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Fig. 1. Example of a large variety of kidneys; the brightness of the images has been automatically adjusted

construction of the modern medical diagnostic computerized 
systems.

Currently, complete, and automatic diagnosis of kidneys, as 
well as further classification of neoplastic lesions based on CT 
scans, is a major research challenge.

2.	 Materials

The study presented in this paper was conducted with the use 
of data provided by the Military Institute of Medicine in War-
saw. The CT slices used in the study are very different. The 
data include images representing many renal pathologies such 
as kidney tumors and others, cystic fibrosis, hydronephrosis, 
etc. The effectiveness of the diagnosis of a pathomorphological 
lesion depends on the type of lesion, its location, and image 
quality. In Fig. 1 we can see different slices of CT, showing 
a large variety of changes in the kidneys.

The images used in the study were prepared in the process 
of CT examination with a contrast medium. As the contrast 
can absorb X-rays, it facilitates shading the image obtained 
in the examination, which significantly improves its readabil-
ity. Thanks to the use of a contrast medium, it is possible to 
visualize the details of the structure, both of whole tissues and 
individual organs. Despite the use of a contrasting medium, the 
automatic task is still difficult. Figure 1 shows six selected, dif-
ferent examples of slices, showing particular problems occur-
ring in the analysis of this type of image. Example A in Fig. 1 

shows the problem of the kidney (indicated by an orange arrow) 
touching the liver and highlights related difficulties in segmen-
tation. The appropriate contrast adjustment is important in this 
case. Example B shows an unusual shape of the kidney; exam-
ple C shows the final section of a small kidney; examples D 
and E show that the kidney is invisible or displaced. Example F 
shows both kidneys in the middle section with a regular shape 
and typical position.

The presented examples also show the differences in con-
trast intensity. It is also very difficult to precisely define the 
location of neoplastic lesions as well as the position of the kid-
neys in the whole CT image. Following the above observations, 
a scheme based on U-Net was proposed.

The study was performed with the collection of image data 
of patients from the Military Institute of Medicine in Warsaw. 
The data are anonymized and it is not possible to identify the 
individual patient based on the provided data. The image data 
is characterized by great diversity. Some cases are characterized 
by a different phase of contrast. The task of kidney detection is 
also difficult due to the major anatomical differences among the 
patients. The position of the kidneys may move within a certain 
range in the x, y, and z axes. The kidneys may also have differ-
ent positions from each other. Therefore, it is not possible to 
establish a single fixed kidney search area. To assess the effec-
tiveness of the kidney detection system proposed in this paper, 
30 different cases were analyzed. Every single case consists 
of a series of single slices as a raw CT image. The number of 
slices for one case may vary significantly.
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