Optimal Acquisition Strategies for Transit Time Measurement with Continuous ASL

W. Dai', A. Shankaranarayanan’, and D. C. Alsop'
'Radiology, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, United States, ’Global Applied Science Laboratory, GE Healthcare, Menlo
Park, CA, United States

Introduction: Arterial transit time (ATT) is a major confounding factor in ASL perfusion quantification. A good estimate of subject-based ATT is
required to eliminate ATT effects without sacrificing the sensitivity of perfusion measurement. Estimation of perfusion and ATT with images
acquired at multiple delays has been reported, but these methods tend to decrease the sensitivity of the perfusion measurement and require longer
acquisitions. Though both a rapid, low resolution scan at multiple labeling delays (1) and more efficient encoding of multiple delay signals using
Hadamard encoding (2,3) can reduce the time penalty, maximizing the sensitivity of ATT measurement and minimizing the number of acquisition
delays is an important priority. Here, we seek for an optimization strategy: how to best allocate specific exam time to maximize the accuracy of ATT
and perfusion measurement.

Methods: Assume that the specific exam time allows acquiring K of label-delay pairs (K=5 in the simulation). For a strategy with N (2 <N<K) label-
delay pairs [(T;, Wy), ..., (Tn, Wn)] and the corresponding acquisition times [sy, ..., sx], the total acquisition times need to be within the specific exam
time, i.e. s;+ ...+sy =K, 0<sy, ..., sy <K, sy, ..., sy are integers. The maximum possible number of [sy, ..., sy] is denoted as Iy. We used a Monto
carlo method to explore the range of possible label-delay pairs with 5000 randomized times for each N.

For each strategy, 1i,..., Ty Were generated from uniform probability density over the interval [0, T] (T is the maximum allowed perfusion
preparation time, T=5 s in the simulation), wy,..., wy were then generated from uniform probability density within the interval [8,,, T-T1], .-, [Omin»
T-ty] respectively. Acquisition times [sy, ..., sy] were generated according to the acquisition index from uniform probability density within the
interval [0, Iy]. In the strategy with [(t;, W), ..., (T, Wn)], ASL difference signals were generated for an ATT 8€ [ Oyin, Omax] (the target ATT range
was assumed to be [0.7s, 3s] in the simulation) from the kinetic model (4,5) by assuming blood and tissue T1 of 1.66s (6) and 1.5 s. Noise was added
to each of the signal values with each noise sample taken from a Gaussian probability density with a zero mean and a standard deviation of
[o/ Js o ..,0/ \/g ] (6=0.06 in the simulation), and the set of N ASL signals was used to estimate ATT & using nonlinear least square fitting to the

kinetic model. The process was repeated M times (M=500) to calculate the average deviation of the calculated ATT from the theoretical ATT. The
deviations of ATTs were calculated for all the 8& [ min, Omax] in step of Syt (8siep =0.3s in the simulation) and averaged to serve as a deviation
measure of the strategy (G;). The minimal value of the ATT deviation measure was selected as the best acquisition strategy.

Simulation was also performed to test for the accuracy of ATT ——
measurement using Hadamard encoding. Four-cycle Hadamard encoding with " A tl:, 2 Jz £ tl1 = L ! lTiblﬁ L. Ftoutr cycle
three label-delay pairs (Fig. 1) is shown in Table 1. For each cycle, either label or Fig 1. lllustration of hadmard g ag;ﬁ: dr:nec%}éililsgmg
control is applied during time periods A, B and C according to the pattern in the encoding with three label- cycle |[A | B C
Table 1. The post-labeling delays of A, B and C are defined as t3, t2, and t1. delay pairs. A, B, and C are
Times t1 and t4 were first fixed to 8, and T (the minimum target ATT 6,,;, = three label duration with ! ! ! !
0.7s and T = 5s, the maximum allowed perfusion preparation time). Times t2 and post-labeling delay of t3, t2, 2 -1 1 -1
t3 were generated from uniform probability density within the interval [0.7 s, 5s]. and t1 respectively. 3 1 1 1
The 4-cyle theoretical signals can be calculated by Hadamard transformation of
ASL signals of labeling during time A, B and C. Gaussian distributed noises with 6/,/2 were added to the signals. 4 ol !

The simulated signals from labeling during time A, B and C were calculated from the signals with noise added using the inverse Hadamard
transformation. In an identical manner to the non-Hadamard simulations, the average deviation from the theoretical ATT for a range of ATTs

O€ [Omin, Omax] Was calculated. The average deviation was also calculated with the start and end time of the Hadamard encoding, t1 and t4, allowed to
vary according to a uniform distribution within the interval [0.7s, 5 s]. In addition a simulation with just 2 blocks, A and B, was performed. Since no
3 element Hadamard matrix exists, Four-cycle Hadamard encoding was used to generate two label-delay pairs by ignoring time duration C column
in Table 1. The minimal value of the ATT deviation measure was selected as the best Hadamard acquisition strategy.

Two label-delay pairs with Hadamard encoding, suggested as the best
strategy from the simulations, was implemented to acquire in-vivo images to test the
feasibility of ATT measurement using Hadamard encoding. The label/control was
implemented as label/control in pulsed-continuous arterial spin labeling technique
(PCASL) (7). Low resolution images were acquired with 3D stack of spirals RARE
(FSE) sequence using 1 interleave and 1 NEX on a GE 3 Tesla scanner. The
acquisition time of 4-cycle Hadamard encoding was just 30 s.

Results & Discussions: The best agquisition strategy without Hadamard e?ncoding Fig 2. ASL difference images with (a) label duration
was fpund to be two label-delay pairs (label duratlo_ns of 2.1 s and 2.6s, with post- of 2.2 s and post-labeling delay of 2.8 s and (b) label
labeling delays of 0.7 s and 2.4s). Hadamard encoding with two label-delay pairs
(label durations of 2.1 s and 2.2s, post-labeling delays of 0.7 s and 2.9 s) improved
the accuracy of ATT measurement, as indicated by a 35% reduction in the deviation
measure compared to the acquisition without Hadamard encoding. These results
suggest that very few delays are required to estimate ATT over a typical clinical range and that Hadamard encoding can improve the measurement
speed and sensitivity. In-vivo results demonstrate that a low resolution scan at two optimal delays and labeling durations using Hadamard encoding
can measure ATT efficiently.
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duration of 2.1 s and post-labeling delay of 0.7 s
calculated from the Hadamard encoded acquisition
and (c) the derived transit time map from (a) and (b).
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