Motion-Compensated
Neuroanatomical Imaging




Motion-compensated MRI sequences allow you
to image subjects even if they move, without
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Who should use these sequences? Everyone!

e QOur sequences are available now on
Siemens scanners.
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Overview

o Following the subject:
EPI-navigated prospective motion correction
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Overview

o Following the subject:
EPI-navigated prospective motion correction
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MPRAGE of subject prompted to
change position every 45 seconds.




A single TR

MPRAGE &
T2PACE
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A single TR
+ EPI Navigator
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A single TR
+ EPI Navigator
+ Regqistration and Feedback
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A single TR
+ EPI Navigator
+ Registration and Feedback

= updated imaging coordinates
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The Navigator > B

o 323 EPI
e 3 MM iSO
e 256 mm FQOV
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A single TR
+ EPI Navigator
+ Registration and Feedback

= updated imaging coordinates
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Register each EPI nav volume
back to first TR using Siemens’
PACE registration algorithm.




Register each EPI nav volume
back to first TR using Siemens’
PACE registration algorithm.




EPI navigator volumes through time




EPI navigator volumes through time
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Important
considerations:
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Nav before or after readout?
Important

considerations:
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Nav before or after readout?

mportant Temporal filtering of nav?

considerations:
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Nav before or after readout?
Temporal filtering of nav?
Interaction between nav and parent?

Important
considerations:

mass  MPRAGE &
s o AC

™ .
¢, e
2l LS.

i
¥

B R T e i T2
e ot ol s e




Unsedated pediatric MPRAGE




We have demonstrated:

e a modular framework that provides a <600 ms
navigate-and-update block for prospective
motion correction; and
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Overview

o Following the subject:
EPI-navigated prospective motion correction
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T2SPACE corrupted by 20 seconds of free
motion during acquisition of center of k-space













Register each EPI nav volume
back to first TR using Siemens’
PACE registration algorithm.




Register each EPI nav volume
back to first TR using Siemens’
PACE registration algorithm.







Convert translation and rotation
into single “motion score”




Convert translation and rotation
into single “motion score”

EPI FOV
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Convert translation and rotation
into single “motion score”

EPI FOV
256 mm
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Convert translation and rotation
into single “motion score”

EPI FOV
256 mm
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Convert translation and rotation
into single “motion score”

EPI FOV
256 mm
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Convert translation and rotation
into single “motion score”

EPI FOV
256 mm
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Convert translation and rotation
into single “motion score”

EPI FOV
256 mm
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Convert translation and rotation
into single “motion score”

EPI FOV
256 mm
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Convert translation and rotation
into single “motion score”

score = 64 \/ (
st i b i
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orm TRs into a motion-estimate priority queue.




Form TRs into a motion-estimate priority queue.
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Form TRs into a motion-estimate priority queue.
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Form TRs into a motion-estimate priority queue.
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Form TRs into a motion-estimate priority queue.
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Form TRs into a motion-estimate priority queue.

0.05 0.03 0.01
mm mm mm mm

Atend of scan, reacquire the worst TR and compute
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0.05 0.03 0.01
mm mm mm mm

| Com pare motlon estlmates and keep the ”better i
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0.02 0.05 0.03 0.01
mm mm mm mm
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Udate the orderl ofthe r|r|t queue
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Update t“e rderlng of the prlorlt queue.
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Users configure the number of TRs to
reacquire as part of their protocol.

Add. scale factor 1.0
Remeasure U

Apply motion correction

0
Remeasure |

0
Resolution




Users configure the number of TRs to
reacquire as part of their protocol.

Add. scale factor 1.0

Remeasure U —|TRs

Apply motion correction




After reacquisitions are completed, reorder
“best” TR k-space data into “synthetic” acquisition order
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After reacquisitions are completed, reorder
“best” TR k-space data into “synthetic” acquisition order

0.02 0.03 0.02 0.01
mm mm mm mm
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After reacquisitions are completed, reorder
"best” TR k-space data into “synthetic” acquisition order

0.02 0.03 0.02 0.01
mm mm mm mm
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What about inner vs. outer k-space regions?

Shouldn’t that affect priority too?
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What about inner vs. outer k-space regions?

Shouldn’t that affect priority too?
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We have demonstrated:

e a modular framework that allows automatic
reacquisition of k-space regions damaged by
subject motion without user intervention; and
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Key differences from PROMO:
e Navigator is acquired once per TR

e Navigator is a full 3D volume, not slices
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Overview

o Following the subject:
EPI-navigated prospective motion correction
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Key differences from “non-moco” sequences:

e You must run a navigator “setter” sequence at
the start of your session (takes 500 ms).

e Sequences produce two image series: the
navigators, and the anatomical volume.

e (Contrast in the sequences is subtly different
(longer Tl, shorter TE; still works in FreeSurfer).
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Motion-correction in practice:

e Like PACE, limited to 20 mm of motion and 8
degrees of rotation per TR.

e If subject moves more, no motion-tracking for
- remainder of sequence (PACE error pops up).
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Subject moves

too much

v




Subject moves

too much




Subject moves

too much




Make images










Subject moves

too much

v




Subject moves

too much




Stop right away and

make images




Other sequences:

e Single-voxel spectroscopy and CSI are both in

experimental state (Aaron, Ovidiu, Oliver, and
André).
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