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Figure 1. Upper row: T2-weighted single image 
(left) and image created with 200 averages. 
Lower row: T1-weighting single (left) and with 50 
averages (right). 

Figure 2. Parameter maps (left) and according fit 
error maps. Upper row: T2. Lower row: T1. 

Figure 3. Contrast optimized acquisition. The single 
images are displayed on the left column, the 
averaged on the right column. 
Upper row: T1, 450 averages, tA=11.5h. 
Lower row: T2, 650 average,: tA=35h. 
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Introduction 
As alternative diagnostic modalities which allow the detection of even slight morphological or anatomical renal changes gain further importance, an improved 
understanding of the relevant processes in the kidney is important. Here, it is crucial to have a thorough knowledge of the kidney’s basic composition, making high-
resolution MR imaging indispensable. Nowadays high-resolution images are acquired either with high-field animal scanners or a special coil setup for human whole 
body systems. Hence, renal imaging using MRI is crucial but not available to many institutions because until now it relied in high-end systems working at high or ultra 
high field strengths. As an alternative, a low-field portable MR-system which can achieve similar resolutions like a small animal system can provide such images and 
even be used to measure relevant relaxation times within a specific organ. This work presents initial results of contrast optimization of a rodent kidney with a portable 
system at 0.5 T. 
Materials and Methods 
A mouse kidney was extracted and inserted in a test glass filled with agarose gel. Images were acquired 
with a 0.5 T portable MR system “portableLab” (Pure Devices, Würzburg, Germany) and a Spin-Echo 
sequence. The settings for the creation of the T1 map included a parameterization of TR/TE=7s/4ms and 
12 inversion times at respectively 0/0.15/0.3/0.45/0.6/0.75/0.9/1.2/1.6/2.1/3.0/6.5s. 50 images were 
acquired with a resolution of 140μm2 in-plane and a slice thickness of 5mm. The total acquisition time 
amounted to 3d, 11h and 14min (cf. Figure 1, lower row). 
Data for the T2-maps were acquired with TR=5.2ms and 11 echo times at respectively 
5/40/75/110/145/180/215/250/350/600ms. 200 averages with a resolution of 140μm2 in-plane and a slice 
thickness of 5mm with a total acquisition time of 8d, 16h and 26min were recorded as shown in Figure 1. 
T1 and T2 maps were created by a pixel wise fitting. To improve the quantitative results of the fitting, fit 
error maps (cf. Figure 2, right column) were created and only values with an R2 value above 0.9 were 
taken into account. 
Results & Discussion 
Three ROIs were drawn in each kidney compartment and data were read out to acquire the mean 
relaxation times. Hereby, the values for T1 amounted to T1=0.73±0.02s for the cortex and T1=1.15±0.06s 
for the medulla. Plotting and subtracting the relaxation curves for cortex and medulla revealed an optimal 
contrast at TR=0.90 seconds. 
For T2 this procedure resulted in T2=74±4ms for the cortex and T2=97±4ms for the medulla. The optimal 
echo time with the highest contrast was calculated to be TE=85ms. 

Subsequently, T1 and T2-weighted images were acquired in optimal settings and are shown in Figure 3. 
For the T1-weighting TE/TR=4ms/900ms and 450 averages were acquired in 11.5h with a resolution of 
100μm2 in-plane and a slice thickness of 3mm. The settings for the T2-weighting included 
TE/TR=85/2000ms, a resolution of 100μm2 in-plane and a slice thickness of 3mm. The total acquisition 
time amounted to 35h including 650 averages. 

Conclusion 
High resolution imaging of the 
kidney need not necessarily be 
performed on high field systems. 
The portable MR system reaches a 
sufficient resolution for the 
distinction of different renal 
compartments as well as the 
identification of an inner structure 
of the renal cortex. Even relaxation 
times of the different renal 
compartments could be examined 
quite accurately. Although the 
measurement time is relatively 
long, the advantages of using such 
a system are unambiguous. 
Because of the all-time availability 
of the portable system, there is no 
need to block clinical systems for 
ex vivo measurements. 
Additionally it provides a cost 
efficient solution to produce high-
resolution images with an image 
quality comparable to systems with 
higher field strengths [1] and thus 
can make research in kidney imaging more widely available. Beyond renal imaging the system also 
might prove useful for other applications requiring high resolution like cellular imaging [2]. 
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