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I ntroduction

Accurate quantification of perfusion with arterial spin labelling (ASL) requires consideration of a number of factors, including the
efficiency of the inversion pulse used for spin labelling. For continuous ASL (CASL) since the degree of spin inversionis

vel ocity-dependent, the assumption of a constant value for the inversion efficiency may introduce errors into the perfusion
calculations. By acquiring a series of cardiac-gated phase contrast angiography images at the level of the tagging planeit is
possible to measure the velocity profile of spins throughout the cardiac cycle and estimate the inversion efficiency on an
individual basis. The CASL perfusion values can then be derived using this calculated inversion efficiency. The purpose of this
study was twofold: to estimate the adiabatic inversion efficiency using phase contrast MRA velocity measurements and
simulations of the Bloch equations, and to assess the effect of this corrected inversion efficiency on the CASL perfusion
measurements.

M ethods

Perfusion images were acquired for 8 subjects (1 male, 7 female, age 23-40) using a multislice continuous ASL technique.*?
Imaging was performed with a 1.5 T GE Sigha Horizon Echospeed scanner (GE Medical Systems, Milwaukee, WI, USA). Axial
phase contrast angiography images were acquired at the level of the tagging plane using a velocity encoding strength of 100 cm/s
and cardiac gating to record 20 frames per cardiac cycle (TR/TE = 23/9.3 ms, flip angle = 15°, dlice thickness = 7mm, FOV =
24x18 cm?, matrix = 256x224). Velocity measurements were performed by locally available software with manually-drawn
regions of interest for the carotid and basilar arteries. The Bloch equations were then solved numerically using a Runge-Kutta
method with an adaptive step size”, taking into account the spin velocity distribution (assuming laminar flow and integrating over
the cross-sectional area of the vessel), the labelling gradient strength (0.25 G/cm), and the RF amplitude (32 mG). The accuracy
and reproducibility of the phase contrast velocity measurements were assessed using the AMPMFM flow trial phantom? with a
calibrated computer-controlled pump (Shelley Medical Imaging Technologies, Canada).

Results

The inversion efficiency is shown as a function of velocity in figure 1. For the velocities measured in this study the calculated
inversion efficiencies associated with the labelling pulse ranged from 92%-94%, consistent with published data®. Taking into
account the relative inversion efficiency associated with the amplitude modulated control? reduced these values to 69%-70%,
slightly lower than the value of 71% assumed previously®. Including these reduced values for the inversion efficiency in the CASL
perfusion calculations increased the whole-brain perfusion measurements by an average of 4% (p<0.03, paired t-test). The average
measurement precision of the in-vitro flow measurements was 3% and the accuracy ranged from 1%-6% over arange of flow rates
(100-1500 mi/s).

Discussion

We have demonstrated a strategy to quantify the velocity-dependent inversion efficiency of continuous ASL. Although the range
of inversion efficiencies measured in this study was limited, it is likely that these effects may be larger in the presence of carotid
artery stenoses or other vascular pathology, where increased flow rates may lead to an underestimate of the perfusion.
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