Equivalent T2-Contrast for Fast Spin Echo Sequenceswith Low and Variable Flip Refocusing
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Varying the flip angle of the refocusing RF pulsesin a RARE (Fast/Turbo Spin Echo) pulse sequence has been demonstrated as a means to address high RF power
deposition [1,3,5,7-10] and MTF distortion due to relaxation [4,6,7]. However, because magnetization is not purely transverse, decay occurs more slowly than T2,
atering image contrast if not accounted for. In circumstances where T2 contrast is desirable, the effective echo time must be extended, or the contrast will be less than
expected. The purpose of this work is to demonstrate a method to directly calculate an equivalent TE of each echo in an echo train and thus be able to select which echo
should be used for the zero-order phase encode to achieve the desirable T2 contrast, nearly equivalent to that produced by 180° refocusing.
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Given a sequence of refocusing flip angles, o, signal at each echo, s, may be calculated by the 160 1
extended phase graph (EPG) algorithm [2]. If the refocusing flip angle sequence is designed to maintain | 5 140 -
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Fig 1: Refocusing flip angle schedules
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If this dependence is removed from the signal, the relaxation function remains. We define TEeuy as the
“equivalent echo time” in which as much relaxation will have taken place due to pure T2 decay.
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TEeqiv IS determined at each echo by choosing a representative T1 and T2 value, calculating (by means of TE
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Once the equivalent TE is known for each echo in the train, the echo with TEgyy closest to the desired
effective echo time is chosen as the zero-order phase encode, and the phase encode schedule designed
accordingly.

A RARE (SSFSE) sequence was used at 1.5T (GE Twinspeed Excite) to acquire data of a phantom 0 " == "
containing materials with known T1 and T2 values: 892ms/137ms, 597ms/95ms, and 455ms/53ms. An RF 0 100 200 300 400
train of 180° pulses or with flip angles designed to reduce signal modulation and increase mean signal TEequv
level, as shown in Fig. 1, was used. TEeqy Values were determined for each echo using TU/T2 = Fig2: (a) raw signal vsactual TE, (b) relaxation vs TEeyiyv
1000/100ms as the representative values. Phase encode gradients were disabled in order to measure signal ©
at each echo in a first experiment and enabled to generate images in a second experiment. For the imaging experiment, the
zero-order phase encode was played at echo 22 (TE=92ms, TE,i=57ms) or at echo 37 (TE=155ms, TEeyiv=92ms).

Results

The first experiment (Figure 2) demonstrated that after removing the effect of coherence fraction on signal level,
relaxation as a function of TEev Was nearly identical to the baseline (180°) case. Part (a) shows raw signal vs. actual TE.
Varying the flip angle (solid lines) caused an initial drop in signal, but decay throughout the remainder of the train was much
slower than baseline (dashed lines), as desired. Part (b) shows relaxation (coherence fraction corrected signal) vs. TEeqiv. The
relaxation curves are nearly identical, indicating TEeyiv IS an accurate and consistent parameter for specifying T2 weighting.

The second experiment (Figure 3) demonstrated that assigning the zero-order phase encode based on TEgy preserves
image contrast. The top row (a) shows the three vials imaged using 180° refocusing and echo 22 as the zero-order phase
encode. Significant blurring due to signal modulation during the readout train is observed. The middierow (b) showsthe vias
using the variable flip schedule and echo 22 as the zero-order phase encode. Increased stimulated echo contribution causes _ ]
alteration in contrast. The bottom row (c) shows the vials using the variable flip schedule and echo 37 as the zero-order phase ~ Fig 3: (&) 180° refocusing, TE=92ms
encode, maintaining the same TEqq, as the 180° refocusing case. Now contrast is nearly identical, as expected, and resolution  (P)  variable  refoc.,  TE=92ms,

is notably improved because the signal modulation through the echo train is considerably reduced. TEquiv=57ms (c) variable refoc.,
Discussion TE=155ms, TEeiv=92ms

A method to calculate equivalent TE for each echo in an echo train has been described. This method enables an appropriate echo to be selected for the zero-order
phase encode to generate T2-contrast nearly equivalent to 180° refocusing. Previous publications have suggested that TE must be increased to preserve contrast [5], and
means have been suggested to determine the increase by computing the fraction of time spent in transverse pathways [8]. This method is more direct and, because it
does not assume infinite T2, has been found to be more accurate. Perfect equivalence is not possible as T1 and T2 both affect relaxation, but representative T1 and T2
values used to compute TEqi, need not be identical to any materials imaged while still approximating contrast due purely to T2, as demonstrated by these experiments.
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