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The three different phase patterns with their corresponding target-
states in transverse plane (Mx, My). The first one (1) divides the read
direction in four areas, with respectively a magnetization phase equal
to 0, pi/2, pi and 3pi/2. The second one (2) defines 4 areas in which
magnetization phases are equal to 0, pi, O and pi. The last target state
(3) defines 3 areas: the phase of the first one increases linearly from 0
to pi, the phase of the second one is equal to pi, and the phase of the
last one decreases from pi to 0. The bottom row presents the three B1
pulses (magnitude and phase) resulting from the application of the
Pontryagin Maximum Principle.

Results: Experiments were performed on a homogeneous agar
phantom (concentration 1.5% in weight), whose relaxation times were
T1 = 1500 ms and T2 = 130 ms. A numerical phantom having
similar properties was generated for simulation.

Simulations were performed with the ODIN MRI simulator®. MRI
experiments were run on a Bruker 4.7T MRI system. Parameters of
the sequences used in simulations and experiments are presented in
Fig. 2. A spin-echo sequence was used where the excitation pulse was
replaced by the OC-designed pulse.

Parameters of the sequences used in simulations and experiments.

[ P oD b

Spin-echo Spin-echo

m 64 x 64 64 x 64

2.0x2.0cm 3.25x3.25 cm
9.8 ms

Echo time 6.6 ms
Repetition time 5s 5s

Parameters of the sequences used in simulations and experiments.

Figure 3 shows the results of the ODIN simulations and MRI
experiments with both magnitude and phase images.

|ODIN simulations

B1 pulse 1 B1 pulse 2 B1 pulse 3

[]H mi []

[MRT experiments
B1 pulse 1 B1 pulse 2 B1 pulse 3

Magnitude, =« . 3
ina.u. . '
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Magnitude and phasé ‘i‘rﬁages obtained frofﬁ ODIN MRI simulatiéns and from MRI experiments, with
the three B1 pulses.
Discussion/Conclusion: In both simulations and experiments, the
target-states are reached: phase images are consistent with Fig. 1.
In cases 1 and 2, phase images from simulations and experiments
present sharp transitions between the different areas: this demon-
strates that the B1 pulses accurately control the phase, with good
frequency selectivity.

This work illustrates the feasibility to control magnetization phase
with OC-designed pulses and is a first step to apply OC to phase-
based MRI techniques, such as diffusion or MRE. One advantage of
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this method could be to relaxe the constraints on having oscillating
gradients in these both techniques.
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Purpose/Introduction: Phase-contrast (PC) flow MRI has success-
fully been adapted to real-time MRI based on undersampled radial
FLASH [1,2] with image reconstruction by nonlinear inversion
(NLINV) [3] and a model-based approach [4]. So far, however, flow-
encoding for these real-time techniques has been limited to through-
plane flow, neglecting in-plane flow components. As a first step
towards multi-dimensional flow encoding, this study realized 2D in-
plane flow imaging in real time.

Subjects and Methods: Experiments were performed on a 3 T MRI
system (Prisma, Siemens Healthcare, Erlangen, Germany) using an
18-channel thorax coil in combination with suitable elements of the
spine coil. A highly undersampled radial FLASH PC sequence was
developed using in-plane flow sensitivity, flow compensation on all
axes (Fig. 1) and a 30% asymmetric echo [2] to minimize TE. PC
velocity maps for each flow direction individually were obtained by
both NLINV with subsequent complex subtraction of differently flow-
encoded images and a model-based reconstruction. Other parameters:
VENC = 200 cm s~', TR/TE = 2.94 ms/2.09 ms, flip angle 10°, in-
plane resolution 1.5 mm, slice thickness 6 mm, FOV 320 mm, 3 x 7
and 3 x 5 radial spokes. The achievable measuring times per dataset
were 62 ms and 44 ms, respectively.
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Images of the aortic arch during systole obtained by NLINV (top) and model-based reconstruction
(bottom). (From left to right:) Magnitude image, PC velocity maps in A>>P direction and in H>>F
direction, and resulting speed image with color-coded flow direction.
Results:

The image series (movies) for both reconstruction methods show
quantitative velocity maps at high spatiotemporal resolution that
demonstrate the successful realization of real-time 2D flow MRI. The
PC maps of the aorta reveal the expected velocity pattern at high SNR
with minimal artifacts. Figure 2 shows single systolic frames selected
from a continuous movie covering multiple heart beats. The benefit of
the model-based reconstruction is apparent not only by the suppres-
sion of phase noise but furthermore by an improved spatiotemporal
accuracy. The speed image with color-coded flow direction allows for
a combined representation of both flow components permitting online
visualization.

Discussion/Conclusion: This study demonstrates that real-time 2D
flow MRI can be realized by using highly undersampled radial
FLASH with NLINV or model-based reconstruction. At this stage,
2D-flow movies achieved a temporal resolution of 44 ms without the
need for prospective or retrospective gating. The present work
focused on in-plane flow, while foreseeable extensions to 3D-flow
MRI are expected to result in measuring times of less than 60 ms.
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Purpose/Introduction: The multiple image contrasts required in
clinical diagnostic MRI are usually acquired as sequential scans.
Acquisition times for these scans can be reduced by using simulta-
neous multislice (SMS) imaging'. However, in many clinical
protocols, the potential scan-time reduction is not fully exploited
because the repetition time (TR) cannot be shortened without com-
promising image quality. Simultaneous multi-contrast (SMC)
imaging® uses methodology from SMS to reduce examination times
without a reduction in TR. This paper reports an updated application
of SMC to the combined acquisition of diffusion-weighted (DW) and
T2*-weighted (T2*W) images; this combination of contrasts is of
particular interest in acute stroke’.

Subjects and Methods: Pulse Sequence:

Measurements were performed using a DW readout-segmented, echo-
planar (rs-EPI) sequence*™ with blipped CAIPIRINHA®~’, which
was modified to acquire signal with different contrasts from two slice
positions at the same time. The first slice was used to generate DW
contrast, whilst the second slice provided T2*W contrast (see Fig. 1).

pulse f pulse pulse f pulse
slice A (DWI) slice A (DWI) slice B (T2") slice A (DWI)

e -

|dlffuslon
L J L

MLI_I-[ITI.'JTLH.'.I.'JTA‘_IJ-\_FI—

G uLLLLLLLLLLU.LLLLLrl_LLLLLLLI_
receiver,
phase

data [ 1 I 1
sampling

|dllfuslon

Go

J L

Gs

time imaging echo navigatorecho

Figure 1: Pulse diagram of the rs-EPI sequence for SMC imaging. Data are acquired from two slice
positions at the same time with one slice (A) generating DW while the other slice (B) provides T2*-
weighted contrast. Firstly, slice A is excited and DW preparation is applied. Then slice B is excited
before both signals are sampled simultaneously using rs-EPI| with a variable amplitude encoding
gradient in the readout (Gg) direction (labelled with arrows) and a blipped phase-encoding gradient
(Gp). A blipped-CAIPIRINHA® gradient scheme along the slice-select (Gs) direction is used in
conjunction with receiver phase modulation to shift the T2*-weighted image by half a field of view
(FOV) in the phase-encoding direction relative to the DW image. Finally, an RF refocusing pulse is
applied to slice A only to generate a 2D navigator signal to phase correct the DW imaging data.

rs-EPI Pulse Diagram for SMC
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