T2-weighted b-SSFP imaging using TIDE
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Introduction
Balanced steady state free precession sequences (b-SSFP; such as TrueFISP, FIESTA, balanced FFE, ...) are widely g,- Plateau  nTIDE
used in cardiac and abdominal imaging, typically resulting in image contrast determined by T2/T1 [1]. However, in o | ———————>
many clinical applications a pure T2-weighted contrast is more desirable. By exploiting the signal properties of the b-
SSFP transient phase a completely different contrast can be achieved [2-4]. Based on these observations, a new ] T
method (T2-TIDE) is proposed that offers T2-contrast while maintain b-SSFP advantages such as high SNR and short ]
repetition times. = ]
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During the transient phase [2, 3], the signal decay can be described by A [2]: & o] g
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indicating a mixture between T1 and T2 decay, weighted by the flip angle a.. For high flip angles (o = 150°...180°) a °T A pA 5 o -
nearly pure T2-weighted signal decay can be achieved. However, due to specific absorption rate (SAR) limitations the #RF Pulse
use of such high flip angles in combination with the short b-SSFP repetition times is problematic. Fig. 1) flip angle scheme for T2-weighted TIDE-imaging. The
The proposed method is using variable flip anglesin TIDE style [3]. The central part of the k-space is sampled during :f‘g‘l:'tﬁ'es’;if:r‘; as:fs‘”s':‘r’nglf‘e‘j ‘iﬁhpluu':f;i"j“‘:r; ;‘I'e?sh aflip
theinitial part of the experiment with high flip angles (otma =180°) in order to get the T2 decay. The outer part of the Parameters: #Prep = 6, #Plateau = 24, #nTIDE = 32
k-spaceis acquired using lower flip angles (oiyin =60°) to reduce SAR. In addition, Half Fourier sampling (4/8 or 5/8) it

was implemented such that the k-space center is traversed during the high flip angle transient phase. Asaresult,
contrast is determined by the high flip angles and therefore the T2-weighted signal decay [2] (T2-TIDE).
Similar to T2-TSE-sequences an effective TE, defined as the time from the first RF pul se to the acquisition of
the central k-space line, was within [80,120]ms. Flexibility with respect to effective TE was achieved by 08
changing the Half Fourier factor, matrix size, and number of preparation pulses (#Prep).

The flip angle scheme of the TIDE sequence is shown in figure 1. Parameters used for this plot are o = 180°,
0yin=60°, #Prep=6, Number of olma pulses =24, Number of TIDE pulses =32 using asinusoidal flip angle ramp.
To estimate the T2-TIDE signal behavior, simulations with different parameters for relaxation times, flip angle
scheme, and repetition time TE, were performed using Matlab (TheMathworks, Natick, USA).

All experiments (Gadolinium doped water phantoms with different T1 and T2 relaxation times and healthy
volunteers) were performed on a 1.5T system (Siemens Sonata, Siemens Medical Sol utions, Erlangen, 024
Germany). Resulting images were compared to other T2-weighted i maging sequences (SE, HASTE).
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Figure 2 shows simulated signal intensities for two different T2 relaxation times for the flip angle scheme of ’ ® “ " :; Pulseso ” 0
figure1 and a TE of 4ms. Asindicated by the identical signal decay for different T1 values for the first 40 to 50 Fig. 2) Signal behavior for different T1 and T2 times for the given flip angle
rf-pulses, the signal behavior depends on T2 only during the application of the prep and plateau-pulses, and {mes art n Afbront Ine shapes. The sanal ony depands on the T2 me during
approximately the first half of the ramp. For subsequent rf-pul ses the signal intensities decay to the normal b- L0 12 00 DUISSE 11w CoNIEP G el Sheice = yacouried afier 25 puises

with a big difference between the red and the black signal curve.

SSFP steady state value determined by T2/T1.
Figure 3 shows phantom images using a standard TrueF| SP-sequence (3a), and in comparison the
T2-TIDE-sequence (3b), a T2-weighted SE- (3c) and HASTE-sequence (3d). Wile the small
phantom probes (different T2 values but similar T2/T1) show almost identical signal intensities for
TrueFISP, all T2-weighted sequences T2-TIDE, SE and HASTE exhibit similar and high T2
contrast between the probes. In addition, the HASTE image demonstrates blurring in probes with
short T2 which is not seen in the other sequences.
Figure 4 shows abdominal axial images of a healthy volunteer for TrueFISP (4a), T2-TIDE (4b),
and T2-weighted HASTE (4c). As for the phantom data, it is clearly visible that the resulting
images demonsirate the same contrast for T2-TIDE and T2-HASTE, as well as better edge e b L s L L
sharpness for T2-TIDE. In comparison the standard TrueFISP images have a different contrast. | 1oo0nanoons) § WSTe (RTE S W0 O0mS) ) o g 1252 rs00ms
At no time the measurement exceeded SAR limits due to high flip angles.

a) TrueFl b) T2-TIDE : c) HASTE
Discussion " — . T -
Our proposed T2-TIDE data acquisition scheme provides a robust technique to # = v \ RAC ,.
acquire T2- weighted images while expl oiting advantages of b-SSFP imaging such as /
high signal to noise and short repetition times. It was shown that the b-SSFP signal
intensity is only depending on T2 during high flip angles and part of the TIDE style
ramp down. As aresult, different contrast in b-SSFP-imaging can be generated, which
is mainly determined by T2. For adeguate effective TE a similar contrast as for T2-
HASTE can be achieved with T2-TIDE. An additional advantage of T2-TIDE is
found in reduced edge sharpness if compared to T2-HASTE which suffers from
increased blurring due to increased T2 decay across k-space.
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Fig. 4) Experimental measurement on a healthy volunteer. a) TrueFISP (TR/TE/FA = 3.7ms/1.85ms/60°), b) T2-TIDE
(TR/TE/eff. TE = 3.7ms/1.85ms/96.2ms) ¢) T2-weighted HASTE (TR/TE = 10000ms/100ms)
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