Calculation of predefined echo amplitudesfor TFE sequences
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Introduction

Turbo-field echo (TFE) sequences (or k-space segmented FAST/FISP/IGRASS) can be used for many applications, including coronary artery vessel wall or lumen
imaging (with ~10 pulses per segment). These sequences are often used with centric phase-encode ordering to allow the use of preparation pulses. They offer
significantly higher signal-to-noise ratios (SNR) than RF-spoiled sequences and may have advantages at high fields due to their low sensitivity to off-resonance effects.
The SNR is determined by the first echo amplitude and the resolution by the variations in amplitude throughout the echo-train. However, substantial amplitude
variations can occur within the first few echoes, with oscillatory behaviour even for moderate flip angles, leading to a poor point-spread function (PSF) and thus to
reduced resolution (blurring). For practical applications, an acceptable compromise must be found between resolution and SNR.

The evolution of echo amplitudes can be controlled, reducing signal oscillations, by varying the flip angle during the pulse train [1]. We propose a simple method to
calculate a series of flip angles to achieve a pre-defined sequence of echo amplitudes, allowing improvements in either SNR or resolution. This method uses the
extended phase-graph (EPG) algorithm [2] which has been used to model gradient-echo sequences using a constant flip angle [3]. The EPG method has recently been
used to achieve arbitrary predefined echo amplitudes for fast spin echo sequences [4] by sweeping the flip angle. We now use this method to produce a predefined series
of echo amplitudes for short TFE sequences. Its elegance lies in the fact that, for a given phase-state configuration, the next required flip angle can be calculated using a
simple analytical expression; numerical optimisation methods are not needed.

Theory . =

In the EPG formalism, the magnetisation is expressed in terms of a phase state configuration containing states Fy and Z 2000 =
for integer k. As described inref [4], an RF pulse ¢, transforms Fy and Z, coherences to F" and Z," according to:
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Flip angle series were calculated for 10 pulses, using TR = 8 ms and Ty/T, = 450/380 ms. Of two | ! IR
possible solutions at each stage, the lower flip angle was always chosen. The desired echo | A" [V "N~ N w2 | T [ /1 L
amplitudes were compared with measured values obtained from a phantom by switching off the | p [ 4 |oew i | all
phase-encode gradients. TFE images of a resolution phantom were acquired using both a constant | |- F4 8- - initially -
flip angle and the calculated flip-angle sweeps. A 3T Intera system was used (Philips Medical I 25°
Systems, Best, The Netherlands). A measurement of the actual flip angle was performed [5] to avoid YIRT ORI \
global flip angle miscalibrations. [ : N I

In addition to constant amplitude echo-trains, flip-angle sweeps were implemented for decaying |4 %‘ - ‘ [ ?‘

exponentials (decaying by factors of 2, 3 and 4 over 10 echoes) and for Gaussian decay (by factors :
of 3, 4 and 6 over 10 echoes). The decaying profiles permitted the use of higher initial flipangles { (¢) - - - - - - - - - gy O (o ) R
than the constant amplitude approach (up to ~35° for exponential decays, ~30° for Gaussian and el
~25° for constant amplitude). Profiles though the resolution phantom images were measured for
object sizes/spacings of approximately 1/1 and 2/2 pixels, and normalized to the signal in a uniform
region of the phantom.

Results

Fig. 1 shows measured and theoretical echo amplitudes for constant flip angle and an example
with constant echo amplitude. Fig. 2 shows measured profiles through a resolution phantom. The
resolution deteriorated as the (constant) flip angle was increased. For every flip angle, al the
calculated sweeps gave superior measured resol ution profiles (objects 2/2 pixels) in comparison with
the corresponding constant flip-angle images. Additionally, all Gaussian sweeps starting from 30°
gave slightly better resolution profiles even than 20° constant flip angles; and exponential sweeps
starting from 35° gave resolution profiles better than 25° constant flip angle and of comparable
quality to 20° constant flip angle images. For the smallest objects (sizes 1/1 pixels) most profiles
were relatively poor, but the constant-echo-amplitude sweeps showed improved resolution (Fig. 3).
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Figure 2: Profiles (amplitude vs position) through
resolution phantom with sizes/spacings ~2 pixels: (a)
constant flip angles; (b) different methods all for 25°
initial angles; comparisons of constant angle with (c)
Gaussian and (d) exponential decays. (decay factors

Discussion and Conclusions o _ _ , _ over echo train given in brackets).
The calculated flip angle sweeps, giving constant amplitude, decaying exponential and Gaussian
echo amplitudes, all reduced signal oscillations and controlled the signal decay, leading to improved resolution compared to constant .
flip angle approaches. Alternatively, using exponential or Gaussian sweeps, substantially higher initial echo amplitudes (and thus |- S

higher SNRR) could be achieved than with constant flip angle approaches without compromising resolution. This approach can also be |- s e e
simply applied to calculate flip angle sweeps for different initial conditions, for example following magnetisation preparation pulses.
It could also be used to search for arapid approach to the pseudo-static steady state for TFE sequences. : A
The discrepancy between the measured and theoretical echo amplitudes can be attributed to an inadequacy in our measurement, T -~ | initially -
namely flip-angle inhomogeneities within the phantom, and subsequent averaging over non-uniform signals. Future measurements : :
will image the local echo amplitude, which should correct this problem.
This method can be applied for example to high-field coronary artery imaging of either lumen or vessel wall, and should help to
achieve improved resol ution and/or SNR compared to constant flip-angle approaches. B4
The use of flip angle sweeps leads to an increased power deposition (SAR) which may be a restriction for rapidly repeated

sequences. However coronary imaging with TFE istypically well below this limit and should not be adversely affected. Figure 3: Profiles through
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