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Abstract (max: 300 words, current: 294 words)

Parallel transmit (pTx) can reduce RF field inhomogeneity present at 7T, but needs additional
consideration for the specific absorption rate (SAR) and subsequent tissue heating due to the
superimposed electromagnetic fields. Virtual observation points (VOPs) provide a common
method for evaluating SAR in parallel transmit (pTx) MRI. The VOP approach uses an
Eigenvalue clustering method to group voxels in electromagnetic field (EMF) simulations of
realistic human body models. The clustering amount is set by an overestimation factor with
respect to the “worst case” SAR configuration of complex pTx channels. It has been suggested
to include as many EMF body model simulations at as many positions as computationally
feasible in the VOPs to account for potential local SAR hotpots. Nevertheless, commercial pTx
coils for 7T are typically supplied without the EMF-based VOPs and instead apply a constant
safety factor for local SAR supervision, which can be overly conservative. In this abstract we
compare the use of EMF-based VOPs in a self-built pTx head coil to constant safety factor
VOPs in a commercial pTx coil of similar design. We investigate the local SAR values with 7T
MRI scans in healthy volunteers. Comparing the VOPs’ simulated and experimental
performance in both coils, the commercial coil VOPs provide SAR estimates that are highly
conservative compared to estimates from VOPs based on anatomical models, yet the image
quality from both coils remains very similar (Figure 1). The self-built coil's EMF-based VOPs are
closer to the modeled SAR deposition without clustering (Figure 2), thus allowing scanning
within the IEC normal mode head limit of 10 W/kg, which wasn’t feasible with the commercial
coil. In the future, larger scale EMF simulations are required to explore the effect of subject
anatomy and to optimize the use of VOPs for wider application.



Figure 1. Comparison of T1w MPRAGE images using all pTx pulses with the commercial coil
(left) and self-built coil (right) for different subjects at different scanners. Both images were
acquired with pTx inversion and excitation pulses designed for their respective coils and are
windowed the same. The table lists calculated, scanner-predicted, and scanner-measured local
SAR in W/kg. The image quality is comparable, but the estimated SAR is lower with the self-built
coil and EMF-based VOPs.



Figure 2. Local SAR for a 5° pTx excitation pulse. A) Pulse magnitude waveform for 8Tx
channels; B) Instantaneous SAR for the pulse in MPRAGE using downsampled, uncompressed
Q-matrices from the EMF simulation; C) Max local SAR for each time point of the pulse for the
full Q-matrices and VOPs with 5%, 10%, 25%, and 50% overestimation, all normalized to the
maximum of the Q-matrices’ SAR. Different time points of the pTx pulse (i.e., different amplitude
and phase configurations) lead to varying levels of VOP overestimation relative to the
Q-matrices, but importantly the VOP-derived estimate is always overestimated.
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