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ABSTRACT 
 
The study of glomerular filtration rate using renal 
scintigraphy with enhancement and blood flow velocity in 
renal artery has been carried. We estimated the relationship 
between glomerular filtration rate and renal artery blood flow 
rate for each kidney and their mutual influence. To explain 
the results of the relationship and visualization of the research 
process, we used wavelet coherence. The expediency of using 
the wavelet methodology for conducting intellectual 
diagnostics for the detection of kidney diseases is shown.  
 
Key words: Glomerular Filtration Rate, Renal Artery Blood 
Flow Velocity, Kidney Diagnostics, Wavelet Analysis, 
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1. INTRODUCTION 
 
Any phenomenon or process can be represented as some data 
set [1], [2]. The analysis of such data helps to obtain new data, 
new knowledge. New information helps to understand and 
explain the phenomena and processes that are being 
investigated. It also helps to make the right decisions. 
 
Of particular importance is the analysis of data in medicine 
[3], [4]. This is due to the fact that we are considering data 
that characterize the health and possible diseases of patients. 
Therefore, it is important to know more information than 
primary data. 
 
An example of data analysis in medicine is the diagnosis of 
 

 

kidney disease [5]. The radionuclide evaluation of renal 
function has been introduced since 1950. Early studies used a 
radioactive material with external probe to produce time 
activity curve to show the uptake and excretion of the 
radiopharmacutical within the kidneys [6]. The application of 
radionuclide procedure has proved to be effective at 
evaluation of renal disorders. 
 
At the same time, it is also necessary to use various simple 
procedures for quick analysis of primary data. This will help 
to conduct a quick diagnosis of kidney disease, provide the 
necessary assistance to the patient. Applying different 
approaches to data analysis will also help to understand the 
dynamics of processes that affect the development of relevant 
diseases. At the same time, visualization of the research 
process is also important. In general, this determined the 
subject of this work. 
 
2. MATERIALS AND METHODS 
 
2.1 Overview of data analysis tools in the diagnosis of 
kidney 
 
One of the main tools for analyzing various data are statistical 
analysis methods. These methods are also used in the study of 
kidney disease. 
 
For example, in [7], [8], an analysis is made of various data 
that are characteristic of kidney disease. Such an analysis is 
based on the methods of descriptive and comparative 
statistics, clustering data on various groups of patients. 
Various diagrams and tables are also used, which allow to 
generalize and systematize the results of the study. 
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A. Phrommintikul, S. J. Haas, M. Elsik, and H. Krum use 
meta-analysis to analyze kidney disease [9]. Such an analysis 
involves the selection of certain markers for the 
corresponding study. Next, correlation analysis is used to 
determine the factors of mutual influence between different 
markers. As visualization methods, various charts and graphs 
are used. 
 
The study [10] is based on cluster and factor analysis. This 
allowed us to process large amounts of data and draw 
conclusions about kidney diseases for each group of patients. 
To visualize the results, classic clustering diagrams were 
used. 
 
In [11], an analysis was made of the comparative effectiveness 
of various markers in the diagnosis of kidney diseases. This 
allows you to determine the group of markers that are 
appropriate to use in the study of various kidney diseases. 
However, such an analysis does not use data visualization 
methods that help interpret the results. 
 
V. Kunwar, K. Chandel, A. S. Sabitha and A. Bansal perform 
intelligent data analysis [12]. This allows you to classify 
groups of patients according to the type of kidney disease. 
 
Thus, classic methods for the analysis of primary data are 
used to diagnose kidney diseases. To visualize the results of 
the analysis, graphs, charts, tables are used. 
 
2.2. Wavelet Coherence as a Data Analysis Tool 
 
Wavelet methodology is one of the methods of data 
processing. Using the wavelet methodology, you can process 
various data sets [13], [14]. For such an analysis, it is 
necessary that the data set has a structure that is similar to the 
structure of a time series. Any data set can be converted to a 
data set that has a time series structure. It is necessary to select 
a certain data set and to rank all the data for the selected data 
set [15]. 
 
To analyze the relationships between different data sets, 
wavelet coherence can be used [15], [16]. This analysis is 
based on cross-references. To do this, use the following 
formula [16], [17]: 
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where:  
  – is a smoothing operator, 
k  and 1k  – data groups, which are investigated; 

g  – data group for ranking; 
)k,k( 1  – cross wavelet spectra for different time series 

z  and  1z , 
x  – data number in the test series, 
y  – characterizes the depth of cross-references, 

1)z,z(R0 1
2  . 

 
Wavelet coherence may provide an explanation for the 
various correlations between the data being investigated. This 
is due to the fact that we are considering cross-references for 
different depths of the source data. 
 
 
2.3. Data for analysis 
 
We are considering a group of 210 patients who have different 
kidney diseases. In this group there were 99 male and 111 
female aged 9-76 years. These data were obtained at a 
radiological center in Sudan. 
 
As markers of liver disease, we consider: glomerular filtration 
rate and renal artery blood flow velocity. 
 
Glomerular filtration rate (PSV) may be a marker of renal 
function, as this marker is useful for quantifying and grade 
stenosis. At the same time, renal stenosis directly affects renal 
function - the speed of blood flow in the renal artery (GFR). 
 
Measurement of glomerular filtration rate is also considered 
an important parameter in the diagnosis of renal function and 
early monitoring of renal dysfunction. 
 
For analysis, we use tools such as regression and correlation 
analysis, wavelet coherence, comparative analysis. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Results of regression and correlation analysis 
 
Figure 1 showed the relationship between the PSV (cm/sec) 
and GFR (ml/min) of the right kidneys. We see that this 
relationship is proportionally dependent. This relationship is 
described by the equation (significance level 0.85): 
 

005.5x889.1y  ,                                   (2) 
 
where: 

x  – values PSV for the right kidney, 
y  – values GFR for the right kidney. 
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Figure 1: Relationship between PSV and GFR for the right kidney 
 
Figure 3 showed the relationship between  the PSV and GFR 
of the left  kidneys. This relationship is described by the 
equation (significance level 0.75): 
 

153.4x801.1y  ,                              (3) 
 
where: 

x  – values PSV for the left kidney, 
y  – values GFR for the left kidney. 

 
Figure 2: Relationship between PSV and GFR for the left kidney 

 
The figures also showed that there was minimum difference 
between the right and left kidneys concerning the relation 
between the PSV and GFR. 
 
It should also be noted that the relationship between PSV and 
GFR for the right kidney is more significant than for the left 
kidney. 
 
Figure 3 showed the relationship between the PSV for the 
right kidney and total GFR. This relationship is described by 
the equation (significance level 0.46): 
 

08.30x283.2y  ,                                (4) 
 
where: 

x  – values PSV for the right kidney, 
y  – total values GFR. 

 

 
Figure 3: Relationship between PSV for the right kidney and total 

GFR 
 
We also see that Relationship between PSV for the right 
kidney and total GFR is lower, than for the data of Figure 1 
and Figure 2. This is due to the fact that we are considering 
the generalized value of GFR. 
 
Figure 4 showed the relationship between the PSV for the left 
kidney and total GFR. This relationship is described by the 
equation (significance level 0.46): 
 

90.51x949.1y  ,                                      (5) 
 
where: 

x  – values PSV for the left kidney, 
y  – total values GFR. 

 

 
Figure 4: Relationship between PSV for the left kidney and total 

GFR 
The figures also showed that there was significant difference 
between the right and left kidneys concerning the relation 
between the PSV and total GFR. 
 
It should also be noted that the results correlate with classical 
approaches that are used in the diagnosis of kidney disease 
[18]-[20]. At the same time, it must be emphasized that in 
such studies, two series of data are analyzed. However, the 
issues of the relationship of the observed correlation 
depending on other parameters are not considered. 
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In this context, for example, it is necessary to consider the 
relationship between the glomerular filtration rate and the 
blood flow velocity in the renal artery for different age groups. 
This will help to understand the presence of appropriate levels 
of significance between the studied markers, to expand the 
boundaries of the study. 
 
3.2. Wavelet Coherence Results 
 
Consider the wavelet coherence between the glomerular 
filtration rate and the blood flow velocity in the renal artery in 
accordance with the data in Figure 1 - Figure 4. Consider this 
relationship with respect to the age of the patients. 
 
The figures below show the results of wavelet coherence. 
These figures show: 
 

along the axis x  of the patient age value. These values are 
represented by serial numbers in accordance with the number 
of patients in the sample (210 patients). The smallest serial 
number corresponds to the patient's age of 9 years, the largest 
- 76 years; 

 
along the axis y  – the depth of the relationship between 

the studied data values, for which we determine the values of 
the wavelet coherence. This depth also displays various 
analysis intervals for patient age values; 

 
the dashed white line limits the region of reliable values of 

wavelet coherence (with a confidence level of at least 0.95). 
These values are inside the dashed line; 
 

the figure also shows a scale for analyzing the significance 
of wavelet coherence data. The value of wavelet coherence is 
in the range from 0 to 1. Such data for clarity also have color 
values. Separate areas are localization of consistency (the 
significance of wavelet coherence tends to 1) or inconsistency 
of the data (significance of wavelet coherence, usually 0), 
which are being studied. 
 
Figure 5 shows the wavelet coherence between the PSV and 
GFR for the right kidney. These values are shown according 
to the age of the patients. 
 
 

 
Figure 5: Wavelet coherence between PSV and GFR for the right 

kidney 
 
We see that data between PSV and GFR for the right kidney is 
consistent. Such consistency is observed for almost all age 
categories of patients. This consistency can explain the high 
level of significance (significance level 0.85) for relationship 
between the PSV and GFR right kidney (see Figure 1). The 
smallest consistency relationship between the PSV and GFR 
for the right kidney can be seen for the age category of 
patients. 
 
Figure 6 shows the wavelet coherence between the PSV and 
GFR for the left kidney. These values are also shown 
according to the age of the patients. 
 
We can see less consistency between PSV and GFR for the left 
kidney (see Figure 2), compared with the data in Figure 5. 
This can explain the lower significance level between PSV 
and GFR for the left kidney (see Figure 2), compared with the 
data in Figure 1 (significance level between PSV and GFR for 
the right kidney). It should also be noted that for younger 
patients, the consistency between PSV and GFR for the left 
kidney is less. This can explain the difference between the 
data in Figure 1 and Figure 2. 
 

 
Figure 6: Wavelet coherence between PSV and GFR for the left 

kidney 
 
Figure 7 shows the wavelet coherence between PSV for the 
right kidney and total GFR. 
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Figure 7: Wavelet coherence between PSV for the right kidney and 

total GFR 
 
Figure 8 shows the wavelet coherence between PSV for the 
left kidney and total GFR. 
 

 
Figure 8: Wavelet coherence between PSV for the left kidney and 

total GFR 
 

We see that the consistency between PSV for the left kidney 
and total GFR (see Figure 7) and between PSV for the left 
kidney and total GFR (see Figure 8) is significantly less than 
for the data in Figure 5 and Figure 6. This can explain the 
corresponding the significance level for the data in Figure 3 
and Figure 4.  

 
It should also be noted that there is a different agreement 
between the data in Figure 7 and Figure 8. This explains the 
different dynamics of the data for Figure 3 and Figure 4, in 
their comparison. The data consistency for Figure 8 is greater 
than for Figure 7. 
 
Thus, wavelet coherence is a tool that helps to explain and 
understand the relationships between the markers studied in 
the diagnosis of kidneys. This fact distinguishes this work 
from the classical studies that were carried out in articles [12], 
[18]-[20]. 
 
4. CONCLUSION 
 
Qualitative diagnosis of the kidneys is the basis for the timely 
treatment of the disease. We examined the relationship 
between glomerular filtration rate and renal arterial blood 
flow velocity. For analysis, we used the wavelet methodology. 

We specified the relationship between glomerular filtration 
rate and renal arterial blood flow velocity for different age 
groups of patients. This allowed us to explain the existing 
meanings of the relationships between the various markers 
that we are considering. Wavelet coherence also allows 
visualization for the process under study.  
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