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Introduction  

A method for serial MR examination of iron labelled islet cells transplanted into the liver is proposed. Rats with varying numbers of transplanted cells were 
imaged using 3D radial ultrashort echo time (UTE) imaging.  The images produce quantifiable positive contrast from the iron labelled cells.    

The possibility of treatment of Type 1 diabetes with transplantation of pancreatic islets of Langerhans into the liver is promising. Tracking of the islet cells 
after transplantation is vital in assessing transplant success and monitoring rejection at the earliest possible stage. Insulin independence may be achieved through 
endogenous insulin production along with glycaemic stability. Often, independence is not sustained, but protection from severe hypoglycaemia and improved control 
can prevent other complications associated with unstable diabetes.1 Transplantation of cells only, not the whole organ, allows in vitro immunologic manipulation before 
transplantation to help reduce cell rejection and extensive immunosuppression therapy,2 but does require at least two donor organs per recipient.  

MR provides an ideal non-invasive method for repeated scans over time. However, as the islets cells do not naturally show contrast from the surrounding 
liver, a stable, non-toxic label, and appropriate MR methods are needed. Resovist (carboxydextran-coated superparamagnetic iron oxide (SPIO) particles) was used in 
this study.3 Quantification of iron oxide remains challenging. The competing effects of shortened T1 and T2* will act to increase and decrease signal intensity 
respectively. These effects must be separated by a sequence that is sensitive to either T1 or T2*, but not both. Ultrashort echo time (UTE) imaging4,5 is proposed as a 
technique for quantifiable enhancement of both localised and diffuse regions of iron.6 3D UTE imaging7 uses radial sampling with short read-out and echo times.8 The 
UTE sequence consists of a 60us non-selective RF pulse followed by a 40us transmit/receive switch time and a 100% asymmetric data acquisition from the centre to the 
surface of a sphere. In order to achieve the shortest possible TE, data acquisition starts already during ramp-up time of the readout gradient. Radial imaging has a useful 
diffuse distribution of motion artifact and does not suffer from wraparound making it both robust to flow and motion, and ideal for small FOV imaging of the liver. A 
UTE image will include all of the species, including the very short T2* islet cells. A second echo image is subtracted from this (when the short T2* species have 
decayed) resulting in positive contrast from the iron containing cells and nulled background liver signal (d-UTE). Small vessels with slow flow, within the liver 
boundary, often appear dark in the subtraction image, assisting their distinction from the enhanced cells, contrary to conventional GRE images where both the iron 
labelled islet cells and the vessel are hypointense. 
Methods  

Sprague Dawley rats (n=6) were transplanted with either 500, 1000, 2000 and 4000 (2 rats) islet cells (a sixth acted as a control with injection of transplant 
fluid only). The labelling and transplant method has been optimised so that the maximum number of injected islets remains in the liver.  

Imaging was carried out on a Siemens 3T Trio clinical scanner (Siemens AG, Erlangen, Germany) using the system wrist coil. Scanning was at baseline (day 
1 after surgery), day 8 and day 15. UTE image parameters are a 3D isotropic resolution matrix of 320 and a 12cm FOV, with 35000 radial projections. 
TE(1)/TE(2)/echo spacing/FA = 0.07ms/5.7ms/9.6ms (x 70-110 segments)/10°. A Kaiser-Bessel gridding algorithm (window width = 3 and β = 4.2054) is integrated 
into the system online reconstruction. Sampling density precompensation is achieved with a rho filter modified to plateau toward the outer part of k-space to correct for 
undersampling7. Respiratory triggering, pausing imaging during the short inhale/exhale period, used a pressure pad and external trigger input system (SA Instruments 
Inc. Stony Brook NY, USA) with a trigger delay of around 150ms to ensure imaging is at a constant respiratory position over the 6 minute scan time.  

Images were compared with the conventional 2D GRE signal loss sequence. (TE/TR/FA/FOV/matrix = 7ms/1490ms/40/120mm/320+interpolation). 
Quantitative assessment for comparison of the different numbers of cells included measurement of the number of pixels (over all slices) containing enhanced d-UTE 
signal and the distribution of the level of this hyperintensity. An intensity threshold was applied within regions drawn around the liver to quantify the number of 
enhanced pixels. Single cell clusters appear in multiple slices, due to high isotropic resolution, contrary to 2D GRE where slices are thicker than the affected volume. 
Results  

   
 

   
 
 
Figure 1.  
Comparison of clarity and  
background level toward the  
top of the liver.   
Day 8. 4000 cells. 
(a) UTE TE 0.07ms,  
(b) radial TE 5.7ms,  
(c) UTE difference (d-UTE),  
(d) 2D GRE. 
 
 

 
Figure 2. Number of pixels detected vs. no of cells injected.   
Threshold 110, total liver pixels ∼ 200 000.  
Days 8 (blue) and 15 (pink). 

Figure 1 shows 3D UTE, radial and 2D GRE images. In UTE difference islets appear as bright spots.  Small, low flow vessels (hepatic veins, portal branches), appear 
dark, and the subtraction image enhances the contrast between the uniform liver background and the islet cells.  Figure 2 shows quantification of the detected cells above 
an intensity threshold at days 8 and 15. For a greater number of cells injected there are more pixels enhanced but with a similar intensity distribution. It is difficult to 
find a similar threshold in the radial long TE (due to hypointense small vessels and cells) and the 2D GRE (due to variation in background liver signal in all slices). 
Discussion 

The isotropic 3D images can be viewed with the same resolution in all three orientations. When imaging at day 1, surgical disturbance makes visualising of 
individual clusters more difficult. At one week, cell visualisation and quantification is more defined with isolated enhanced spots within a uniform background. With 2D 
GRE, the outermost axial slices (often where many of the islets are situated) are lost to motion artifact from the heart or lower abdomen. The GRE signal loss technique 
shows larger, more distorted spots than the radial sequence and partial volume effects due to large slice thickness. Thresholding of the radial UTE difference image is 
more successful due to the uniform hypointense background signal throughout the whole liver.  
Conclusion   

Reproducible quantification of the total number of cells with thresholding of the UTE difference image is possible, due to the uniform background and high 
contrast of this sequence. The proposed method has the ability to detect spots clearly and distinctly, as well as assessing and quantifying changes with number of cells, 
and progression over time.  Application to improve detection and resolution in an ongoing patient study is promising. 
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