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New opportunities with mid/low field MRI

* High-performance lower field MRI technology

New clinical opportunities using « New clinical applications
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* Compressed Sensing
Al reconstruction +
processing

Py
Spiral bSSFP ‘
3D SPACE @

T2 HASTE linear denoising

amp down 1.5T = 0.55T

Pairs contemporary hardware and imaging methods with a lower field strength

uperconducting magnet design
+ <0.5ppm, <12Hz (25cm sphere)
« Fast, shielded, high fidelity gradients
«45mT/m @ 200mT/m/s
« Phased array coils
« Spine-18, Body-6, Head/Neck-16 arrays

Siemens MAGNETOM Aera

hburn AE, et al. Radiold
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* New acquisition methods
« Optimized sequences

* Free breathing
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Low field systems have not
benefited from most of these
developments made in the
past several decades e
Spiral bSSFP
3D SPACE

T2 HASTE linear denoisir

0.55T imaging meth

Efficient data
sampling

Advanced image
reconstruction

Spiral In-Out bSSFP
ms, readout = 6.5ms)

MR fingerprinting Compressed sensing reconstruction

@nih.gov
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0.55T Image Quality
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1. Lower cost MRI
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System costs 0.55T vs

oty . 1.5T cardiac imaging
Computers; 5% 10% 0.55T
Cost Cost ——

Small signal Breath-held

electronics; 8% decrease cine |
Magnet & cryostat; P

increase

Cost

Gradient amp; Free-breathing
decrease 15%

Late-gadolinium
| enhancement
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0.55T vs. 1.5T spine and abdomen imaging Ultra-low field MR

sag T1 sag STIR sag T2 DWI (b =800)

Lower
gradient
performance

Higher
gradient
pérformance Cooley €. , . P
oley C, et al. arXiv (20: < ¥
Sarracanie M, et al. Sci ORellly T, etal, MRM; (e
> Rep 5, 15177 (2015), 85(1):495-505 (2021). vaerflne

* Much lower cost 510K cleared

A ! * “DIY” systems with open source resources available
Samim et al, ISMRM 2021: # 3821 Chandarana et al, ISMRM 2021: # 3830 * Applications

* Point-of-care imaging (eg. ICU, emergency room)
|mages from NYU ")) * Mobile imaging (eg. ambulance, battlefield) ‘)))
Hersh Chandarana, Jan Fritz, Daniel Sodickson




2. MRI-guided invasive procedures

adrienne.cam

MRI-guided cardiovascular interventions
X-Ray MRI

adrienne.cam

Metallic Device Safety
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1.5T imaging

Real time bSSFP + flow s saturation pulse

adri nih.gov and

MRI catheterization with plastic catheters

Chamber pressure \ Physiological provocations

Accurate Pulmonary
Vascular Resistance

>115 patients at NIH
>50 pediatric patients at CNMC

adrien

Metallic Device Safety

pulses
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Gel phantom for worst-case scenario (ASTM,
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Reduce Device Heating Reduce Device Heating

Use polymer Use polymer Image with lower RF
devices? devices? power and duty-cycle

MRI-safe materials are MRI-safe materials are
mechanically inadequate mechanically inadequate
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First-in-human metallic device @ 1.5T Reduce Device Heating

Introduced a metallic guidewire for right heart catheterization T n Use p0|ymer |mage with lower RF Make MRI

Incremental stiffness and conspicuity to the catheter shaft .
e - devices? power and duty-cycle system safer
Guidewire tip often not visible 7

100% procedural success vs. 94% without guidewire % \

67x
reduction | 7-5X reduction

in heating

MRI-safe materials are *-®
RV > MPA n mechanically inadequate 0.55T 1.5T

e m)'“
adrienne.campbell@ v adrie @nih.g

3T

Clinical right heart catheterization at 0.55T Next procedures

. . . Structural Heart Interventions | Therapeutic Chemoablation
Commercial Metal Guidewire

0.035”/180cm “Micro-J"-tip Terumo Glidewire
+

Standard real time MRI
Cartesian bSSFP, flip angle = 45°, TR = 4ms, The burden of

partial saturation pulse = 60° : Safety is now on
device visualization

. No adverse events
Real time bSSFP + partial saturation pulse (0.55T) N .
Multiple IRB approved metal devices

* Guidewires

+ Stainless steel braided catheters

hourn AE et al. R ) ) == .z))
adrienne.campbell@nih.gov and Blood Instithe adrienne.campbell@nih.gov
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MRI-guided radiotherapy

0.35T — 1.5T MRI-linac systems are commercially available

Cardiac radioablation

=—
& i) M 3. Lung MRI
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Localization for irradiation
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T2-weighted imaging

0.55T MRI Healthy Volunteer LAM Cysts

MRI of the lung at 0.55T

Cavitary Lesions 7mm Nodule

T2-weighted Turbo Spin Echo
TE=47m
Respiratory tri d
~10min for 32 slice coverage

oy =)

Patient with lymphangioleiomyomatosis (LAM)
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0.55T MRI CcT

L1mmx L1 mmx6mm 0.8 mmx 0.8 mm x 2mm

Comparison with CT

Imaging acute COVID-19 infection

Patient #2

Patient #3

Patient #1
Cohen's

Mucus plug

Pleural effusion
Bronchiectasis or bronchial
wall thickenin

Ground glass opacity

Atelectasis or scarring
Tree-in-bud nodularity

Vashburn AE, et al. Radi
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Free-breathing 3D isotropic resolution UTE

Stack-of-spirals ultra-short TE (UTE)
1.75mm x 1.75mm x 1.75mm
Self-gated

8min acquisition

4min inline reconstruction +
artifact correction

Javed A, et al. ISMRM 2021: #596
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Comprehensive lung imaging at 0.55T

Structure

Patient with LAM

lburn AE. v, 20).
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Perfusion Dynamics

Patient with CTEPH

Blood oxygen
j We can use MRI to
characterize tissue
and lung function

Oxygen signal enhancement maps

Healthy Volunteers

Bhattacharya
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Concomitant fields

1 2 -ty
B.(x,y,z,t) = 5, {sz_z +Grz2+ 7 GG, xz — G),G,yz}
Worse at lower field strengths

Phase distribution
(depends on gradient waveform design)

b '

Before correction After correction

e.campbell@nih.gov

Oxygen-enhanced imaging

Fit of data?

Room Air (100% Oxygen
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Q.55 rl1=4.7e-4 mmHg1s?
1oL rl=3.1e-4 mmHgis?
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4. Other clinical opportunities
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Pacemakers + other implants are inherently safer Metallic device artifacts

Lead heating
leads AT=0.5°C

Lead heating
AT =25°C

-
) == b))
adrienne.campb and Biood Instiute.

Imaging high susceptibility regions Summary: High-performance low field MRI

Lower cost + Data sampling + Different contrast | New/improved clinical applications

accessible advanced reconstruction mechanisms \

Airway imaging Cranial sinuses Gut imaging 7 s s ‘ |
: - 2 JZE

v I

single shot spiral
8.5ms readout
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