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Ultra High Field MR Imaging in Neurodegenerative Diseases: 
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The interpolated image of the Minkoff scan and the first ever MRI scan of a live 
human being (4:45 AM July 3, 1977). 
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Nov 28th 2011, 5pm 
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Variations with field strength 

• SNR is proportional to B0 

• Chemical shift is proportional to B0 

• Shift due to susceptibility differences is proportional to B0 

• SAR (W/kg) is proportional to B02 

Physical Effects of Higher Magnetic Field Strengths 

Field-dependent change of relaxation rates  



The signal-to-noise ratio (SNR) increases almost linearly with increasing field strength 

1.5T 3T 7T 



7T 

Higher SNR 

Trade-off SNR for better resolution (increase frequencies and number of phase 
encoding steps) 



Use of a T2* weighted SWI sequence at 7T to create magnitude and phase 
images. Using the field-shift maps, susceptibility maps can be created as a third 
contrast to characterize brain structure. 
 

Shift due to susceptibility differences is proportional to B0 

1.5T 7T 

QSM: Thresholded K-Space Division (TKD)-basedSusceptibility Mapping 

GRE	
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Magnetic Resonance Imaging of the Substantia
Nigra in Parkinson’s Disease
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ABSTRACT: Until recently, conventional magnetic
resonance imaging (MRI) was most often negative in
Parkinson’s disease or showed nonspecific findings.
Recent developments in structural MRI, including relax-
ometry, magnetization transfer, and neuromelanin imag-
ing, have demonstrated improved contrast and enabled
more accurate visualization of deep brain nuclei, in par-
ticular, the substantia nigra. Meanwhile, diffusion imag-
ing has provided useful biomarkers of substantia nigra
degeneration, showing reduced anisotropy and anatom-
ical connectivity with the striatum and thalamus. These
advances in structural imaging are complemented by
findings of magnetic resonance spectroscopy on brain

metabolism and resting-state functional MRI on func-
tional connectivity. This article presents an overview of
these new structural, metabolic, and resting-state func-
tional MRI techniques and their implications for Parkin-
son’s disease. The techniques are reviewed in the
context of their potential for better understanding the
disease in terms of diagnosis and pathophysiology and
as biomarkers of its progression. VC 2012 Movement Dis-
order Society

Key Words: MRI; substantia nigra; Parkinson’s dis-
ease; diffusion imaging; magnetization transfer; resting-
state fMRI; relaxometry

Idiopathic Parkinson’s disease (PD) is the most com-
mon neurodegenerative cause of parkinsonism. Severe
loss of the dopaminergic projection neurons of the
substantia nigra (SN) is considered a hallmark of
PD.1–3 This degeneration results in further loss of
dopaminergic innervation in the striatum and is also
often accompanied by extensive extranigral
pathology.3

The SN is divided into 2 functionally and anatomi-
cally distinct regions, the SN pars compacta (SNc) and
the SN pars reticulata (SNr). The SNc neurons project

to the striatum, globus pallidus, subthalamic nucleus,
anterior thalamic nuclei, and prefrontal cortex. The
SNr neurons predominantly project to the ventral tha-
lamic nuclei and prefrontal cortex and receive affer-
ents from the striatum, external globus pallidus, and
subthalamic nucleus.4,5

In the SN, damage is not uniform, as there is a prefer-
ential degeneration of dopaminergic neurons in the cau-
dal and lateral substantia nigra and their terminals in
the caudolateral sensorimotor putamen.6 In the classical
model of PD, therefore, motor features appear as a
result of preferential degeneration in sensorimotor terri-
tory. This model is supported by postmortem data
showing that a loss of dopaminergic cells predominates
in the ventrolateral SNc1,7 and a corresponding loss of
dopaminergic innervation in the posterior putamen.8

Another characteristic of SN projection neurons is
that they contain a pigment called neuromelanin. Neu-
romelanin is produced in noradrenergic neurons.9

Neuromelanin-laden neurons are therefore also present
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Standard neuroimaging techniques fail in defining normal anatomy of SN and have 
a marginal role in the diagnosis of PD 

… are not able to distinguish the pars compacta and the pars reticulata of SN  

Parkinson disease: diagnostic role 



SWAN UHF-MRI allowed to define a three layered organization of SN by 
distinguishing pars compacta ventralis (SNcv) and dorsalis (SNcd) from pars 
reticulata (SNr).  

Parkinson disease: diagnostic role 



Parkinson disease: diagnostic role 



Parkinson disease: diagnostic role 

AJNR in press 



Multi-parametric MR imaging  TARGETED on the brainstem 



HS PD 

Under submission 



Parkinson disease: diagnostic role 

MSA 

1.5T 7T 3T 

7T 3T 



Parkinson disease: pre-surgical direct targeting 



Ultra High Field MR (7T) is a promising tool in the research environment that is 
under evaluation before clinical application 

Conclusions	
  

Due to Physical Effects of Higher Magnetic Field Strengths: 




