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Neuromelanin Imaging in Parkinson Disease
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Introduction

Neuromelanin is a black pigment that is mainly present in the substantia nigra pars
compacta (SNc) and locus ceruleus (LC) of the human brain. These nuclei can
be identified as evident black or blue areas in gross specimens, but neuroimaging
techniques used to visualize these nuclei in vivo are not well developed. Recent
development of some magnetic resonance imaging (MRI) techniques that can capture
contrast as a result of neuromelanin enables direct visualization of the SNc and LC
[1–3]. In this chapter, we describe the imaging techniques, normal findings, and
clinical applications of neuromelanin-sensitive MRI.

Neuroimaging Techniques for Visualizing Neuromelanin

Neuromelanin as a Paramagnetic Agent

Neuromelanin, a dark polymer pigment, is structurally similar but not identical to
peripheral melanins and consists of eumelanin, pheomelanin, cysteinyldopa, and a
small amount of lipid/protein components [4, 5]. Neuromelaninis a byproduct of cat-
echolamine metabolism and is mainly present within the dopaminergic neurons of
the SNc and noradrenergic neurons of the LC. It has been shown that neuromelanin
plays an important role in protecting these neurons against toxic metabolites and
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Table 10.1 Scan parameters
of neuromelanin-sensitive
T1-weighted imaging

MRI sequence Fast spin-echo
Repetition time (TR) 600 ms
Effective echo time (TE) 14 ms
Slice thickness 2.5 mm
Interslice gap 1.0 mm
Number of slices 10
Field of view (FOV) 22 cm
Matrix size 512 × 320
Echo trains 2
Number of excitations 8
Acquisition time 12 min

oxidative stress and interacts with α-synuclein [6, 7]. Similar to peripheral melanins,
neuromelanin acts as a paramagnetic agent when bound to metals such as iron and
copper during MRI [8]. Longitudinal and transverse relaxivities (R1 and R2) of neu-
romelanin have been reported to be approximately 1.0 mM−1s−1 and 1.3 mM−1s−1,
respectively [9], indicating that neuromelanin mainly possessesT1-shortening effects
and can be visualized on T1-weighted imaging (T1WI).

T1-Weighted Fast Spin-Echo Imaging at 3 T

Conventional T1WI with either spin-echo or gradient-echo (GRE) techniques show
minimal neuromelanin-related signal changes even in the SNc and LC.A recent study
reported that high-resolution two-dimensional (2D) fast spin-echo (FSE) T1WI at
3 T can depict these nuclei as high-signal areas [1]. In this technique, T1-shortening
effects of intraneuronal neuromelanin become conspicuous due to the additive effects
of high signal-to-noise ratio, high spatial resolution, T1 prolongation of the brain tis-
sue, and the augmentation of inherent magnetization transfer contrast (MTC) effects
of multislice FSE; all these are characteristic features of MRI at 3 T. The scanning
parameters of neuromelanin-sensitive T1WI are provided in Table 10.1. The distri-
bution of high-signal areas on images obtained using these parameters correlated
well with the distribution of neuromelanin-containing neurons of SNc and LC [10],
indicating that this technique can be used to directly visualize and detect changes in
these nuclei (Fig. 10.1a, b).

T1-Weighted Three-Dimensional Gradient Echo Imaging
with Magnetization Transfer Contrast

Neuromelanin-sensitive 2D-FSE T1WI has several limitations such as relatively low
spatial resolution, long acquisition time, limited coverage, and signal nonuniformity
due to B1 heterogeneity [1]. These technical issues can cause substantial errors in
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Fig. 10.1 Neuromelanin-sensitive magnetic resonance imaging of the substantia nigra and locus
ceruleus (LC). a, b Two-dimensional (2D) fast spin-echo (FSE) images obtained at 3 T; c, d three-
dimensional (3D) spoiled gradient-echo (GRE) images with magnetization transfer contrast pulse
at 3 T; a, c: axial sections at the level of the midbrain; b, d axial sections at the level of the upper
pons. Neuromelanin-sensitive images obtained by either 2D-FSE or 3D-GRE techniques clearly
depict the high-signal areas at locations that correlate well with the locations of the substantia nigra
pars compacta (a, c; arrows) and LC (b, d; arrows). On the 3D-GRE image, a punctate hyperin-
tense area is seen at the midline of the midbrain tegmentum, indicating the ventral tegmental area
(c, arrowhead)

the qualitative and quantitative assessment of the signal alterations in the SNc and
LC in Parkinson disease and other related disorders.

Three-dimensional (3D) spoiled GRE technique with MTC pulse, also used for
source imaging in magnetic resonance angiography, is sensitive to neuromelanin-
related contrast [3]. This technique can obtain high-resolution volume images with
minimal signal inhomogeneity during a short acquisition (< 10 min) and can over-
come the limitations of the 2D-FSE technique (Fig. 10.1c, d). In addition, this method
can be used for visualizing the SNc and LC at both 3 and 1.5 T [3].

Normal Image Findings of Neuromelanin-Containing Nuclei

Substantia Nigra

Axial neuromelanin-sensitive images show distinct band-like high-signal areas in the
posteromedial part of the crus cerebri, mainly at the level of the lower midbrain (see
Fig. 10.1a) [1, 11]. Horizontal and vertical distributions of the hyperintense areas
correspond well with that of neuromelanin-containing neurons in gross specimens,
but are substantially different from the distribution of low-signal-intensity areas on
T2-weighted images and gray matter signal areas on proton-density-weighted or short
inversion–time inversion recovery images [11]. Thus, compared with other structural
imaging techniques, neuromelanin-sensitive MRI is more appropriate for direct as-
sessment of the SNc. Sometimes, 3D-GRE images show a punctate hyperintense
area at the midline of the midbrain tegmentum, indicating dopaminergic neurons of
the ventral tegmental area (see Fig. 10.1c).
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Locus Ceruleus (LC)

The LC is one of the gray matter structures that are “invisible” on conventional
MRI but can be visualized as a pair of rod-shaped hyperintense areas along the
lateral edge of the fourth ventricle floor in the upper pontine tegmentum by using
neuromelanin-sensitive imaging techniques (see Fig. 10.1b, d) [1, 11]. Distribution
of the hyperintense areas is identical to that of the LC in gross specimens [10].
In addition, rostrocaudal variations in the signal intensity have been reported to
be closely related to the variations in the number of the neuromelanin-containing
neurons [12], suggesting that the degree of signal intensity can reflect neuronal
number and/or intraneuronal neuromelanin content.

Neuromelanin-Sensitive Imaging for Evaluating the Changes
that Occur in Neurodegenerative Diseases

Idiopathic Parkinson Disease (iPD)

Neuromelanin-sensitive imaging techniques have been mainly utilized for evaluating
the pathological changes in the SNc or LC of patients with iPD, because conventional
MRI techniques fail to detect significant changes related to the principal pathological
changes in iPD, i.e., neuronal depletion of the SNc and LC [11, 13]. Several studies
have shown significant signal attenuation and/or volume reduction of hyperintense
SNc areas on neuromelanin-sensitive images of iPD patients, indicating degeneration
of dopaminergic neurons (Fig. 10.2b) [1, 2, 14]. In addition, such changes were
more pronounced in the later stages than in the early stages of the disease, reflecting
pathological progression of iPD [2]. Significant signal decrease in the LC areas
was also seen in iPD (see Fig. 10.2d) [1]. Thus, neuromelanin-sensitive MRI can
be used to visualize degenerative changes in the neuromelanin-containing neurons
occurring in iPD. However, the performance of neuromelanin-sensitive MRI in terms
of early and differential diagnoses is not known and should be evaluated in further
investigations.

Other Neurological and Psychiatric Disorders

A few investigations have used neuromelanin imaging to assess other parkinso-
nian and psychiatric disorders. A significant decrease in the volume of hyperintense
SNc areas was noted in patients with multiple system atrophy (MSA), progressive
supranuclear palsy (PSP), and corticobasal syndrome (CBS), but this finding could
not be used to discriminate these disorders from iPD [15]. Signal attenuation for the
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Fig. 10.2 Neuromelanin-sensitive imaging of patients with idiopathic Parkinson disease. a, b Im-
ages of a 60-year-old healthy woman; c, d images of a 57-year-old woman with early-stage Parkinson
disease (Hoehn-Yahr II); a, c axial images at the level of the lower midbrain; b, d axial images at
the level of the upper pons; upper row: gray-scale images; lower row: color-coded images. Window
level and width were set as a signal intensity of the midbrain tegmentum and 70 % of that (a, c), or
were set as that of the pontine tegmentum and 35 % of that (b, d). Signal intensities of the substantia
nigra pars compacta and locus ceruleus are evidently lower for the patient with Parkinson disease
(c, d; arrows) than for the healthy subject (a, b)

LC, particularly in its rostral two-thirds, was observed for depressive patients sug-
gesting dysfunction of the ascending noradrenergic system [12]. On the other hand,
signal augmentation for the SNc was observed in patients with schizophrenia, which
may reflect an increase in the dopamine activity [16]. Further, a recent report showed
that color-coded MR images could be visually assessed to discriminate depressive
patients from healthy individuals with relatively high sensitivity and specificity [17].

Summary and Future Directions

Neuromelanin-sensitive imaging by using specific MRI techniques shows promise
for use in direct assessment of pathological and functional changes in the
neuromelanin-containing neurons of the SNc and LC. However, further technical
improvement and clinical investigations are needed to establish the clinical signifi-
cance of this imaging in terms of preclinical, early, and differential diagnoses as well
as evaluation of surrogate markers for clinical severity and drug response.
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