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Rapid steady-state MR imaging and its clinical applications
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Abstract

Images acquired using the TrueFISP
technigue (true Fast Imaging with
Steady-state  Precession) are generaly

believed to exhibit T2/T1-weighting. Inthis
project, it is demonstrated that with the
widely used haf-flip-angle preparation
scheme, approaching the steady state requires
a time length comparable to the scan time
such that the transient-state response may
dominate the TrueFISP image contrast.
Two-dimensional images of the human brain
were obtained using various phase encoding
matrices to investigate the transient-state

signa behavior. Contrast between gray and
white matter was found to change
significantly  from  proton-density-  to

T2/T1-weighted as the phase encoding
matrix size increased, which was in good
agreement with theoretical predictions. Itis
concluded that TrueFISP images in general
exhibit T2/T1-contrast, but should be more
appropriately regarded as exhibiting a
transient-state combination of proton-density
and T2/T1 contrast under particular imaging
conditions. Interpretation  of  tissue
characteristics from TrueFISP images in
clinical practice thus needs to be exercised
with caution.

Keywords: TrueFISP, steady-state free
precession, transient state, gray/white
matter contrast.
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Rapid gradient-echo imaging with
balanced gradient waveforms in all three
gradient channels (SSFP or balanced FFE;
referred to as TrueFISP for True Fast
Imaging with Steady-state Precession in this
article) (1) has recently raised significant
attention in clinica practice.  Combining
the advantages of sub-second scan time per
dice, high fluid-tissue contrast (1),
three-dimensional imaging compatibility, and
inherent flow compensation, the TrueFISP
technigue has found wide clinica
applications (2). Image contrast in generic
TrueFISP images is generally believed to be
T2/T1l-weighted. In the present study,
however, we show that even with the
(—al2)-(TR/2) preparation scheme commonly
used for rapid and smooth stabilization of the
magnetization vector (3), the number of
“preparatory” RF pulses needed to approach
the steady state can exceed one hundred.
Asaresult, the usual appearance of TrueFISP
images depends on the number of RF pulses
experienced by the magnetization prior to
data acquisition near the center portion of the
k-space.

Two-dimensional transaxial images of
the brain were acquired from seven healthy
volunteers on a 15T system (Siemens
Vision+, Erlangen, Germany) using the
TrueFISP technique (TR/TE = 6.4/3.0 msec,
one signa average) with 180° phase
aternation of the excitation RF pulses. An
initial RF pulse with —a/2 flip angle was
placed at TR/2 before the imaging pulse train
to facilitate smooth evolution to the steady
state (3). The order of phase encoding was
linear, hence the image contrast, as
dominated by the central portion of the
k-space, was determined primarily by the
magneti zation having experienced about N,/2
“preparatory” RF pulses, where N, stands for
the number of phase encoding. N, was
varied from 64 to 512 to mimic variations in
the number of preparatory RF pulses. The
gpatial  resolution was kept constant

whenever possible. The flip angles for the
excitation RF pulse were varied from 30° to
90° at 10° increments to investigate flip-angle
dependency. The theoretical behavior of
MR signal intensity undergoing a continuous
train of RF pulses, with (—a/2)-(TR/2)
preparation, was calculated for the same
scanning parameters as that described for the
imaging experiments.

N

Figures lalf show brain images
acquired at a 30° flip angle with 48, 64, 96,
128, 256, and 768 RF pulses preceding data
acquisition around the center of the k-space,
respectively. Note the decrease in contrast
between gray and white matter from
proton-density- to T2/T1-weighting. Figure
2 shows the theoretical calculation of signd
intensity for gray and white matter at flip
angles of 70° and 30°, respectively, plotted as
a function of the RF pulses preceding data
acquisition around the center of the k-space.
Approaching the steady state for gray (T1 ~
1200 msec; T2 ~ 100 msec) and white matter
(T1 ~ 900 msec; T2 ~ 80 msec) was faster
than for CSF (T1 ~ 4500 msec; T2 ~ 2200
msec; data not shown), but still required
about 150 preparatory RF pulses. For
images at 256 phase encoding or lower, the
image contrast is therefore a transient-state
combination of proton-density and T2/T1, if
using a linear phase encoding order. This
transient-state  proton-density  weighting
accounts for the clearer contrast between
gray and white matter in Figs.la-1c, which
were acquired at low phase encoding values.
These results depart from the expectation of
poor contrast from steady-state T2/T1
weighting. The experimental data (open
squares and filled circles for gray and white
matter in Fig.2, respectively) taken from the
images in Fig.1 demonstrate good agreement
with theoretical predictions.

The results from this study
demonstrate that images acquired using
the  TrueFISP  technique actually
exhibit a transient-state contrast



combining proton-density- and
T2/T1-weighting, if the (-a/2)-(TR/2)

preparation scheme 1is used with a
linear phase encoding order. In this

regard, TrueFISP 1mages are not
strictly T2/Tl-weighted in general,

although the transient-state and
steady-state contrast between fluids
and parenchymal tissues are basically
similar. The actual image appearance

strongly depends on the number of RF
pulses that precede data acquisition
around the center of the k-space. The
speed in reaching steady state also
depends on tissue T1 and T2.

For fluids with a long T1 and T2,
such as CSF, approaching the steady
state is relatively slow. The amount
of change in signal intensity is thus
small during continuous data
acquisition, making the
transient-state behavior of fluids in
TrueFISP images relatively unimportant.
For parenchymal tissues, such as gray
and white matter, the number of
preparatory RF pulses needed to reach
steady state is on the order of one
hundred. Consequently,  TrueFISP
images acquired using different phase
encoding values (e.g., 128 vs. 512,
standing for 64 and 256 preparatory RF
pulses, respectively, 1f using a linear
phase encoding order) can show dramatic
differences in contrast. This effect
1s particularly evident at large flip
angles (Fig. 2).

In conclusion, in the present study
we found that with the (-a/2)-(TR/2)
preparation scheme, the number of
“preparatory” RF pulses needed for
magnetization to approach the steady
state 1s on the order of one hundred.

Therefore, when using a linear phase
encoding order, particularly at large
flip angles and depending on the phase
encoding value utilized, 1t may be more
appropriate to consider 2D TrueFISP
1mages as a transientstate
combination of proton-density and
T2/T1 contrast. Since the parenchymal
contrast differs significantly between
transient-state and stead-state
imaging, interpretation of 2D TrueFISP
images 1n clinical practice requires
particular caution.
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Our efforts spent in this project have
created results substantially greater than that
mentioned in this brief report, which is an
excerpted version of a recently published
paper in the prestigious journal Magnetic
Resonance in Medicine (4). Overdl, the
project has generated five conference papers,
including two presented in the Annua
Meeting of the International Society of
Magnetic Resonance in Medicine. In
addition, one journa article (4) has been
published, plus another one recently
submitted (5). Achievements from this
project are under investigation by Tri-Service
Genera Hospital for potential use in the
clinical practice. In short, we have
confidence that a successful execution of the
second year of this project will result in
better utilization of the MR systems in
routine diagnosis.
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Figure 1.

k-space, respectively.

Brain images acquired at a 30° flip angle with
(@ 48, (b) 64, (c) 96, (d) 128, (e) 256, and (f) 768 RF
pulses preceding data acquisition around the center of the

Notice the decreasing contrast

between gray and white matter from proton-density- to
T2/T1-weighting as the number of preparatory RF pulses

increases.
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Figure 2. Theoretical calculation of signal intensity for
gray matter and white matter at flip angles of 70° (left) and
30° (right), respectively, shown as a decreasing function of
the number of RF pulses preceding data acquisition around
the center of the k-space. Approaching the steady state
requires about 150 preparatory RF pulses. Experiment
results are in good agreement with theoretical predictions.
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