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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This article discusses the problems of surgical tactics in 

diabetic foot syndrome and its complications, both in the early 
postoperative and remote periods. The above complications 
require surgeons to search for the most optimal method of 
surgical treatment.

Aim of the work: To evaluate the results of surgical treatment 
using different revascularization and non-revascularization 
methods in patients with diabetic foot syndrome.

Study design: Non-randomized controlled clinical trial.
Materials and Methods: The article presents the experience 

of treatment at the University Hospital of NCJSC ‘SMU’ in the 
period from 2021 to 2024, where 93 patients were operated on. 
All patients had narrowing or complete occlusion of arteries of 
the lower limbs on the background of decompensated diabetes 
mellitus, which required surgical intervention. The patients 
were divided into 2 groups based on the results of computed 
tomography or angiography. The first group consisted of 45 
patients who underwent revascularization interventions, while 
in the second group 48 patients underwent nonrevascularization 
interventions. The most frequently performed revascularization 
interventions were balloon angioplasty (53.33%), femoral-
pelvic bypass (31.1%), bifurcation aorto-femoral bypass 
(11.1%); profundoplasty of the deep femoral artery and stenting 
of the superficial artery were performed less frequently (2.2%). 
Lumbar sympathectomy (89.58%) and revascularisation 
osteotrepanation (10.42%) were performed in the group of non-
revascularisation interventions. 

Results: Most complications were observed in revascularisation 
interventions. 2 complications were in patients who underwent 
balloon angioplasty, and 3 complications in patients who 
underwent femoral-popliteal bypass. In other interventions, as 
well as in non-vascularisation treatment methods, there were no 
complications. However, wound healing, and the management 
of lower limb ischaemia were much better in patients who 
underwent revascularisation intervention. 

Conclusions: This study found that revascularisation 
therapies such as angioplasty and bypass surgery demonstrate 
higher efficacy rates in the treatment of patients with diabetic 
foot syndrome compared to non-revascularisation techniques. 
Revascularisation improves blood flow, reduces the risk of 
amputations and accelerates wound healing, which is supported 
by data on low complication rates in the group of patients 

who received these interventions. However, despite the clear 
advantages of revascularisation, the choice of treatment method 
should be based on individual indications, taking into account 
the degree of vascular damage, the presence of comorbidities 
and the general clinical characteristics of the patient. In some 
cases, for example, in less severe circulatory disorders, non-
revascularisation methods may be equally effective and less 
invasive.

Key words. Diabetes mellitus, diabetic foot syndrome, 
revascularisation, amputation.
Introduction.

Diabetes mellitus (DM) is of great importance in the world in 
terms of its medical, social, economic significance and leads to 
loss of working capacity, reduced quality of life, early disability 
and mortality. 

According to the International Diabetes Federation, 537 
million people have DM in 2021. Globally, an estimated 45.8% 
or 174.8 million of all adult diabetes cases remain undiagnosed, 
ranging from 24.1% to 75.1% according to regional data. An 
estimated 83.8% of all undiagnosed cases of diabetes mellitus 
are in low- and middle-income countries.

Modern surgery has many treatment options for diabetic 
foot syndrome (DFS). Various innovative approaches to 
treatment have been proposed, the number of highly qualified 
specialists involved in foot care has increased, modern 
antibiotics and topical treatments, therapeutic dressings, and 
X-ray endovascular interventions are available [1]. However, 
despite all the advances, the number of amputations in diabetes 
is increasing. Every hour in the world 55 diabetic patients lose 
a lower limb, and in economically developed countries this 
figure varies from 13.7 to 32.3 per 100,000 population, which 
in turn is accompanied by a high mortality rate, treatment and 
rehabilitation costs [2].

One of the problems of vascular surgery is the treatment of 
critical lower limb ischaemia in patients with the absence of 
a perceptual channel, when it is impossible to perform direct 
reconstructive operations on the main arteries [3]. The number 
of such patients is increasing, and the results of treatment 
remain unsatisfactory. The majority of patients undergo high 
limb amputation [4].

The aim: To evaluate the surgical treatment results using 
different revascularisation and non-revascularisation therapies 
in patients with diabetic foot syndrome.
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Materials and Methods.
This study was designed as a prospective, controlled clinical 

trial. A total of 93 patients were operated on at NCJSC SMU 
University Hospital between 2021 and 2024. Majority of patients 
were males 62 (66.67%) while females were 31 (33.33%). The 
mean age was 63.4 years. All patients had narrowing or complete 
occlusion of the arteries of the lower limbs on the background 
of decompensated diabetes mellitus, which required surgical 
intervention. 

The inclusion criteria were patients who had signed an 
information consent to participate in this study, who had stenosis 
or occlusion of lower limb arteries against the background of 
decompensated diabetes mellitus and required revascularisation 
or non-revascularisation surgery.

Exclusion criteria were patients with lower limb arterial 
lesions not suffering from diabetes mellitus, patients with lower 
limb arterial lesions on the background of diabetes mellitus not 
requiring surgical treatment, patients who refused to participate 
in the study. 

The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki and approved by the 
local ethical committee of the Semey Medical University of 
Semey (protocol #4 of 20 December, 2021). All patients were 
given information letters that stated the aim of the study, detailed 
descriptions of the treatment methods, and how selection into 
the study groups would be conducted.

Taking into account the elderly age of the patients, presence of 
diabetes mellitus for many years, we understood the importance 
of a complete comprehensive examination of these patients 
before surgical intervention, in this regard, the following 
methods of research were used: 1. Physical examination of 
patients; 2. Laboratory diagnostics; 3. USDG of abdominal 
aorta and arteries of lower limbs; 4. USDG of brachycephalic 
arteries 5. Video-esophagogastroduodenoscopic examination 
6. Electrocardiography; 7. Echocardiogarphy. 8. Review 
radiography of the chest organs 9. Multispiral computed 
tomography; 10. Aortoarteriography.

Pre-hospital physical examination of patients was performed 
to determine the pulsation of lower limb arteries. Pulsation 
was checked in the projection of the common femoral arteries, 
hamstring arteries, posterior tibial arteries and the artery of the 
dorsum of the foot. The fingers and feet were also carefully 
examined for trophic disorders. After that, patients underwent 
a full range of laboratory tests on admission: general blood 
analysis, biochemical blood analysis (blood sugar, urea, 
creatinine, total cholesterol, HDL-high-density lipoproteins, 
LDL-low-density lipoproteins, ALT-alaninaminotransferase, 
AST-aspartateaminotransferase, triglycerides, total protein, 
alpha-amylase, total bilirubin, direct bilirubin), urinalysis, 
determination of glycosylated haemoglobin level, coagulogram, 
blood tests for HIV, hepatitis B and C, Wassermann's reaction, 
blood group determination.

During instrumental investigations in the preoperative period, 
the state of other vascular basins - brachycephalic and coronary 
arteries - was of primary importance. All patients were also 
examined by specialised specialists as indicated: endocrinologist, 
nephrologist, cardiologist, neurologist, ophthalmologist, etc. 
Characteristics of the patients are presented in Table 1.

Multispiral computed tomography (MSCT) with contrast 
and aortoarteriography: are the main methods of arterial 
basin investigation to determine the exact further tactics of 
surgical intervention in patients with lower limb arterial lesions. 
For visualisation of the arteries, the contrast agent Vyhexol 
was used. Vivexol is a non-ionic dimeric radiopaque contrast 
agent, which is a water-soluble hexayodinated compound. Its 
main action is to absorb X-rays due to organically bound iodine, 
which is delivered to organs and tissues after administration 
into the bloodstream. A distinctive feature of Vitexol is its 
low osmolarity even in comparison with other X-ray contrast 
agents, which contributes to the safety of the procedure. MSCT 
with contrast is preferable to angiography due to better 3D 
visualisation of vessels, as well as administration of a lower 
dose of contrast agent, which can reduce the risks of contrast-
induced renal failure. However, when performing possible 
balloon angioplasty or stenting of lower limb vessels, it is more 
appropriate to choose X-ray contrast arteriography. It should 
also be noted that the lesion of the arterial channel in diabetes 
mellitus is more distal, namely, the popliteal and tibial arteries 
are affected (Figure 1).

Characterisation of arterial segment lesions according to the 
results of MSCT and angiography is presented in Table 2.

Allocation into the group of revascularisation or non-
revascularisation methods of intervention depended primarily 
on the results of MSCT or angiography, according to the 
results of these examinations. If after MSCT we found stenoses 
or occlusions of lower limb arteries with preservation of 
arterial patency in the distal channel (tibial arteries), then 
revascularisation intervention is performed depending on the 
degree of the affected arteries. However, in case of complete 
occlusion of the distal segment of the lower limb arteries, 
revascularisation intervention is not possible. In this case, non-
revascularisation interventions such as lumbar sympathectomy 
or revascularisation osteotrepanation were performed to 
improve microcirculation.

After complete follow-up examination by MSCT or X-ray 
contrast angiography, all patients were divided into the 
following groups: 

Number of patients (n) %
Male gender 62 66,67
Female gender 31 33,33
Average age 63,4 (от 54 до 74)
Associated pathology: 
Hypertension
Obesity
 Ischaemic heart disease 
(history of MI/myocardial 
revascularisation, angina pectoris)
History of acute disorders of 
cerebral circulation

93
40
49

24

100
43,01
52,69

25,81

Late complications of DM
Retinopathy
Nephropathy
Polyneuropathy
Ostearthropathy

57
60
55
4

61,29
64,52
59,14
4,3

Trophic ulcers of the foot 42 45,16
Ischaemic resting pain 73 78,49

Table 1. Characteristics of the patients.
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Results.
The best treatment results were observed in the revascularisation 

surgical treatment group. Types of surgical interventions 
performed in this group are presented in Table 3.

As we can see from Table 3, the largest number of patients 
(24 patients, 53.3%) underwent balloon angioplasty of the tibial 
arteries, among which 2 complications were recorded. The 
complication was the presence of bleeding with the appearance 
of a false aneurysm of the common femoral artery associated 
with the patient's failure to observe bed rest after surgery, 
which led to the loosening of the pressure dressing in the CFA 
area. Subsequently, this aneurysm was successfully excised 
with suturing of the CFA defect. Another complication was 
identified in a 52-year-old man who developed wet gangrene 
of the foot after balloon arthroplasty, which resulted in a high 
amputation of the limb. The other 22 patients noted a significant 
improvement of the condition due to ischaemic pain relief and 
limb warming. An example of balloon angioplasty is shown in 
(Figure 2).

Figure 2. Results of balloon angioplasty in a 74-year-old woman.
A - angiography before balloon angioplasty.
B - angiography after balloon angioplasty.

The second in number is the femoral-popliteal bypass (14 
patients, 31.1%), in which 3 complications were recorded. 
Two patients in this group had signs of lymphorrhoea in the 
postoperative period. One patient had shunt thrombosis on the 
first day, the patient underwent thrombectomy, and no further 
complications were observed in the patient. 1 patient aged 65 
years had a positive experience of hybrid operation: femoral-
popliteal bypass in combination with balloon angioplasty of the 
posterior tibial artery for trophic disorders (Figure 3).

Other types of interventions such as bifurcation aorto-femoral 
bypass (5 patients, 11.1%) and stenting of the superficial 
femoral artery (1 patient, 2.2%) were performed less frequently, 
and there were no complications. Profundoplasty of the deep 
femoral artery was also performed in 1 case (2.2%) and there 
were no complications. It should be noted that patients of each 
group after surgical treatment received full conservative therapy 
to maintain the effectiveness of the interventions.

1. Revascularisation treatments: 45 patients (of which 5 patients 
underwent bifurcation aorto-femoral bypass; 14 femoral-pelvic 
bypass; 1 profundoplasty of the DFA, 24 balloon angioplasty of 
the tibial arteries, 1 stenting of the superficial femoral artery).

 2. Nonvascularisation treatments in 48 patients (of which 43 
patients underwent lumbar sympathectomy on the affected side; 
5 patients underwent revascularisation osteotrepanation).

Number of patients 
(n) %

Stenosis/occlusion of the iliac arteries 5 5,38
Stenosis/occlusion of the common 
femoral artery 5 5,38

Stenosis/occlusion of the superficial 
femoral artery 15 16,13

Stenosis/occlusion of the deep femoral 
artery 1 1,08

Stenosis/occlusion of the popliteal 
artery 42 45,16

Stenosis/occlusion of the arteries of the 
shin:
Anterior tibial artery
Posterior tibial artery
Fibular artery

57
73
54

61,29
78,49
58,06

All three tibial arteries are affected 48 51,61

Table 2. Characterization of lower limb arterial lesions.

Figure 1. Arteriography of both lower limbs. The image shows the 
absence of contrast in the tibial arteries of both lower limbs.

Type of surgical 
intervention performed

Number of 
patients

% (from 
45 
patients)

Complications

Bifurcation aorto-femoral 
bypass surgery 5 11,1% 0
Femoral-popliteal bypass 14 31,1% 3
Profundoplasty of the deep 
femoral artery 1 2,2% 0
Balloon angioplasty of the 
tibial arteries 24 53,3% 2

Stenting of the superficial 
femoral artery 1 2,2% 0

Table 3. Revascularisation surgical treatments.
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The results of treatment of the second group, where only 
non-revascularisation methods of treatment were used, the 
patients were divided into 2 groups: 1 group of 43 patients 
who underwent lumbar sympathectomy (LSE) on the affected 
side. The second group of patients due to the previous history 
of lumbar sympathectomy, revascularisation osteotrepanation 
(ROT) was performed. There were no complications in the 
postoperative period after performing LSE. However, the 
efficacy compared to revascularisation treatment methods is 
much lower. The positive result of treatment after LSE was 
considered to be reduction of pain intensity at rest, pain relief 
without narcotic analgesics, activation of reparative processes, 
cleansing and partial epithelialisation of trophic ulcers, and the 
main thing was reduction of the risk of high amputation of the 
lower limb. When performing ROT with further application of 
complex conservative treatment with the use of prostaglandins 
E1 group drugs, despite subjective assessment of patients' 
improvement in the first days, in the dynamics there was 
repeated intensification of ischaemic pain and aggravation of 
trophic disorders, which led to further amputation of the limb.

In the revascularization treatment group of 45 patients, most 
showed positive outcomes, especially after balloon angioplasty 
(24 patients, with 22 showing improvement).

In the non-revascularization treatment group of 48 patients, 43 
patients had positive results after lumbar sympathectomy, but 
the overall effectiveness was lower compared to the first group
Discussion.

Foot lesions in patients with diabetes mellitus are late 
complications, they occur in 25-80% of patients and in 15% 
manifest with various ulcerative-necrotic forms, which are often 
indications for limb amputation [5].

One of the leading factors contributing to the disruption of tissue 
repair processes is a decrease in arterial blood flow. Against the 
background of long-term progressive limb ischaemia in patients 
with diabetic foot syndrome, inflammation is often attached, 
which tends to a long-term chronic course and recurrence. 
This leads to depletion of immune defence mechanisms of the 
organism, increase in the number of microorganisms resistant 
to the main antibacterial agents. Low immunoreactivity makes 
it difficult to interpret the results of laboratory indicators of 
peripheral blood, to assess and predict the course of purulent 
necrotic changes of the feet [6].

The aim of this study was to evaluate the results of 
surgical treatment using different revascularisation and non-
revascularisation treatment methods in patients with diabetic 
foot syndrome. The data obtained allow us to compare the 

efficacy of different approaches and identify the key factors 
influencing the outcome of treatment. The main direction of 
correction of arterial limb ischaemia is considered to be the need 
to restore the main blood flow using reconstructive surgeries. 
The possibility of performing endovascular correction of chronic 
occlusive diseases of lower limb arteries is assessed taking into 
account the localisation, extent and nature of the lesion. Due to 
the improvement of radiosurgical tools and surgical techniques, 
the range of minimally invasive interventions is expanding 
every year [7].

Our results showed that revascularisation techniques such 
as balloon angioplasty and bypass surgery have higher rates 
of circulatory improvement and reduced risk of amputation 
compared with non-revascularisation interventions. However, 
a significant role in treatment outcomes also belongs to the 
accurate choice of technique depending on the stage of the 
disease and associated factors, such as the degree of vascular 
damage and the presence of infectious processes. According to 
the results of foreign studies, endovascular revascularisation 
is characterised by low primary patency compared to bypass 
surgery, while the number of amputations performed and 
mortality in the long-term period are comparable and do not 
depend on the type of intervention [8].

Comparison with previous studies showed that our data are 
in line with general trends in the surgical treatment of diabetic 
foot syndrome, where revascularisation often leads to better 
long-term results. However, much research is currently being 
conducted in the use of non-revascularisation treatments for 
diabetic foot syndrome. For example, some scientists claim 
that the use of tibial ROT, performed repeatedly within 6 to 
12 months after the first operation, provides an improvement 
in the efficacy of complex treatment of patients with purulent-
necrotic complications of DFS by reducing the incidence of 
high amputations of the lower limb [9].

Advantages: The study addresses an important and relevant 
topic - treatment methods for ischaemic diseases of the lower 
limbs, which is of great importance for clinical practice. The 
evaluation of different approaches helps to select the most 
effective treatment modalities, which may influence clinical 
practice and improve the outcomes of patients with these 
diseases. The results of the study open up opportunities for 
further clinical research, which may aim to improve treatment 
methods, improve patient rehabilitation, and better understand 
the mechanisms of complications and their prevention.

Disadvantages: The study does not consider the influence 
of other factors such as patients' age, comorbidities. The study 
did not randomise patients into groups due to the use of clear 
selection criteria depending on the degree of vascular lesions 
based on MSCT or angiography.
Conclusion.

This study found that revascularisation therapies such 
as angioplasty and bypass surgery demonstrate higher 
efficacy rates in the treatment of patients with diabetic foot 
syndrome compared to non-revascularisation techniques. 
Revascularisation improves blood flow, reduces the risk of 
amputations and accelerates wound healing, as evidenced by 
the low complication rates in the group of patients who received 
these interventions.

Figure 3. Patient results after hybrid surgery.
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However, despite the clear advantages of revascularisation, 
the choice of treatment method should be based on individual 
indications, taking into account the degree of vascular 
damage, the presence of comorbidities and the general clinical 
characteristics of the patient. In some cases, for example, in 
less severe circulatory disorders, non-revascularisation methods 
may be equally effective and less invasive.

These results emphasise the importance of a comprehensive 
approach to the treatment of diabetic foot syndrome, where the 
correct choice of strategy depends on multiple factors, including 
vascular status, level of infection and other comorbidities. In 
the future, more research is needed to better understand the 
indications and contraindications for a particular treatment 
method depending on the clinical situation.
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