

firmation by an imaging biomarker would be desirable in the

diagnosis of a patient in an early stage. If the nigrosome 1 detec-

tion at 3T MR imaging is available for the diagnosis of early-stage

IPD, it can minimize the need for the DAT PET or SPECT.

In early stages of IPD, motor symptoms are usually asymmet-

ric.10 Unilateral or asymmetric symptoms have been suggested to
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correspond to nigrostriatal degeneration in the contralateral

hemisphere.11 On the basis of this observation, we hypothesized

that the asymmetric dopaminergic cell loss in the substantia nigra

pars compacta reflects the contralateral symptoms in early-stage

IPD, and the cell loss can be visualized by the signal change in the

nigrosome 1 area at 3T MR imaging.

In this study, we investigated the feasibility of the nigrosome 1

detection at 3T MR imaging for the diagnosis of patients with

early-stage IPD with abnormal findings on DAT PET imag-

ing.12 Additionally, we assessed the agreement of asymmetry

between the nigrosome 1 detection and patient symptoms, and

the asymmetry between the DAT PET imaging and patient

symptoms.

MATERIALS AND METHODS
This study was approved by the institutional review board of the

Gachon University, Gil Medical Center. All patients and healthy

subjects gave written informed consent.

Participants
Twenty-four patients with IPD were recruited from the move-

ment disorder clinic at Gachon University Gil Medical Center

from March 2013 to July 2014 (mean age, 63.6 � 10.97 years; 14

men and 10 women). The clinical diagnosis was based on UK

Parkinson’s Disease Society Brain Bank Clinical Diagnostic Cri-

teria.13 All patients underwent 18F- FP-CIT PET for the initial

diagnosis. The severity of motor symptoms was evaluated by the

Hoehn and Yahr (H&Y) stages14 and Unified Parkinson Disease

Rating Scale, Part III (UPDRS III). We enrolled only patients with

IPD with H&Y stages between 1 and 2 (stages 1 and 1.5, 2 patients

each; stage 2, 20 patients). The UPDRS III ranged from 6 to 25

(mean, 13.5 � 6.19). The exclusion criteria included the follow-

ing: 1) atypical Parkinson disease (progressive supranuclear palsy,

multiple systemic atrophy, and corticobasal degeneration); 2) pa-

tients with dementia; 3) neurologic diseases other than Parkinson

disease; 4) other potential causes of parkinsonism such as struc-

tural lesions or metabolic derangement; 5) patients with infarc-

tion, hemorrhage, tumors, trauma, or severe white matter hy-

perintensity (deep white matter lesion of �25 mm and caps or

bands of �10 mm)15; 6) history of taking drugs that are known

to cause parkinsonism: antipsychotics, antiemetic drugs such

as metoclopramide, calcium-channel blockers such as fluna-

rizine, amiodarone, sodium valproate, lithium; and selective

serotonin reuptake inhibitors such as fluoxetine; and 7) MR

imaging contraindication due to metal foreign bodies/im-

plants or claustrophobia.

Thirteen age-matched healthy subjects were recruited (mean

age, 61.6 � 12.29 years; 4 men and 9 women). They were recruited

with the following inclusion criteria: 1) age older than 40 years; 2)

no history of neurologic or psychiatric diseases; 3) no family his-

tory of movement disorders; and 4) normal cognition without

subjective memory impairment (Mini-Mental State Examination

score of �26). All participants underwent the Mini-Mental State

Examination. The patients were assessed and scanned while med-

icated. Demographic and clinical characteristics of the partici-

pants are summarized in Table 1.

MR Image Acquisition
All participants underwent MR imaging on a 3T scanner with a

32-channel coil (Magnetom Skyra; Siemens, Erlangen, Germany).

Whole-brain sagittal 3D MPRAGE imaging was performed first

with the following parameters: TR, 1750 ms; TE, 4.32 ms; TI, 920

ms; matrix, 224 � 222; FOV, 307 � 309; acceleration factor, 2;

acquisition time, 3 minutes 35 seconds. Oblique axial 3D multi-

echo data image combination (MEDIC; proprietary sequence;

Siemens) imaging (multi-echo gradient-echo imaging that com-

bines each TE magnitude by the sum of squares) was performed

vertical to the longitudinal axis of the midbrain (Fig 1A). The

parameters for MEDIC were as follows: TR, 88 ms; minimum

and maximum TE, 11.1 and 66.9 ms, respectively (the number

of combined echoes, 6; echo spacing, 11.1 ms); flip angle, 10°;

echo-train length, 6; thickness, 1.5 mm; section number, 20;

matrix, 384 � 384; FOV, 192 � 192 (in-plane resolution, 0.5 �

0.5 mm); acceleration factor, 2; acquisition time, 4 minutes 45

seconds. Additionally, oblique coronal 3D MEDIC data were

acquired parallel to the longitudinal axis of the midbrain (Fig

1B) by using the same parameters as in oblique axial imaging

(Fig 1A).

Visual Rating of Nigrosome 1
The nigrosome 1 area on the MEDIC images was defined accord-

ing to the location that was described in the previous pathologic

study.2 In healthy subjects, the structure appeared symmetrically

with slight hyperintensity compared with the adjacent crus cere-

bri on the MEDIC images (Fig 1). On the oblique axial MEDIC

data, evaluation of the nigrosome 1 was performed on 3 sections:

an upper section at the lower tip of red nucleus and 2 successive

lower sections (Fig 1A). The oblique coronal MEDIC images were

also assessed on 3 sections: an anterior section at the anterior tip of

red nucleus and the other 2 successive sections posteriorly (Fig

1B). Both oblique axial and coronal images were displayed side by

side by using OsiriX Imaging Software (Version 5.9, http://www.

osirix-viewer.com). A neuroradiologist with 11 years’ experience

(E.Y.K.) and a neurologist (Y.N.) with 4 years’ experience inde-

pendently reviewed anonymized images without any clinical in-

formation. We compared the signal intensity of the central por-

tion of nigrosome 1 with that of the white matter lateral to the

decussation of the superior cerebellar peduncles. The nigrosome 1

Table 1: Demographic characteristics and imaging findings in
study populationa

IPD (n = 24)
Healthy Control

(n = 13) P Value
Age (yr) 63.6 � 10.97 61.6 � 12.29 .620
Female sex (%) 10 (41.7%) 9 (69.2%) .170
MMSE 27.5 (25.0-29.0) 29.0 (28.0-29.5) .036
Onset age (yr) 62.4 � 11.59 –
Disease duration (mo) 9.0 (3.0-12.0) –
H&Y scale (1/1.5/2) 2/2/20 –
UPDRS I 1.0 (0-2.0) –
UPDRS II 6.75 � 2.85 –
UPDRS III 13.5 � 6.19 –

Note:—MMSE indicates Mini-Mental State Examination; UPDRS, Unified Parkinson
Disease Rating Scale, –, not applicable.
a Data are presented as mean � SD for normally distributed variables and median
(interquartile ranges) for non-normally distributed variables. The �2 test with Yates
continuity correction was used.
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images from the MEDIC imaging were classified into 3 grades:

“normal” (iso- or hyperintensity in the central portion of the

presumed nigrosome 1) (Fig 1), “possibly abnormal’” (hypoin-

tensity in �50% of the presumed nigrosome 1) (left nigrosome 1

on Fig 2), and “definitely abnormal” (hypointensity in �50% of

the presumed nigrosome 1) (right nigrosome 1 on Fig 2). Each

side was rated separately. Asymmetry was determined once any

difference was rated between the right and left nigrosome 1.

For a simplified statistical analysis, the subjects’ images were

reclassified as abnormal if any abnormality was determined on

either side of the nigrosome 1 area; a subject’s image was clas-

sified as normal when the bilateral nigrosome 1 was deter-

mined to be normal. Any discrepancy between the 2 readers

was resolved by consensus.

18F-FP-CIT PET Image Acquisition
All patients with IPD underwent 18F-FP-CIT PET imaging of the

brain 120 minutes after injection of 5-mCi (185 MBq) 18F-FP-

CIT at a PET/CT scanner (Biograph-6; Siemens, Erlangen, Ger-

many). Data were collected in a 3D scanning mode that examined

35 sections (thickness, 4.25 mm). Levodopa, dopamine agonist,

catechol-O-methyltransferase inhibitors, and monoamine oxi-

dase type B inhibitors were allowed because they are known to

have no significant influence on the DAT imaging.16 The median

FIG 1. Visual assessment of nigrosome 1 in MR imaging. On the oblique axial MEDIC imaging, the evaluation of nigrosome 1 (arrows) was
performed on 3 sections: an upper section at the lower tip of the red nucleus and the 2 successive sections (A). The oblique coronal MEDIC
imaging was also assessed on 3 sections: an anterior section at the anterior tip of the red nucleus and the 2 consecutive sections (B). In this
particular 71-year-old woman, the nigrosome 1 appears normal on both sides.

FIG 2. Degree of abnormality on MR imaging. Possibly abnormal and definitely abnormal were rated in the left (arrows) and right (open
arrows) nigrosome 1, respectively (A). Similar asymmetry was observed on 18F-FP-CIT PET. This 53-year-old woman has H&Y stage 2 and
UPDRS Part III (motor score) of 4 and 1 on the left and right, respectively, which is in concordance with asymmetry on both MR imaging
and 18F-FP-CIT PET.
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duration between MR imaging and PET was 4.5 months (inter-

quartile range, 2.25–10.75 months).

Visual Rating of 18F-FP-CIT PET
Visual analysis of 18F-FP-CIT binding to the caudate nucleus and

putamen was performed by a neurologist (Y.H.S.). No clinical

information was provided. Each side was rated separately. The

degree of DAT reduction was evaluated by dividing the putamen

into anterior and posterior halves along its longitudinal axis.17

“Normal” was defined as no discernible reduction of DAT avail-

ability in the striatal region (caudate nucleus and putamen). If the

reduction of DAT availability was limited in the posterior puta-

men, the availability was classified as “mild” reduction. When it

showed a decrease or absence up to the anterior putamen, it was

classified as “moderate” reduction. It was classified as “severe” if

the caudate nucleus was involved.18 Any difference between right

and left DAT availability indicated the presence of asymmetry. No

patients with IPD showed normal DAT availability in this study.

Quantification of the Laterality of Symptoms
The clinical laterality of motor symptoms was evaluated by using

the scores of UPDRS III, which was tested bilaterally. Scores of

resting tremor, rigidity, finger tapping, hand movement, and

rapid alternative movements of hand and leg agility were summed

in the right and left sides separately. When the score of one side

was higher than that of the other side by 2 points, the symptom

was defined as asymmetric.

Statistical Analysis
Comparisons of demographic and clinical data between patients

with IPD and healthy subjects were conducted by the Student t

test for normally distributed continuous variables and the Mann-

Whitney U test for non-normally distributed continuous vari-

ables. Categoric variables were evaluated by using a �2 test. Inter-

rater agreement was assessed by using � statistics: weighted k test

for the ratings and the Cohen � test for the 2 groups (normal or

abnormal findings). Agreement on the symmetry of MR imaging

or PET and clinical laterality was examined by using the Cohen �

test. Statistical significance was set at P � .05. Statistical analyses

were conducted by PASW Statistics 18 (IBM, Armonk, New York)

software.

RESULTS
Diagnostic Accuracy of IPD by Using Nigrosome 1
Detection in MR Imaging
No scan showed poor image quality or motion artifacts. When the

participants were dichotomized as having normal and abnormal

findings, 2 of 37 participants were rated differently by the 2 raters.

Of the 35 subjects, 26 were rated as having abnormal findings,

and 9 subjects were rated as having normal findings (Table 2).

The interrater agreement on the abnormality of nigrosome 1

findings was excellent (� � 0.863). After consensus agreement,

the 2 subjects with the rater discrepancies were classified as

having normal findings. With the 37 participants, the sensitiv-

ity and specificity were 100% and 84.6%, respectively. The

positive predictive value was 92.3% (24/26). The negative pre-

dictive value was 100% (11/11). Two of 13 healthy controls

were misclassified to the abnormal group (Fig 3). Diagnostic

accuracy was 94.6%.

Interrater Agreement on the Laterality of Nigrosome 1
The interrater agreement on the laterality was excellent (� �

0.835; 95% CI, 0.673– 0.997). For the grading system (normal,

possibly abnormal, and definitely abnormal findings), the

weighted � value for interrater agreement on the abnormality of

the left side was 0.711 (95% CI, 0.537– 0.886), while that of the

right side was 0.792 (95% CI, 0.648 – 0.936) (Table 2). Interrater

agreement of the affected side was slightly improved when pa-

tients were dichotomized (normal or abnormal findings): left

side, � � 0.754, and right side, � � 0.871.

Agreement on the Asymmetry of Nigrosome 1 and Clinical
Laterality
Of 24 patients with IPD, 4 showed no clinical asymmetry, whereas

the other 20 patients demonstrated asymmetry (left- and right-

side-dominant symptoms in 10 patients each). MR imaging

showed symmetric nigrosome 1 findings in 2 patients, whereas 22

patients had asymmetric nigrosome 1. The asymmetry in the af-

fected nigrosome 1 at MR imaging and clinical laterality were in

agreement in 19 of 24 patients (� � 0.724). Of 20 patients with

clinical asymmetry, the agreement of the asymmetry in the af-

Table 2: Interpretation of nigrosome 1 by 2 reviewers
Reviewer 1 Reviewer 2

Right Left Right Left
Normal (No.) 10 13 12 11
Possibly abnormal (No.) 7 5 2 3
Definitely abnormal (No.) 20 19 23 23

FIG 3. False-positive on MR imaging. In this 64-year-old healthy fe-
male subject, both reviewers interpreted the left nigrosome (arrows)
was as normal, whereas they called the right one (broken arrows)
abnormal.
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fected nigrosome 1 at MR imaging and clinical laterality increased

(� � 0.800). In the 18F-FP-CIT PET data, no asymmetry was

observed in 10 patients. The agreement of the asymmetry on the
18F-FP-CIT PET imaging and clinical laterality was fair (� �

0.235) (Fig 4). The agreement between the asymmetry in the ni-

grosome 1 MR imaging and that in the 18F- FP-CIT PET imaging

was fair (� � 0.304).

DISCUSSION
Our primary findings were as follows: First, we achieved a high

accuracy in the diagnosis of IPD by the detection of abnormality

in nigrosome 1 at 3T MR imaging. Second, we demonstrated that

the asymmetry of the affected nigrosome 1 and clinical laterality

evaluated with UPDRS III had good agreement.

By using 7T3-6 and 3T MR imaging,7,8 recent studies demon-

strated that nigrosome 1 can serve as a surrogate biomarker for

IPD. Schwarz et al7 obtained high-resolution 3D gradient re-

called-echo imaging (voxel size, 0.55 � 0.55 � 0.7 mm) in an

imaging plane parallel to the splenium-genu line at 3T. To im-

prove diagnostic confidence, we acquired both oblique axial and

coronal images by using 3D MEDIC imaging (voxel size, 0.5 �

0.5 � 1.5 mm) vertical and parallel to the longitudinal axis of the

midbrain on sagittal MPRAGE, respectively. SWI is well-known

for its higher sensitivity in delineating iron-containing pathology.

Its SNR, however, is relatively low. We tested SWI in healthy el-

derly subjects before conducting this study and found that both

higher SNR and higher spatial resolution are necessary to deter-

mine pathology involving nigrosome 1. These 2 factors are con-

flicting in MR imaging. To address this challenge, we acquired

data by using the MEDIC imaging with a relatively larger section

thickness. To minimize potential complications from the thicker

sections, we acquired coronal images. Using this technique, we

obtained the diagnostic accuracy of 94.6%. This result is between

the diagnostic accuracy of a prospective case-control study (84%)

and a retrospective cross-sectional study (96%) in the report by

Schwarz et al7 and is higher than that in the study by Cosottini et

al (86%).8

It is difficult to compare the diagnostic accuracy with that in

the previous studies because each study used its own imaging

sequence with different image thickness (PRinciples of Echo

Shifting by using a Train of Observations by Schwarz et al7 and

Susceptibility-Weighted ANgiography by Cosottini et al8) and en-

rolled patients had different severities: in our study, H&Y stage

range, 1–2, UPDRS III mean, 13.5. In the prospective study by

Schwarz et al, the severities were H&Y stage 1–3, UPDRS III,

32.57; in the study by Cosottini et al, they were H & Y stage 1–3,

UPDRS III, 18.3.8 Although our study subjects were in relatively

earlier stages, patients with H&Y stage 2 were the most numerous.

Thus, further studies are needed to determine the best imaging

method for nigrosome 1, with more patients with very early stages

or clinical suspicion of parkinsonism.

Our second finding was that the laterality of the nigrosome 1

(more affected on either the left or right) was in concordance with

the clinical laterality. This finding supports unilateral IPD corre-

sponding to neuronal nigrostriatal degeneration in the contralat-

eral hemisphere. As a previous study reported, abnormal findings

of nigrosome 1 in IPD do not imply that the nigrosome 1 was

completely lost.7 We observed that the nigrosome 1 in each hemi-

sphere often had different appearances. This observation agrees

with the finding that asymmetry of clinical features is common in

the patients with IPD. Many patients have unilateral motor defi-

cits at the time of onset of the IPD symptoms.14 Clinical asymme-

try may continue in late stages of the disease, with more marked

extrapyramidal symptoms on the initially affected body side.19

Although it has been reported that nigrosome 1 detection at

FIG 4. Asymmetry on MR imaging but not on 18F-FP-CIT in a 78-year-old woman with H&Y stage 2 and UPDRS of 4 and 2 on the right and left
shows that the left nigrosome 1 is more affected (arrows) than the right one (open arrows) (A), whereas 18F-FP-CIT PET shows relatively
symmetric findings (B).
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3T MR imaging may serve as a surrogate biomarker for the diag-

nosis of IPD in previous studies,7,8 and in our study, it may still be

challenging to determine the presence of subtle abnormalities of

nigrosome 1 by directly looking at structures. Instead, one may

compare the agreement between nigrosome 1 images and clinical

laterality to improve the diagnostic confidence. To further con-

solidate the usefulness of the nigrosome 1 detection for the early

diagnosis of IPD, however, a prospective study is needed.

In our study, the agreement on the laterality between 18F-FP-

CIT binding and clinical symptoms was fair. This finding may

suggest that 18F-FP-CIT PET shows nigrostriatal functional

changes that are earlier than structural changes observed in the

nigrosome 1 detection and may also support the dying-back phe-

nomenon. Alternatively, the nigrosome 1 detection might be

more sensitive for neuronal degeneration. One potential compli-

cation on the laterality results is the time delay (interquartile

range, 2.25–10.75 months) between the 2 imaging sessions. The

earlier imaging of 18F-FP-CIT PET may have resulted a lower

agreement on the laterality, though the delay was relatively short

considering the slow progression of the disease.

Although DAT PET or SPECT has been considered a criterion

standard for the diagnosis of IPD, such imaging studies increase

the medical costs and result in radiation exposure. In addition,

in the very early stages, the DAT PET technique could have limi-

tations in diagnosing Parkinson disease. A previous study re-

ported that compensatory upregulation of presynaptic dopami-

nergic nerve terminals in the early stages of Parkinson disease

could cause false-negative results and that dopaminergic medica-

tions might increase radiotracer uptake.20 Hence, a diagnostic

marker using MR imaging (especially the more widely available

3T MR imaging rather than 7T MR imaging) will be beneficial to

patients. As we have demonstrated in this study, the nigrosome 1

detection at 3T MR imaging can serve as a surrogate marker for

IPD in its early stage and may negate the need for 18F-FP-CIT PET

imaging, particularly when there is definite asymmetric abnor-

mality in nigrosome 1 at MR imaging and the patient shows clin-

ical laterality on the corresponding side.

A few limitations exist in this study. The number of study

subjects is small. Further study with more participants will be

needed to confirm the effectiveness of the nigrosome 1 detection

in routine clinical diagnosis. Another limitation is a relatively

large false-positive. Two participants (64 and 72 years of age)

showed false-positive results. According to a previous study, ni-

grosome 1 was not observed in 2% of the patients without IPD

older than 50 years of age, a finding that was similar to the rate of

prevalence of IPD in the elderly, indicating the possibility of un-

diagnosed IPD.7 We could not completely exclude the possibility

that the 2 healthy control subjects had presymptomatic Parkinson

disease because 18F-FP-CIT PET was not performed in healthy

control subjects. However, no preclinical symptom such as rapid

eye movement, sleep behavior disorders, anosmia, or autonomic

dysfunction was observed in these subjects. An alternative expla-

nation is that normal aging may also show changes in nigrosome

1. Further study with a large number of healthy elderly subjects is

needed to elucidate this question. Last, the optimization and stan-

dardization of a sequence for the visualization of nigrosome 1

should be sought to improve diagnostic accuracy. Although we

enrolled only patients with clinically well-established IPD, the

specificity of our study was lower (84.6%) than that in the studies

with 7T MR imaging (87.5%–96.2%).5,6,9 Thus, a more specific

imaging biomarker that could give confirmation to patients with

clinical suspicion of parkinsonism is still needed.21,22 On the basis

of our results of a relatively lower specificity than that of previous

studies, nigrosome 1 detection at 3T MR imaging should be fur-

ther improved to serve as a confirmatory test of IPD. The higher

specificity of 7T MR imaging in the diagnosis of IPD may be due

to its higher SNR and superb spatial resolution. It is difficult to

improve spatial resolution substantially at 3T. However, we could

improve the susceptibility effect without compromising SNR by

susceptibility weighting of each TE image, followed by combining

images afterward, which can be applicable to all 3T scanners with-

out dependence on vendor-specific sequences. In addition, as-

sessment of agreement on clinical laterality and imaging asymme-

try may help improve specificity. With such an effort, a more

specific and sensitive surrogate marker to detect the disease in the

preclinical stages could be developed.

CONCLUSIONS
Our study showed that abnormality involving nigrosome 1 can be

detected at 3T MR imaging with an accuracy of 94.6%, and its

asymmetry shows a high concordance with clinical laterality.
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