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High field 9.4T MRI has been shown to provide superior resolution and anatomical detail. However, it
has not been tested against current standard MRI techniques.

Disc degeneration was initiated in 36 skeletally mature ewes 6 months prior to necropsy via validated
surgical IVD injury models using either scalpel injury or drill-bit injury techniques at lumbar spine
levels L2/3 and L3/4 with L1/2, L4/5 and L5/6 serving as control discs. All ex vivo IVDs were examined
with 9.4T MRI and 3T MRI. All scans were analysed using the Pfirrmann grading system by four
independent observers. Intra- and interobserver reliability was assessed using kappa statistics and
Spearman's correlation.

Inter- and intraobserver agreement for 9.4T MRI was excellent, both at κ 0.91 (p < 0.001).
Comparatively, 3T interobserver reliability demonstrated substantial agreement at κ 0.61 (p < 0.001).
Complete agreement was obtained in 92.7-100% of discs at 9.4T compared to 69.7-83.1% at 3T. A
difference of one grade or more occurred in 6.7% at 9.4T and 39.3% at 3T. 9.4T MRI scored 97.3% of
discs as grade 1-2 compared to 71.3% at 3T. 3T MRI tended to over-score the extent of disc
degeneration with 28.6% of discs scored as grade 3 or higher compared with 2.7% at 9.4T MRI.

9.4T MRI study of IVD degeneration using the Pfirrmann grading system demonstrated excellent inter-
and intraobserver reliability. Comparatively, 3T MRI demonstrated a tendency to over score the
extent of disc degeneration. This improved reliability of 9.4T MRI holds great potential for its clinical
applications 1).

The high chemical shift separation at 9.4 T allows for selective saturation of proton pools in exchange
with water protons. For the first time, highly selective and comprehensive chemical exchange
saturation transfer (CEST) experiments were performed in the human brain at 9.4 T. This work
provides insight into CEST signals in the human brain in comparison with existing animal studies, as
well as with CEST effects in vivo at lower field strengths.

A novel snapshot-CEST method for human brain scans at 9.4 T was optimized and employed for
highly-spectrally-resolved (95 offsets) CEST measurements in healthy subjects and one brain tumor
patient. Reproducibility and stability between scans was verified in grey and white matter after B0,
B1, and motion correction of the acquired 3D CEST volumes. Two-step Lorentzian fitting was used to
further improve separation of spectrally discernible signals to create known and novel CEST contrast
maps at 9.4 T.

At a saturation power of B1 = 0.5 μT most selective CEST effects could be obtained in the human brain
with high inter-scan reproducibility. While contrast behavior of previously measured signals at lower
field, namely amide-, guanidyl- and NOE-CEST effects, could be reproduced, novel signals at 2.7 ppm,
and -1.6 ppm could be verified in healthy subjects and in a brain tumor patient for the first time.
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High spectral resolution chemical exchange saturation transfer at 9.4 T allows deeper insights into the
Z-spectrum structure of the human brain, and provides many different contrasts showing different
correlations in healthy tissue and in tumor-affected areas of the brain, generating hypotheses for
future investigations of in-vivo-CEST at UHF 2).

7T-MRI and 9.4T-MRI of human cerebral arterial plastic casts could proof feasible for acquiring
detailed morphological data of the cerebral arterial tree in a time efficient method. One cast of the
complete human cerebral arterial circulation embedded in gadolinium-containing gelatine gel was
scanned at 7T-MRI (0.1 mm isotropic resolution). A small section of another cast was scanned at 9.4T-
MRI (30 µm isotropic resolution). Subsequent 3D-reconstruction was performed using a semi-
automatic approach. Validation of 7T-MRI was performed by comparing the radius calculated using
MRI to manual measurements on the same cast. As manual measurement of the small section was
not feasible, 9.4T-MRI was validated by scanning the small section both at 7T-MRI and 9.4T MRI and
comparing the diameters of arterial segments. Linear regression slopes were 0.97 (R-squared 0.94)
and 1.0 (R-squared 0.90) for 7T-MRI and 9.4T-MRI. This data shows that 7T-MRI and 9.4T-MRI and
subsequent 3D reconstruction of plastic casts is feasible, and allows for characterization of human
cerebral arterial tree morphology 3).

Diffusion-weighted imaging and arterial spin labeling perfusion MR imaging were performed on rats
with middle cerebral artery occlusion (MCAO) by using a 9.4T MR imaging scanner to measure the
volume of infarction and relative cerebral blood flow (rCBF) after infarction. Twenty-five rats were
assigned to either a dehydration group or normal hydration group, and dehydration status was
achieved by water deprivation for 48 h prior to MCAO. Results: The volume of the infarction was
significantly larger for the dehydration group at the 4th h after MCAO (p = 0.040). The progression in
the infarct volume between the 1st and 4th h was also larger in the dehydration group (p = 0.021).
The average rCBF values of the contralateral normal hemispheres at the 1st and the 4th h were
significantly lower in the dehydration group (p = 0.027 and 0.040, respectively). Conclusions: Our
findings suggested that dehydration status is associated with the progression of infarct volume and
decreases in cerebral blood flow during the acute stage of ischemic stroke. This preliminary study
provided an imaging clue that more intensive hydration therapies and reperfusion strategies are
necessary for the management of acute ischemic stroke patients with dehydration status 4).

Using a 9.4T magnetic resonance imaging (MRI) system, a whole-cord FP-DDE spectroscopic voxel
was acquired in 3 minutes at the lesion site and compared to DWI at 48 hours postinjury.
Relationships with chronic (30-day) locomotor and histological outcomes were evaluated with linear
regression.

The FP-DDE measure of parallel diffusivity (ADC|| ) was significantly related to chronic hind limb
locomotor functional outcome (R2  = 0.63, p < 0.0001), and combining this measurement with acute
functional scores demonstrated prognostic benefit versus functional testing alone (p = 0.0007). Acute
ADC|| measurements were also more closely related to the number of injured axons measured 30
days after the injury than standard DWI. Furthermore, acute FP-DDE images showed a clear and easily
interpretable pattern of injury that closely corresponded with chronic MRI and histology observations.

Collectively, these results demonstrate FP-DDE benefits from greater specificity for acute axonal
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damage in predicting functional and histological outcomes with rapid acquisition and fully automated
analysis, improving over standard DWI. FP-DDE is a promising technique compatible with clinical
settings, with potential research and clinical applications for evaluation of spinal cord pathology. Ann
Neurol 2018;83:37-50 5).

An ex vivo monkey brain was scanned in a 9.4T MRI scanner at 0.3mm resolution with b values of
3000, 6000, 9000 and 12000 s/mm2. K-means clustering on each thalamus was implemented using
maps of dMRI models fitted to the same data. Meanwhile, histological nuclei were identified by AChE
and Nissl stains of the same brain. Overall agreement rate and agreement rate for each nucleus were
calculated between clustering and histology. Sixteen thalamic nuclei on each hemisphere were
included.

Clustering with the DKI model has slightly higher overall agreement rate but clustering with other
dMRI models result in higher agreement rate in some nuclei.

dMRl models should be carefully selected to better parcellate the thalamus, depending on the specific
purpose of the parcellation 6)

23 brains were selected from the Queen Square Brain Bank (10 controls, 8 progressive supranuclear
palsy, 5 Parkinson's disease) and imaged using high field 9.4Tesla spin-echo MRI. Subsequently brains
were cut and stained with Luxol fast blue, Perls stain, and immunohistochemistry for substance P and
calbindin. Once the anatomy was defined on histology the dimensions and volume of the substantia
nigra were determined on high field magnetic resonance images.

The anterior border of the substantia nigra was defined by the crus cerebri. In the medial half it was
less distinct due to the deposition of iron and the interdigitation of white matter and the substantia
nigra. The posterior border was flanked by white matter bridging the red nucleus and substantia nigra
and seen as hypointense on spin-echo magnetic resonance images. Within the substantia nigra high
signal structures corresponded to confirmed nigrosomes. These were still evident in Parkinson's
disease but not in progressive supranuclear palsy. The volume and dimensions of the substantia nigra
were similar in Parkinson's disease and controls, but reduced in progressive supranuclear palsy.

Massey et al., presented a histologically validated anatomical description of the substantia nigra on
high field spin-echo high resolution magnetic resonance images and were able to delineate all five
nigrosomes. In accordance with the pathological literature we did not observe changes in the
nigrosome structure as manifest by volume or signal characteristics within the substantia nigra in
Parkinson's disease whereas in progressive supranuclear palsy there was microarchitectural
destruction 7).

DSC and arterial spin-labeling perfusion MR imaging were performed by using a 9.4T MR imaging
scanner in nude rats with glioblastoma. Rats were randomly assigned to the following 3 groups:
control, 3-day treatment, and 10-day treatment after bevacizumab injection. One-way analysis of
variance with a post hoc test was used to compare perfusion parameters (eg, normalized CBV and
normalized CBF from DSC MR imaging and normalized CBF based on arterial spin-labeling) with
microvessel area on histology. The Pearson correlations between perfusion parameters and
microvessel area were also determined.
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All of the normalized CBV from DSC, normalized CBF from DSC, normalized CBF from arterial spin-
labeling, and microvessel area values showed significant decrease after treatment (P < .001, P <
.001, P = .005, and P < .001, respectively). In addition, normalized CBV and normalized CBF from DSC
and normalized CBF from arterial spin-labeling strongly correlated with microvessel area (correlation
coefficient, r = 0.911, 0.869, and 0.860, respectively; P < .001 for all).

Normalized CBF based on arterial spin-labeling and normalized CBV and normalized CBF based on
DSC have the potential for evaluating the effect of antiangiogenic therapy on glioblastomas treated
with bevacizumab, with a strong correlation with microvessel area 8).

Bisdas et al., examined in vivo metabolic alterations in the isocitrate dehydrogenase (IDH) mutated
gliomas using magnetic resonance spectroscopy (MRS) at magnetic field 9.4T.

Spectra were acquired with a 9.4T whole-body scanner with the use of a custom-built head coil (16
channel transmit and 31 channel receive). A modified stimulated echo acquisition mode (STEAM)
sequence was used for localization. Eighteen patients with brain tumors of probable glial origin
participated in this study. The study was performed in accordance with the guidelines of the local
Ethics Committee.

The increased spectral resolution allowed us to directly address metabolic alterations caused by the
specific pathophysiology of IDH mutations including the presence of the oncometabolite 2-
hydroxglutarate (2HG) and a significant decrease of the pooled glutamate and glutamine (20%,
P = 0.024), which probably reflects an attempt to replenish α-ketoglutarate lost by conversion to 2HG.
We also observed significantly reduced glutathione (GSH) levels (39%, P = 0.019), which could be
similarly caused by depletion of dihydronicotinamide-adenine dinucleotide phosphate (NADPH) during
this conversion in IDH mutant gliomas.

Bisdas et al., demonstrated that MRS at 9.4T provides a noninvasive measure of 2HG in vivo, which
may be used for therapy planning and prognostication, and may provide insights into related
pathophysiologic metabolic alterations associated with IDH mutations. J. MAGN. RESON. IMAGING
2016;44:823-833 9).
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