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Purpose 
 In single-photo emission computed tomography (SPECT), multiple projection images acquired at different angles (views) about an object are 
required to reconstruct a tomographic image.  Due to space and cost limitations, SPECT systems typically have less individual nuclear radiation 
detectors than the total number of acquired views.  In this case, the detector(s) must be rotated about the object to acquire the complete set of 
projection images.  The detector(s) contain metallic components such as the collimator and radiation shielding which adversely distorts the B0 field 
for combined MRI and SPECT (MR-SPECT) imaging.  Thus, rotating the detector(s) to acquire SPECT data from different views will significantly 
alter the B0 field and require re-shimming.  Re-shimming after every rotation can be time-consuming, as this typically requires the acquisition of 
multiple phase maps.  This leads to in an increase in the overall study time and/or a reduction in the time available for MR imaging.  In this study, we 
investigate the use of pre-determined field maps for re-shimming after detector rotations.  This procedure does not require any additional MR 
scanning after the initial shimming and can thus be applied immediately after any rotation. 

Methods 
 To measure the pre-determined field maps, data was acquired using a large phantom with dimensions larger 
than any anticipated region-of-interest (ROI) to be imaged by the MR-SPECT system.   For B0 field mapping, a 2D 
asymmetric spin-echo (ASE) pulse sequence was utilized with shifts of 0, 0.5, 1, and 1.5 ms.  Additional scan 
parameters were: TR = 1 s, TE = 17 s, FOV = 60 mm, matrix = 64 × 64, slice thickness = 5 mm.  A shim map BS 
was generated, where the matrix element (BS)ij is the change in the B0 field of the i-th voxel due to a unit of current 
applied to the j-th shim channel.  For a given shim channel, several different currents were applied, the resulting B0 
field maps measured, and the shim map for that channel calculated through a least-squares fit.  Rotational maps 
BR(θ) were also generated, where the column vector element [BR(θ)]i is the change in the B0 field of the i-th voxel 
when the SPECT system is rotated from its initial 0° position to an angle θ.  To calculate the rotational maps, the 
B0 field measured at the initial 0° position was subtracted from the B0 field with the SPECT system at an angle θ.  
A rotational map for each anticipated angle should be generated. 
 For the general MR-SPECT re-shimming procedure, an object is first shimmed with the detector system at its initial 0° position using any desired 
shimming method.  The ROI is identified, possibly with the aid of MR imaging.  When the system is rotated to an angle θ, the co-registered ROI in 
the corresponding rotational map along with the shim map are used to calculate the appropriate change in the shim currents C using the equation 
BS’C = -BR’(θ), where the column vector element Cj is the change in the current applied to the j-th shim channel.  The prime notion (’) is used to 
indicate that only voxels within the ROI (and not necessarily the entire map) are to be evaluated.  The equation is solved using a constrained least-
square fit to account for the finite current output of the shim power supply. 

To test this procedure, a 5 cm diameter cylindrical phantom was placed inside a specialized RF birdcage coil in which the separation between two 
rungs was opened to allow for the insertion of a lead parallel-hole collimator (Fig. 1).  The RF coil was mounted to a rotating gantry and placed 
inside a 4 T MRI system.  Shimming was applied using a 13-channel shim set (Tesla Engineering Ltd, Storrington, UK).  B0 field maps were 

acquired at detector angles of 0°, 45°, 90°, 
135°, and 180° both without re-shimming 
and with re-shimming after each rotation 
using the proposed method. 

Results 
 The B0 field maps for the central axial slice of the phantom are shown in Fig. 2.  The range of the B0 field in each slice was measured and listed 
in Table 1.  Without re-shimming, this range was as large as 133 Hz for the 180° detector position.  By applying the re-shimming procedure, this 
variation was reduced by 55% down to 60 Hz. 

Discussion 
The proposed method required a significant amount of B0 field mapping to generate the pre-determined shim and rotational maps.  However, 

these generalized maps can be generated prior to any time-constrained MR-SPECT experiment.  Furthermore, they can be utilized for all future 
experiments so long as the ROI is smaller than the volume spanned by the maps.  The appropriate shim currents for re-shimming can be calculated 
for all required angles once the ROI has been determined.  These calculations do not require any additional MR scanning, thus the shim currents can 
be applied immediately after rotation of the MR-SPECT system. 
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Fig. 1. MRSPECT setup 

 
  Fig. 2. B0 field maps (in Hz) of the central axial slice 

 Without 
Re-shimming 

With 
Re-shimming 

0° 70 Hz NA 
45° 95 Hz 68 Hz 
90° 103 Hz 64. Hz 
135° 121 Hz 61 Hz 
180° 133 Hz 60 Hz 

Table 1.  Ranges of the B0 field 
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