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ABSTRACT

High field magnetic resonance imaging is showing potential for imaging of
neurodegenerative diseases. 7 T MRl is beginning to be used in a clinical re-
search setting and the theoretical benefits, i.e. higher signal-to-noise, sensi-
tivity to iron, improved MRA and increased spectral resolution in spectrosco-
py are being confirmed. Despite the limited number of studies to date, initial
results in patients with multiple sclerosis, Alzheimer’s disease and Hunting-
ton’s disease show promising additional features in contrast that may assist
in better diagnosis of these disorders.
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INTRODUCTION

The increase in static magnetic field strength (B) for clinical MRI scanners
has resulted in significant improvements in image quality. There is almost
universal improvement in the diagnostic value of 3 T vs. 1.5 T clinical neu-
rological MRl scans and 3 T scanners are routinely used for a broad range of
applications. The need for increased sensitivity to early indicators of neuro-
degeneration with the goal of identifying potential biomarkers for diagnosis
and the monitoring of treatment is one of the driving forces behind the in-
terest in increasing further the magnetic field strength. The well-characteri-
zed signal-to-noise ratio (SNR) increase with field strength can be used for
reduced acquisition times or higher spatial resolution. The increased sen-
sitivity of image contrast (particularly in T *-weighted sequences) to tissue
iron levels has great potential for detecting early diffuse depositions that
may lead to neurotoxic effects. The longer T, value of both blood and tissue
results in higher quality MR angiography (MRA) with improved background
suppression. Furthermore, the increased chemical shift difference between
the proton signals of different metabolites has an advantage for magnetic
resonance spectroscopy (MRS) in quantifying more metabolites than previ-
ously possible (1, 2).

Initial imaging studies of multiple sclerosis (MS) patients at 7 T appear promi-
sing in detecting more lesions with higher structural detail (3-5), especially
in gray matter. In addition to the improved spatial resolution and signal-to-
noise, the increased contrast in MR angiography (6) and cortical layer con-
trastin T,*-weighted imaging (7) have already demonstrated the potential of
7 T MRI. However, many intrinsic challenges remain to obtaining high quality
MR data at field strengths of 7 T and above.

Challenges

The main challenges are related to creating a homogeneous magnetic field
(B,) and radiofrequency (RF) field B, over the entire brain. A higher magnetic
field strength results in increased sensitivity to magnetic susceptibility indu-
ced field variations. On a microscopic scale this effect enhances the contrast
within cortical layers (7, 8), basal ganglia (9), small venous structures (10-12)
and results in greater white matter heterogeneity (13). However large-scale
magnetic field variations induced by e.g. air-tissue interfaces (static) or res-
piration (dynamic) can lead to undesired signal loss and image deformations.
Most modern high field MRI scanners are equipped with higher order shim
gradients to improve the static field homogeneity. Careful optimization of
sequence parameters and image correction algorithms has shown that it is



138 | CHAPTER9

possible to acquire high quality images even from sequences such as echo
planar imaging, which are particularly susceptible to static magnetic field
inhomogeneities. Equally problematic, the amplitude of dynamically fluctua-
ting magnetic fields caused by respiration or body movements also increases
with field strength. It has been shown that corrections for these dynamic
effects are possible both prospectively and retrospectively. Using dedicated
hardware or sequences (14-16) image quality can be restored reasonably
well.

Another fundamental challenge at 7 T is producing a highly homogeneous RF
field, B,, with high efficiency in order to minimize tissue heating. B, inhomo-
geneities are due primarily to the dielectric properties of tissue, which result
in partial constructive and destructive interactions from RF wave behavior
(17). Tissue conductivity produces conduction currents in tissue, which dam-
pens the electromagnetic (EM) field as it penetrates through tissue, produ-
cing a phase shift in the travelling RF. This not only results in significant image
inhomogeneity and areas of signal loss but may also give rise to local heating,
expressed as the specific absorption rate (SAR) from interaction with the
electric field. The dielectric properties of tissue produce displacement cur-
rents in tissue, as well as inductive losses caused by eddy currents, and also
alter the RF wavelength in tissue. The effective wavelength of electromagne-
tic energy in tissue is ~13 cm at 7 T. The brain has dimensions on the same
order as the wavelength. This limits the applicability of conventional volume
coils, such as the birdcage (18) and transverse electromagnetic (TEM) reso-
nator (19), which produce homogeneous transmit fields at 1.5 Tand 3 T, but
cannot produce the same homogeneous fields at 7 T (17). The inhomogene-
ous RF field in combination with increased tissue heating leads to important
sequence considerations. SAR intensive protocols involving sequences such
as fast spin echo and fluid attenuated inversion recovery (FLAIR) cannot sim-
ply be copied from lower field strengths. Solutions will be discussed in the
section “Future prospects and challenges”.

Despite these challenges 7 T MRl is beginning to be used in a clinical setting
and the theoretical benefits of 7 T, i.e. higher signal-to-noise, sensitivity to
iron, improved MRA and spectroscopy are being confirmed. Although, so far
only a limited number of patient studies have been performed at 7 T and
many of the proposed techniques still need further validation. Initial ima-
ging studies of multiple sclerosis (MS) patients at 7 T appear promising in
detecting more lesions with higher structural detail (3—5), especially in gray
matter. In addition to the improved spatial resolution and signal-to-noise,
the increased contrast in MR angiography (6) and the detection of cortical
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layer contrast in T *-weighted imaging (7) have already demonstrated the
potential of 7 T MRI.

NEURODEGENERATIVE DISEASES

This section describes some of the clinical studies with 7 T MRI that have
performed so far in patients suffering from neurodegenerative diseases.

CADASIL

Cerebral autosomal dominant arteriopathy with subcortical infarcts and leu-
koencephalopathy (CADASIL) is a hereditary form of small vessel disease that
is caused by a mutation in the Notch3 gene. Pathologically, degeneration of
the small smooth vessels is observed together with fibrous thickening of the
small vessels. Clinical characteristics of the disease comprise cognitive loss,
migrainous headaches, stroke-like episodes and dementia. In addition, cere-
bral blood flow is known to be reduced in CADASIL patients. However, the
exact mechanism remains unclear and most findings regarding vessel wall
pathology come from ex vivo studies. In vivo MRA can potentially provide
valuable information on the hemodynamic changes in CADASIL patients. The
most affected vessels are the leptomeningeal arteries supplying the white
matter and the lenticulostriate perforating arteries supplying the deep gray
nuclei. At lower field strengths MRA has been unable to visualize these ar-
teries because of its small diameter. However, recent studies performed at
7 T show sufficient enhancements in resolution and contrast enabling visu-
alization of the lenticulostriate arteries (6, 20, 21). The method that is most
suited is time-of-flight (TOF) MRA, where the contrast is generated by the
fresh inflow of blood with a gradient echo sequence that is relatively SAR
friendly. The prolonged T, relaxation times at 7 T result in improved back-
ground saturation compared to lower field strengths, increasing the contrast
between the vessel lumen and surrounding tissue. In addition the increase
in SNR can be traded for a very high spatial resolution. In a recent study this
was confirmed by visualization of significant lengths of the lenticulostriate
arteries (22) in patients with CADASIL and control subjects. Figure 1 shows
an example of a coronal maximum intensity projection of the lenticulostriate
arteries in a healthy control subject and in a patient with CADASIL. The ar-
rows point towards the lenticulostriate arteries. A small field of view (FOV)
3D TOF MRA technique was used with an isotropic resolution of 0.23 mm
and 161 slices, resulting in a scan duration of 11 minutes. From these da-
tasets, the number of visible arteries at different locations with respect to
the middle and anterior cerebral artery, the cross-sectional area and length
of the arteries were determined. No significant differences were found bet-
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ween patients and controls in any of the measures. In addition no associa-
tion was found between the luminal diameters and lacunar infarct load in

the basal ganglia and basal ganglia hypointensities on separately acquired
T Tz*- or T -weighted scans (22). These results suggest that basal ganglia
damage in CADASIL is likely not caused by vascular mechanisms. The lack of
association between age and disease duration with these vascular measu-
rements further supports the finding that generalized narrowing of luminal
diameters of lenticulostriate arteries does not play a significant role in the
pathophysiology of CADASIL.

B ¥ 7]

Figure 1: MRA of lenticulostriate arteries.
Coronal maximum intensity projections of a 32 year old healthy control (left) and 32 year
old patient with CADASIL (right). The arrows point towards the lenticulostriate arteries. Ex-
cellent visualization of large portions of the lenticulostriate arteries was possible due to the
high spatial resolution and contrast between the artery and surrounding tissue. No signifi-
cant differences in length, diameter and number of lenticulostriate arteries was found, sug-
gesting that basal ganglia damage in patients with CADASIL is not due to luminal narrowing
of these vessels.

Another common MRI finding in patients with CADASIL are hypointensities
on T *-weighted images (22, 23) caused by iron containing hemosiderin de-
posits in cerebral microbleeds (CMBs). Figure 2 show CMBs observed bilate-
rally in the thalamus of a 35 year old patient with CADASILon a T,*-and T,-
weighted image. Initial results have shown diffuse areas of T,* hypointensity
in the basal ganglia, most commonly caused by diffuse iron deposition in
CADASIL (24). Such diffuse areas have been described in other neurodege-
nerative diseases such as Alzheimer’s disease (AD) as well. Still, it is unsure
whether iron deposition is exclusively a neurodegenerative process, or if it
can also be caused by vascular mechanisms. High field T, *-weighted MRI
is extremely sensitive to changes in the local magnetic field, such as those
generated by iron-rich regions. These changes in local magnetic field lead to
decreased signal intensity on magnitude images and an increased frequency
shift (relative to non-iron containing brain tissue) on phase images. Prelimi-
nary data of high resolution T, *-weighted images using a 2D gradient echo
sequence obtained with a resolution of 0.24x0.24x1 mm?3 (24), demonstra-
ted increased iron deposition in the globus pallidus and the caudate nucleus.
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These findings were based on both magnitude images and unwrapped phase
images. Both approaches gave similar results but the phase shift measure-
ments showed larger differences, emphasizing the sensitivity of phase to
iron induced changes in the brain.

Figure 2: Microbleed detection in CADASIL.

Cerebral microbleeds (CMB) observed bilaterally in the thalamus of a 35 year old patient
with CADASIL, visualized on a T,*-weighted (left) and T -weighted (right) scan. The arrows
point to the CMB. Accurate visualization of CMB is possible at high magnetic field strengths
due to the induced susceptibility effect of haemosiderin deposits in the microbleeds. The
sensitivity to detect CMB is highest on T,*-weighted scans.

In summary, high field MRI can provide useful additional information in un-
derstanding CADASIL pathology given the high resolution TOF images, sensi-
tivity to CMBs (25) and diffuse iron deposition.

Huntington’s Disease

Huntington’s disease (HD) is a neurodegenerative autosomal dominant dis-
order caused by a gene mutation on the short arm of chromosome 4. A
repeat expansion of the cytosine-adenine-guanine gene leads to an abnor-
mally increased synthesis of huntingtin, a protein causing neuronal damage
and brain atrophy. Ultimately, the disease leads to functional disturbances of
motor function, cognition and behavior. Brain atrophy measurements, parti-
cularly of the striatum, are considered the MRI hallmark of the disease, sho-
wing changes up to a decade before clinical manifestations of the disease oc-
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cur. The exact disease mechanism underlying these volume changes remains
unclear. Several proposed theories include impaired energy metabolism and
the degeneration of neurons due to neuronal overstimulation (excitotoxi-
city). MRS offers additional insight into which processes may play a role in
these volume changes, by measuring, for example, N-acetylaspartate (NAA),
creatine and glutamate concentrations. If the neuronal integrity were to be
compromised, NAA would be expected to be reduced. Changes in energy de-
position may be reflected in total creatine signals. In contrast, an increase in
glutamate levels would reflect overstimulation of neurons. Lower field MRS
studies have shown conflicting results, especially for findings in glutamate
concentrations (26). Higher field provides improved spectral resolution al-
lowing more metabolites to be quantified (1, 2). This can be done with bet-
ter spatial localization (smaller volumes) due to increased SNR. In a study by
Van den Bogaard et al. (26) localized MRS was performed using a stimulated
echo acquisition mode (STEAM) sequence in the caudate nucleus, putamen,
thalamus, hypothalamus and frontal lobe in patients with manifest and pre-
manifest HD. Using 7 T MRS six metabolites could be identified in all of these
nuclei: choline, creatine, glutamine + glutamate, total NAA, myo-inositol and
lactate, despite the significant brain atrophy, which lead to reduced SNR.
Figure 3 shows MR spectra in the caudate nucleus and putamen of control
subjects and manifest patients. Lower concentrations of creatine and NAA
were found in the caudate nucleus and the putamen, and a reduction of
glutamate in the putamen, of manifests HD patients. Secondly an association
between disease severity and metabolic levels of NAA, creatine and gluta-
mate was demonstrated. The results from this study indicate affected ener-
gy metabolism in HD patients reflected in lower creatine concentrations, and
a decrease in neuronal integrity reflected in lower NAA concentrations. In
contrast to other studies a lower concentration of glutamate was found in
the putamen of manifest patients. This study showed that 7 T allows measu-
rement of reliable glutamate concentrations, thereby obtaining additional
insight in the disease process.
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Controls Manifest

Caudate Nucleus
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Figure 3: Representative MR spectra from the caudate nucleus and putamen in a control
subject and manifest HD patient.

In total six metabolites could be identified in the hypothalamus, thalamus, caudate nucle-
us, putamen and the prefrontal region. In the caudate nucleus and putamen a significant
decrease in NAA and creatine levels was found in manifest HD patients. Glutamate levels
were found to decrease significantly in the putamen. Significance changes are depicted by
asterisks (*), p < 0.05. Cho choline, Cr creatine, NAA N-acetylaspartate, ml myo-inositol, Glx
glutamate + glutamine, Lac lactate, PPM parts per million.

In summary, the increased spectral and spatial resolution of 7 T MRS offer
capabilities that are not possible at lower field strengths. It allows for the
examination of metabolites in small anatomical structures in clinically accep-
table scanning times, e.g. such as the caudate nucleus and putamen, which
are important in many neurodegenerative diseases.

Multiple sclerosis

The field of MS research has been the most active since the introduction of
7 T MRI scanners. MS manifests itself through demyelinating lesions that can
be detected by MRI. Conventional protocols use fluid attenuated inversion
recovery (FLAIR) and dual inversion recovery (DIR) sequences to suppress
signal from cerebrospinal fluid (CSF) or from both CSF and white matter, res-
pectively, to highlight white matter (WM) lesions. In addition, gadolinium
contrast agents can be administered to distinguish active lesions from older
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lesions on T -weighted images. Histology has revealed that lesions not only
occur in WM but also frequently affect gray matter (GM) and that MS lesions
have a preference for a perivenular location. The high spatial resolution and
sensitivity of high field facilitates the detection of GM lesions and the peri-
venous location of lesions, which is more difficult at lower field strengths.

To make effective use of the high contrast generated by venous blood and to
circumvent the difficulties implementing B -sensitive and SAR-intensive se-
quences such as FLAIR and DIR, many studies have focused on T, *-weighted
sequences. Using this type of contrast it was found that between 50% and
87% of lesions contain a central vein (4, 5, 27-29). Compared to lower field
strengths, a significantly lower number of lesions containing a central vein
was found. At 1.5 T no central venous structure was observed in any of the
detected lesions (4), whereas twice as many lesions with a central vein were
detected at 7 T compared to 3 T (5). Figure 4 shows a large WM lesion visu-
alized using T,*-weighted MRI, comparing 7 T and 3 T (5). It is immediately
apparent that the contrast within the lesion is enhanced at 7 T and that the
perivenous location of the lesion can be appreciated.

E ANy
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Figure 4: 7T T,*-weighted MRI shows more detail of central veins in MS lesions than 3T.
T,* images of a patient with MS showing a large lesion with a perivenous orientation. On the
7T image (A) the vein can be seen in more detail than on the equivalent 3T image (B). Image
courtesy of Dr. Emma Tallantyre.

The presence of a central vein in WM lesions may be an imaging characte-
ristic that helps differentiating MS-related lesions from other WM lesions.
This may be important for designing therapies targeted at MS lesions and
monitoring disease progression, and also it may help providing insight into
the mechanisms of lesion formation (27). It was found that the presence of
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a central vessel is highly indicative of MS specific lesions. In a comparison
between MS patients and subjects having WM lesions that were non-specific
to MS, 80% of MS lesions had a perivenous location compared to only 19%
in WM lesions not related to MS (29). The high sensitivity of 7 T in detec-
ting perivascular signal changes is due to the susceptibility effect of venous
blood. The effect of induced local magnetic field changes scales linearly with
the applied magnetic field strength. Therefore the use of a sensitive method
such as a T, *-weighted sequence at high field greatly improves the contrast
generated by venous blood.

Apart from WM lesions, GM lesions are also a frequent finding in MS. GM
MS lesions, however, can be very difficult to detect at lower field strengths.
The increased spatial resolution at 7 T increases the number of visible GM
lesions. Figure 5 shows an example of an MS patient with a cortical GM le-
sion (30). The arrow in the zoomed in section points towards the cortical
GM lesion. In one study no GM lesions could be detected in patients at 1.5T,
while 44% of the lesions detected at 7T showed cortical involvement (4). This
was confirmed by other studies at 7 T (30, 31). In line with other neurodege-
nerative diseases higher iron deposition is expected in patients with MS. The
high sensitivity to iron of 7 T has lead to the investigation of MS lesions using
phase images (3, 31, 32). However initial studies find that phase images have
a lower sensitivity in detecting MS lesions (31) than the magnitude images.
However between 8% and 21% of WM lesions show a characteristic ring
around the lesion that is not readily visible on magnitude images (3, 31). This
is thought to occur due to iron-rich macrophages and as such may provide
information about the extent of inflammation around the MS lesion (4, 31).

T, *-weighted sequences were identified as being the most sensitive in de-
tecting lesions compared to other sequences (31) and lower field strength
(4). Recently, progress has been made in reducing the SAR requirements of
FLAIR and DIR sequences at 7 T while maintaining comparable or improved
contrast and spatial resolution (33, 34). Preliminary results have shown the
applicability in MS patients (35), although no systematic comparison of using
high field FLAIR and DIR sequences has been published to date.
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Figure 5: Axial T,*-weighted image (195x260m) of an MS patient with a cortical GM
lesionat7 T.

Right: Enlarged image of the region around the GM lesion demonstrating fine detail within
the cortical lesion at this high magnetic field and fine spatial resolution. Image courtesy of
Drs. Vigneron, Metcalf and Pelletier.

In summary, MS research at 7 T is promising. The difficulty in designing FLAIR
and DIR sequences at 7 T has to date resulted in the use of T,*-weighted se-
guences to detect MS lesions. The high contrast and spatial resolution of this
sequence provides an additional type of sequence to investigate MS lesions,
especially suited for high magnetic field strengths.

Other neurodegenerative diseases

There have been a number of other clinical studies in the field of neurode-
generative diseases at 7 T. Most studies use the same contrast mechanisms
as mentioned in the previous sections. In amyotrophic lateral sclerosis (ALS)
patients 7 T MRI was used to investigate the presence of CMBs. In animal
models of this disease deposits of hemosiderin and CMBs were found, in
contrast no CMBs were found in sporadic ALS patients (36). In patients with
Alzheimer’s disease (AD) a limited number of studies has been published.
One of the hallmarks of AD is the presence amyloid beta plaques, a protein
thought to be associated with iron. The small size of these plaques (typi-
cally smaller than 150 um) (37) makes direct in vivo visualization difficult,
although not impossible. Using localized coils and a limited FOV a resolution
of the same order of magnitude as individual plaques has been obtained in
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a reasonable scan time (38). Susceptibility weighted imaging (SWI) post pro-
cessing was performed to enhance the sensitivity to susceptibility changes
(39), such as induced by iron. The results of this study suggest that plaques
can be visualized using this technique. Still, it remains unclear whether the
observed signal voids represent individual plaques or not. In addition to the
presence of plaques, early in the process of the disease brain atrophy occurs.
One of the first brain regions affected by AD is the hippocampus; however
not all subsections of the hippocampus are affected in a similar way. These
different subregions can be distinguished using high resolution T_*-weighted
imaging sequences. One study has shown that in the very early stage of AD
changes can be observed in the hippocampal subregion CA1l apical neuro-
pil (40). From post mortem studies this region is known to be among the
earliest affected in the brain. Interestingly at 7 T this was confirmed in vivo.
Along the same line are findings in patients with hippocampal sclerosis (HS)
where accurate visualization of subregions within the hippocampus is impor-
tant for diagnosis. HS leads to atrophy of the intrahippocampal cortical fields
CA1 to CA4 regions and to disruption of the internal hippocampal structure.
In a study of focal epilepsy patients with HS, the intrahippocampal cortical
fields could well be visualized on T,- and T, *-weighted sequences (41). Re-
gional differences in hippocampal atrophy were shown between patients.
In a different study similar findings were reported using T - and T,-weighted
imaging. In all patients hippocampal abnormalities were observed. Using 7
T MRI localized atrophy in the Ammon horn was observed in temporal lobe
epilepsy patients (42).

A small number of patients with Parkinson’s disease (PD) has been studied at
7 T. The symptoms of PD can sometimes be reduced by deep brain stimula-
tion. This is a neurosurgical technique that relies on the accurate placement
of electrodes. Using high-resolution susceptibility weighted imaging (SWI)
high contrast can be generated between the iron rich basal ganglia. It has
been shown that high quality images can be obtained that help guiding the
placement of these electrodes (43, 44).

FUTURE PROSPECTS AND CHALLENGES

In general, the theoretical gain in SNR and sensitivity of high field MR to,
for example, diffuse iron accumulation have been shown to be achievable
in practice. Transmit RF field inhomogeneity is still a major concern, but by
using dedicated sequences that are less sensitive to these inhomogeneities
some of these effects can be circumvented (45, 46). By placing high dielectric
materials close to the brain the transmit field becomes more homogeneous
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(2, 47). The coverage towards the cerebellum in particular is improved and
the effect of high signal centrally in the brain is reduced. The ultimate “solu-
tion”, although currently only in the technical development phase, is the use
of multiple transmit channels to improve the transmit homogeneity. Prelimi-
nary results already show the added value and one can anticipate that it will
not take long before this technique is used in a clinical setting.

healthy subject

71 year old AD patient
: C

L
after correction

\.|

« & : 2 ; L [ ¢
before correctipn. jafter cqrregﬁ

Figure 6: T,*-weighted images before and after correction

A healthy subject (a), showing the high image quality and contrast that can be obtained.
Application of the same sequence in patients with AD leads to frequent image degradation
(b and d) caused by fluctuating magnetic fields during image acquisition. Using a navigator
echo correction technique it is possible to measure and correct for these dynamic fluctu-
ations and improve image quality significantly (c and e). Correction techniques like these
improve image quality at high field.




IMAGING OF NEURODEGENERATIVE DISEASES | 149

Sequence adaptations have not been trivial, the increased RF deposition and
inhomogeneous transmit field preclude the simple translation from lower
field strength protocols to 7 T. However, all conventional image contrasts (T -
y T, TZ*-weighted and FLAIR) are currently available with high image quality.
To limit the need for additional lower field strength scans, it is important to
have these image contrasts available.

Magnetic susceptibility induced field changes scale linearly with the applied
field strength. This leads to an increased sensitivity to iron accumulation in
the brain (8, 9) and WM heterogeneity (13) detected in T, -weighted sequen-
ces. An adverse effect is that the sensitivity to unwanted field changes is also
increased. Air tissue interfaces at the edge of the brain or near the sinuses
generate a static inhomogeneous magnetic field. Shim gradients up to third
order are used to compensate for these changes. However the effects of
dynamic susceptibility changes are also enhanced, leading to ghosting and
image blurring. It has been shown that breathing (14, 48) and body move-
ments (49) can lead to substantial magnetic field changes in the brain. In
a study in AD patients image artifacts were observed that were related to
dynamic magnetic field changes (15). Figure 6 shows a transverse slice from
a T,*-weighted sequence in a healthy subject and an AD patient. The image
quality is severely reduced in the AD patient. After navigator-based image
correction for the effects of the magnetic field changes most image artifacts
are suppressed. Still more advanced is to measure the field changes in real
time using separate field probes that are positioned around the brain (16,
50), but this may not be clinically practical.

There has been rapid development of sequences and hardware since the
introduction of 7 T MR systems. As a result most conventional sequences are
available and high quality images are obtained in the brain. Based on the ini-
tial results so far, 7 T MRl is showing potential to be valuable in investigating
neurodegenerative diseases. In patients with MS an increased number of
lesions can be detected and more importantly, there is greater sensitivity to
detect GM lesions. In addition to the increased sensitivity, also the pathop-
hysiology of these lesions can be studied more extensively at high field. It
was shown that most MS lesions have a clear vascular component. However,
some lesions also showed up on phase images surrounded by a hypointense
rim, possibly reflecting the area of inflammation or potentially a susceptibi-
lity effect. In patients with HD it was possible to quantify metabolite levels,
including glutamate in very small regions of interest, providing valuable in-
formation about possible disease mechanisms. The sensitivity to iron and
the high spatial resolution leads to a clearer depiction of the substantia nigra
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and other deep gray matter nuclei in PD.

Even though limited clinical studies have been performed thus far, it is expec-
ted that the contribution of 7 T MRI especially in the field of neurodegenera-
tive diseases will increase over time. Many of the initial problems related to
magnetic and RF field inhomogeneities and the lack of optimized sequences
have been solved or improved.
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