
Figure 2: a) body gradients only (2x scale compared to b and c), b) dual gradient 
with double resolution of a, c) dual gradient with quadrupled resolution of a.  
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Introduction Tradeoffs between gradient performance factors, imaging region size, and 
physiological factors typically lead to compromises in gradient design and imaging 
performance1. Insert gradients can add some performance flexibility, but are cumbersome. In 
nearly all conventional MRI systems, the use of local gradients precludes the use of the more 
homogeneous whole body gradients. We present the concept of dynamically selectable 
composite gradient systems where local gradients and whole body gradients can be selected 
independently and simultaneously. The relative performance of whole body, insert, and 
composite gradients is predicted for echoplanar (EPI) with supporting EPI images.  

Theory The simplest implementation of composite gradients is simultaneous operation such 
that the gradient waveform shapes and timing are identical for both gradient systems. EPI, 
where the entire signal for an image is acquired after a single excitation, is very sensitive to the 
readout duration, Ttotal. Any distortion, ΔBo, in the main magnetic field will result in a shift of 
image voxels: Δy = ΔBo /BW, where BW = 1/Ttotal and Ttotal can be quite long (around 100ms or 
more) for EPI. Ttotal is a function of many factors, including the desired resolution and gradient 
performance factors:  
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where Trise is the rise time, TDAQ is the time to acquire the data from a single echo in the 
echotrain, G is the amplitude of the readout gradient, Rs is the maximum allowed slew rate, γf is 
the gyromagnetic ratio in Hz/T and Δx is the resolution. To minimize distortion, G is selected to 
minimize Ttotal: 
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Thus for any given gradient slew rate, the best (desired) gradient is only a function of resolution 
(until G reaches and remains at the maximum gradient for the system, Gmax,).  In Figure 1a, Ttotal 
is plotted for a typical high performance body gradient (Gmax = 40mT/m and Rs= 200T/m/s), an 
insert gradient (Gmax = 80mT/m and Rs= 400T/m/s), and the composite gradient (Gmax = 
120mT/m and Rs= 600T/m/s). These insert values are those of a commercially available head 
insert. For comparison, we define the fractional improvement (fractional reduction in total 
readout time) for the insert gradient as finsert =1.0-Ttotal(insert)/Ttotal(body) and similarly for the 
composite gradient. As seen in Figure 1b, for nearly all resolutions, the insert and composite 
gradients yield fractional reductions in Ttotal of 30% and 44% respectively.        
Methods Imaging was performed on a Siemens 3T TIM Trio scanner (Siemens Medical, Erlangen Germany) using a custom built Tx/Rx surface coil and a gradient 
insert designed for neck and head imaging2. The system was augmented with three additional gradient amplifiers and master/slave configured computers capable of 
controlling extra RF and gradient channels. A separate pulse sequence was used to control each gradient set. The master computer served four purposes: 1) maintain the 
first-order gradient shims using the standard system gradients, 2) control RF excitation and reception 3) control standard body gradients 4) trigger the slave computer. 
The slave computer controlled the gradient insert pulse sequence. 

Results Figure 2 shows comparison images of a grid phantom acquired with and without the added insert gradients (imaging parameters are in Table 1). 

 

Discussion and Conclusions The results presented here demonstrate that imaging can be performed using an insert gradient coil in concert with standard whole 
body gradients. The images acquired with the composite gradients show that images can be acquired in the same time with substantially increased resolution without 
increased distortion. Alternatively, with the dual system the resolution could be kept constant to reduce Ttotal and distortion. This work demonstrates that composite 
gradients can improve EPI sequences and may have a strong beneficial impact on fMRI studies. Similar results can be shown for turbo spin echo (TSE), and steady state 
free precession (SSFP). It is important to note that peripheral nerve stimulation of the composite system is less than it would be for image acquisition of the same 
resolution using whole body gradients, since total gradient field excursion over the entire body is reduced with these combined gradients1,3. Advantages for using dual 
gradients (body gradients with insert gradients) versus imaging with a head insert alone include 1) improved linear shimming, 2) option to use body gradients when 
homogeneity of gradients is important (slice selection), 3) ability to do imaging and or excitation outside the insert region (arterial spin labeling - ASL). 
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Table 1 Fig 2a Fig 2b Fig 2c 

gradients body dual dual 

FOV(mm) 300x300 150x150 150x150 

ETL/ESP(ms) 64/1.01 64/1.01 128/1.01 

BW 1055 1055 1055 

TE(ms)/Ttotal(ms) 39/61 39/61 71/121 

In plane Resolution (mm) 4.7 2.3 1.2 
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Figure 1a: Ttotal  (echotrain readout time) for an EPI sequence 
using the body, insert, and composite gradients.  b. Ttotal is 
reduced by 30% and 44% (for voxels > 1mm) using the insert 
and composite gradients respectively.  Reduction is greater for 
smaller voxels. 
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