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ABSTRACT 

Objective: to study the nature of renal hemodynamics in patients with severe complications of 

diabetic foot syndrome (ulcer, gangrene, amputation) associated with chronic kidney disease.  

Research material.95 patients were examined (prospectively) with type 2 diabetes with SDS with 

severe complications in the period 2021-2024 in the Department of Endocrinology, in the 

department of diabetic foot. All observed patients were divided into 4 groups: 

1 gr. – 25 patients with SDS, complicated by ulcer, gangrene and amputation and combined with 

CKD of 4-5 stages on hemodialysis 

2 gr. – 25 patients with SDS, complicated by ulcers, gangrene and amputation in combination 

with CKD of 4-5 stages without hemodialysis 

3 gy – 20 patients with SDS, complicated by gangrene and amputation without CKD. 

4 gy – 25 patients with SDS, without severe complications, with the initial stage of CKD. 

        The control group consisted of 20 healthy individuals. 

The research methods are biochemical (bilirubin, direct, indirect, lipid spectrum, ALT, AST, 

PTI, coagulogram, blood sugar, glycated hemoglobin, urea, creatinine, GFR, wound pathogens, 

procalcitonin, interleukin - 6, vascular endothelial growth factor VEGF-A and instrumental: 

ECG, MRI of the feet, dopplerography of the main vessels legs, ultrasound of internal organs, 

fundus.     

The highest rates of fasting glycemia were observed in patients of group 2, that is, with SDS and 

CKD 4-5 ct without hemodialysis. Significantly lower hemoglobin values were also observed in 

this group of patients (p<0.001), glycated hemoglobin significantly higher values of urea, 

creatinine and GFR (p<0.001).All patients had significantly reduced HDL values (p<0.001) and 

total cholesterol (p<0.05). 

A study of renal hemodynamics found its violation in groups 1 and 2 of patients.  

Conclusion 1) Biochemical parameters were significantly impaired in patients of groups 1 and 2, 

that is, with SDS and CKD 4-5 ct on hemodialysis, which indicates the need for further studies in 
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this group of patients. 2) There were significant differences between the indicators of 

dopplerography of the renal arteries in groups 1 and 2 in comparison with the data of the control 

group. 

KEYWORDS: type 2 diabetes mellitus, diabetic foot syndrome, chronic renal failure, 

hemodialysis 

 

INTRODUCTION 

 low life expectancy of patients with diabetic nephropathy with terminal CRF (ESRD) on 

dialysis is primarily due to the high incidence of other serious complications of diabetes. One of 

the complications determining the high risk of disability and mortality in patients with diabetes 

mellitus with ESRD on dialysis is diabetic foot syndrome (DFS). 

         According to foreign authors [1-4], in patients with DM2 with the onset of ESRD 

(uremia), the risk of SDS increases by more than five times.     

        With the onset of RRT, the frequency of SDS increases significantly [5-7]. At the 

same time, SDS not only significantly reduces the quality of life of patients, reduces the chances 

of successful kidney transplantation, but also creates a real threat of limb amputation and a high 

risk of mortality. 

          There are no data on the prevalence of DFS in patients on renal replacement 

therapy (RRT) in Russia. Despite the fact that every year the number of patients with diabetes 

with ESRD who need and receive dialysis therapy increases, in our country the problem of lower 

limb lesions in patients with type 2 diabetes with ESRD has not been practically studied. It is 

worth noting that there are isolated works in foreign literature that address this issue. According 

to R. Frykberg, the problem of SDS in patients with type 2 diabetes on dialysis is currently not 

only poorly understood, but also clearly underestimated [8]. 

         Publications of a number of foreign researchers convincingly show that patients 

with type 2 diabetes with ESRD on RRT are a high-risk group for SDS and amputations of the 

lower extremities [9-12]. Nevertheless, according to the authors, it remains unclear which 

pathogenetic mechanisms lead to the progression of lower limb lesions, an increase in the 

frequency of SDS in this group of patients. 

         The Russian author Bublik E.A. in 2008 showed in her work that the progression of 

chronic obliterating diseases of the arteries of the lower extremities during the observation period 

was noted only among patients with type 2 diabetes on hemodialysis. During the hemodialysis 

procedure, there is a decrease in systolic blood pressure, both in the arteries of the shoulder and 

in the arteries of the lower legs and I toes, which can lead to a deterioration in blood supply to 

the lower extremities and contribute to an increase in the risk of neuro-ischemic form of diabetic 

foot syndrome. [13]. 

As is known, diabetic foot syndrome (DFS) and diabetic nephropathy are a consequence 

of the development of type 2 diabetes mellitus (type 2 diabetes) and are characterized by high 

morbidity and mortality among these patients [14,15]. At the same time, in patients with type 2 

diabetes, the risk of developing foot ulcers during life is 12-25% [ 14 ], while the risk of 

developing diabetic nephropathy is approximately 20-30% [ 15 ].  

In dialysis patients, the risk of limb amputation is approximately 10 times higher than in 

patients with type 2 diabetes in general [ 16 ].. Some studies show that up to 10% of patients 

with type 2 diabetes have limb amputation when included in the chronic dialysis program [17].  

According to research, the pathogenesis of diabetic foot in end-stage renal failure is 

certainly multiple. However, data on kidney diseases according to the registry in the USA 

indicate that a previous diagnosis of peripheral vascular disease, elevated serum phosphorus 

levels and mean systolic blood pressure are predictors of amputation within 2 years in dialysis 

patients [18].   

But, despite the relevance of this topic, unfortunately, there is little data in the literature 

on a possible correlation between diabetic foot complications and renal failure in predialysis 
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patients with type 2 diabetes. Despite a recent study, data on more than 900,000 people collected 

by the UK Health Information Network revealed a strong link between the stages of CKD and 

diabetic foot ulcers [19]. But these results are difficult to interpret because of the non-

standardized definitions and methods of studying VTS between local institutions.   

Back in 2009, Gunter Wolf noted that little is known about the potential relationship 

between kidney function and the development of DFS in patients with preterminal renal 

insufficiency [ 20 ]. 

         Thus, the low life expectancy of patients with diabetic nephropathy with terminal 

CRF (ESRD) on dialysis is primarily due to the high incidence of other serious complications of 

diabetes. One of the complications determining the high risk of disability and mortality in 

patients with type 2 diabetes with ESRD on dialysis is SDS. 

         According to the authors [21-24], in patients with DM with the onset of ESRD 

(uremia), the risk of SDS increases by more than five times.     

         With the beginning of renal replacement therapy, the frequency of SDS increases 

significantly [25-27]. At the same time, SDS not only significantly reduces the quality of life of 

patients, reduces the chances of successful kidney transplantation, but also creates a real threat of 

limb amputation and a high risk of mortality. 

          As a result of the performed analysis of the literature, we came to the conclusion 

that after the initiation of renal replacement therapy in patients on hemodialysis, there is an 

increase in the frequency of development of the neuro-ischemic form of SDS. Along with this, 

the progression of chronic obliterating diseases of the arteries of the lower extremities during the 

observation period was noted only among diabetic patients on hemodialysis. Therefore, it is 

necessary to find ways for early prevention of these complications, early diagnosis and 

treatment.  

         The Russian author Bublik E.A. in 2008 showed in her work that the progression of 

chronic obliterating diseases of the arteries of the lower extremities during the observation period 

was noted only among patients with type 2 diabetes on hemodialysis. During the hemodialysis 

procedure, there is a decrease in systolic blood pressure, both in the arteries of the shoulder and 

in the arteries of the lower legs and I toes, which can lead to a deterioration in blood supply to 

the lower extremities and contribute to an increase in the risk of neuro-ischemic form of diabetic 

foot syndrome. [28]. 

         The data of the literature review made it possible to come to the conclusion that this 

direction is very relevant. At the same time, there are no randomized placebo-controlled studies 

on patients with type 2 diabetes subjected to a thorough study of the pathogenesis of progression 

of two competing formidable complications of the disease – SDS and CKD.   

All of the above highlights the relevance of the topic and served as the reason for this 

study. 

Objective: to study the state of renal function in patients with severe complications of diabetic 

foot syndrome (ulcer, gangrene, amputation) associated with chronic kidney disease.  

 

MATERIALS AND METHODS 

 95 patients were examined (prospectively) with type 2 diabetes in the period 2021-2022 in the 

Endocrinology Center, in the department of diabetic foot. All observed patients were divided into 

4 groups: 

1 gr. – 25 patients with SDS, complicated by ulcer, gangrene and amputation and combined with 

CKD of 4-5 stages on hemodialysis 

2 gr. – 25 patients with SDS, complicated by ulcers, gangrene and amputation in combination 

with CKD of 4-5 stages without hemodialysis 

3 gy – 20 patients with SDS, complicated by gangrene and amputation without CKD. 

4 gy – 25 patients with SDS, without severe complications, with the initial stage of CKD. 
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        The control group consisted of 20 patients with DM2 without complications.  

        To characterize the examined patients, general clinical, biochemical and instrumental 

examinations were used. 

The research methods are biochemical (bilirubin, direct, indirect, lipid spectrum, ALT, AST, 

PTI, coagulogram, blood sugar, glycated hemoglobin, urea, creatinine, GFR, wound pathogens, 

procalcitonin, interleukin - 6, vascular endothelial growth factor VEGF-A and instrumental: 

ECG, MRI of the feet, dopplerography of the main vessels legs, ultrasound of internal organs, 

fundus.     

Secondary performance indicators included blood glucose, blood lipids, wound area, diameter of 

blood vessels of the lower extremities, blood flow rate, walking speed, etc.      

         For kidney ultrasound, an Aloka ultrasound machine with a 4L convexic sensor (2-5 MHz) 

was used.   

Statistical processing was carried out on a personal computer by the Microsoft Excel – 2019 

software package using parametric and nonparametric statistics methods.  

 

RESULTS AND DISCUSSION 

Table 1 shows the distribution of patients by gender and age.   

         Thus, out of 95 patients, the majority were patients from 45 to 74 years old. There were 60 

patients aged 45 to 59 (65.9%) and over 60 – a total of 21 patients (23.1%).  

 

Table 1. 

Distribution of patients by age, sex and by groups (according to WHO) 

 

Age, 

years 

I gr  

(n=25 ) 

II gr 

(n= 25) 

III gr 

(n=20 ) 

IV gr 

(n=25 ) 

Sex м ж м ж м ж м ж 

n % n % n % % n % n n % n % n % 

30-44 - -  -  -      -  -  - 

45-59 9 36 5 20 6 24 35 8- 35 8- 8- 40 8- 32 8- 32 

60-74 6 24 5 20 7 28 15 2 15 2 2 10 7  28 2 10 

75 и >    -  -      --  --  -- 

Total 25 25 20 25 

Note: M is the number of men, W is the number of women   

      

As can be seen from Table 1, the number of men dominated in all groups of patients.   

 Our next step was to perform a comparative analysis of biochemical parameters by 

groups (Table 2).        

         As can be seen from Table 2, the highest indicators of fasting glycemia were observed in 

patients of group 2, that is, with SDS and CKD 4-5 ct without hemodialysis. Significantly lower 

hemoglobin values were also observed in this group of patients (p<0.001), glycated hemoglobin 

significantly higher values of urea, creatinine and GFR (p<0.001).All patients had significantly 

reduced HDL values (p<0.001) and total cholesterol (p<0.05). 

Table 2 

 Average biochemical blood parameters of patients by groups  

Indicator  

Group I 

(n=25), 

 

Group II 

(n=25), 

III  

group 

(n=20), 

 

Group IV 

(n=25), 

Control  Р1 

Р2 

Р3 
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M±SD M±SD M±SD M±SD Р4 

Fasting 

glucose, 

mmol/l 

9,3±1,3 14,4±1,6 10,7±2,1 9,4±1,3 5,2±0,7 <0,05 

<0,001 

<0,001 

<0,05 

HbA1C, %  10,2±1,2 

 

11,9±1,7 

 

8,2±0,4 

 

9,2±1,7 

 

5,5±0,9 <0,001 

<0,001 

<0,05 

<0,001 

Urea, mmol/l 18,9±1,6 28,8±2,3 8,6±2,8 9,4±2,1 9,6±3,4 <0,05 

<0,001 

 >0,05 

 >0,05 

Creatinine, 

mmol/l 

217±12,9 223±15,6 109±11,2 104±11,5 105,6± 

13,2 

<0,001 

<0,001 

> 0,001 

>0,05 

GFR, 

ml/min/1.73 

m2 

18,6±1,8 15,2±1,2 107,3±1,4 108,6±2,8 110,8±12,

7 

<0,001 

<0,001 

 >0,05 

 >0,05 

 

Abbreviations: HbA1c — glycated hemoglobin, GFR — glomerular filtration rate, p – reliability 

of group differences in comparison with control., while p1 - reliability of differences of group 1 

with control, p2 – 2 groups with control, p3- 3 groups with control, p4 – 4 groups with control. 

      

       Important indicators of the functional state of the kidneys are the data of the general 

urinalysis (Table 3.). A well-known criterion of proteinuria is also the albumin-creatinine ratio 

(A/Cr). As can be seen from Table 3, this ratio was significantly increased in groups 1 and 2 of 

patients. (p<0,01,   p<0,001.). Albuminuria levels were also significantly high in the patient 

groups (p<0.01, p<0.001.), while urine density was significantly lower than normal in all patient 

groups. (p<0,01).   

Table 3 

The results of urine analysis of patients in groups 

Urine 

indicators 

 

Group I 

(n=25), 

M±SD 

 

Group II 

(n=25), 

M±SD 

Group III  

(n=20), 

M±SD 

 

Group IV 

(n=25), 

M±SD 

Control 

(n=20), 

Р1 

Р2 

Р3 

Р4 

Relative 

density of 

urine 

1007,60±2

,67* 

1008,25±2,

87* 

1008,39±3

,68* 

1015,12±5

,12* 

1016,02±2

,13 

<0,001 

<0,001 

 >0,05 

 >0,05 

Albuminuria, 

mg/g 

14,6±2.3  13,19±3.2 * 3,26±3.4   3,26±3.4   4,6±2.3  <0,001 

<0,001 

 >0,05 

 >0,05 
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A/Kr, 

mg/mmol 

2,63±0,09

** 

2,58±0,08*

*  

0,59±0,08  0,56±0,09  0,62±0,07 

 

<0,001 

<0,001 

 >0,05 

 >0,05 

Note: * - the reliability of the difference between patients with DM and control, one sign * 

p<0.05, two signs **- p<0.01, three signs ***- p<0.001. ., while p1- the reliability of the 

differences of group 1 with control, p2 – group 2 with control, p3- 3 groups with control, p4 – 4 

groups with control. 

 

The results of our studies showed that patients with DM2 with SDS and CKD on hemodialysis 

had worse indicators of biochemical studies compared to other groups of patients.  

         The next stage was the study of renal hemodynamics (Table 4) 

Table 4.  

          The state of renal hemodynamics in the study groups 

Renal artery 

Characteristics of 

the patient 

Group I 

(n=25), 

M±SD 

Group II 

(n=25), 

M±SD 

Group III  

(n=20), 

M±SD 

Group IV 

(n=25), 

M±SD 

 

Control 

(n=20) 

Peak systolic 

velocity, m/second 
0,48 ± 0,06* 0,39 ± 0,09* 

0,63 ± 

0,04 

0,65 ±  

0,01 

0,67 ± 

 0,04 

Blood flow rate at the 

end of diastole, m/sec 

0,1 ±  

0,05* 

0,1 ± 

0,04* 

0,16 ± 

0,05 

0,2 ±  

0,04 

0,2 ±  

0,05 

Resistance Index 0,34 ± 0,03* 0,47 ±0,11* 
0,66 ± 

0,03 

0,67 ±  

0,08 

0,7 ± 

 0,06 

Acceleration time, 

msec 

69 ±  

5,2* 
72,5 ± 3,4* 

44 ± 

 8,2 

47,4 ± 

6,2 

46 ±  

12,2 

Systolic acceleration, 

msec 

9,2 ± 

 1,3* 

7,8 ±  

1,3* 

14,2 

± 2,1 

13,9 

 ± 2,3 
15,46 ± 5,21 

Early systolic peak 
  23,3 ± 4,2*  28,3 ± 4,7*   17,3 ± 

2,2 

 18,5 ± 

 2,7 

42±  

3,41 

Segmental artery  

Characteristics of 

the patient 

I 

группа 

(n=25), 

M±SD 

II 

группа 

(n=25), 

M±SD 

III  

группа 

(n=20), 

M±SD 

IV 

группа 

(n=25), 

M±SD 

 

Контроль 

(n=20), 

M±SD 

Peak systolic 

velocity, m/second 

0,19 ±  

0,02* 
0,23 ± 0,02* 

0,35 ± 

0,03 

0,36 ± 

 0,1 

0,38 ± 

 0,08 

Blood flow rate at the 0,07 ±  0,08 ± 0,02* 0,12 ± 0,14 ±  0,13 ± 
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end of diastole, m/sec 0,006* 0,04 0,02  0,03 

Resistance Index 
0,35 ± 

0,09* 
0,33 ± 0,08* 0,63 ± 0,08* 

0,62 ±  

0,03 

0,65 ±  

0,06 

Acceleration time, 

msec 
120,5 ± 9,4 125,8 ± 12.8 57,5 ± 3,6 58,2 ± 7.8 59,5 ± 23,6 

Systolic acceleration, 

msec 
3,2 ± 0,51 3,58 ±0,17 7,3 ± 2,1 6,5 ± 1,17 7,1 ± 2,51 

Early systolic peak  

 16,2 ± 

 2,5* 

 17,3 ±  

2,4* 

 38,8 ± 

 7,5 

 37,9 ±  

2,4 
40±  

3,12 

Interlobular artery  

Characteristics of 

the patient 

I 

группа 

(n=25), 

M±SD 

II 

группа 

(n=25), 

M±SD 

III  

группа 

(n=20), 

M±SD 

IV 

группа 

(n=25), 

M±SD 

 

Контроль 

(n=20), 

M±SD 

Peak systolic 

velocity, m/second 
0,12 ± 0,09* 0,14 ±0,05* 

0,21 ± 

0,06 

0,22 ± 

 0,03 

0,23 ±  

0,05 

Blood flow rate at the 

end of diastole, m/sec 
0,02 ± 0,03* 

0,03 ± 

0,02* 

0,07 ± 

0,02 

0,09 ±  

0,02 

0,08 ± 

 0,03 

Resistance Index 
0,35 ±  

0,03* 

0,42 ± 

0,03* 

0,63 ± 

0,04* 

0,62 ±  

0,06 

0,65 ± 

 0,07 

Acceleration time, 

msec 

134,5 ± 

20,2* 

136,6 ± 

13,5* 

54,5 ± 

23,2 

55,4 ±  

8,5 

55,5 ± 

 7,2 

Systolic acceleration, 

msec 

1,3 ± 

 0,5* 

1,23 ±  

0,8* 

5,52 ±  

2,3 

4,8 ±  

0,26 

5,02 ± 

 2,55 

Early systolic peak 
  26,8 ±  

6,8* 

 17,3 ± 

 2,1* 

 42,8 ±  

3,8 

 39,3 ±  

2,1 

43±  

3,42 

 

Note: * - the reliability of the difference between patients with DM and control, one sign * 

p<0.05, 

 

 As can be seen from the data given in Table 4, there were significant differences between 

the indicators of dopplerography of the renal arteries in groups 1 and 2 in comparison with the 

data of the control group.  

 

CONCLUSION 

1)Biochemical parameters were significantly impaired in patients of groups 1 and 2, that is, with 

SDS and CKD 4-5 ct on hemodialysis, which indicates the need for further studies in this group 

of patients. 2) There were significant differences between the indicators of dopplerography of the 

renal arteries in groups 1 and 2 in comparison with the data of the control group. 
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