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Synopsis 

 

This study investigates the effect of within-scan patient motion on local-SAR for simultaneous multi-

slice (SMS) imaging at 7T. A virtual body model was simulated at 104 different positions. 1-/2-/3-

spokes pulses were designed to excite a region of 60 slices covering the cerebellum and the brain, 

using SMS-factors of 1 through 5. Local-SAR was observed to increase by up to 2.75-fold due to 

patient motion. Pulses with higher SMS-factors were up to 50% less sensitive against changes in 

local-SAR due to patient motion, compared to SMS:1 pulses. Pulses with higher SMS-factors yielded 

more consistent local-SAR throughout the scan.  

 

Summary of main findings 

 

• Simultaneous multi-slice (SMS) pulses with higher SMS-factors are more robust against local-

SAR changes due to patient motion.  

 

• Pulses with higher SMS-factors yield more consistent local-SAR throughout the scan. 

 

• A maximum local-SAR increase of 2.75-fold was observed due to patient motion. 

 

Purpose 

 

To investigate the effect of within-scan patient motion on the local specific absorption (SAR) rate for 

simultaneous multi-slice imaging at 7T. 

 

Introduction 

 

Simultaneous multi-slice (SMS) imaging has been increasingly used in brain imaging (1). At ultrahigh 

field (UHF), SMS is combined with parallel transmit (pTx) pulses to provide uniform excitations in 

multiple slices/slabs while reducing the total scan time through the acceleration provided by SMS 

(2,3). To control local-SAR, computational models are commonly used in pTx pulse design for UHF 

imaging (4). 

 

For single-slice pTx pulse optimization, it was shown that within-scan patient motion can cause local-

SAR to increase by up to 3.1-fold (5). As the utilization of SMS imaging with pTx pulses is expected to 

grow in the future, in this study, we investigate changes in local-SAR due to within-scan patient 

motion when SMS pTx pulses are employed.  

 

Methods 

 

The virtual body model Ella (IT’IS Foundation, Zurich, CH)(6) was simulated in Sim4Life (Zurich 

MedTech,Zurich, CH) at 104 different relative positions inside a generic 8-channel parallel transmit 

array (Figure 1). These positions covered all six degrees-of-freedom of motion as well as off-axis 



motion on axial and coronal planes. Translations of 1,2,5,10,15,20 mm along right or inferior, 1,2,5,10 

mm along posterior (range limited due to geometrical constraints); and rotations of ±1,±2,±5,10,15,20 

degrees in pitch, 1,2,5,10,15,20 degrees in roll, and ±1,±2,±5,±10,±15,±20 degrees in yaw were 

simulated (5). The body model consisted of 73 different tissues and the shoulders were included in 

the computation domain (7). The vectorized body model was discretized at an isotropic resolution of 2 

mm. 

 

 

 
Figure 1: Simulation setup. (a) All six degrees-of-freedom of motion were simulated including off-axis 

displacement in axial and coronal planes. (b) The virtual body model was simulated inside a generic 

8-channel parallel transmit array at 300 MHz. The simulation domain included the shoulders as 

recommended in the literature (7). (c) Simultaneous multi slice excitation pulses were designed for 60 

slices covering the cerebellum and the brain, for SMS factors of 1 through 5, and for 1-, 2- and 3-

spokes. The box indicates the coverage of the excited slices. 

 

Using the simulated fields at the centred position, 1-spoke (RF-shimming), 2-spokes and 3-spokes 

slice selective RF pulses were designed to excite 60 axial slices (slice-thickness: 1.8 mm) that span 

the cerebellum and the brain (Figure 1c). The cost function was defined as the sum of normalized 

root-mean-squared error in the magnitude excitation profile (to enable phase relaxation) and the RF 



power, the latter regularized by a Tikhonov parameter (8). The Tikhonov parameter was determined 

using an l-curve analysis. Spoke locations that minimize the cost function were individually selected 

for each designed pulse using the matching pursuit-guided-conjugate gradient method (9). Pulses 

were designed for interleaved simultaneous multi-slice (SMS) factors of 1 through 5 (e.g., first SMS:3 

pulse excited slices 1-21-41). 

 

A total of 411 pulses were designed (60,30,20,15,12 for SMS:1,2,3,4,5, respectively, for 1-/2-/3-

spokes). The sensitivity of each pulses to patient motion was investigated by comparing their local-

SAR at the off-centre positions to their local-SAR values at the centred positions. The ratio of the off-

centre peak local-SAR values to the values at the centre are reported. Regions with higher local-SAR 

at the off-centre position than the peak local-SAR at the centred position are also compared for 

SMS:1 and SMS:5 cases for the worst-case positions for 2-spokes pulses. Pulses were also 

compared in terms of how the peak local-SAR changes throughout the scan. 

 

 

 
Figure 2: The variation of peak local-SAR across the pulses for different number of spokes and SMS-

factors. All values were normalized by a) the SMS-factor as local-SAR inherently increases with the 

SMS-factor, and b) the scan-averaged peak local-SAR of their respective SMS:1 case. Using higher 

SMS-factors reduces the variation of peak local-SAR across pulses, leading to more consistent local-

SAR values throughout the scan. Violin plots indicate the relative frequency of occurrence of a peak 

local-SAR value. 

 

Results 

 

SMS:1 pulses yielded a wide range of peak local-SAR values across the slices. For all pulses (1-/2-/3-

spokes), increasing the SMS-factor reduced the variation of peak local-SAR across different 

slices/slice-groups and led to more consistent instantaneous peak local-SAR throughout the scan 

(Figure 2).  

 

Increasing the SMS-factor reduced the sensitivity of local-SAR to patient motion. Patient motion led to 

up to 2.75-fold increase in peak local-SAR for 2-spokes SMS:1 pulses (Figure 3). Increasing the 

SMS-factor to 3 and above reduced the sensitivity to motion approximately by half as the maximum 

increase in peak local-SAR was around 1.4-fold for the higher SMS-factors (Figure 3). A similar 

behaviour was observed for 3-spokes pulses as well, with SMS:4 and SMS:5 reducing motion 

sensitivity by 50% compared to SMS:1 by reducing the maximum peak local-SAR increase from 2.4-

fold to 1.2-fold (Figure 4). The increase in local-SAR for 1-spoke pulses reduced gradually from 2.6-

fold to 2.2-fold as the SMS-factor was increased (Figure 4). 

 

Increasing the SMS-factor also reduced the size of the region exposed to higher local-SAR than 

estimated at the centred position. Figure 5 compares the SMS:1 and SMS:5 cases for the 2-spokes 

pulse at the worst-case position. Compared to the peak local-SAR at the centre, the SMS:1 case 

yielded a maximum of 2.75-fold increase with a volume of 264 cm3 exposed to higher SAR. For the 



SMS:5 case, the volume exposed to higher SAR reduced by 88% to 32 cm3, and the maximum 

increase was 39%. 

 

 
Figure 3: The variation of peak local-SAR due to motion across all off-centre positions and all pulses 

is compared for different SMS-factors for 2-spokes pulses. The peak local-SAR at the off-centre 

positions were normalized with the respective peak local-SAR at the centre. For SMS:1, patient 

motion can cause up to 2.75-fold increase in the peak local-SAR, whereas increasing the SMS-factor 

to 5 reduces the motion-sensitivity approximately by half and the maximum increase is 1.39-fold. 

Intensities: number of cases that fall inside the patches. Histograms: projections onto the axes. 

 

 
Figure 4: The variation of peak local-SAR due to patient motion across all off-centre positions and all 

pulses is compared for different SMS-factors for 1-spoke and 3-spokes pulses. The peak local-SAR at 

the off-centre positions were normalized with their respective peak local-SAR at the centre. Increasing 

the SMS-factor from 1 to 5 reduces the motion-sensitivity of local-SAR by 16% for RF shimming (1-

spoke pulse), and by 50% for 3-spokes pulses. Intensities: number of cases that fall inside the 

patches. Histograms: projections onto the axes. 

 

Discussion 

  

We have investigated the effect of patient motion on local-SAR for simultaneous multi-slice excitation 

at 7T. The results show that pulses designed with higher SMS-factors are more robust against local 

SAR changes due to patient motion when compared to pulses with lower SMS-factors. Moreover, 

increasing the SMS-factor reduced the variation of peak local-SAR throughout the scan when patient 

motion was not observed. 

The local-SAR increased between 18% and 175% across all cases investigated. To ensure patient 

safety, the effect of motion should be taken into consideration in pulse design, especially for patient 

populations that may not stay still for extended durations (10,11). 



 

 
Figure 5: The increase in the local-SAR due to patient motion is compared for the 2-spokes SMS:1 

and SMS:5 pulses with maximum local-SAR increase due to motion. For each pulse, the local-SAR at 

the worst-case position was compared to the peak local-SAR at the centred position. The SMS:1 case 

yielded a 2.75-fold increase in the local-SAR while the SMS:5 case yielded a 1.38-fold increase. Note 

that each case is compared against its respective local-SAR at the centred position. Colour scale 

indicates local-SAR increase; yellow, <50%; orange; 50%-100%; red, >100%. 
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