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NHLBI 0.55T ramped-down MRI system

New generations of lower field MRI system, equipped with
modern hardware and contemporary imaging capabilities,
have garnered interest within the MRI community in recent
years [1]. Research has focused on improving MRI accessi-
bility in low-resource settings, engineering new hardware
solutions, making MRI more portable, and developing new
clinical applications [2-6].

The National Heart, Lung, and Blood Institute
(NHLBI, National Institutes of Health) have developed high-
performance lower field MRI technology, with particular
interest in cardiac imaging, pulmonary imaging, and
MRI-guided catheterization procedures [7]. We were
motivated to improve catheter device safety, and aimed
to leverage modern imaging methods to retain image
quality and imaging speed at the lower magnetic field
strength. We collaborated with Siemens Healthineers to
ramp down the 1.5T MAGNETOM Aera system located in
the NHLBI catheterization laboratory from 1.5T to 0.55T.
Here, we will describe our ongoing work on this system.

bSSFP at 0.55T with partial saturation magn_htlzatian preparation

Cardiac catheterization device heating

Despite years of development, clinical adoption of
MRI-guided cardiovascular catheterization procedures
remains limited [8]. Cardiac catheterization procedures
can be diagnostic, for example diagnostic pressure
measurements or endomyocardial biopsy, or they
can be therapeutic, for example myocardial ablation
procedures. Typically, these procedures are performed
under fluoroscopic or electroanatomic guidance; whereas
MRI offers the advantage of improved tissue contrast
and the accurate assessment of cardiac function and
physiology during a procedure.

MRI-guided procedures rely on real-time imaging
for navigation of devices within the vasculature and cham-
bers of the heart. Conventionally, we use a multiplanar
Cartesian bSSFP acquisition, with interactive adjustment
of image contrast, slice planes, acceleration rate, and other
imaging parameters. In addition, rapid acquisition and
low latency reconstruction of standard image contrasts
are used to provide diagnostic data to operators during
the procedure.
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n (1A) Real time bSSFP imaging with partial saturation magnetization preparation pulse used to navigate gadolinium filled balloon (red arrow)
to cardiac chambers. Multiplanar imaging (three planes) is used to visualize the balloon in the main pulmonary artery. (1B) Temperature
measured at the tip of a fully insulated guidewire (Glidewire, 180 cm x 0.035", Terumo) during real-time bSSFP imaging (TR = 2.5 ms,
flip angle = 60°). Measurements are made in an ASTM2182-compliant gel phantom to generate “worst case scenario” heating [16].
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Catheterization procedures rely on long metallic devices
that have been carefully engineered to impart mechanical
properties suitable for navigation in complex anatomy
and tortuous vasculature, and with imaging properties
optimized for fluoroscopy. The catheter designs are
uniquely ill-suited for application in MRI due to poor
visualization and RF-induced heating risking thermal
injury. Nevertheless, NHLBI and other investigators have
performed diagnostic catheterization procedures using
polymer catheters in several hundred patients, with MRI
offering invaluable diagnostic data [9-12].

To reduce concerns of RF-induced heating of
devices, non-metallic devices have been proposed [13].
Unfortunately, most non-metallic alternatives have proven
to be mechanically inadequate. Segmented metallic
designs have also been developed to maintain mechanical
properties while eliminating RF-induced heating to good
effect [14]. A handful of manufacturers are developing
MRI-specific devices. Still, the limited availability of
MRI-safe devices remains unappealing to interventional
cardiologists, who are accustomed to having numerous
device options to address the idiosyncrasies of a given
procedure in an individual patient.

Balancing tolerable device heating against reduced
image quality, we settled on approximately 0.5T as a field
strength for this application. RF power is proportional to
B,’, meaning that for identical scan parameters, device
heating is reduced by 7.5-fold at 0.55T compared with
1.5T. In addition, the standing waves that generate heating
on long conductive devices have a 2.7-fold longer wave-
length at 0.55T than 1.5T.

At 0.55T, we use commercially available metallic
guidewires and catheters for MRI-guided diagnostic
catheterization in patients, paired with standard real-time
bSSFP imaging. Importantly, not all devices are inherently
safe at 0.55T, and diligent safety testing is still critical.
Specifically, shorter devices and devices without insulation
discontinuities tend to be safer [15]. Figure 1 provides
example real-time imaging during device navigation and
measurements of device heating in a standard guidewire
at 0.55T and 1.5T.

A more common concern during routine clinical
imaging is heating of electrical leads in devices such
as pacemakers, defibrillators, deep brain stimulators,
and other active implants. RF-induced heating of these
devices may also be reduced at lower field strength,
but heating depends strongly on lead length, insulation,
other properties, and additional safety testing is required
to assess heating in these active implant devices.
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Imaging methods for 0.55T

We sought to maintain image quality at 0.55T, even
though conventional wisdom suggests SNR and associated
imaging speed would be less favorable. Contemporary MRI
technology is well equipped for this challenge. Clinical MRI
systems use modern superconductive magnet design with
excellent B, field homogeneity; high-performance and
high-fidelity gradient subsystems; phased array coils and
modern receive-chain architecture. On the other hand,
both older low field MRI systems and current open-bore
low field systems tend to use suboptimal magnet and
gradient designs, and therefore do not benefit from

these more recent hardware implementations [1].
Moreover, modern imaging methods, such as non-
Cartesian data sampling, constrained reconstructions,

and artificial intelligence can offer boosts in image quality
that have not been applied to most low field MRI systems.

To improve image SNR, we have focused on SNR-
efficient spiral and echo-planar imaging (EPI), which are
amenable to lower field, as well as compressed sensing
image reconstructions. Spiral and EPI imaging rely on By
field homogeneity and long T2 or T2* for distortion-free
imaging with high SNR without increased scan time.
Figure 2 provides simulations of relative SNR for T1-
weighted spin echo, T2-weighted turbo spin echo, and
spoiled gradient echo (without blood inflow) contrasts.
These simulations assume that the sampling efficiency
(ratio of data sampling time to imaging time) can increase
linearly with decreasing field strength. Polarization alone
predicts SNR at 0.55T is 37% of 1.5T, however both relative
signal intensity and contrast are increased by using SNR-
efficient readouts and optimized sequence parameters.

Using our high-performance 0.55T MRI system, we
implemented spiral bSSFP for cardiac imaging with a long
readout (6.5 ms) and long TR (8 ms) that would not be
possible at higher field strength where B, inhomogeneities
cause banding artifacts [18]. For identical scan time and
spatiotemporal resolution, we were able to achieve
69+14% of the SNR measured at 1.5T, instead of 37%
predicted by polarization alone. Figure 3 provides example
images.

Compressed sensing, and other constrained image
reconstruction methods, can also be applied to improve
image quality and SNR with their inherent denoising
properties [6]. These methods are computationally costly,
however computational power is becoming steadily more
affordable and accessible, including through cloud resourc-
es in regions with stable internet connectivity. At 0.55T,
we have applied £1-SPIRIT image reconstruction for cardiac
imaging. This image reconstruction is implemented
using Gadgetron image reconstruction framework
(https:/igithub.com/gadgetron) [19] deployed on the
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Microsoft Azure Cloud, such that reconstruction can be [21]. Higher flip angle used at 0.55T suppresses the
parallelized over multiple nodes [20]. Figure 4 demon- myocardium signal resulting in different image contrast,
strates this method at 0.55T and 1.5T on the same patient otherwise the two images are nearly indistinguishable.
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Bloch equation simulations of relative signal (top row) and relative contrast (bottom row) across field strengths for T1-weighted spin echo
neuroimaging, T2-weighted turbo spin echo neuroimaging, and spoiled gradient echo cardiac imaging. T1 and T2 values were approximated
using Bottomley et al. [17]. Blood inflow was not simulated here, which alters contrast, especially in spoiled gradient echo imaging. Both
relative signal intensity and contrast are higher than expected from polarization alone.
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Spiral bSSFP cine imaging displayed during multiple frames of the cardiac cycle. Spiral bSSFP was implemented at 0.55T to exploit the uniform
B, field (spiral readout = 6.5 ms, TR = 8 ms) for improved SNR.
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Pulmonary imaging at 0.55T

Lung parenchyma imaging had been largely ineffective at
1.5T because of air-tissue interfaces causing susceptibility
gradient artifacts. However, high-performance low
field MRI enables high quality pulmonary imaging and
combined cardiopulmonary assessment in the MRI-
catheterization environment. By virtue of the improved
B, using the contemporary magnet design employed
in our prototype system, proton imaging of the lung
parenchyma is possible. Figure 5 provides example
T2-weighted MRI images compared with CT. MRI uses
lower spatial resolution, but provides comparable
information content in the lung parenchyma.

The primary benefit of MR imaging for pulmonary
applications is measurement of regional function and

n Free-breathing motion corrected re-binned cardiac cine imaging
acquired in the same patient at 0.55T and 1.5T. Image reconstruc-
tion is performed using compressed sensing. Image quality is
recovered via the compressed sensing reconstruction such that
imaging from two field strengths is nearly indistinguishable.
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tissue characterization information, which are beyond the
scope of a clinical CT scanner [22]. Serendipitously, oxygen
exhibits increased relaxivity at lower field strengths, and
may enable functional oxygen-enhanced pulmonary
imaging [23]. Fourier-decomposition techniques and
hyperpolarized gas methods are also of interest. In
addition, tissue characterization via the flexible image
contrast of MRl is feasible at 0.55T where parenchymal
imaging is possible.

The importance of structural and functional lung
imaging has been emphasized during the recent COVID-19
pandemic, and we hope that MRI systems optimized for
pulmonary imaging will be valuable for this application
in the future.

Summary

With mature MRI hardware and sophisticated imaging
methods, it is timely to revisit what is possible at lower
field, both for existing clinical applications, and for new
clinical applications. Contrast agent performance, image
acquisition methods, image reconstruction methods,
integration of new Al technology, applications in high-
susceptibility regions, dynamic imaging applications,
MRI-guided interventional procedures, and more, are
ripe for exploration.

Disclaimer

The views and opinions of Drs. Campbell, Lederman, and
Balaban expressed in this publication are based on research
performed under a Cooperative Research and Development
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B Comparison of CT images (2 mm slices, 0.8 x 0.8 mm in-plane
resolution) to T2-weighted TSE MRI (6 mm slices, 1.2 x 1.2 mm
in-plane resolution) in a patient with bronchiectasis, tree-in-bud
and reticular opacities. Two difference slices are displayed.

Lung parenchymal well visualized by using high-performance
0.55T MRI.
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