LEADERS ON THE HORIZON

Low Versus Ultra-High Field MRI:
How to Select Your MRI Fleet

Moozhan Nikpanah, MD*?; William R. Willoughby, PhD?; Adrienne E. Campbell-Washburn, PhD?;
Thomas S. Denney Jr., PhD®; Ashkan A. Malayeri, MD?; Larry ver Hoef, MD®7; Kristin K. Porter, MD, PhD*

Abstract

Objective and hypothesis: Magnetic resonance imaging (MRi) is one of the most powerful non-invasive methods
for clinical applications as well as biomedical research. Since the mid-1980s, there has been momentum for MRI
scanners with higher field strengths to enhance contrast-to-noise ratio, signal-to-noise ratio, and spatial resolution.
This resulted in the evolution of 0.3-0.6 Tesla (T) to conventional 1-1.5T and high-field 3T scanners, and eventually,
ultra-high field scanners of 7T and beyond. The wide variety of available MR field strengths suits the demand for a
multitude of research and clinical applications.

Methods and Materials: A structured literature search was performed for the terms “low-field magnetic resonance
imaging” and “ultra-high field magnetic resonance imaging” by mapping their Medical Subject Heading (MeSH) tree
structure utilizing the Public Library of Medicine’s (PubMed) Automatic Term Mapping (ATM). Then, the PubMed
database and the Web of Science (Clarivate Analytics) Core Collection from 1980 to April 2022 were searched using
all categories. Some specific searches for relevant topics such as the new MAGNETOM FreeMax MRI system were
performed using Google, as well as some further exploration of topics around the future of MRI.

Results: Review articles, original research manuscripts, and editorial materials were reviewed. The selected manu-
scripts cited in this article represent a comprehensive review of the publications focused on low and ultra-high field
MRI and the clinical applications of these systems. Our results showed that each of these MRI systems has unique
clinical and research utilities that fit the needs of various healthcare settings or research facilities. Herein, we com-
prehensively discuss the technical features of these cutting-edge systems, their clinical uses, as well as advantages
and disadvantages.

Conclusions: Developing a successful MRI program in a healthcare setting is a complex and comprehensive pro-
cess that involves financial considerations for equipment procurement and maintenance as well as operational
considerations.
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Introduction

Magnetic resonance imaging
(MRI) is one of the most effective
noninvasive diagnostic tools in
current medical practice, and it has
played a vital role in cutting-edge
research, yielding information
regarding both structure and
function.! The early low-field MRI
images were at times not inter-
pretable, owing mainly to poor
contrast-to-noise ratio (CNR) and
signal-to-noise ratio (SNR). Since
the mid-1980s, there has been a
push for MRI scanners with higher
field strength (BO) to solve this lim-
itation by improving CNR, SNR, and
spatial resolution.? These efforts
led to the evolution from low-field
0.3-0.6 Tesla (T) scanners with
textured images to conventional
1-1.5T and high-field 3T scanners
with widespread clinical utilization
due to higher image quality and
faster acquisition time."* Applica-
tion of ultra-high field (UHF, > 7T)
MRI in recent years has provided
enhanced spatial resolution and
improved SNR with decreased
voxel size, allowing visualization of
smaller structures in detail.' How-
ever, UHF MRI has its disadvan-
tages, and recently there has been
renewed interest in contemporary
low-field MRI systems equipped
with modern hardware, advanced
image acquisition methods, and
advanced image reconstruction
methods.

Currently, a variety of MRI field
strengths are available to meet the
need for a multitude of research and
clinical utilities. Each of these MRI
systems has unique features and ca-
pabilities, as well as advantages and
disadvantages. In this manuscript,
we review the technical aspects
of state-of-the-art low, high, and
UHF MRI systems and their clinical
applications. Additionally, we share
recommendations for radiology
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departments and practices regard-
ing the selection of appropriate
technologies that meet the clinical
needs of their patient population.

Methods and Materials

A structured literature search
was performed for the terms “low-
field magnetic resonance imaging”
and “ultra-high field magnetic res-
onance imaging” by mapping their
Medical Subject Heading (MeSH)
tree structure utilizing the Public
Library of Medicine’s (PubMed)
Automatic Term Mapping (ATM).
Then, the PubMed database and the
Web of Science (Clarivate Analyt-
ics) Core Collection from 1980 to
April 2022 were searched using
all categories.

Some specific searches for
relevant topics such as the new
MAGNETOM FreeMax MRI system
were performed using Google, as
well as some further exploration
of topics around the future of MRI.
Furthermore, by manual review
of the references of these publica-
tions, additional references were
identified for consideration. After
removing the duplicates, the select-
ed manuscripts cited in this article
represent a comprehensive review
of the publications focused on
low-field and ultra-high field MRI,
the advantages and disadvantages
of these systems, as well as their
clinical applications.

Results

Studies in languages other than
English were excluded. Review
articles, original research manu-
scripts, and editorial materials were
reviewed. The selected manuscripts
cited here represent a compre-
hensive review of the publications
focused on low and ultra-high field
MRI and the clinical applications of
these systems.
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Low-Field MRI

The first MRI scanners in the
1980s were low-field, typically with
a field strength of 0.25-1.0T.* These
low-field models had poor spatial
resolution, low temporal resolu-
tion, and limited image parame-
ters and sequences.® When these
low-field MRI systems were used
in clinical settings, it was assumed,
and ultimately verified, that higher
static field strengths would improve
MRI performance.*®

The MRI signal is proportional
to the square of the magnetic field
strength, and assuming a constant
receive bandwidth, the noise is
approximately proportional to the
static magnetic field strength (BO).
Therefore, the simplest technique
to acquire a better SNR in an MRI
system is to increase B0; however,
B0 does not solely determine the
image SNR.”® Developments in MRI
technology, including SNR-efficient
data acquisitions, parallel imaging,
compressed sensing, and machine
learning-based image reconstruc-
tion methods, have made the imag-
ing methods of low-field MRI sys-
tems, which previously were rather
restricted, more robust. These
sequences are now comparable to
those of standard clinical practice
on 1.5T MRI systems.*!° For exam-
ple, the National Heart, Lung, and
Blood Institute (NHLBI, National
Institutes of Health), in collabora-
tion with Siemens Healthineers,
ramped down a whole-body 1.5T
system to a 0.55T system equipped
with high-performance software
and hardware." This innovative
technology showed significant
promise for routine imaging and
for novel applications of MRI.

Subsequently, on July 1, 2021,
Siemens Healthcare announced
that the U.S. Food and Drug Ad-
ministration (FDA) cleared a 0.55T
system (Magnetom FreeMax system
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Table 1. Comparison of advantages and disadvantages of low-field and ultra-high field MRI.

LOW-FIELD MRI

Advantages Disadvantages

= Lighter weight = Decreased SNR

= Occupying less space = Decreased CNR

= More portable = Reduced chemical shift

= Easier Shipping and installation -Challenging fat-suppressed imaging with chemical shift selective
= Patient comfort: (CHESS) pulses

e AEaErE MelEe -Reduced performance of spectrally selective fat suppression

-Opportunity of open settings in claustrophobic and -MRS is more challenging

obese patients = Less visible contrast enhancement
= Safety benefits: = Reduced susceptibility
-Lower torque and translational force associated with -SWi is challenging

ferromagnetic objects -BOLD effect reduced
-Less heating

-Lower risk for implants, endovascular devices, guidewires,
and needles

= More energy efficient

= Reduced susceptibility
-Reduced geometric distortion artifacts
-Improved imaging near air-tissue interfaces
-Improved imaging near-metal

= Shorter T1, longer T2, longer T2*

-Improved imaging efficiency (ie. shorter TR, longer
read-out imaging)

= More affordable

ULTRA-HIGH FIELD MRI

Advantages Disadvantages

= Improved SNR = Patient discomfort

= Improved CNR -Adverse physiologic effects: metallic taste, nausea,

. Increased spectral resolution of MRS dizziness, vertigo, sweating, and magnetophosphenes

-Longer duration, the requirement to lie motionless, and
acoustic noise

-More reliable quantification of metabolites
= Longer T1 and shorter T2 at higher fields
= Artifacts
-Improved chemical exchange saturation transfer imaging
-Inhomogeneities of the BO field
= Improved multinuclear MRI

-Inhomogeneities of the radiofrequency (RF) excitation
= More reliable quantitative MRI for MSK

-More probability of motion artifacts

-Geometric distortions in EPI BOLD and diffusion-weighted imaging
= Shorter T2 relaxation
= Increased specific absorption rate (SAR)

-More frequent occurrences of RF heating of tissue foci
= Signal dropout in SWI at UHF

-Negative impact on image quality in certain regions

= Frequent need for modification of imaging sequence parameters
due to SAR limits

= ECG alterations under high magnetic field systems

= Lack of commercial coil for all UHF applications

= More expensive

30 Supplement to Applied Radiology January / February 2023



by Siemens Medical Solutions Inc.,
Erlangen, Germany) for clinical ap-
plications.*? This high-performance
system combines a 0.55T field
strength with sophisticated image
processing and deep learning
technologies. ViewRay also offers a
0.35T whole-body MRI-linac system
with high-performance hardware.'

Researchers have developed
several dedicated low-field MRI
systems and demonstrated sig-
nificant advantages for portable
and point-of-care imaging.1+
Hyperfine Research’s Swoop System
(Guilford, CT) has created a first-of-
its-kind portable low-field (0.064T)
MRI scanner, which received 510(k)
clearance from the FDA in Febru-
ary 2020 and addresses another
critical niche for low-field MRI:
patient-side imaging.'” Other appli-
cation-specific MRI systems include
Synaptive’s Evry 0.5T head-only
MRI system, Promaxo’s 0.066T pros-
tate MRI system, and Esaote’s MSK
MRI systems.!5-2

Given these considerations, what
are currently considered novel
low-field MRI scanners have grown
in popularity, particularly in areas
where higher static field MRI sys-
tems are difficult to install or when
concerns exist regarding the cost,
especially for maintenance.”

Advantages and Disadvantages
of Low-Field MRI

Diagnostic imaging is a signif-
icant cost driver in patient care
globally.® Therefore, lower costs and
simplified installation, operation,
and maintenance are required for
increased worldwide access.” Hos-
pitals also face significant logistical
challenges when it comes to site
selection.? Generally, low-field MRI
systems are more lightweight, occu-
py less space compared to high-field
systems, require less shielding, and
are more portable.>* This greatly
simplifies and lowers the cost and
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difficulties associated with shipping,
installation, and finding an optimal
site.” There are also patient accep-
tance benefits: their larger bore di-
ameter allows for a less anxiety-pro-
voking experience for patients with
claustrophobia and easier position-
ing for obese patients.?*

Imaging in the presence of
susceptibility-induced magnet-
ic field inhomogeneities is far
superior in low-field; the source
of susceptibility can be the lung,
bowel, cranial sinuses, or metallic
implants. This may afford new
clinical opportunities to apply MRI
and may improve imaging for the
increasing number of patients with
implanted devices.!?

Low-field MRI also provides ad-
ditional safety benefits. The torque
and translational force associated
with ferromagnetic objects are low-
er.” Heating is also less of a concern
due to the lower specific absorption
rate (SAR). The lower magnetic
field has the effect of lowering the
implant risk profile.? These consid-
erations apply to MRI-guided inter-
ventions, as well as the associated
endovascular devices, guidewires,
and needles.” This could expand
MRI imaging to include cardiovascu-
lar interventional procedures, with
promising preliminary findings.”’
Some low-field MRI systems still
use electromagnets or permanent
magnets.” For these, simple water
cooling might be sufficient, elimi-
nating the need for complicated and
costly cryogenic cooling systems
used in high-field MRI systems.?
These advantages highlight how
low-field MRI systems may be more
energy-efficient and align with envi-
ronmental sustainability, a topic that
has recently been a major focus in
the radiology community.*

On the negative side, low SNR
is the most noteworthy limitation
of low-field MRI, as previously
described. Low SNR can result

LEADERS ON THE HORIZON

in reduced image quality, lower
resolution, and increased scan
time. Although image acquisition,
reconstruction, and processing
strategies can compensate for the
reduced SNR, these are not con-
sistently available. Additionally, in
low-field MRI systems (up to 0.3T),
the application of fat-suppressed
imaging with chemical shift selec-
tive (CHESS) radio frequency (RF)
pulses is challenging.*®®! This is due
to the decreased chemical shift of
water and fat spectra at lower field
strengths, which makes the appli-
cation of fat suppression pulses
more difficult. Exacerbating this,
the water spectral width expands
in an inversely proportional ratio
to T2* and the water signal can be
inadvertently readily suppressed
even with minor inhomogeneities
in the magnetic field.*

Magnetic susceptibility is propor-
tional to field strength, and while
this is advantageous for reduced
artifacts in many sequences, it
is a challenge for others.” As a
result, 3T is widely accepted as the
preferred field strength for some
clinically significant MRI studies,
including time of flight (TOF) MRI
angiography (MRA) and suscepti-
bility-weighted imaging.* However,
more recently, TOF MRA and sus-
ceptibility-weighted imaging have
been acquired with image qual-
ity comparable to the 3T studies
using the high-performance 0.55T
low-field systems.? Also, while
still evolving, the current opinion
is that the acquisition time on the
0.55T low-field systems can also
be kept constant compared to 1.5T
systems by leveraging SNR-efficient
acquisitions and utilizing advanced
reconstruction techniques.

Diffusion-weighted imaging
(DWI) provides qualitative and
quantitative information regarding
tissue cellularity. The b-value is
directly related to water diffusion
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Figure 1. Axial multisection imaging using T2 fBLADE MRI (1.1 x 1.1 x 6 mm?) in a patient following recovery from COVID-19 infection.

32

effects and reflects the strength and
timing of the gradients used to gen-
erate diffusion-weighted images.
High-performance gradient sys-
tems with high maximum gradient
amplitudes and slow rates result

in increased spatial resolution and
faster acquisitions; however, at
higher field strengths, susceptibility
and T2* effects are greater. At lower
field strengths, imaging parameters
for DWI may be manipulated such
that it is possible to acquire similar
high-quality images (eg, time to
echo and readout bandwidth).

Clinical Applications
of Low-field MRI

Low-field MRI has applica-
tions across body systems such
as musculoskeletal (MSK), lung,
cardiovascular, and abdomen. As
initially investigated at the NIH,
comprehensive lung imaging
using high-performance low-field
MRI provides novel imaging data
to complement existing standard
assessments such as spirometry, ex-
ercise testing, and CT. For instance,
MRI measures of regional venti-
lation-perfusion (VQ) mismatch
would be preferable over nuclear
imaging approaches, which have
limited resolution and are frequent-
ly unavailable.*? Oxygen-enhanced
MRI has shown particular promise
in low-field, where the T1 relaxivity
of oxygen is higher.**
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Compared to the current clinical
workflow, in which patients are
imaged multiple times with CT
imaging, MRI tissue characteriza-
tion provides higher specificity and
lower radiation exposure on serial
lung imaging.®? Recent studies have
demonstrated high-quality structur-
al lung imaging and similar pulmo-
nary findings on high-performance
MRI images and CT studies in sever-
al patients, including patients with
COVID-19, suggesting the potential
for repetitive lung assessments in
these patients.*>* Since MRI does
not emit ionizing radiation, the abil-
ity to acquire MRI images with high
quality is important in the pediatric
population and may have clinical
applications for younger patients
with chronic pulmonary diseases,
such as cystic fibrosis.* Low-field
MRI offers a specific advantage for
lung imaging due to the reduced
susceptibility of the air in the lung
parenchyma (Figure 1).

New low-field MRI has been
applied to cardiovascular imaging
and provides accurate and consis-
tent clinical measurements for cine
and late gadolinium enhancement
imaging (Figure 2).*% Additionally,
low-field MRI offers advantages
for MRI-guided cardiovascular
catheterization and interventional
research.*>* Heating of implanted
materials may also be reduced
in low-field MRI as compared to

high-field given the lower SAR;
although, questions regarding the
impact of implant length, shape,
orientation, insulation, and position
with respect to the transmit coil

at low-field remain incompletely
explored to date. 2

Low-field imaging may be a pref-
erable MRI technique for joint imag-
ing,* particularly when considering
the reduced artifacts around im-
plants. A study by Reil, et al, showed
that the 0.2T MRI method has low
sensitivity but high specificity for
articular cartilage lesions.* Field
strengths <100mT have demonstrated
even more improvement in metallic
artifacts.* Low-field MRI has also
been applied for diagnostic abdom-
inal MRI and for quantification of
iron overload (Figure 3).%%

One important factor in utilizing
imaging modalities in clinical set-
tings is their accessibility. Hyperfine
Research’s Swoop portable system
makes MRI available and accessi-
ble.”” This novel system has bene-
ficial utility in time-sensitive and
point-of-care settings such as inten-
sive care units, emergency rooms,
and mobile stroke units.*” Portable
MRI has the potential for neuroim-
aging of brain injuries, intracranial
hemorrhage, hydrocephalus, and
midline shift in high-risk clinical
settings.*®* Portable MRI systems
may significantly expand the role of
MRI in a variety of settings.
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Figure 2. Examples of image
quality of 0.55T in (A) short axis,
(B) 4-chamber, (C) 2-chamber,
and (D) 3-chamber slices.
Images (E), (F), and (G) show
late gadolinium enhancement in
short axis (E, F), and 3-chamber
images (G) from a patient with
myocardial infarction.

Ultra-high Field MRI

While the majority of MRI exam-
inations are currently performed
at static magnetic fields of 1.5 and
3T, systems with higher fields up to
10.5T have been used for research
purposes, particularly in neuro-
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science, since the late 1990s.°°-%2 In
1998, the first human MRI study
using UHF (MRI scanners with field
strength of > 7T) was performed

at Ohio State University on an 8T
scanner.” The results were remark-
able, leading to the installation of
several UHF research scanners
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across the world. Moreover, after the
FDA declaration in 2014 classified
MRI up to 8T as a negligible risk, in
2017, the first 7T system with FDA
510(k) clearance hit the market
(Magnetom Terra system by Siemens

Medical Solutions Inc., Erlangen,
Germany) for clinical use, confined
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Figure 3. Examples of image quality of 0.55T in abdominal imaging (A) T2 Trufi, (B) T1 VIBE Dixon In Phase, (C) T1 VIBE Dixon Out Phase, (D) DWI
b=400, and (E) T2fBLADE in a healthy volunteer
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to examination of the head, and

upper and lower extremities (neuro
and MSK).>»%

As of 2018, sixty-two 7T human
scanners were installed world-
wide, and eight more 7T scanners
were on order. Five 9.4T human
scanners had been installed in
Minnesota, Chicago, Tiibingen,
Jiilich, and Maastricht. Moreover,
several human scanners >10T had
been installed or were in develop-
ment, which included whole-body
10.5T (Minnesota), head-only 11.7T
(Bethesda), whole-body 11.7 T (Par-
is), and 14T (Heidelberg).%->

Advantages and Disadvantages of
UHF MRI scanners

Improved SNR is the most com-
monly cited reason for justifying
the expenditure and effort of ob-
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taining higher magnetic field scan-
ners. Many MRI applications can
benefit from the increase in SNR
associated with higher magnetic
fields through better spatial resolu-
tion or, in the case of dynamic pro-
cesses, higher temporal resolution.?
Higher SNR at UHF MRI also allows
for higher resolution and/or high
b-value acquisition on DWI.* SNR
is not always the most important
measure to assess the potential of
MRI to identify lesions of interest;
CNR is a more precise parameter
for this purpose.?

A wide range of imaging features
are affected by field strength, and
many MRI applications benefit
from the resultant increase in both
SNR and CNR. Enhanced contrast
in susceptibility-weighted imag-
ing (SWI) at higher fields is due to

increased phase shifts at higher
Larmor frequencies, and stronger
blood oxygen level-dependent
(BOLD) contrast on functional MRI
(fMRI) is due to greater suscepti-
bility (T2*) effects at higher field
strengths.*® Improved CNR also
leads to improved magnetic reso-
nance spectroscopy (MRS) SNR and
enhanced separation of MRS peaks/
spectral resolution.®* Moreover, T1
is longer and T2 is shorter at higher
fields, resulting in improved chem-
ical exchange saturation transfer
(CEST) imaging.®> ¢

Structural MRI is based on the
'H MR signal from water molecules
(H,0). Proton MRS ("H MRS) plays a
complementary role to convention-
al MRI by delivering a plethora of
biochemical and metabolic data.®*
Multi-nuclear MRI captures MR sig-
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nal from nuclei other than hydrogen
such as sodium-23 (*Na), phospho-
rus-31 (**P), fluorine-19 (*F), and
carbon-13 (**C). Because these nuclei
are involved in many biological pro-
cesses, they provide metabolic and
functional information beyond that
provided by hydrogen alone. Because
these nuclei occur at a relatively

low concentration, the increased
signal available from UHF MRI
systems has improved the ability to
image using these physiologically
relevant nuclei.®®

Some of the challenges of UFH
include inhomogeneities of the BO
field, inhomogeneities of the ra-
diofrequency (RF) excitation, short-
er T2 relaxation, and increased
SAR.% Technical developments such
as improved coil designs, higher-or-
der B0 shimming, radiofrequency
pulse shaping (B1 shimming), and
parallel transmission techniques
can address some of these chal-
lenges (2), but others like shorter
T2 and increased SAR are physical
limitations that cannot be solved
through engineering.

Moreover, even though UHF
provides images with higher
resolution and enhanced differ-
entiation of tissue types, motion
artifacts are more likely to appear
on high-resolution MRI.*” A variety
of prospective and retroactive
motion correction approaches have
been applied to address this con-
cern.®®® The increased occurrence
of signal dropout in SWI at UHF,
which is advantageous for cer-
tain clinical applications like the
detection of microbleeds and other
small lesions, negatively impacts
image quality in certain regions of
interest near air-tissue interfaces.?
Geometric distortions in EPI BOLD
and diffusion-weighted imaging
are also increased at UHF, which
can offset gains in spatial or tem-
poral resolution without special
post-processing steps.”"
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Physiologically, at UHF there are
more frequent occurrences of RF
heating of tissue foci. Therefore, to
stay compliant with regulatory stan-
dards, imaging sequence parame-
ters must frequently be modified,
such as repetition time lengthening
or lowering the number of captured
slices, which makes clinical utiliza-
tion of UHF extremely challenging.?
The physiologic effects of higher
magnetic fields are time-dependent
and can be classified as transient or
permanent. Transient effects vanish
either promptly or in a reasonably
short amount of time post-exposure
and affect the daily function of
body systems, whereas permanent
consequences cause prolonged
health concerns.

Some of the transient physiologic
effects of UHF MRI systems include
metallic taste, nausea, dizziness,
vertigo, sweating, and magnetopho-
sphenes.>”? With the development
of UHF systems, concerns exist that
uncomfortable transient symptoms
might impact patients’ desire to
undergo imaging studies. There-
fore, several studies comprehen-
sively investigated these outcomes
on 7T and 9T systems and reported
that even though these effects were
higher in high magnetic fields
compared to lower fields, they had
no major impact on the technique’s
acceptability.”>” However, the most
observed causes of discomfort in
patients were study duration, the
requirement to lie motionless, and
acoustic noise, which were irrele-
vant to magnetic field strength.”

Another important effect is
electrocardiogram (ECG) alter-
ations under high magnetic field
systems, marked by high T-waves.”
Such ECG variations can make it
challenging to interpret UHF imag-
ing sequences that rely on cardiac
triggering or gating. There has also
been debate in the literature re-
garding whether UHF systems may
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impact blood pressure as a result
of the extra effort to circulate blood
through the high magnetic field.
Initial modeling studies suggested
this would pose a possible obstacle
to 10T or higher MRI examinations;
however, subsequent studies on hu-
mans and animals assessing blood
pressure variations when exposed
to high magnetic fields indicated no
meaningful consequences at fields
as high as 9.4T or 10.5T.>"

Multiple investigational studies
have also focused on temporary
cognitive consequences, with some
studies concluding no correlation
while others reporting a posi-
tive correlation.”®-*! Even though
occupational exposure to mag-
netic fields is often far lower than
the high field at the isocenter of
the magnet, employees who are
involved in maintaining or cleaning
the interior of the machine may be
subjected to high fields. Studies are
ongoing regarding these effects and
approaches to minimize potential
negative outcomes.

Long-term or permanent effects
of high magnetic fields are mainly
assessed by evaluating DNA dam-
age. According to the International
Commission on Non-Ionizing
Radiation Protection (ICNIRP)
and most recent scientific reports
and reviews, the possible effects
of MRI on DNA are far lower than
ionizing radiation outcomes.®>%
Few investigations have studied the
effect of MRI on DNA, with con-
troversial findings.*** In-vivo and
in-vitro investigations on strength
fields as high as 7T and large study
populations found no substantial
DNA alterations.?*35 MRI has
been widely used to evaluate many
patients, with an outstanding
record for safety, even at 7T. Studies
with larger patient populations
are warranted to evaluate the safe
utilization of even higher magnetic
field strengths.
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Figure 4. Side-by-side comparison of (A) 3T (2.0x2.0x2.0 mm&,TR: 3000ms) and (B) 7T (0.85x0.85x1.5 mm?, TR: 3000ms) EPI BOLD in a healthy volunteer.
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Figure 5. Side-by-side comparison of (A)
3T (1.0x1.0x1.0 mms3,TA: 4:17) and (B) 7T
(0.7x0.7x0.7 mm?3,TA: 6:35) MPRAGE in a
healthy volunteer.

In addition, UHF scanners have magnetic field contributes signifi- Clinical Applications of UHF MRI
much higher initial and opera- cantly to the scanners’ operational There is growing data on the
tional expenses than non-UHF costs by increasing shielding and potential of UHF MRI in improving
scanners. Low manufacturing vol- site preparation expenditures.® diagnoses and clinical management
umes, as well as the expenditures Moreover, due to the current lack of several pathologies. In neurora-
involved in creating a strong mag- of efficient body coils for UHF diology, UHF MRT’s higher resolu-
netic field, such as magnets and scanners, transmit/receive coils tion has been shown to enhance
conductors, greatly increase the must be utilized, which further the representation of detailed and
cost of these scanners. The higher increases the overall cost.® complex anatomical structures,
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Figure 6. Side-by-side comparison of (A) 3T (1.0x1.0x1.0 mm?TA: 4:17) and (B) 7T (0.7x0.7x0.7 mm?3TA: 6:35) MPRAGE in a healthy volunteer.

such as cranial nerves and struc-
tures of the brain stem (Figures 4,
5, 6).°%1 UHF MRI enables better
detection of arteriovenous mal-
formations (AVMSs) and cerebral
microaneurysms with diameters

of 1 mm or smaller.*>*® In individ-
uals with stroke, small infarctions
not identified on 1.5T MRI were
detected on 8T MRI images utilizing
weighted gradient echo (GRE) and
rapid acquisition with relaxation
enhancement.* For patients with
multiple sclerosis, recent studies
have shown increased diagnostic
confidence using UHF MRI com-
pared to 1.5T or 3T (Figures 7 and
8). 7T MRI has also shown utility
in neurodegenerative diseases such
as Alzheimer’s disease by providing
an accurate volumetric evaluation
of hippocampal subfields and the
entorhinal cortex.’* Moreover, UHF
MRI at 7T could be used to better
visualize the substantia nigra and
its inner structure in patients with
Parkinson’s disease.”” In epileptic
patients, UHF MRI systems enable
better visualization of epileptic foci
by improving SNR and CNR.*** The
higher spatial resolution of 7T scan-
ners provides the opportunity to
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better detect and distinguish brain
tumors from surrounding tissues.!®
In addition to neuroradiology
applications, 7T scanners have been
approved for a number of muscu-
loskeletal indications. Trabecular
bone microarchitecture has been
evaluated by using GRE-based pulse
sequences and high-resolution
spin-echo applied to 7T, leading to
enhanced visualization of tissues.!”
When the diagnostic performance
of 7T was compared to that of 3T in
the diagnosis of joint diseases in in-
dividuals with knee pain, 7T not only
showed considerable improvements
in SNR but also enhanced overall
diagnostic confidence, particularly
for the evaluation of small joint
structures.®® T2 and T2* mapping
at 7T have demonstrated a positive
correlation with water content on
the evaluation of cartilage collagen
matrix integrity.'®® Moreover, T1p
imaging at 7T MR, which is utilized in
the evaluation of proteoglycan con-
tent in cartilage, has led to improved
sensitivity with the same resolution
compared to 3T MRI scanners.'* The
feasibility of spine MRI at UHF has
been described in prior studies, and
recent advances in innovative coil

technology enhance 7T spine MR by
increasing SNR.105106

In comparison to neuroimaging
and MSK applications, a limited
number of studies have focused
on the application of UHF MRI in
abdominal and thoracic imag-
ing. Ladder et al. reported that
the improved SNR and CNR at 7T
seen in a variety of abdominal
organs allowed the identification
of minor pathologies that would
otherwise be undetected at lower
field strengths.'?” The feasibility of
good-quality images of the kidneys
has been shown at 7T, especially T1
GRE MRI.'® Umutluy, et al, demon-
strated that contrast-enhanced
MRI cholangiopancreatography
(MRCP) is feasible at UHF. The
authors reported equivalent results
compared to 3T MRCP.'* In pros-
tate MRI, T2 and DWI (+ dynamic
contrast-enhanced) are the most
frequently used sequences. By
applying high-resolution T2 TSE MR
at 7T, cancerous lesions in both the
transition zone and the peripheral
zone could be distinguished.™* 7T
has also shown feasibility in the
assessment of breast cancer lesions
and in cardiac MRI."-113
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Figure 7. A patient with relapsing-remitting multiple sclerosis. (A) Fluid-attenuated turbo inversion recovery magnitude (TIRM), (B) T2, (C) T2*.

Figure 8. A patient with relapsing-remitting multiple sclerosis. (A) Axial and (B) sagittal fluid-attenuated turbo inversion recovery

magnitude (TIRM), 0.7x0.7 mm?, 1.9 mm slice thickness.
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Discussion

Developing a successful MRI
service in a healthcare setting is
a complicated and multifaceted
process that includes financial
considerations for equipment pur-
chases, maintenance, and upgrade
contracts, as well as operational
considerations for safety, quality as-
surance, and workflow. Additionally,
an MRI technologist with expertise
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in image acquisition and operating
logistics specific to the scanner is
also required. Therefore, it is crucial
to comprehend the opportunities
and challenges of each scanner,

and the selection of an MRI scanner
should consider all of these factors.

Academic Institutions and
Research Facilities

Increased SNR and CNR, high spa-
tial resolution, and improved image

quality of UHF systems provide the
opportunity for better visualization
of detailed and complex pathologies.
This feature makes UHF MRI ideal
for understanding the pathophysi-
ology and investigating the natural
history of various disease processes.
On the other hand, low-field
MRI systems have great potential
for research, particularly related to
new applications of these systems
and clinical validation of emerging
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sequences and techniques. Capa-
bilities unique to low-field settings,
such as their mobility, increase
access and make imaging investiga-
tions possible in previously uninves-
tigated situations, such as the ICU.

Community-based Inpatient
Facilities and Hospitals

Mainstream imaging studies are
performed on 1.5-3T scanners, as
these are the most standardized in
terms of acquisition protocols and
radiology technologists’ familiarity.
Moreover, radiologists are more
accustomed to interpreting the im-
ages acquired by these scanners.

Low-field scanners can help with
intraoperative imaging in commu-
nity-based inpatient hospitals. The
intraoperative application of these
scanners in such settings facilitates
multidisciplinary communication
and provides the opportunity for
better patient care in situations
requiring urgent and emergent
clinical decision-making. Addi-
tionally, the portability feature can
alleviate many logistical challenges
for patient transport in and out of
specific hospital wards. The low
cost of low-field scanners might be
especially beneficial for inpatient
facilities looking to grow their MRI
fleet. Many of the routine exams
conducted in radiology today do not
benefit from the features afforded
by higher fields such as 3T. These
exams might be offloaded to a less
expensive low-field system, freeing
up higher field strength scanners for
applications that benefit from them.

The presence of UHF scanners
in the MRI service of a communi-
ty-based inpatient facility could
potentially improve patient care in
clinical scenarios that require high-
er resolution imaging for enhanced
interpretation, accurate diagnosis,
and therefore optimal management.
However, the relatively limited
benefits in this setting need to be
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balanced with the operational chal-
lenges and the cost associated with
the maintenance of these scanners.

Private Practice Radiology Settings

Low-field MRI systems are well
suited for private practice settings
due to their low cost and ease of
maintenance. As the cost of an
MRI scanner is directly associated
with the magnet strength, low-
field scanners have lower initial
purchase costs. Moreover, owing to
decreased energy consumption and
safety considerations, these sys-
tems require less maintenance cost.

Low-field MRI systems may also
broaden the potential patient popu-
lation for radiology private practice
settings; for example, claustropho-
bic patients and individuals who
have difficulty staying in closed MRI
systems due to their body habitus
may prefer radiology practices
that offer more open configuration
MRI imaging options. Addition-
ally, the reduced noise associated
with low-field systems may result
in less anxiety and an improved
imaging experience, enhancing
value-based care.

Conclusion

Selecting an MRI scanner for a
private practice setting, tertiary
care institution, or research center
is a nuanced task. In order to make
an informed decision, it is critical
to evaluate the imaging scenarios
for which the scanner is intended
and in which it excels, as well as
a comprehensive understanding
of the strengths and limitations of
various magnetic fields.
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