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Abstract

BACKGROUND

After approval for clinical use in 2017, early investigations of ultra-high-field
abdominal magnetic resonance imaging (MRI) have demonstrated its feasibility as
well as diagnostic capabilities in neuroimaging. However, there are no to few
systematic reviews covering the entirety of its neurosurgical applications as well
as the trends in the literature with regard to the aforementioned application.

AIM

To assess the impact of 7-Tesla MRI (7T MRI) on neurosurgery, focusing on its
applications in diagnosis, treatment planning, and postoperative assessment, and
to systematically analyze and identify patterns and trends in the existing literature
related to the utilization of 7T MRI in neurosurgical contexts.

METHODS

A systematic search of PubMed was conducted for studies published between
January 1, 2017, and December 31, 2023, using MeSH terms related to 7T MRI and
neurosurgery. The inclusion criteria were: Studies involving patients of all ages,
meta-analyses, systematic reviews, and original research. The exclusion criteria
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were: Pre-prints, studies with insufficient data (e.g., case reports and letters), non-English publications, and studies
involving animal subjects. Data synthesis involved standardized extraction forms, and a narrative synthesis was
performed.

RESULTS

We identified 219 records from PubMed within our defined period, with no duplicates or exclusions before
screening. After screening, 125 articles were excluded for not meeting inclusion criteria, leaving 94 reports. Of
these, 2 were irrelevant to neurosurgery and 7 were animal studies, resulting in 85 studies included in our
systematic review. Data were categorized by neurosurgical procedures and diseases treated using 7T MRI. We also
analyzed publications by country and the number of 7T MRI facilities per country was also presented. Experi-
mental studies were classified into comparison and non-comparison studies based on whether 7T MRI was
compared to lower field strengths.

CONCLUSION

7T MRI holds great potential in improving the characterization and understanding of various neurological and
psychiatric conditions that may be neurosurgically treated. These include epilepsy, pituitary adenoma, Parkinson's
disease, cerebrovascular diseases, trigeminal neuralgia, traumatic head injury, multiple sclerosis, glioma, and
psychiatric disorders. Superiority of 7T MRI over lower field strengths was demonstrated in terms of image
quality, lesion detection, and tissue characterization. Findings suggest the need for accelerated global distribution
of 7T magnetic resonance systems and increased training for radiologists to ensure safe and effective integration
into routine clinical practice.

Key Words: 7-Tesla; Magnetic resonance imaging; Neuroimaging; Neurosurgery; Pathologies; Procedures; Trends

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Frequent neurosurgical procedures using 7-Tesla magnetic resonance imaging (7T MRI) include endoscopic
neurosurgery, resective epilepsy surgery, and deep brain stimulation, addressing conditions like cerebrovascular diseases,
epilepsy, pituitary adenoma, and gliomas. Leading in publications are the United States, Netherlands, South Korea, and
Japan. 7T MRI enhances the understanding of neurological and psychiatric disorders, showing superiority in image quality,
lesion detection, and tissue characterization, underscoring the need for global deployment and improved radiologist training.

Citation: Perera Molligoda Arachchige AS, Meuli S, Centini FR, Stomeo N, Catapano F, Politi LS. Evaluating the role of 7-Tesla
magnetic resonance imaging in neurosurgery: Trends in literature since clinical approval. World J Radiol 2024; 16(7): 274-293
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INTRODUCTION

In the realm of modern medicine, the field of neurosurgery stands as a testament to the remarkable progress achieved
through advancements in technology and imaging. The delicate and intricate nature of the human brain necessitates tools
and techniques that allow for precise diagnosis, treatment planning, and surgical intervention. Among the many
innovations that have revolutionized the field, one technology has emerged as a promising game-changer: The 7-Tesla
magnetic resonance imaging (7T MRI) scanner which received United States FDA approval for clinical use in 2017[1-3].
The introduction of 7T MRI represents a pivotal moment in the history of neurosurgery. This remarkable imaging
technology harnesses the power of ultra-high magnetic fields to produce images with unprecedented detail and
resolution, far surpassing the capabilities of conventional magnetic resonance imaging (MRI) scanners[4]. By capitalizing
on the inherent magnetic properties of hydrogen nuclei within the human body, 7T MRI offers both neurosurgeons and
neurologists an invaluable tool to investigate deeper into the intricate structures of the brain, enabling them to make more
precise assessments of pathologies and formulate optimized treatment strategies[5,6]. Traditionally, neurosurgery has
relied upon lower field strength MRI machines, typically operating at 1.5 or 3 T. While these systems have been instru-
mental in guiding surgical interventions and aiding in preoperative planning, they often fall short in providing the level
of detail required for complex neurosurgical cases[2,3]. The limitations of lower field strength MRI, such as reduced
spatial resolution and limited contrast, have posed challenges in accurately delineating critical structures, identifying
subtle abnormalities, and characterizing lesions, ultimately affecting the quality and safety of neurosurgical procedures|5,
6]. The emergence of 7T MRI, with its higher magnetic field strength, has raised the bar for neuroimaging capabilities. It
promises to unveil new dimensions of information that were previously concealed, shedding light on intricate anatomical
details and subtle pathologies that were once elusive[5,6]. This newfound precision has the potential to redefine the
landscape of neurosurgery by offering enhanced preoperative assessment and surgical guidance, ultimately leading to
improved patient outcomes and reduced surgical risks. This systematic review aims to systematically analyze and
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identify patterns and trends within the existing literature on the utilization of 7T MRI in neurosurgical contexts, focusing
on its applications in the diagnosis, treatment planning, and postoperative assessment of various neurosurgically treated
pathologies.

MATERIALS AND METHODS

A systematic search of the PubMed database was conducted to identify relevant studies published between January 1,
2017 and December 31, 2021, using the following MeSH search terms: ((7T MRI) AND (neurosurgery)). Two independent
reviewers performed the initial search and screening, with the inclusion criteria encompassing studies involving patients
of all ages (both pediatric and adults) where 7-T MRI imaging was performed and/or compared with conventional MRI
imaging in the context of neurosurgery. Eligible study types included meta-analyses, systematic reviews, and original
research. The exclusion criteria involved studies with insufficient data such as case reports, publications not in English,
and studies of animal subjects. Data synthesis involved standardized extraction forms. Our objective was to analyze
trends in the literature as well as to provide a comprehensive and descriptive overview of research conducted within the
specified time frame. Given the nature of our research question and the scope of our analysis, we chose not to perform a
formal risk of bias assessment for individual studies using QUADAS or Rob2[7-9]. Our decision was based on the
recognition that our aim was to capture and summarize the breadth of research in this field rather than to make
judgments about the quality or internal validity of the included studies, nor the determination of diagnostic accuracy.
Despite not having assessed study bias, we do acknowledge that it is a potential issue. Nonetheless, we have reported key
characteristics and methodological details of the studies in our analysis, including any notable limitations or methodo-
logical considerations, to provide readers with a transparent understanding of the included literature. Note that no
complex statistical methods were employed in this study as the research was descriptive in nature and focused on
summarizing the usage patterns and clinical applications of 7T MRI in neurosurgery. Table 1 summarizes the studies
falling under each pathology discussed, their primary endpoints, and 7T MRI sequences used.

RESULTS

We initially identified a total of 219 records from the PubMed database within our defined period. We found no duplicate
publications or any other reason to remove any manuscript before screening. All 219 articles were screened and out of
them 125 were excluded as they did not meet our inclusion criteria. Finally, 94 reports were retrieved and 2 out of them
were irrelevant to neurosurgery, and 7 were animal studies. This yielded a total of 85 studies that were included in our
systematic review (Figure 1). We manually categorized the data in our database to obtain the number of publications
available on PubMed for each of the neurosurgical procedures discussed in them as well as for each neurosurgically
treated disease. According to our data, the most common neurosurgical procedures utilizing 7-T MRI were endoscopic
neurosurgery, resective epilepsy surgery, and deep brain stimulation (DBS) surgery. Figure 2 illustrates publications (p)
per each procedure. The most treated pathologies were cerebrovascular diseases (10p), followed by epilepsy (8p),
pituitary adenoma (7p), and gliomas (12p). However, it should be noted that under cerebrovascular diseases, a series of
diseases were considered, such as amyloid angiopathy (1p), arteriovenous malformations (1p), stroke (2p), atherosclerosis
(1p), intracranial aneurysms (4p), and intracerebral hemorrhage (ICH) (1p) (Figure 3). We also sorted the number of
publications produced by each country. For this, only the institutional affiliation of the first author was considered. The
countries with the highest absolute number of publications were the United States (27p) followed by the Netherlands
(16p), South Korea (15p), Japan (13p), and Germany (7p) (Figure 4). In addition, we also present the number of 7T MRI
facilities in each country (Figure 5). We also noticed that there has been a decline in the research output in the year 2018
and in 2022 (Figure 6). The experimental studies included were classified into comparison studies if 7T MRI was
compared with lower field strengths, typically 1.5T and 3T, and into non-comparison studies (Figure 7).

DISCUSSION

Through the analysis of the included articles, several important observations and implications have emerged. The use of
7T MRI has demonstrated great potential in improving the characterization and understanding of various neurological
and psychiatric conditions such as temporal lobe epilepsy (TLE), pituitary adenoma, unruptured intracranial aneurysms
(UIAs), and movement disorders and has reported valuable insights into disease mechanisms, anatomical abnormalities,
and functional alterations.

Epilepsy

7T MRI was proven to be a valuable non-invasive tool for evaluating subtle structural changes in the hippocampus of
patients with TLE[10]. Specifically, the enhanced visualization of hippocampal internal architecture (HIA) can be
achieved with 7T MRI. Notably, HIA asymmetry serves as a substantial predictor of the laterality of seizure onset in TLE
patients, demonstrating comparable predictive efficacy to hippocampal volume asymmetry[11]. Similarly, significant
advantages of using 7T MRI with post-processing techniques for identifying subtle focal cortical dysplasia lesions have
been demonstrated (including increased detection rates) in patients with pharmaco-resistant epilepsy with non-lesional
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Table 1 Summary of studies included in the review falling under each neurosurgically treated pathology

Pathology Ref. Aim of the study Applied 7T MRI protocol
Epilepsy Stefanits etal ~ To correlate noninvasive, high- T2-weighted (T2w) 2D fast spin echo (FSE) sequence, obtained in
[10] resolution, morphological 7T MRI of paracoronal, hippocampal plane perpendicular to the central sulcus (matrix,
the hippocampus in temporal lobe 688 x 688; field of view (FOV), 230 x 172.5; image resolution, 0.33 mm x 0.33
epilepsy (TLE) patients with histopath- mm x 1.5 mm; slices, 25; parallel imaging, 2; repetition time (TR), 4500
ological findings milliseconds (ms); echo time (TE), 81 ms) with an acquisition time of 8 min
48s
Wang et al[12] To assess the clinical value of in vivo A standard epilepsy protocol was used with the following sequences on a 7T
structural 7T MRI and its post- MRI scanner (Magnetom, Siemens, Erlangen, Germany) with a head-only
processing in patients with pharma- circularly polarized transmit and 32-channel phased array receive coil (Nova
coresistant epilepsy who underwent Medical, Wilminutesgton, MA): 3D T1-MP2RAGE: Sagittal acquisition,
presurgical evaluation and had a TR/TE = 6000/3 ms, TI1/TI2 = 700/2700 ms, flip angle (FA) 1/FA 2 =4°/5°,
nonlesional 3T MRI scan 0.75 mm isotropic-voxel resolution, 208 slices, total acquisition time (TA) =9
min 32 s; 2D T2-GRE (spoiled-gradient echo): Axial and oblique coronal
acquisition, TR/TE = 2290/17.8 ms, FA = 23°, in-plane resolution = 0.38 mm X
0.38 mm, slice thickness = 1.5 mm, 60 slices, no gap, TA =9 min 50 s; 2D
FLAIR: Axial and oblique coronal acquisition, TR/ TE = 9000/124 ms, TI =
2600 ms, in-plane resolution = 0.75 mm x 0.75 mm, slice thickness = 2 mm, 45
slices, 30% gap, TA =3 min 2 s; 3D susceptibility weighted imaging (SWI)
(included only for selected cases such as vascular malformation): TR/ TE =
23/15 ms, FA = 20°, voxel size = 0.49 mm x 0.49 mm % 0.8 mm, 144 slices, TA
=8 min 16 s. Two dielectric calcium titanate pads with passive Bl shimming
were used to improve the signal loss in the temporal lobes
Rutland etal ~ To perform hippocampal subfield- Participants were scanned under an Institutional Review Board-approved
[15] specific tractography and quantify protocol using a 7T whole body scanner. A SC72CD gradient coil was used
connectivity of the subfields in MRI- (Gmax =70 mT/m, max slew rate = 200 T/m/s), with a single channel
negative patients. Abnormal transmit and 32 channel receive head coil. The MRI scan included a T1-
connectivity of the hippocampal weighted MP2RAGE sequence: TR = 6000 ms, TE = 3.62 ms, FA = 5°, FOV =
subfields may help inform seizure 240 mm * 320 mm, slices = 240, 0.7 mm° isotropic resolution, scan time =7
focus hypothesis and provide min 26 s. A coronal-oblique T2w turbo spin echo sequence was included: TR
information to guide surgical = 6900 ms, TE = 69 ms, FA = 150°, FOV = 202 mm x 202 mm, in-plane
intervention resolution 0.4 mm x 0.4 mm, slice thickness = 2 mm, slices = 40, time = 6 min
14 s. A high-angular-resolved diffusion-weighted imaging (HARDI) dMRI
sequence was also performed with whole-brain coverage: b = 1200 s/mm?, TR
=7200 ms, TE = 67.6 ms, 1.05 mm isotropic resolution, in-plane acceleration R
=3 (GRAPPA), reversed phase encoding in the AP and PA direction for
paired acquisition in 68 directions, with a TA of 20 min
Veersema et al To determine whether the use of 7T 7T MRI parameters are as follows: 3D Tlw TFE: TE = 2.9 ms, TI = 1200 ms, TR
[13] MRI in clinical practice leads to higher =9 ms, FA = 6°, resolution = 0.81 mm % 0.81 mm x 0.80 mm, matrix = 248 x
detection rates of focal cortical 312 x 475, acquisition time = 9 min 34 s. 3D T2w turbo spin echo (TSE): TE =
dysplasias in possible candidates for 302 ms, TR = 3200 ms, FA = 90°, resolution = 0.70 mm x 0.70 mm % 0.70 mm,
epilepsy surgery matrix = 356 x 357 x 543, acquisition time = 10 min 24 s. 3D T2*w: TE = 27 ms,
TR =88 ms, FA = 24°, resolution = 0.50 mm x 0.50 mm x 0.50 mm, matrix =
480 x 381 x 600, acquisition time = 7 min 23 s; 3D MP-FLAIR: TE = 300 ms, TI
= 2200 ms, TR = 8000 ms, FA = 90°, resolution = 0.80 mm x 0.82 mm x 1.00
mm, matrix = 312 x 304 x 380, acquisition time = 8 min 40 s. 3D WMS: TE =
2.0 ms, TT = 600 ms, TR = 6.73 ms, FA = 4.5°, resolution = 0.80 mm x 0.80 mm
% 0.80 mm, matrix = 320 x 320 x 474, acquisition time = 8 min 42 s
Zhang et al[11] To compare the hippocampal internal ~ All patients underwent MRI scans with a 7 T scanner. Thirty-two channel
architecture (HIA) between 3 and 7T head coils were used with both scanners. For the assessment of HIA, T2w
MRI in patients with TLE images (T2WI) in the coronal plane located perpendicular to the long axis of
the hippocampus were collected (7T T2WI-TSE): TR = 9640 ms, TE = 72 ms,
resolution 0.3 mm % 0.3 mm % 2.0 mm, FA = 60°, TA =11 min 26 s. 7T TIWI
3D-magnetization prepared rapid acquisition gradient echo (3D-MPRAGE):
TR = 2200 ms, TE = 2.98 ms, resolution = 0.7 mm % 0.7 mm x 0.7 mm, FA = 8°,
TA=10mi16s
Sharma et al To quantitatively assess surgical Unspecified
[14] outcomes in epilepsy patients who
underwent scanning at 7T whose
lesions were undetectable at conven-
tional field strengths (1.5T/3T)
van Lanenet  To assess whether 7T MRI increases N/ A (systematic review)
al[16] the sensitivity to detect epileptogenic
lesions
Pituitary Yao et al[18] To examine the utility of 7T MRI in High-resolution 7T TSE (0.4 mm x 0.4 mm X 2 mm), MP2-RAGE (0.75 mm
adenoma predicting the tumor consistency of isotropic), and TOF (0.26 mm x 0.26 mm x 0.4 mm) acquisitions on all
pituitary adenomas patients
Rutland etal ~ To investigate microstructural damage Participants were scanned under an Institutional Review Board-approved

[20]

caused by pituitary macroadenomas
by performing probabilistic tracto-
graphy of the optic tracts and

Beienideng> VIR | https://www.wjgnet.com

protocol using a 7T whole body scanner. A SC72CD gradient coil was used
(Gmax =70 mT/m, max slew rate = 200 T/m/s), with a single channel
transmit and 32-channel receive head coil. Scanning included a T1-weighted
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Parkinson’s
disease
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Rutland et al
[21]

Patel et al[22]

Rutland et al
[23]

Rutland et al
[24]

Rutland et al
[17]

Shamir et al
[30]

Lau et al[27]

radiations using 7T diffusion-weighted
MRI (DWI). These imaging findings
were correlated with neuro-ophthal-
mological results to assess the utility of
ultra-high-field MRI for objective
evaluation of damage to the anterior
and posterior visual pathways

To leverage ultra-high-field 7T MRI to
study the retinotopic organization of
the primary visual cortex (V1) and
correlate visual defects with cortical
thinning in V1 to characterize
consequences of pituitary adenomas
on the posterior visual system

To describe the initial experience using
ultra-high-field 7T MRI in patients
with suspected Cushing’s disease and
negative or equivocal imaging at
conventional field strengths

To examine 7T DWI as a novel method
of measuring the consistency of
pituitary adenomas

To determine the efficacy of 7T MRI in
identifying radiological markers for
endocrine function

The study quantifies visualization of
tumor features and adjacent skull base
anatomy in a homogeneous cohort of
pituitary adenoma patients comparing
7T MRI vs standard lower field MRI

To validate the clinical application
accuracy of the 7T-ML method by
comparing it with identification of the
subthalamic nucleus (STN) based on
intraoperative microelectrode
recordings

To integrate ultra-high-field template
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MP2RAGE sequence with the following parameters: TE (ms) = 5.1, TR (ms) =
6000, TI (ms) = 1050 (3000), FA = 5° (4°), FOV = 240 mm x 320 mm, slices =
240, resolution = 0.7 mm isotropic, scan time = 7 min 26 s. Quantitative T1-
maps were derived from the MP2RAGE sequence. A coronal-oblique T2-TSE
(TE = 69, TR = 6900, FA = 150°, FOV = 202 mm x 202 mm, in-plane resolution
0.4 mm x 0.4 mm, slice thickness = 2 mm, slices = 40, time = 6 min 14 s) and
HARDI dMRI (b = 1200 mm?/sec, TE = 67.6, TR = 7200, resolution = 1.05 mm
isotropic, in-plane acceleration R = 3 (GRAPPA), reversed phase encoding in
AP and PA directions for paired acquisition in 68 directions, TA = 20)
sequences were acquired

Participants were scanned using a 7T whole-body scanner (Magnetom,
Siemens Healthineers). A SC72CD gradient coil was used (Gmax =70 mT/m,
maximum slew rate = 200 T/m/sec), with a single-channel transmit and 32-
channel receive head coil (Nova Medical). Scanning included a T1-weighted
MP2RAGE sequence with the following parameters: TE = 3.62 ms, TR 6000
ms, TI = 1050 ms (2°¢ pulse 3000 ms), FA = 5° (2" pulse 4°), FOV = 224 mm x
168 mm, number of slices = 240, voxel size = 0.7 mm isotropic, and scan time
=8 min 8 s. Coronal oblique T2w turbo spin echo (TE = 59 ms, TR = 6000 ms,
FA =180° FOV =200 mm x 168 mm, in-plane voxel size = 0.4 mm % 0.4 mm,
slice thickness = 2 mm, number of slices = 60, time = 6 min 50 s) and high-
angular-resolved DWI (b = 1200 mmz/ s, TE = 67.6 ms, TR = 7200 ms, voxel
size = 1.05 mm isotropic, FA = 180°, number of slices = 66, in-plane
acceleration R = 3, reversed-phase encoding in anteroposterior and
posteroanterior directions for paired acquisition in 64 directions, TA = 18 min
38 s) sequences were prescribed. Dielectric pads and localized shimming
methods were employed to reduce signal artifact at the skull base

Patients were scanned on a Siemens Terra 7T system using a Nova Medical
1Tx/32Rx head coil. Pre- and post- contrast (0.2 mL/kg gadoterate
megluminutese) T1-weighted pituitary sequences included coronal and
sagittal 2D TSE (TR = 960 ms, TE = 10 ms, voxel size = 0.2 mm X 0.2 mm x 2.0
mm), 3D SPACE (TR = 1200 ms, TE = 12 ms, variable FA, voxel size = 0.5 mm
% 0.5 mm x 0.5 mm), and 3D MPRAGE (TR = 2300 ms, TE = 2.95 ms, FA =7°,
voxel size = 0.7 mm x 0.7 mm % 0.7 mm). Not all patients were scanned with
all sequences due to changes in clinical protocol during the study period

Participants were scanned using a 7T whole-body scanner. A SC72CD
gradient coil was used (Gmax = 70 mT/m, maximum slew rate = 200 T/m/s),
with a single-channel transmit and 32-channel receive head coil. Scanning
included a T1-weighted MP2RAGE sequence with the following parameters:
TE = 3.62 ms, TR = 6000 ms, TI = 1050 ms (2™ pulse 3000 ms), FA = 5° (2"
pulse 4°), FOV = 224 mm x 168 mm, number of slices = 240, voxel size = 0.7
mm isotropic, and scan time = 8 min 8 s. Coronal oblique T2w turbo spin
echo (TE = 59 ms, TR = 6000 ms, FA = 180°, FOV =200 mm % 168 mm, in-
plane voxel size = 0.4 mm x 0.4 mm, slice thickness = 2 mm, number of slices
= 60, time = 6 min 50 s) and high-angular-resolved DWI (b = 1200 mm?/s, TE
= 67.6 ms, TR = 7200 ms, voxel size = 1.05 mm isotropic, FA = 180°, number of
slices = 66, in-plane acceleration R = 3, reversed-phase encoding in anteropos-
terior and posteroanterior directions for paired acquisition in 64 directions,
TA =18 min 38 s) sequences were prescribed. Dielectric pads and localized
shimming methods were employed to reduce signal artifact at the skull base

The Institutional Review Board-approved protocol employed a 7T whole-
body MRI scanner (Magnetom, Siemens Healthcare, Erlangen, Germany)
with a SC72CD gradient coil (Gmax = 70 mT/m, max slew rate = 200 T/m/s),
and used a single channel transmit and 32-channel receive head coil (Nova
Medical, Wilminutesgton, MA, United States). Sequences included a T1-
weighted MP2RAGE[14] sequence: TE (ms) = 3.62, TR (ms) = 6000, TI (ms) =
1050/3000, FA = 5°/4°, FOV = 224 mm % 168 mm, slices = 240, resolution =
0.7 mm isotropic, scan time = 8 min 8 s. Quantitative T1-maps were derived
from the MP2RAGE sequence. Coronal-oblique and axial T2-TSE (TE = 60 ms,
TR = 6000 ms, FA = 180°, FOV =200 mm x 168 mm, in-plane resolution 0.4
mm X 0.4 mm, slice thickness = 2 mm, slices = 60, time = 6 min 50 s)
sequences were acquired. A T1-weighted MPRAGE sequence was also
obtained (TE = 4.1 ms, TR = 3000 ms, TI = 1050 ms, FA = 7°, resolution = 0.7
mm isotropic, scan time = 7 min 40 s)

Unspecified

Unspecified

Patients were scanned on a 7T scanner (Agilent, Santa Clara, California,
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data into the clinical workflow to assist
with target selection in deep brain
stimulation (DBS) surgical planning

La et al[26] To measure hippocampal subfields in
vivo using ultra-high-field 7T MRI and
determine if these measures predict
episodic memory impairment in PD

during life

Lau et al[27] To integrate ultra-high-field template
data into the clinical workflow to assist
with target selection in DBS surgical
planning

La et al[26] To measure hippocampal subfields in
vivo using ultra-high field 7T MRI and
determine if these measures predict
episodic memory impairment in PD
during life

Oh et al[25] To investigate patterns in gray matter
changes in patients with Parkinson's
disease by using an automated
segmentation method with 7T MRI

Mathiopoulou To explore whether combining 7T T2w

et al[29] and DWI sequences allows for
selective segmenting of the motor part
of the STN and, thus, for possible
optimization of DBS

Isaacs et al[28] The study aimed to test whether
optimized 7T imaging protocols result
in less variable targeting of the STN for
DBS compared to clinically utilized 3T
images
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United States/Siemens, Erlangen, Germany) via a 24-channel transmit-receive
head coil array constructed in-house with a receiver bandwidth of 50 kHz. A
T1lw MPRAGE sequence was acquired (TR = 8.1 ms, TE = 2.8 ms, inversion
time (TT) = 650 ms, FA = 11°, matrix: 256 x 512, 230 slices, resolution = 0.59
mm X 0.43 mm X 0.75 mm). Then, a T2w turbo spin-echo 3D (TR = 3D sagittal,
matrix: 260 x 366, 266 slices, resolution = 0.6 mm?>, 4 averages) was acquired.
High- resolution in vivo templates were created by performing group-wise
linear and nonlinear registration of 12 normal subjects scanned on a human
7T imager with both T1w and T2w contrasts (available for download at http:/
/www.nitrc.org/ projects/deepbrain7t/) resulting in an unbiased group
nonlinear T1w average and T2w averages at submillimeter resolution

Participants were scanned with a 7T GE Healthcare Discovery MR950 MRI
whole-body scanner (GE Healthcare, Waukesha, WI) using a 32-channel
radiofrequency (RF) receive head coil contained within a quadrature transmit
coil (Nova Medical, Inc., Wilminutesgton, MA). Sixteen oblique coronal
images oriented perpendicular to the longitudinal axis of the hippocampus
were acquired with a T2w FSE sequence: TE = 47 ms; TR = 5-8 s (cardiac
gated); acquired voxel size was 0.22 mm x 0.22 mm x 1.5 mm with a slice gap
of 0.5 mm, interpolated by zero filling to 0.166 mm X 0.166 mm x 1.5 mm

Patients were scanned on a 7T imager (Agilent, Santa Clara, California,
United States/Siemens, Erlangen, Germany) via a 24-channel transmit-receive
head coil array constructed in-house with a receiver bandwidth of 50 kHz. A
T1w MPRAGE sequence was acquired (TR = 8.1 ms, TE = 2.8 ms, TI = 650 ms,
FA =11°, matrix = 256 x 512, 230 slices, resolution = 0.59 mm x 0.43 mm X
0.75 mm). Then, a T2w turbo spin-echo 3D (TR 3D sagittal, matrix: 260 x 366,
266 slices, resolution = 0.6 mm®, 4 averages) was acquired. High-resolution in
vivo templates were created by performing group-wise linear and nonlinear
registration of 12 normal subjects scanned on a human 7T imager with both
Tlw and T2w contrasts (available for download at http://www nitrc.org/
projects/deepbrain7t/) resulting in an unbiased group nonlinear T1w
average and T2w averages at submillimeter resolution

Participants were scanned with a 7T GE Healthcare Discovery MR950 MRI
whole-body scanner (GE Healthcare, Waukesha, WI) using a 32-channel RF
receive head coil contained within a quadrature transmit coil (Nova Medical,
Inc., Wilminutesgton, MA). Sixteen oblique coronal images oriented perpen-
dicular to the longitudinal axis of the hippocampus were acquired with a T2w
FSE sequence: TE = 47 ms; TR = 5-8 s (cardiac gated); acquired voxel size was
0.22 mm % 0.22 mm % 1.5 mm with a slice gap of 0.5 mm, interpolated by zero
filling to 0.166 mm x 0.166 mm * 1.5 mm

High-resolution T1-weighted 7T MRI volumes of 24 hemispheres were
acquired from 12 Parkinson's disease patients. Magnetic resonance images
from all subjects were acquired using a 7T MRI system (Philips Healthcare,
Cleveland, OH, United States) with a 32-channel head coil (Nova Medical,
Wilminutesgton, MA, United States). Three-dimensional anatomical brain
scans were acquired using a magnetization-prepared rapid-acquisition
gradient-echo sequence-induced T1-weighted imaging system with the
following settings: TR = 4.4 ms, TE = 2.2 ms, slice thickness = 0.5 mm, in-
plane resolution = 0.5 mm x 0.5 mm, matrix size = 432 x 432, number of axial
slices =432, and TA =5 min 57 s

7T T2w and DWI sequences were obtained, and probabilistic segmentation of
motor, associative, and limbic STN segments was performed. The MR-
sequences were acquired before surgery on a 3T Philips Ingenia scanner
(Philips Healthcare, Best, The Netherlands): (1) 3D sagittal T1-weighted,
gadolinium-enhanced (TR = 8.81 ms, TE = 4.03 ms, echo train length (ETL) =
242, FOV = 256 mm, slice thickness = 0.9 mm, scan time = 8 min); (2) 3D axial
T2w (TR = 2500 ms, TE = 230 ms, ETL = 133, FOV = 250 mm, slice thickness =
1.1 mm, scan time = 3 min); and (3) DWI (TR = 8234 ms, TE = 96 ms, b = 1200
s/mm? 32 gradient directions, phase encoding anterior-posterior, no reverse
encoding, FOV = 256 mm, slice thickness = 2.0 mm, scan time = 14 min). The
following MR sequences were acquired on a 7T Achieva system (Philips
Healthcare) using a 32 channel receive coil (Nova Medical, Wilminutesgton,
MA): (1) 3D sagittal T2w with Turbo spin echo imaging (TR = 3000 ms, TE =
324 ms, ETL =182, FOV = 250 x 250 x 190, FA = 100°, voxel size = 0.7 mm
isotropic, scan duration = 7 min); and (2) DWI (TR = 6084 ms, TE = 70 ms,
ETL =59, b = 1000 s/mmz, 32 directions, FOV = 140 x 177 x 110, voxel size =
1.4 mm x 1.4 mm in-plane, slice thickness = 1.5 mm, scan duration = 13 min)

The 7T scan was acquired with a Siemens Magnetom scanner using a 32-
channel head coil at the Scannexus Centre for Neuroimaging in Maastricht.
Whole brain T1w 3D images were obtained with an adapted version of the
multi echo MP2RAGE (magnetization-prepared rapid gradient echo multi-
echo) sequence with 0.8 mm isotropic voxel sizes and the following
parameters: 208 slices, TR = 6000 ms, TE1/2 =(2.74 ms/8.71 ms), TI1/2 =
(750 ms /29000 ms), FA 1/2 =(4°/6°), BW 1/2 =(350 Hz/Px/150 Hz/Px), ES
=13.6 ms, interleaved and single shot multi slice mode and interleaved,
sagittal orientation acquisition in the anterior-posterior direction, phase
partial Fourier 6/8, parallel acquisition with GRAPPA and acceleration factor
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Cerebrovascular
diseases

Van Tuijl et al
[34]

To gain insight into hemodynamic
imaging markers of the CoW for
unruptured intracranial aneurysm
(UIA) development by comparing
these outcomes to the corresponding
contralateral artery without an UIA
using 4D flow MRI

Wrede et al
[32]

To prospectively evaluate non-
contrast-enhanced 7T magnetic
resonance angiography (MRA) for
delineation of UIAs

Uwano et al
[3(7]

To investigate whether OEF maps
generated by magnetic resonance
quantitative susceptibility mapping
(QSM) at 7 T enabled detection of OEF
changes when compared with those
obtained with PET

To examine whether whole-brain MRA
at7 T could non-invasively detect
impaired CVR in patients with chronic
cerebral ischemia by demonstrating the
leptomeningeal collaterals

Uwano et al
[37]

Noureddine et
al[35]

To evaluate RF-induced tissue heating
around aneurysm clips during a 7T
head MR examination and determine
the decoupling distance between
multiple implanted clips

Millesi et al
[33]

To delineate the wall of intracranial
aneurysms to identify weak areas
prone to rupture

Koemans et al
[38]

To investigate whether a striped
occipital cortex and intragyral
hemorrhage, two markers recently
detected on ultra-high-field 7T MRI in
hereditary cerebral amyloid
angiopathy (CAA), also occur in
sporadic CAA (sCAA) or non-sCAA
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of 3 and TA of 10 min 56 s. Where possible, dielectric pads were placed
between the side of the participants head and the receiver coil to reduce Bl
inhomogeneity artefacts. The T2w 3D scan was acquired with a partial
volume gradient echo ASPIRE (multi-channel phase data from multi-echo
acquisitions) sequence covering the subcortex with 0.5 mm isotropic voxel
sizes and the following parameters: 90 slices, 16.7% slice oversampling, TR =
33 ms, TE 1-4 =(2.49 ms, 6.75 ms, 13.50 ms, 20.75 ms), FA =12°, BW 1-4 = (300
Hz/px, 300 Hz/px, 200 Hz/px, 100 Hz/ px), interleaved multi slice mode,
sagittal orientation acquisition in the anterior-posterior direction, slice partial
Fourier 7/8, parallel acquisition with GRAPPA and acceleration factor of 2
and TA 7 min42s

Participants underwent 7T MRI (Philips Healthcare, Best, The Netherlands)
using a volume transmit and 32-channel receive coil (Nova Medical, Houston,
United States). For this study, the Amsterdam Medical Center “PROspective
Undersampling in multiple Dimensions” software patch was used, which
enables a pseudospiral ky/kz-plane acquisition scheme designed for
incoherent undersampling with a variable sampling density. Time-resolved
3D phase-contrast velocity maps (4D flow scan) over the cardiac cycle were
acquired with the following parameters: Angulated coronal FOV 250
(feet-head) x 190 (right-left) x 20 (anterior-posterior) mm®, acquired
resolution of 0.7 mm x 0.7 mm x 0.7 mm, repetition time/TE = 6.4/2.2,
velocity encoding sensitivity 100 cm/s, FA = 15° nominal acceleration factor
7, and 12 reconstructed cardiac phases (i.e., reconstructed temporal resolution
83 ms for a heart rate of 60 bpm). Retrospective gating used a peripheral
pulse unit for heartbeat detection. Acquisition duration was 10 min

Both TOF MRA (time-of-flight magnetic resonance angiography) and non-
contrast-enhanced MPRAGE were used at 7 T. 32-channel Tx/Rx RF head
coil, maximum amplitude of 45 mT/m, slew rate of 200 mT/m/ms. Prior to
acquisition of diagnostic sequences, BO-shimming was performed using a
vendor provided gradient echo sequence and algorithm. For B1-field
mapping and local FA optimization, a vendor-provided spin-echo type
sequence was used; after a slice selective excitation, two refocusing pulses
generate a spin-echo and a stimulated echo

A 7T MRI scanner with quadrature transmission and 32-channel receive head
coils was used. Source data of QSM were obtained using a 3-dimensional
spoiled gradient recalled acquisition technique with the following scanning
parameters: TR, 30 ms; TE, 15 ms; FA, 20°; FOV, 256 mm; acquisition matrix
size, 512 x 256; slice thickness, 2 mm; number of slices, 160; reconstruction
voxel size after zero-fill interpolation, 0.5 mm?; and scan time, 3 min 25 s. The
sections were set in the orthogonal axial plane from the level of the superior
cerebellar peduncle to high convexity. Magnitude as well as real/imaginary
phase images were regenerated from this acquisition. Structural images
including T2WI and magnetic resonance angiography were also obtained

MRI examinations were performed with a 7T MRI scanner with a quadrature
transmission and 32-channel receive head coil system. Whole-brain single-
slab 3D time-of-flight MRA was performed using the following scanning
parameters: TR, 12 ms; TE, 2.8 ms; FA, 12°; FOV, 22 cm; matrix size, 512 x 384;
slice thickness, 0.5 mm (zero-fill interpolation); partition, 332; tilted optimized
non-saturated excitation; number of excitations, 1; and acquisition time, 10
min 32 s. Subsequently, axial and coronal maximum intensity projection
images were generated after skull stripping with SPM8 software. SPECT
studies were performed using two scanners and iodine 123 N-isopropyl-p-
iodoamphetaminutese (' ’I-IMP) at a resting state with the ACZ challenge, as
described previously. The voxel size was 2.0 mmx 2.0 mm x 5.0 mm in
scanner 1 and 1.72 mm % 1.72 mm X 1.72 mm in scanner 2. The cerebral blood
flow was quantified using the 'I-IMP autoradiography method.
Angiography and SPECT studies were performed within 10 d before/after
the MRI examination

Unspecified

Patients underwent ultra-high-field MRI that was performed in a whole-
body 7T MRI unit (Siemens Healthcare) with a gradient strength of 40 mT/m
using a 32-channel transmit/receive coil. The MRI sequence performed for
this study was a nonenhanced MPRAGE sequence (TR/TE 3850/3.84 ms,
isotropic voxel size 0.5 mm)

T2-weighted images were obtained. MRI markers associated with small
vessel disease were scored according to the Standards for Reporting Vascular
changes on neuroimaging criteria
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intracerebral hemorrhage (ICH)

Dammann et
al[40]

To compare cerebral cavernous
malformations -associated cerebral
venous angioarchitecture between
sporadic and familial cases using 7T
MRI

Harteveld et al
[31]

To compare 3T and 7T MRI in
visualizing both the intracranial
arterial vessel wall and vessel wall
lesions

Jolink et al[39]  To assess presence and extent of
contrast agent leakage distant from the
hematoma as a marker of BBB
disruption in patients with

spontaneous ICH

N Moon et al[42] To determine the central causal
mechanisms of TN and the
surrounding brain structure in healthy
controls (HCs) and patients with TN

using 7T MRI

Moon et al[41]  To investigate DTI parameters and the
feasibility of DTI criteria for

diagnosing TN

Traumatic head Hiitter et al
injury [43]

To evaluate the possible prognostic
benefits of 7T SWI of traumatic
cerebral microbleeds over 3T SWI to
predict the acute clinical state and
subjective impairments, including
health-related quality of life, after
closed head injury

MS Chou et al[44]  To evaluate the sensitivity of 7T
magnetization-transfer-weighted
(MTw) images in the detection of white
matter lesions compared with 3T
FLAIR

Choksi et al
[45]

The study aimed to identify white
matter tracts associated with the
severity of neurogenic lower urinary
tract dysfunction in women with MS

Beck et al[46]  The study aimed to characterize
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In all patients, SWI was performed at 7 T (Magnetom 7T; Siemens
Healthcare). Susceptibility-weighted imaging sequences were established in
previous work. The whole-body ultra-high-field MR system was equipped
with a single-channel transmitter/32-channel receiver head coil (Nova
Medical), and a gradient system capable of 45 mT/m maximum amplitude
and a slew rate of 220 mT/m/ms. The SWI parameters were as follows: TE 15
ms, TR 27 ms, FA 14°, in-plane resolution (R) 250 mm x 250 mm, slice
thickness 1.5 mm, and bandwidth 140 Hz/ pixel. The SWI data were
processed to phase, magnitude, susceptibility, and minimum intensity
projection images. In addition, anatomical T1w (TR 2500 ms, TE 1.4 ms, FA
6°, 0.7 mm isotropic), T2w (TR 6000 ms, TE 99 ms, FA 29°, ST 3 mm, R 0.5
mm?), and time-of-flight angiography (TR 20 ms, TE 4.3 ms, FA 20°, ST 0.4
mm, R 0.2 mm?) sequences were acquired

For 7T MRI, a whole-body system (Philips Healthcare, Cleveland, OH, United
States) was used with a 32-channel receive coil and volume transmit/receive
coil for transmission (Nova Medical, Wilminutesgton, MA, United States).
The imaging protocol included a 3D whole-brain T1-weighted magnetisation-
prepared inversion recovery turbo spin echo intracranial vessel wall sequence

7T MRI (Philips, Best, The Netherlands) scans were acquired with a
standardized protocol; 3D T2w TR/ equivalent TE = 3158/60 ms; voxel size
acquired: 0.70 mm x 0.70 mm x 0.70 mm , reconstructed: 0.35 x mm x 0.35
mm X 0.35 mm), 3D T1-weighted (TR/TE 4.8/2.2 ms; voxel size acquired: 1.00
mm X 1.01 mm X 1.00 mm, reconstructed: 0.66 mm x 0.66 mm x 0.50 mm),
dual echo 3D T2w (TR/first TE/ second TE 20/6.9/15.8 ms; voxel size
acquired: 0.50 mm x 0.50 mm x 0.70 mm, reconstructed: 0.39 mm % 0.39 mm %
0.35 mm), and 3D FLAIR images were acquired (TR/TE/TI 8000/300/2325
ms; voxel size acquired: 0.80 mm % 0.82 mm % 0.80 mm , reconstructed: 0.49
mm % 0.49 mm x 0.40 mm). A gadolinium-containing contrast agent was
administered in a single intravenous injection of 0.1 mL Gadovist/kg body
weight with a maximum of 10 mL Gadovist or 0.2 mL Dotarem/kg body
weight with a maximum of 30 mL Dotarem. Postgadolinium FLAIR images
were acquired at least 10 min after contrast injection

Subjects underwent MRI scans using a 7T MR system (Philips Healthcare,
Cleveland, OH, United States) with a 32-channel phased-array head coil
(Nova Medical, Wilminutesgton, MA, United States). 3D anatomical brain
scans were acquired using magnetization prepared rapid acquisition gradient
echo (MP-RAGE) sequence-induced T1w imaging with the following settings:
TR = 4.6 ms, TE = 2.3 ms, FA = 110°, slice thickness = 0.5 mm, in-plane
resolution = 0.5 mm % 0.5 mm, matrix size = 488 x 396, number of axial slices
=320, and TA =5min 53 s

Imaging scans were acquired with a whole-body 7T MR system (Philips
Healthcare, Cleveland, OH, United States) with a 16-channel receive head coil
(Nova Medical, Wilminutesgton, MA, United States) and volume transmit.
Standard scanning protocols included T1, 3D T2-VISTA, and DTI were used
to assess microstructure and pathology changes. MRI sequences were: 7T T1
anatomical images (TR = 4.6 ms, TE = 2.3 ms, FA = 110°, thickness = 0.5 mm,
voxel size 0.5 x 0.5, matrix size 488 x 396); three-dimensional T2-VISTA
images to confirm offending vessels (TR = 2031 ms, TE = 303 ms, FA = 90°,
voxel size 0.5 x 0.5, matrix size 360 x 360); and DTI (TR = 5606 ms, TE = 63
ms, FA = 90°, thickness = 1.5 mm, voxel size 1.5 x 1.8, matrix size 140 x 107,
and b = 700 s/ mm?)

The MRI examinations and their methods have been described in detail in an
earlier publication. The 7T SWI acquisition time was about 13 min. UHF MR
examinations were performed on a 7 T whole-body research system
(Magnetom 7T, Siemens Healthcare, Germany) used in combination with 32-
channel radiofrequency head coils

Participants underwent MRI in the Sir Peter Mansfield Imaging Centre using
a 7T Philips Achieva scanner (Philips Medical Systems, Best, the
Netherlands). The scanning protocols included 3D T1-weighted MP-RAGE
imaging to assist with coregistering 3T 2D-FLAIR and 7T 3D-MTw images.
Acquisition parameters at 7 T were TE = 3.2 ms; TR = 6.9 ms; T = 800 ms; FA
of the TFE readout pulse = 80°; TFE factor = 240; shot-to-shot interval = 8 s;
spatial resolution = 1.25 mm % 1.25 mm % 1.25 mm; FOV =200 mm % 200 mm
x 72.5 mm; reconstruction matrix = 160 x 160 x 58 mm?>; and TA = 2 min

7T DTI images were acquired (matrix 158 x 158, slick thickness 1.4 mm, FOV
220 cm * 220 ¢?, 64 directions, b = 1000 s/ mm?, total scan time 12 min and 14

s) on a 7T Siemens MAGNETOM Terra MRI scanner with a 32-channel single
transmit head coil (3T Siemens MAGNETOM Vida MRI scanner was used in
two subjects with contraindications for 7T scanner)

The 7T brain scans included axial 3D MP2RAGE (0.5 mm isometric, acquired
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Glioma

Psychiatric
disease

Prener et al
[48]

Yuan et al[49]

Prener et al
[55]

Weng et al[56]

Yuan et al[50]

Voormolen et
al[47]

Van den
Boom et al[51]

Morris et al

[52]

cortical lesions by 7T T2-/T1-weighted
MRI, and to determine relationship
with other MS pathology and contri-
bution to disability

To evaluate the potential clinical
implication of the use of single-voxel
magnetic resonance spectroscopy
(MRS) at 7 T to assess metabolic
information on lesions in a pilot cohort
of patients with grades II and III
gliomas

The goal of the study was to explore
the capability on preoperatively
identifying IDH status of combining a
convolutional neural network and a
novel imaging modality, ultra-high-
field 7T chemical exchange saturation
transfer (CEST) imaging

The aim of this study was to explore
the difference in gross tumor volume
of DLGGs delineated from 7T and 3T
MRI scans

The underlying prospective study
aimed to compare SLOW-EPSI to
established techniques at7 T and 3 T
for IDH-mutation status determination

The study aimed to evaluate the
diagnostic accuracy of combining
CEST imaging and MRS for predicting
glioma infiltration

To investigate intra- and extracranial
distortions in 7T MRI scans of skull-
base menigioma

To investigate whether people can
learn to dynamically control activity of
the DLPFC, a region that has been
shown to be important for working
memory function and has been
associated with various psychiatric
disorders

To use ultra-high-field 7T MT MRI to
localize the LC in humans with and
without pathological anxiety, with 0.4
mm X 0.4 mm x 0.5 mm resolution in a
feasible scan time. In addition, to apply
a computational, data-driven LC
localization and segmentation
algorithm to delineate LC for all
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four times per scan session), sagittal 3D segmented T2w echo-planar imaging
(EPL; 0.5 mm isometric, acquired in two partially overlapping volumes for full
brain coverage), and axial 2D T2w multi-echo GRE (0.5 mm isometric,
acquired in three partially overlapping volumes for near full supratentorial
brain coverage). MP2RAGE data were processed into uniform denoised
images (hereafter, Tlw MP2RAGE) and T1 maps using manufacturer-
provided software

Seven patients and seven HCs were scanned using the semi-localization by
adiabatic-selective refocusing sequence on a Philips Achieva 7T system
equipped with a two-channel volume transmit head coil with a 32-channel
receiver array. A 3D FLAIR sampled in the sagittal direction was acquired
with the following parameters: TR = 7342 ms; TE = 348 ms; TI = 2200 ms;
acquisition voxel size = 0.7 mm x 0.7 mm x 1.4 mm; FA = 75°; refocusing
acquisition voxel size = 0.7 mm % 0.7 mm x 1.4 mm; refocusing angle = 30°;
scan duration = 6 min 44 s. In this study, the scan was used for MRS voxel
placement, although it was also acquired as part of an additional structural
imaging research protocol

All patients underwent MRI scans within a week prior to surgery. CEST MRI
was performed on a 7T MRI scanner (MAGNETOM Terra; Siemens Health-
ineers, Erlangen, Germany) with a prototype-developed snapshot-CEST
sequence based on a 3D gradient spoiled GRE readout with a single-channel
transmit/32-channel receive head coil (Nova Medical, Wilminutesgton, MA,
United States). The snapshot-CEST sequence parameters were TR = 3.4 ms,
TE = 1.59 ms, FA = 6°, resolution = 1.6 mm x 1.6 mm x 5 mm, and GRAPPA
acceleration factor = 3 with amplitudes B1 = 0.6, 0.75, and 0.9 mT. Z-spectra
were sampled unevenly by 56 frequency offsets between -300 ppm and +300
ppm. The Z-spectrum data were corrected for both BO and B1 inhomogen-
eities using the WASABI method and were fit pixelwise by a five-pool
Lorentzian model (water, amide, aminutese, NOE, and MT) using the
Levenberg-Marquardt algorithm. For CEST data co-registration, high-
resolution T1 MP2RAGE (TR = 3800 ms, TI1 = 800 ms, TI2 = 2700 ms, TE =
2.29 ms, FA =7°, and resolution = 0.7 mm isotropic) and 3D T2-SPACE (TR =
4000 ms, TE = 118 ms, and resolution = 0.67 mm isotropic) were acquired at 7
T. Routine-clinical-sequence, contrast-enhanced T1-weighted images (TR =
6.49 ms, TE = 2.9ms, FA = 8°, spatial resolution = 0.833 mm x 0.833 mm x 1
mm), were acquired at 3 T on an Ingenia MRI scanner (Koninklijke Philips
N.V., Netherlands)

The 7T MR system was an actively shielded Philips Achieva 7T MR system
(Philips Healthcare, Best, The Netherlands). Scanning protocol settings for 7T
were as follows: 3D TSE-T2 (0.7 mm % 0.7 mm x 0.7 mm) (TE = 60) and 3D
FLAIR (0.7 mm x 0.7 mm % 0.7 mm) (TE = 347). Scan time for 7T was as
follows: 3D TSE-T2 was 10 min 30 s and 3DFLAIR was 7 min 30 s

The applied sequences were MEGA-SVS, MEGA-CSI, SLOW-EPSI, MRSI, 3D-
T1-MPRAGE, 3D-T2-SPACE, and TOF-angiography. Measurements were
performed on a MAGNETOM-Terra 7T MR scanner in clinical mode using a
Nova 1Tx32Rx head coil. At 7 T, MEGA-SVS: TE = 75 ms, TR = 2500 ms, VOI
=30 x 30 x 30 mm3, averages = 64, and TA = 5 min 42 s. MEGA-CSI: TE = 75
ms, TR = 2900 ms, VOI = 70 mm x 70 mm x 20 mm, FOV = 200 x 200 x 20
mm® (12 x 12 matrix), averages =1, and TA =8 min 10 s

CEST acquisitions were performed at 7 T on an MRI scanner (MAGNETOM
Terra, Siemens Healthineers, Erlangen, Germany). A prototype snapshot-
CEST (optimized single-shot GRE sequence with rectangular spiral
reordering) was applied (TR = 3.4 ms, TE = 1.59 ms, FA = 6°, bandwidth = 660
Hz/ pixel, grappa = 3, resolution = 1.6 mm x 1.6 mm * 5 mm)

The 7T scan parameters of the 3-dimensional sagittal magnetization-prepared
turbo field echo sequence are as follows: FOV 256 mm x 256 mm x 200 mm
(matrix 256 x 256 x 200), TI 1200 ms, ETL 256 mm?, readout 9 ms, TE 2.0 ms,
bandwidth 506.3 Hz/ pixel, and FA 8°. Total imaging time: 9 min and 36 s.
Prior to the acquisition at 7 T, a B0 field map was acquired

fMRI performed using a 7T Philips Achieva system, with a 32-channel
headcoil. Functional data recorded using an EPI sequence (TR/TE: 2.0 s/25
ms, FA: 70°, 39 axial slices, acquisition matrix 112 x 112, slice thickness 2.2
mm no gap, 2.19 mm in plane resolution). A T1-weighted image was acquired
for anatomy (TR/TE: 7/2.76 ms; FA: 8°; resolution 0.98 mm % 0.98 mm x 1.0
mm)

Participants were scanned using a 7T MRI scanner (Magnetom, Siemens,
Erlangen, Germany) with a 32-channel head coil at the Leon and Norma Hess
Center for Science and Medicine, ISMMS. Most subjects tolerated the MRI
environment well. On entering the scanner, several subjects reported
dizziness lasting 1-2 min, which they found tolerable. Structural T1-weighted
dual-inversion magnetization prepared gradient echo (MP2RAGE)
anatomical images were acquired first (TR = 4500 ms, TE = 3.37 ms, TI1 =
1000s and 3200 ms, FA = 4° and 5°, iPAT acceleration factor = 3, bandwidth =
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participants. The relationships between 130 Hz/pixel, 0.7 mm isotropic resolution, whole brain coverage). Second,
LC volume and trans-diagnostic MT-MRI data were acquired with a 3-D segmented GRE readout (turbo-
measures of pathological anxiety and ~ FLASH; TFL) preceded by a train of 20 MT pulses of amplitude with 190 V
attentional control were subsequently  transmit, and 7-min run time

examined in a dimensional approach

based on the RDoC initiative, reflecting

evidence that pathological anxiety is a

trans-diagnostic construct

Zoon et al[53]  The study aimed to explore the 22 PD patients that underwent STN DBS between January 2019 and February
connection between the location of 2020 were divided in an apathy and non-apathy group using the change in
active DBS contact points within STN  the Starkstein Apathy Scale after 6 mo of DBS. For both groups the location of
subdivisions and the development of ~ DBS electrodes was determined based on 7T MRI subthalamic network
apathy in Parkinson's disease patients  analysis, enabling visualization of the subdivisions and their projections

undergoing DBS relative to the active contact point. MDS-UPDRS III scores were included to
evaluate DBS effect
Alper et al[54]  The objective of this study was to Thirty-five MDD patients and 28 HCs underwent imaging using 7T MRI. A
assess volumetric differences in 32-channel Nova Medical head coil was used to acquire brain images for

hippocampal subfields between MDD  segmentation. The 90-min imaging protocol included MP2RAGE (TR 6000
patients globally and HCs as well as ms, TI1 1050 ms, TI2 3000 ms, TE 5.06 ms, voxel 0.70 mm x 0.70 mm x 0.70
between a subset of treatment-resistant mm) and T2 TSE (TR 9000 ms, TE 69 ms, voxel 0.45 mm x 0.45 mm X 2 mm)
depression patients and HCs using scans acquired at a coronal oblique oriented perpendicular to the long axis of
automatic segmentation of the hippocampus

hippocampal subfields software and

ultra-high-field MRI

Essential tremor Purrer ef al[57] The aim of the study was to analyze MRI images were acquired using a 7T scanner (Siemens Magnetom, Erlangen,
the localization of individual lesions Germany) with a 32-channel head coil. A fast MP-RAGE sequence was
with respect to the VIM and the utilized to acquire the WMn contrast with a high isotropic resolution of 0.7
cerebello-thalamic tract mm. The sequence parameters were TR/TI = 4000/670 ms, matrix = 364 mm

% 310 mm x 240 mm, parallel imaging acceleration factor = 3, and acquisition
time =10 min 24 s. In addition, a T1-weighted MP-RAGE was acquired with

the same coverage and resolution, but TR/TI = 2500/1100 ms, FA = 7°, PA =

2, TA=5min33s

TOF: Time-of-flight; CoW: Circle of Willis; CVR: Cerebrovascular reactivity; FLAIR: Fluid-attenuated inversion recovery; dMRI: Diffusion Magnetic
Resonance Imaging; OEF: Oxygen extraction fraction; ACZ: Acetazolamide; DTI: Diffusion tensor imaging; TN: Trigeminal neuralgia; MS: Multiple
sclerosis; GRE: Gradient-recalled echo; MRI: Magnetic resonance imaging.

3T MRI scans[12]. This improved detection rate may play a role in identifying suitable candidates for surgery and
facilitating the complete resection of epileptogenic lesions, potentially leading to postoperative freedom from seizures
[13]. Nevertheless, studies based on larger cohorts are needed to confirm its predictive value in preoperative evaluation.
A quantitative assessment of surgical outcomes in patients scanned at 7 T, whose lesions were undetectable at conven-
tional field strengths, further emphasizes the clinical impact of 7T imaging, elucidating the practical implications of
employing 7T MRI in improving surgical outcomes for patients with initial elusive lesions[14]. Among 16 patients
studied, 7 exhibited clear epileptogenic potential on 7T imaging, while 9 had findings of a less definite nature.
Remarkably, 15 out of 16 patients achieved Engel I, II, or III outcomes, denoting substantial improvement. Notably, those
with definite lesions on 7T imaging had a higher rate of achieving Engel I surgical outcomes (57.1%) compared to those
with less definite lesion status (33.3%). This suggests that patients initially diagnosed as MRI-negative on lower field
strength scans but with clear radiological findings on 7T, corresponding to the suspected seizure onset zone, may benefit
significantly from surgical intervention[14]. A recent study suggested that employing high-resolution diffusion MRI-
based tractography of hippocampal subfields enabled the quantification of connectivity within the subfields in MRI-
negative patients and identified abnormal connectivity patterns. This information holds promise in refining the
understanding of the seizure focus hypothesis, thereby aiding in the formulation of more informed surgical strategies
[15]. These findings indicate that distinct connectivity patterns exist among hippocampal subfields in different types of
epilepsy, holding potential significance for informing hypotheses regarding seizure focus and guiding surgical
interventions, particularly in patients with MRI-negative findings[15]. Prospective studies involving larger cohorts of
epilepsy patients, consistent scan and sequence protocols, and advancements in post-processing technology are crucial
for further exploration. Beyond technical enhancements, establishing a better correlation between imaging features and
clinical semiology, histopathology, and overall clinical outcomes is equally important for the continued refinement of
ultra-high-field MRI in epilepsy diagnosis and treatment[16].

Pituitary adenoma

When compared to standard-of-care clinical imaging at 3 T or 1.5 T, no significant difference in the visualization of
pituitary adenoma features has been observed at 7 T. However, cranial nerves III, IV, and VI, ophthalmic arteries, and
posterior communicating arteries were more effectively detected with 7T MRI than with lower field strength scans, and
this superiority extended to comparisons with both 1.5 T and 3 T[17]. Furthermore, employing a granular, voxel-based
analysis has been shown to maximize the potential of 7T imaging resolution and along with high-resolution apparent
diffusion coefficient maps in 7T diffusion-weighted imaging (DWI), it represents a sensitive measure of pituitary
adenoma consistency contributing to a more accurate characterization of their internal composition, providing valuable
information for preoperative planning and predicting surgical outcomes[18,19]. In addition, 7T DWI has been succe-
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Figure 1 PRISMA flowchart depicting selection of studies for our systematic review.

ssfully applied for probabilistic tractography of the optic tracts and radiations in patients with pituitary macroadenomas.
The correlation between imaging findings and neuro-ophthalmological results offers an objective evaluation of damage to
the anterior and posterior visual pathways, enhancing our ability to assess the impact of pituitary adenomas on visual
function[20]. Quantifying secondary neuronal damage from adenomas through diffusion characteristics seen in 7T DWI
enables preoperative characterization of visual pathway damage and facilitates prediction regarding recoverability of
vision for patients experiencing chiasmatic compression[20,21]. The initial experience with ultra-high-field 7T MRI in
patients with suspected Cushing’s disease and negative or equivocal imaging at conventional field strengths represents a
critical aspect in detecting subtle abnormalities and may offer a valuable diagnostic tool in cases where conventional
imaging falls short, contributing to improved diagnostic accuracy and patient management[22]. A recent study showed
that 7T MRI facilitated the identification of previously unnoticed focal pituitary hypoenhancement in 90% (9/10) of
patients. Remarkably, 7 out of these 9 cases corresponded histologically to corticotroph adenomas, indicating a significant
adjunctive role for ultra-high-field MRI in the non-invasive clinical assessment of suspected Cushing's disease[22]. The
use of 7T MRI proves valuable in identifying markers of endocrine function in patients with pituitary adenomas. The
corrected T2 signal intensity (SI) of the tumor emerges as a sensitive predictor of hormonal secretion, offering utility in
the diagnostic workup for pituitary adenoma. A study showed that hormone-secreting tumors exhibit higher T2-
weighted SI and tumors associated with preoperative hypopituitarism display greater stalk curvature angles[23,24].

Parkinson's disease

Recently, Oh et al[25] employed high-resolution T1-weighted 7T MRI to investigate gray matter changes in Parkinson's
disease (PD). The examination involved 12 patients and age- and sex-matched controls, with subgroup analysis based on
the presence of axial motor symptoms. Utilizing an automated segmentation method, the study revealed distinctive
patterns in cortical and subcortical volume alterations. PD patients exhibited global cortical atrophy, notably in the
prefrontal area, including the rostral middle frontal, superior frontal, inferior parietal lobule, medial orbitofrontal, and
rostral anterior cingulate regions while subcortical volume atrophy was observed in limbic/paralimbic areas such as the
fusiform, hippocampus, and amygdala[25]. A recent study delved into the in vivo measurement of hippocampal subfields
using ultra-high-field 7T MRI to understand whether these measures predict episodic memory impairment in PD. The
findings provided insights into how structural changes within the hippocampus, such as the thickness of hippocampal
CA1-SP subfield estimated by 7T MRI, could offer potential markers for early diagnosis and intervention of episodic
memory impairment[26]. In the realm of advanced PD treatment, DBS targeting the subthalamic nucleus (STN) has
proven highly effective. By assisting with target selection, 7T MRI has been shown to be capable of providing a more
detailed and accurate representation of the brain anatomy, potentially improving the precision and efficacy of DBS
procedures in PD patients[27]. Isaacs et al[28] conducted a study where three DBS-experienced neurosurgeons assessed
optimal STN DBS target sites in three repetitions of 3T-T2, 7T-T2%, 7T-R2*, and 7T quantitative susceptibility mapping
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(QSM) images for five PD patients. The analysis showed that neurosurgeons were consistent in selecting the DBS target
site across MRI field strengths, MRI contrast, and repetitions. However, when examining the coordinates in MNI space, it
was observed that the chosen electrode location appeared to be more ventral with the 3T scan compared to the 7T scans.
This suggests that while neurosurgeons maintain stability in their target selection, the higher anatomical information
provided by 7T imaging might influence the actual location of the electrode during DBS placement[28]. A recent work
outlined a workflow for integrating high-resolution in vivo ultra-high-field templates into the surgical navigation system
to aid in DBS planning. Importantly, this method does not impose any additional cost or time on the patient. Future
efforts will focus on prospectively evaluating various templates and assessing their impact on target selection[27]. A
recent study based on 25 patients delved into the potential optimization of DBS through the combination of 7T T2-
weighted and DWI sequences, enabling the selective segmentation of motor, associative, and limbic segments within the
STN[17]. While the dorsolateral STN consistently housed the highest density of motor connections, the specific
partitioning of segments varied among patients[29]. Notably, active electrode contacts within the predominantly motor-
connected segment exhibited an average hemi-body unified PD rating scale motor improvement of 80%, contrasting with
52% outside this segment (P < 0.01). The study concluded that implementing 7T T2 and DWI segmentation offers insights
into the location of the motor segment in DBS for PD[29]. Guided electrode placement based on segmentation is
anticipated to enhance motor response, yet widespread implementation would benefit from the availability of
commercial DBS software for postprocessing imaging[29]. In addition, a recent study aimed to validate the clinical
application accuracy of the 7T-machine learning (ML) method by comparing it with the identification of the STN based
on intraoperative microelectrode recordings and demonstrated that the 7T-ML method demonstrates high consistency
with microelectrode-recordings data, offering a reliable and accurate patient-specific prediction for targeting the STN[30].
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Kingdom (6), United States (35).

Cerebrovascular diseases

Comparison of 3T and 7T MRI in visualizing intracranial arterial vessel wall and vessel wall lesions has demonstrated the
potential superiority of 7T MRI in providing enhanced resolution and detailed characterization of vessel wall
abnormalities in cerebrovascular diseases[31]. Despite considerable variability in detected lesions at both field strengths,
7T MRI has the highest potential for identifying the overall burden of intracranial vessel wall lesions[31]. For example, a
prospective evaluation of the utility of non-contrast-enhanced 7T magnetic resonance (MR) angiography (MRA) for
delineating UIAs within a clinical setting showed comparability to the gold standard, digital subtraction angiography.
The combined use of 7T non-enhanced magnetization-prepared rapid gradient echo and time-of-flight MRA for
evaluating untreated UIAs emerges as a promising clinical application of ultra-high-field MRA[32]. Delineation of regions
of wall weak in intracranial aneurysms has been performed using 7T MRI to identify areas prone to rupture, providing
valuable insights into the structural characteristics of aneurysm walls and potentially contributing to risk stratification
and personalized treatment strategies[33]. In most cases, there was an observed hyperintense rim effect along the vessel
wall where there were demonstrated elevated values of mean wall shear stress (WSS) and vorticity, as analyzed by
computational fluid dynamics[33]. In a retrospective, cross-sectional study utilizing 4D flow MRI at 7 T, the hemo-
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dynamic characteristics along the circle of Willis have been investigated to gain insights into the development of UIAs
[34]. Thirty-eight patients with UIAs, primarily women with a mean age of 62 years, were assessed for hemodynamic
parameters in the parent artery of the UIA compared to the corresponding contralateral artery without a UIA. Results
indicated significant differences in blood flow, mean velocity, WSS maxima and mean values, and velocity pulsatility
index between the two arteries. Importantly, WSSmax increases linearly, while WSSmean decreases linearly with
increasing UIA size. The findings suggested distinct hemodynamic variations between vessels with and without UIAs
and highlighted the potential role of WSS in the pathology of aneurysm development[34]. The radiofrequency (RF)-
induced tissue heating around aneurysm clips during a 7T head MR examination was also evaluated and aimed to
determine the decoupling distance between multiple implanted clips to ensure the safety and feasibility of 7T MRI in
these patients[35]. In a 7T ultra-high field MRI setting, safe scanning conditions regarding RF-induced heating can be
implemented for single or decoupled aneurysm clips; however, more research is required for cases involving multiple
aneurysm clips separated by less than 35 mm to ensure safety in this specific configuration[35]. The potential of oxygen
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extraction fraction (OEF) maps generated by MR QSM at 7 T in detecting OEF changes was also investigated. The
comparison with positron emission tomography (PET) results establishes the capability of 7T MRI to non-invasively
monitor OEF alterations, offering a valuable alternative to traditional imaging modalities, ultimately helping avoid
unnecessary radiation exposure[36]. In patients with unilateral steno-occlusive internal carotid artery/middle cerebral
artery lesions, OEF ratios on 7T QSM images demonstrated a strong correlation with those on PET images, suggesting
that OEF measurement by MRI has the potential to serve as a substitute for PET[36]. A study also explored the use of
whole-brain MRA at 7 T for the non-invasive detection of impaired cerebrovascular reactivity in patients in an attempt to
assess cerebrovascular function in patients with chronic cerebral ischemia[37]. The occurrence of a striped occipital cortex
and intragyral hemorrhage, previously detected on ultra-high-field 7T MRI in hereditary cerebral amyloid angiopathy
(CAA), was recently investigated. Researchers aimed to determine whether these markers are also present in sporadic
CAA (sCAA) or non-sCAA ICH, contributing to the understanding of imaging markers in different forms of CAA[38].
While a striped occipital cortex was uncommon in superficial cortical siderosis (sCAA), approximately 12% of patients
with sCAA exhibited intragyral hemorrhages which were also found to be associated with advanced disease, and their
absence in patients with non-superficial cortical siderosis ICHs may suggest a level of specificity for CAA[38]. The
presence and extent of contrast agent leakage distant from the hematoma were found as a marker of blood-brain barrier
(BBB) disruption in patients with spontaneous ICH occurring in the previous days or weeks. The use of 7T MRI allows for
a detailed examination of BBB integrity, providing valuable information on the extent of vascular damage in the
surrounding brain tissue[39]. Next, a study compared cerebral cavernous malformations (CCMs)-associated cerebral
venous angioarchitecture between sporadic and familial cases using 7T MRI. This investigation provided insights into the
vascular alterations associated with CCMs, potentially aiding in the differentiation and characterization of familial and
sporadic cases[40]. The susceptibility-weighted imaging (SWI) results of the venous angioarchitecture of multiple CCMs
were consistent with the theory that venous anomalies are causative for the sporadic form of multiple CCMs[40].

Trigeminal neuralgia

7T MRI has been explored for investigating diffusion tensor imaging (DTI) parameters and assessing the feasibility of DTI
criteria for diagnosing trigeminal neuralgia (TN). By examining the microstructural integrity of the trigeminal nerve,
researchers aimed to identify specific DTI parameters that may serve as diagnostic indicators for TN[41]. 7T MRI was
employed to investigate the central causal mechanisms of TN and the surrounding brain structure. By comparing healthy
controls (HCs) with patients suffering from TN, researchers aimed to identify structural and functional alterations in the
trigeminal nerve and associated brain regions. The high resolution and sensitivity of 7T MRI enable a detailed
examination, shedding light on potential biomarkers and contributing to our understanding of the underlying
mechanisms of TN[42]. Results suggest that the central anterior cingulate cortex and posterior cingulate cortex, but not
the rostral anterior cingulate cortex, are associated with central pain mechanisms in TN[42].

Traumatic head injury

A study examined the potential prognostic advantages of utilizing 7T SWI for traumatic cerebral microbleeds (TMBs) in
comparison to 3T SWI. The aim was to forecast the immediate clinical condition and subjective impairments,
encompassing health-related quality of life, following a closed head injury (CHI). The number of TMBs showed a
substantial association with indicators of the acute clinical state and chronic neurobehavioral parameters after a CHI, but
there was no additional advantage of 7T MRI. These preliminary findings warrant a larger prospective study for the
future[43].

Multiple sclerosis

Fluid-attenuated inversion recovery (FLAIR) imaging at 3 T is recognized as the most sensitive method for identifying
white matter lesions in multiple sclerosis (MS). Although 7T FLAIR effectively detects cortical lesions, it has not been
fully optimized for visualizing white matter lesions, thus limiting its use in delineating lesions in quantitative MRI
studies of normal-appearing white matter in MS. As a result, a team assessed the sensitivity of 7T magnetization-transfer-
weighted (MTw) images in detecting white matter lesions in comparison to 3T FLAIR. The findings indicate that 7T MTw
sequences successfully identified the majority of white matter lesions detected by FLAIR at 3 T, thus implying that 7T
MTw imaging can serve as a robust alternative alongside 3T FLAIR. Subsequent studies should explore and compare the
roles of optimized 7T-FLAIR and 7T-MTw imaging[44]. A recent study aimed to pinpoint white matter tracts (WMTs)
associated with the severity of neurogenic lower urinary tract dysfunction (NLUTD) in women with MS[45]. The primary
cohort included 28 women with MS and NLUTD, and a validation cohort comprised 10 women with similar conditions.
Both cohorts underwent clinical assessments and functional MRI protocols, with the validation cohort additionally
undergoing a 7T fMRI scan[45]. The study identified a robust correlation between fractional anisotropy and mean
diffusivity of specific WMTs and clinical parameters related to NLUTD symptoms in women with MS, notably the right
inferior cerebellar peduncle, left posterior limb of the internal capsule, and left superior cerebellar peduncle[45]. Another
study aimed to characterize cortical lesions in MS using 7T T2/T1-weighted MRI and assess their relationship with other
MS pathology and impact on disability[46]. In 64 adults with MS (45 relapsing-remitting/19 progressive), cortical lesions
were identified in 94%, with a higher burden in progressive MS compared to relapsing-remitting MS. The distribution of
lesions across 50 cortical regions was nonuniform, with the highest lesion burden in the supplementary motor cortex and
the highest prevalence in the superior frontal gyrus. Leukocortical lesions were strongly correlated with white matter
lesions and paramagnetic rim lesions, while subpial lesions showed a moderate correlation; however, both were
correlated with spinal cord lesions. Cortical lesion volumes, including subtypes, were correlated with disability measures,
suggesting their significant role in the clinical course of MS[46].
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Glioma

Ultra-high-field MRI of the brain is an appealing option for image guidance during neurosurgery due to its superior
tissue contrast and detailed vessel visualization. However, the susceptibility of high-field MRI to distortion artifacts poses
a potential challenge to image guidance accuracy. In a study, researchers specifically examined intra- and extracranial
distortions in 7T MRI scans. Upon inspection of magnetization-prepared T1-weighted 7T MRI cranial images, no
discernible intracranial distortions were observed. However, noteworthy extracranial shifts were identified, introducing a
level of unreliability in 7T images when used for patient-to-image registration. To address this issue, researchers
recommend conducting patient-to-image registration on a standard imaging modality, such as a routine computed
tomography scan or a 3T MR image. Subsequently, the 7T MRI image can be fused with the routine image on the image
guidance machine. This proposed approach is advised until a resolution is achieved for the observed extracranial shifts in
7T MRI scans[47]. An exploratory study aimed to assess the potential clinical implications of single-voxel 7T MR
spectroscopy (MRS) in patients with grades II and III gliomas[48]. Seven patients and seven HCs were scanned, and
metabolic ratios were calculated relative to water and total creatine. The results revealed significant increases in choline/
creatine and myoinositol/creatine ratios, along with decreases in N-acetyl aspartate/creatine and glutamate/creatine
ratios when comparing tumor data to control regions[48]. The N-acetyl aspartate/ water and glutamate/water ratios also
showed significant decreases. Lactate/water and lactate/creatine ratios displayed increases, albeit not significant.
GABA /water ratio was significantly decreased, and MRS spectra confirmed the presence of 2-hydroxyglutarate in three
out of four patients studied. Overall, the study, conducted at 7 T, yielded results consistent with existing literature on
both 3T and 7T MRS in glioma research[48]. In a retrospective study of 84 glioma patients, the potential for preoperative
identification of isocitrate dehydrogenase (IDH) mutation status in glioma was explored using a combination of convolu-
tional neural network (CNN) and ultra-high-field 7T chemical exchange saturation transfer (CEST) imaging[49]. The
study demonstrated the potential of ultra-high-field CEST and CNN for improving sensitivity and specificity in
predicting IDH mutation status, surpassing radionics-based predictions in various metrics. The authors emphasized the
promising role of this approach in clinical decision-making while acknowledging the need for further improvement in
accuracy through expanded datasets and addressing B1 inhomogeneities[49]. Using high fluoro-ethyl-L-tyrosine uptake
as the standard, the combination of CEST and MRS was shown to outperform individual modalities in predicting tumor
infiltration, presenting a promising alternative for delineating glioma extent without the use of radioactive tracers. The
study's preliminary verification through multi-region biopsies supports the potential clinical relevance of the 7T CEST/
MRS combination in guiding tumor resection and irradiation[50].

Psychiatric disorders

A team explored the potential for individuals to acquire the skill of dynamically controlling the activity of the
dorsolateral prefrontal cortex (DLPFC). The DLPFC is recognized for its significance in working memory function and its
association with various psychiatric disorders. This study also sought to delve into the learnability of such dynamic
control, which may have implications for our understanding of cognitive processes and mental health conditions[51].
These findings offer an initial indication that individuals may have the capacity to learn to dynamically down-regulate
physiological activity in the DLPFC. This has potential implications for psychiatric disorders in which the DLPFC plays a
significant role[51]. Another study utilized a combination of high-resolution and quantitative MRI, employing both
supervised and unsupervised computational techniques. This approach enabled the acquisition of robust sub-millimeter
measurements of the locus coeruleus (LC) in vivo. Additionally, the study investigated the correlation of these measure-
ments with prevalent psychopathological conditions. The implications of this work extend broadly, as it holds the
potential to impact various neurological and psychiatric disorders known for their association with anticipated LC
dysfunction[52]. This study combined high-resolution and quantitative MR with a mixture of supervised and unsuper-
vised computational techniques to provide robust, sub-millimeter measurements of the LC in vivo, which were
additionally related to common psychopathology. This work has wide-reaching applications for a range of neurological
and psychiatric disorders characterized by expected LC dysfunction[52]. In a recent study, 22 PD patients who underwent
STN DBS were categorized into apathy and non-apathy groups based on changes in the Starkstein Apathy Scale score 6
mo post-DBS[53]. Using 7T MRI subthalamic network analysis, the location of active DBS contacts relative to STN
subdivisions (motor, associative, and limbic) was visualized. The analysis revealed that active contacts in apathy patients
were more often positioned within or close to the area within the STN with a high density of surrounding projections to
associative cortex areas compared to non-apathy patients (63% vs 42%, P = 0.02). Conversely, the density of surrounding
motor projections was lower in the apathy group (18%) than in the non-apathy group (38%, P = 0.01). The study suggests
an anatomical connectivity substrate for apathy in DBS, emphasizing the importance of considering the location of active
contacts within the STN in relation to its subdivisions for understanding and potentially mitigating apathy in PD patients
undergoing DBS[53]. A study aimed to explore volumetric differences in hippocampal subfields between patients with
major depressive disorder (MDD), specifically treatment-resistant depression (TRD), and HCs using automatic segmen-
tation of hippocampal subfields software with ultra-high-field 7T MRI[54]. The results revealed reduced right-hemisphere
CA2/3 subfield volume in both MDD and TRD patients compared to HCs. Moreover, negative associations were found
between subfield volumes and life-stressor checklist scores. The study highlights the potential of high-resolution MRI
data and automated segmentation techniques to identify biomarkers for MDD and TRD, providing insights into the
pathophysiology of depression and potential implications for treatment selection. However, the authors acknowledge the
need for caution in interpreting these results due to the small sample size and low power, emphasizing the importance of
further research in this area[54].
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Limitations of our analysis

It is essential to highlight the limitations of our study. Initially, it is worth noting that our examination of records might
have overlooked certain publications cataloged in alternative databases such as EMBASE, Scopus, Google Scholar, among
others. Nevertheless, PubMed is renowned for its accurate and top-tier content sourced from peer-reviewed medical
journals, underscoring its suitability for conducting systematic reviews in the medical field. Systematic reviews inherently
involve a balance between comprehensiveness and practicality, and the inclusion of an excessive number of databases can
lead to cumbersome processing times. In addition, we would like to highlight that a manual exploration of EMBASE
using identical search criteria revealed minimal oversight of studies, indicating that the decision to abstain from its
utilization incurred relatively minor drawbacks. Study selection bias could have occurred due to restriction to English
language records, and search strategy constraints such as the non-inclusion of terms such as 7 T and 7-T potentially
leading to skewed conclusions by systematically excluding certain studies. Excluding grey literature further compounds
this issue, as valuable data from unpublished sources may be overlooked, resulting in an incomplete representation of
evidence. Publication bias exacerbates these concerns, favoring the publication of studies with positive or significant
results and potentially distorting the overall evidence base. Another limitation of our study was that if an author
affiliated to the Neurosurgery Department was involved in the manuscript, the study was included even though a
neurosurgical procedure was not discussed in the article. Lastly, although we retrieved a total of 85 studies into our
database, only 49 out of those have been referenced in this review in Table 1 since their findings were relevant to a
specific pathology while the remaining have only been denoted in the figures (were used only for analysis and generation
of the data)[55-57].

CONCLUSION

The findings open avenues for further exploration and integration of 7T imaging into routine clinical practice, promising
improved patient outcomes and refined surgical interventions. However, this will be possible only if the distribution of
7T MR systems is accelerated worldwide and radiologists receive enough training regarding safety measures, feasibility,
and other challenges. The adoption of 7T MRI faces significant barriers, primarily revolving around its substantial cost
and potential side effects. With the machine alone costing approximately 6.5 million dollars, considerations extend to the
energy consumption and space requirements. Moreover, concerns regarding side effects such as vertigo further impede
its acceptance. Safety issues arise due to the stronger magnetic field, posing risks to patients with metallic implants or
devices, alongside challenges in achieving consistent image quality and contrast uniformity. Regulatory hurdles for
clinical application also loom large. To surmount these obstacles, concerted efforts are essential. Ongoing research is
crucial to address safety concerns and establish clear guidelines for safe usage. Advancements in imaging techniques and
software are necessary to enhance image quality. Collaborative endeavors among researchers, clinicians, and regulators
are pivotal for setting standards and protocols, defining gold standards for clinical use. Additionally, increasing
awareness and providing education on the manifold benefits of 7T MRI are imperative to foster its wider adoption in
clinical practice. A continuously updated list of 7T MRI facilities and their relevant locations globally can be accessed at
https:/ /www.google.com/maps/d/u/0/viewer?11=1.941826124046989 %2C0&z=2&mid=1dXG840OZIAOxjsq-
h3x2tGzWL1bNU.
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