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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.
The relevance of the presented topic lies in the rapid growth 

of complications from diseases that subsequently lead to limb 
amputation, as well as the problem of untimely detection of 
ischemic tissues. The aim of the study is to determine and 
explain the main progressive methods of surgical treatment of 
obstructive diseases of vessels of different calibers that lead 
to circulatory disorders and tissue necrosis. The following 
research methods were used in the work: statistical method, 
bibliographic, and bibliosemantic. The main indications for 
lower limb amputation are severe infection, tumor, various types 
of injuries, gangrene, and limb deformities. In international 
practice, the most common pathology leading to lower limb 
amputation is diabetes mellitus and peripheral vascular disease. 
Critical limb ischemia is the most severe stage of peripheral 
arterial disease and is characterized by ischemic pain at rest and 
/ or tissue loss. In such patients, the main goal of treatment is to 
preserve the affected limb. Among some complications that can 
be successfully treated, only two were noted (which is 9.8% of 
the total): distal embolization of the peripheral arterial bed and 
arterial perforation with subsequent bleeding. These conditions 
significantly worsened the prognosis of the underlying disease. 
The practical significance of the proposed work can be 
considered the conclusions that at the first symptoms of lower 
limb ischemia, one can resort to different types of angioplasty 
with an improvement in the patient's condition, and in advanced 
cases it is better to resort to a radical method - amputation, to 
save the patient's life, in addition, this study brings to science 
the prospect of creating new methods of limb amputation and 
new methods of combating ischemia.

Key words. Vascular obliteration, arterial blockage, gangrene, 
vascular obstruction, diabetic angiopathy, endarteritis.

Abbreviations: WHO: World Health Organisation; ET: 
Endovascular Treatment; CLI: Critical Limb Ischaemia; PA: 
Peripheral Arteries; PCDT: Percutaneous Catheter-Directed 
Thrombolysis; PT: Percutaneous Thromboaspiration; PMT: 
Percutaneous Mechanical Thrombectomy; DEB: Declarative-
Exhibiting Balloon; ABI: Ankle-Brachial Index.

Introduction.
CLI is considered a serious and severe condition in which 

there is a lack of blood circulation in the limbs. This situation 
occurs due to blockage of the arteries supplying blood to the 
lower limbs, usually due to thrombosis or embolism. G. Galyfos 
describes the main symptoms of ischemia: severe pain, impaired 
limb function, paralysis or paleness of the limbs [1]. This topic 
is extremely relevant due to progressive decompensation of 
ischemic changes in the vessels of the lower limbs. In addition, 
the relevance increases with a high probability of amputation 
of the foot or most of the limb in a certain category of people 
and the associated increased risk of severe complications and 
an increase in the mortality rate. The presented topic requires 
further study in connection with the existing complications of 
classical operations, as well as the emergence of new methods 
in the diagnosis and treatment of ischemic changes in the lower 
limb. A. M. Matmurotov notes that while the development of 
critical ischemia is a manifestation of complete decompensation 
of blood circulation in the foot and lower leg, amputation in 
this condition is observed at a rate of 400-1000 per 1 million 
population annually or in 15-20% of cases among patients with 
obstructive diseases of the vessels of the lower extremities [2]. 
According to forecasts of other scientists [3], this frequency 
will tend to increase by 5-7% in the coming years. More than 
200 million people worldwide develop critical ischemia due to 
the underlying disease of the peripheral arteries of the lower 
extremities. Thus, people who have diabetes or endarteritis 
have an increased risk of developing cardiovascular diseases. 
Peripheral neuropathy and microvascular complications 
can contribute to the development of foot pathology, which 
subsequently quickly leads to the need for amputation.

Limb amputation must be recognized as an important surgical 
measure that involves cutting out or removing a part or the 
entire limb. This method is used in case of trauma, prolonged 
compression, surgery or as a result of pathological processes 
such as infection, gangrene or malignant neoplasms. E. 
Bonicolini explains [4] that on the one hand, this is a life-saving 
operation, and on the other hand, it is often accompanied by 
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various complications. The consequences of damage to the 
femoral artery and a significant decrease in limb perfusion can 
be serious. CLI can lead to compartment syndrome, which is a 
condition when increased pressure in muscle compartments leads 
to limited blood supply. In severe cases, when such ischemia 
becomes inevitable, the question of limb amputation may arise. 
Zh. Kozhakhmetov in his work describes [5] that more than half 
of the cases of limb amputation are due to peripheral arterial 
disease and diabetes mellitus, namely: complicated forms. 
Early postoperative mortality ranges from 4% to 22% after 
major amputation of any limb for a variety of reasons. Less than 
two-thirds of patients undergoing below-the-knee amputation 
achieve successful rehabilitation, while less than half of those 
undergoing above-the-knee amputation achieve such results. 
Overall, less than 50% of all patients undergoing amputation 
are able to regain full mobility.

Treatment of purulent-destructive lesions of the lower 
extremities (complicated forms of diabetic angiopathy, various 
forms of gangrene) is a precious, sometimes extremely complex 
task, requiring significant financial efforts. This process is not 
always effective and is often accompanied by failure to perform 
amputation. Statistics provided by A. Nizov and A. Kainazarov 
indicate [6,7] that such amputations are performed 17-45 times 
more often than among the general population of patients. 
These interventions are often modified at the level of the shin 
and leg, which significantly increases the risk of postoperative 
mortality to 50% and leads to patient disability. Modern studies 
by A. Lauria raise doubts about the generally accepted 6-year 
ischemic threshold for CLI, although there are still differences 
[8]. Patients suffering from peripheral arterial disease can 
tolerate prolonged ischemia satisfactorily or well due to the 
presence of developed collateral circulation.

Thus, the majority of the considered studies on the raised 
topic of leading scientists cover the issues of mechanisms and 
causes of occurrence of ischemic changes of lower extremities. 
But practically not a single study describes complications 
of amputation and ways of avoiding amputation. In addition, 
only single sources provide information on the latest improved 
techniques of operations on vessels in case of ischemia.
The purpose of the article.

To analyze the main aspects of diagnostics and surgical 
treatment of ischemic changes in small and large caliber vessels. 
The objective of the work is to substantiate the mechanisms 
of ischemia of various origins (as a result of atherosclerotic 
changes, diabetic angiopathy and endarteritis); to describe 
classical surgical methods of treating vascular ischemia and 
purulent-necrotic conditions; to characterize the latest methods 
and techniques of surgical treatment.
Materials and Methods.

To achieve the stated goals, the main methods of literature 
study were used: bibliographic, bibliosemantic method, 
statistical, hermeneutics method. The work involved studying 
and reviewing modern professional international literature on the 
problem under study. For this purpose, scientometric databases 
such as Web of Science, Scopus, Google Scholar, PubMed were 
used for the period of the last 4-6 years (literature from 2019 

to 2023 was used). Also, for a broader literature search, other 
scientometric archives were used, such as Researcher Gate, 
Elsevier. The research material was the latest scientific literature 
of a medical nature for the specified period. 245 scientific 
papers on the given topic were processed. But 47 resources 
were included in the work, since others did not fit the specified 
criteria (the presence of other concomitant diseases, the use of 
other surgical methods of correction, except for amputation, 
as well as a small number of subjects with ischemia). The 
object of the study was the ischemia process, the subject of the 
study were the arteries of the lower extremities. The work is a 
systematic review of authoritative works on the presented topic. 
The article analyzes the main scientific information on this topic 
as a target, including its components, interaction and priority 
goals. This approach allowed us to understand the problematic 
topic in its entirety, taking into account not only its individual 
issues, but also the relationships between them and to give them 
explanations.

Bibliographic method: The bibliographic method of research 
is used as a method of collecting and analyzing information, 
which is based on the studied and analyzed already published 
sources of information - scientific articles, books, reports, 
magazines and other documents. This method allowed access to 
existing data and conclusions made by other researchers.

Bibliosemantic method: The bibliosemantic method is 
used as a specific method of processing literature to reveal the 
state of the study of a specific problem or topic, in particular, 
amputation due to the occurrence of limb ischemia of various 
origins, as well as to determine possible solutions to the problem 
based on the analysis of scientific literary and electronic 
resource sources. This method allowed us to systematize and 
summarize the information obtained from previous studies 
and use this data for further understanding of the problem. To 
write the work, an approach to searching by "title" was used, 
rather than by "topic" to determine the most suitable research 
topics. No language restrictions were imposed. To search for 
scientific information, we used a number of terms, concepts, 
phrases, and keywords: "ischemia", "occlusion", "obturation", 
"atherosclerosis", "diabetes mellitus", "microangiopathy", 
"macroangiopathy", "diabetic angiopathy", "radiography", 
"angiography", "amputation", "removal", "lower limbs", 
"surgery", "stump", "foot", "Lisfranc joint", "Chopart joint", 
"amputation within the foot", "obliterating vascular diseases", 
"recovery", "prevention", "rehabilitation", "abscess", "abscess", 
"purulent-necrotic changes", "necrosis", "gangrene", "wet 
gangrene", "dry gangrene".

Statistical research method: The statistical research method 
was used in two interrelated directions for the analysis of digital 
data and for monitoring the numerical data of the study, as well 
as a general idea of the breadth and variation of the spread 
of complications of atherosclerosis of the lower extremities, 
diabetic angiopathy and endarteritis, as well as ischemic 
changes in the population as a whole. Statistical data among 
the population of the whole world regarding the prevalence of 
vascular ischemia were taken into account, special attention 
is paid to statistical data of Kazakhstan and data presented 
by WHO. The illuminated statistical information allows us to 
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analyze the probable causes and mechanisms of a sharp increase 
in the incidence of ischemic changes, as well as to analyze the 
main features of amputations of the lower extremities and their 
complications.
Results.

In the course of the work, 245 modern literary sources with 
the query ischemia were analyzed. The conditions for inclusion 
in the review of sources were the following: mention of 
limb ischemia (left or right), the cause of ischemic changes - 
atherosclerosis, diabetes mellitus with complications (macro- 
or microangiopathy) and endarteritis, different age categories, 
indications for amputation. Of the 245 sources, only 47 were 
taken into account in the study, the rest were rejected due to 
the presence of other concomitant diseases, which can give a 
significant error in the study, another reason for non-inclusion 
was the use of other surgical correction methods other than 
amputation. Table 1 shows that the time range for searching for 
sources with the term "ischemia" was from 2019 to 2023. Each 
of the sources describes all groups of patients with ischemic 
changes in the limbs (100%). The side of the lesion (right-
sidedness or left-sidedness) was taken into account: 26 sources 
mention right-sided lesion of the limbs, and 21 cases - left-sided. 
In 29 sources, it is described that in patients with ischemia, 
the cause was atherosclerosis of the arteries, in 12 - diabetes 
mellitus (namely, diabetic angiopathy), and the remaining 
cases - progressive endarteritis. Of the 47 sources considered, 
amputation was performed in patients in 40 sources. In others (7 
cases), gentle conservative treatment methods were used, which 
indicates that the form of ischemia was not complicated.

Treatment of CLI is complex and extremely important, and 
timely diagnosis and treatment are critical, the latter may lead 
to irreparable tissue damage. Peripheral arterial disease affects 
more than 230 million people worldwide, with its prevalence 
among people over 70 years of age being about 15%. Even with 
such a high incidence, this condition is still underdiagnosed. 
Atherosclerosis is the most common causative factor affecting 
the endothelium due to lipid accumulation, cholesterol plaque 
formation, and slight activation of the inflammatory cascade. 
This occurs before systemic involvement with symptomatic 
or asymptomatic coronary or cerebrovascular artery disease in 
about 70% of patients [9]. The incidence of CLI is gradually 
decreasing due to improved treatment and prevention 
techniques. However, mortality during the first year remains at 
a level of approximately 40% [10], which indicates insufficient 
awareness of people about their condition and late seeking help 
at a medical institution. In the literature, authors characterize a 
number of causes of ischemia and, as a consequence, amputations 
(Table 2).

The problem of ischemic changes in the lower extremities 
has been studied by many medical scientists. Thus, in his 
work M. Muller indicates that patients with minor amputations 
demonstrate higher levels of physical functioning (p<0.001). At 
the same time, these same patients experience more pronounced 
pain syndrome (p<0.001) [11]. With the help of a report and 
systematic examination of patients, the cause of acute CLI was 
discovered.

The degree of CLI is determined in accordance with the 
Rutherford classification [12], presented in the study of P. 
Harnarayan (Table 3).
Improved treatment methods for atherosclerotic CLI.

Recently, in addition to complex limb amputation surgery, 
ET methods have been used. The main goal of ET is to restore 
blood supply to the affected limb as quickly as possible using 
medications and/or mechanical devices. This type of therapy 
includes procedures such as PCDT, PT with or without 
thrombolytic therapy, and PMT [13]. The use of these methods 
is aimed at effective treatment and improvement of blood 
supply, providing a fast and effective therapeutic effect.

The AngioJetTM system is a pharmacomechanical device for 
thrombectomy using a rheolytic approach. According to Y. Ata 
[14], the SOLENT platform and the AngioJetTM Ultra device 
have been approved for the treatment of acute occlusive diseases 
of the peripheral arteries of the upper and lower extremities 
in vessels with a diameter of ≥1.5 mm. This confirmed the 
recognition of this device as effective and safe in the treatment 
of important vascular pathologies. The AngioJet system consists 
of three main units: a disposable catheter, pumping equipment, 
and a reusable drive [15]. The disposable catheter is a sterile 
wire channel with two lumens.

Several studies have demonstrated the efficacy of the AngioJet 
system in the treatment of orthopedic surgical interventions 
accompanied by occlusion [16,17]. It is noted that the catheter 
used in the system aspirates a significant portion of the 
thrombus along with orthopedic lymphatic vessel abnormalities 
and grafts. Data from a multicenter registry [18], including 99 
cases with implemented rheolytic thrombectomy, indicate a 
70% significance or complete revascularization (residual defect 
is less than 50%) and less than 5% in-hospital and 30-day limb-
related mortality. In addition, the primary patency rates in this 
study were 74% at 3 months and 69% at 1 year, respectively.

Another new device is the Rotarex S, a highly effective 
endovascular device specifically designed for rotational and 
mechanical thromboembolectomy, intended for the treatment 
of various forms of arterial occlusion, from acute ischemia to 
CLI. The key feature of the device is its catheter, which has a 
display range of revolutions - from 40,000 to 60,000 revolutions 
per minute [19]. This makes it possible to direct and transport 
thrombotic material to the boundaries of the patient's vascular 
lumen, which facilitates effective treatment of the affected arteries.

Aspiration thrombectomy is a promising alternative for 
removing blood clots in people with peripheral arterial occlusive 
disease. It is particularly useful for those at high risk of bleeding 
or heart attack when thrombolysis is not an option, such as 
those with a history of recent surgery, trauma, or neurovascular 
compromise due to these conditions.

The technique allows for the restoration of normal blood 
flow in just a few minutes compared to the lengthy process 
of thrombolysis, which can take several hours [20]. One of 
the key advantages of this technique is the reduced risk of 
hemolysis in the case of a disease with rheolytic thrombectomy, 
making associated thrombectomy significantly safer and more 
acceptable to use.
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Currently, three different devices are available that use an 
identical mechanism to perform aspiration thrombectomy. Two 
of them use the Aspirex thrombectomy system from Straub 
Medical AG and the ThromCat XT aspiration system from 
Spectranetics International [21]. Both of these devices differ in 

that they use a rotary mechanism to dislodge the thrombus in the 
ischemic vessel.

According to L. Zhang [22], the Indigo or Penumbra system 
was originally developed for the treatment of acute ischemic 
stroke, which resulted in the emergence of unique properties, 

Author (study in patient 
groups) Year of publication Detection of 

disease
Side included in the 
pathological process Cause of ischaemia Performance of 

amputation
Markatos 2019 + right side atherosclerosis +
Mitish 2019 + left side atherosclerosis +
Bonicolini 2019 + right side endarteritis +
Phair 2019 + right side atherosclerosis +
Nizov 2020 + right side diabetes +
Fluck 2020 + right side atherosclerosis +
Le Hello 2020 + left side diabetes +
Zhang 2020 + left side atherosclerosis -
Lin 2020 + right side atherosclerosis +
Barnes 2020 + left side atherosclerosis +
Ariza Ordoñez 2020 + left side endarteritis -
Mustapha 2020 + right side atherosclerosis +
Levin 2020 + right side atherosclerosis +
Khan 2020 + right side diabetes +
Kalbaugh 2020 + left side atherosclerosis +
Dettori 2020 + right side atherosclerosis -
Traven 2020 + left side diabetes +
Khokhlova 2021 + left side diabetes +
Muller 2021 + left side atherosclerosis +
Harnarayan 2021 + right side atherosclerosis +
Ata 2021 + right side atherosclerosis -
Mendes-Pinto 2021 + right side endarteritis +
Hammad 2021 + left side atherosclerosis +
Armstrong 2021 + left side diabetes +
Armstrong 2021 + right side diabetes +
Weissler 2021 + left side atherosclerosis +
Potseluyev 2021 + left side endarteritis +
Nayar 2022 + left side atherosclerosis +
Anderson 2022 + left side atherosclerosis +
Kozhakhmetov 2022 + right side atherosclerosis +
Matmurotov 2022 + right side diabetes +
Mantilla Ibañez 2022 + right side atherosclerosis -
Karimi 2022 + left side atherosclerosis +
Lozano Navarro 2022 + left side endarteritis -
Popplewell 2022 + right side endarteritis +
Czerniecki 2022 + right side atherosclerosis +
Provance 2022 + right side atherosclerosis +
Shamir 2022 + right side diabetes +
Lauria 2023 + right side diabetes +
Galyfos 2023 + left side atherosclerosis +
Isernia 2023 + right side atherosclerosis +
Shishehbor 2023 + left side atherosclerosis +
Wang 2023 + right side atherosclerosis +
Monaro 2023 + right side diabetes +
Wahood 2023 + right side diabetes +
Habr 2023 + left side atherosclerosis +
Makowski 2023 + left side atherosclerosis -

Table 1. Range of the examined modern literature in the time spectrum for the detected lower limb ischaemia in accordance with the causes and 
treatment.



32

making it particularly favorable for this area of medicine. One of 
these features is the possible smooth atraumatic tip, which helps 
to minimize tissue damage during surgical manipulation. The 
combination of this factor, along with noticeable traceability 
and effective pressure suction makes the Indigo/Penumbra 
system very effective for working with thrombus work in the 
vascular system.

In the study group of 20 patients (19.6%), blood flow of varying 
quality was successfully restored after angioplasty. In these 
cases, occlusion of the popliteal artery branches without formed 
collateral blood flow was detected, in addition to occlusion of 
the distal femoral artery and popliteal artery. During the next 
12 months of observation, no negative events such as death, 
myocardial infarction, stroke or limb amputation were recorded 
in all 48 cases. That is, this can be regarded as a satisfactory 
state of lower limb perfusion, not accompanied by signs of 
critical ischemia. Only 1 patient (2.1%) noted pain at rest, and 
7 (14.6%) had temporary claudication. In 13 families (27.1%, 
excluding those who died or had limbs amputated), where 
duplex sonography showed residual ischemia, there were signs 
of occlusion or severe stenosis of target arteries. The authors' 
conclusions showed [23-25], that the short- and medium-term 
effect of treating the disease with critical arterial ischemia of the 
lower extremities in the femoropopliteal segment is a safe and 
effective method of restoring blood flow.
Features of amputation in diabetic angiopathy.

Amputation of the lower limbs in people with diabetes is a 
rather serious consequence of complications of this disease. 
According to the study by C. Lin [26], complicated forms of 
diabetes cause damage to the nerves (neuropathy) and blood 
vessels (angiopathy), especially in the lower limbs. Such 
complications sharply reduce sensitivity and blood supply, 
which can lead to the penetration of viruses, infections, and 
tissue necrosis. Amputation in diabetic angiopathy has its own 
characteristics due to the specific complications that occur in 

connection with this disease. The main important points of 
amputation in diabetes include: the need to remove purulent-
necrotic tissue (in case of spread of infection or tissue necrosis, 
repeated removal of part of the leg may occur, and not just a 
single amputation); the difficulty of healing a necrotic wound 
before surgery and after amputation (patients with diabetes 
mellitus have a reduced ability of tissue to heal due to a significant 
reduction in blood supply and immunological problems). This 
can lead to a number of complications in the healing process 
after amputation. In addition, there is a high risk of recurrent 
infection. After amputation, especially if proper wound 
treatment and care are not observed, infection and necrosis 
can be provoked again. Amputation in diabetes mellitus can be 
performed at different levels of the legs. There are several levels 
of lower limb amputation in diabetic angiopathy: at the level 
of the digital phalanx. If a small tissue defect is noted that is 
not amenable to treatment and threatens infection, the surgeon 
performs amputation of the digital phalanges. Another type of 
surgical care is A at the level of the foot: if the lesion extends, 
it is necessary to perform A of part or the entire foot. This may 
include removal of the forefoot or along the midfoot. A separate 
type of A is the level of the lower third of the leg: in case of 
more serious damage, A is performed at the level of the lower 
third of the leg, in extremely complex situations the operation is 
performed above the knee bend (transtibial amputation).

Amputation for diabetic foot and amputation performed 
due to atherosclerotic complications differ in several aspects: 
in diabetes mellitus, amputation is often performed due to 
complications of the disease, such as infections, viruses or tissue 
necrosis, which leads to damage to blood vessels and nerves 
(diabetic neuropathy). J. Barnes [27] notes in his work that in 
the case of atherosclerosis, the cause of the problem is impaired 
blood circulation due to atherosclerotic seals in the arteries. 
Amputation is performed when the circulatory disorder becomes 
so severe that it is necessary to remove the affected tissue. 

Author Reason for the 
amputation Characteristics

Markatos Atherosclerosis
Atherosclerosis is a chronic disease of the elastic and musculoskeletal arteries, which occurs 
due to a violation of lipid metabolism and is accompanied by the deposition of cholesterol and 
certain lipoprotein fractions in the intima of blood vessels.

Nizov Diabetic angiopathy Diabetic angiopathy is a complication of diabetes mellitus, manifested in damage to all blood 
vessels in the human body, but mainly small arteries are affected.

Popplewell Endarteritis
Endarteritis is a disease that affects the arteries, leads to clogging of their lumen and disruption 
of the circulatory process. Pathology is often accompanied by the development of gangrene. The 
vessels of the legs are most often affected by endarteritis.

Table 2. Main provisions on the causes of ischaemia, which have been studied by researchers.

Stage Forecast Conclusion Doppler signal
Reduced sensitivity Motor deficit Arterial Venous

1 The limb is viable, there is no immediate threat None None Detected Detected

2a The viability of the limb is at risk, it can be saved if 
treatment is started quickly Minimum (fingers) None It is often not 

detected Detected

2b The viability of the limb is at risk, it can be saved if 
revascularisation is started immediately

Not just the fingers, the 
pain is at rest Light or moderate Not detected Detected

3 Irreversible limb damage, significant tissue necrosis 
or irreversible unavoidable nerve damage Deep anaesthesia Paralysis (immobile 

limb) Not detected Not detected

Table 3. Rutherford’s classification.
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As for diabetic angiopathy, most amputations are performed 
on the lower extremities, for example, fingers or parts of the 
foot, and then the process moves up to higher parts of the leg 
depending on the severity of the disease. Amputation caused by 
progressive atherosclerosis is often performed at a level where 
the blood supply is seriously damaged by atherosclerotic seals. 
This is often higher than in the case of diabetic amputation.
Features of amputation in case of endarteritis.

Obliterating endarteritis is a specific disease affecting the 
walls of arteries and capillaries, mainly in the legs. The 
symptoms of this disease, similar to those of atherosclerosis, 
cause in both cases compression or narrowing of the lumen 
of the vessels, which can cause ischemia (insufficient blood 
supply) in the extremities. However, according to N. Ariza 
Ordoñez [28], obliterating endarteritis and atherosclerosis have 
different mechanisms of development and differences in their 
inflammatory processes. In the case of obliterating endarteritis, 
the inflammatory process occurs due to damage to the vessel 
walls as a result of an autoimmune reaction. This can cause 
damage to the vessel walls, an increase in their thickness 
and remodelling of the normal wall tissue, which leads to 
narrowing or blockage of the normal blood supply. In contrast, 
atherosclerosis is caused by the formation of cholesterol plaques 
on the walls of blood vessels, which narrows the lumen and 
can lead to the formation of blood clots or ulcers. Therefore, 
amputation becomes necessary in the case of complex forms 
of endarteritis, when the circulatory disorder is so severe 
that it leads to progressive tissue necrosis. The complexity 
of amputation in endarteritis occurs in the following cases: 
if endarteritis develops in the lower extremities, especially 
in the feet, tissue ischemia may occur, which can make the 
amputation procedure extremely difficult due to a decrease in 
overall health. If endarteritis has led to extensive damage to 
bones or a complex of bones and tissues, amputation may be 
more radical and complex. In addition, people with endarteritis 
may have a reduced ability to heal wounds due to impaired 
blood supply. This fact can complicate the amputation process 
and the postoperative period. Given the sharp decrease in blood 
circulation and the general condition of the patient, preparation 
for amputation may take longer to ensure optimal conditions 
for surgery and subsequent recovery. These factors make the 
amputation procedure more complex in the case of endarteritis, 
requiring a more careful and individual approach to treatment in 
order to minimize risks and promote successful recovery of the 
patient after surgery. Amputation in endarteritis often concerns 
those parts of the body that are affected by the inflammatory 
process.

The prognosis after amputation both in endarteritis and in 
diabetic angiopathy and atherosclerosis may depend on the 
degree of development of the inflammatory process and remote 
lesions. After surgery, it is important to provide the patient with 
comprehensive rehabilitation to restore functions and quality of 
life.

Lower limb amputation is performed primarily to relieve acute 
and chronic limb ischemia caused by vascular disease, poorly 
controlled diabetes, or sometimes infection. Atherosclerosis 
is the main cause of chronic arterial ischemia and the most 

common reason for amputation. There are various amputation 
typing methods, such as circular, single- and double-flap, and 
situational. The use of circular amputations is relatively rare, 
due to the fact that this method does not ensure the formation of 
a normal stump, significantly complicating the subsequent stage 
of postoperative treatment and recovery. In general, amputations 
with the formation of stumps in a circle cause significantly more 
problems with subsequent prosthetics. Therefore, this method 
is used only in cases of gas gangrene, some other infectious 
lesions, and as an emergency measure. The flap method is used 
during planned operations, allowing you to close the cut with 
a flap or several flaps of the patient's skin and thereby suture 
the stump. This method of suturing significantly simplifies the 
subsequent process of recovery and prosthetics, as it eliminates 
the formation of an open wound at the amputation site, which 
usually requires long-term and careful care. Situational 
amputation is used in traumatic injuries, when the surgeon 
has to improvise in a sense, working with what is left after 
an injury received, for example, in a traffic accident or other 
emergency circumstances. In particular, in hand amputations, 
the fascioplastic method is preferable. In this case, the flap 
includes fascia - connective tissue covering the muscles, as well 
as subcutaneous tissue and skin. This method allows the surgeon 
to more accurately form the stump, which is of great importance 
for subsequent prosthetics. The myoplastic method involves 
suturing muscles and forming stumps from them. However, the 
muscles in this area gradually turn into connective tissue. This is 
why this method is not optimal for hand prosthetics. At the same 
time, in the case of lower limb amputations, this method may be 
more suitable for subsequent prosthetics.
Discussion.

The global prevalence of peripheral arterial disease increased 
by more than 23.5% from 2000 to 2010 (from 164 to 202 million 
people), indicating a global pandemic of peripheral arterial 
disease. And this situation is becoming increasingly complex 
each year. Moreover, these percentages often underestimate the 
true burden of disease because they are derived from studies in 
populations where peripheral arterial disease is defined based on 
a decreased ABI [29]. CLI is a serious condition that affects the 
outcome of atherosclerosis, a disease that affects the arteries and 
restricts blood flow to the extremities. This situation can occur 
even with minimal exertion and rest, causing pain, and can 
further lead to tissue loss due to malnutrition. CLI is associated 
with an increased risk of limb amputation due to severe tissue 
damage and decreased quality of life. Moreover, it significantly 
increases the risk of developing cardiovascular complications, 
which can lead to death.

According to S. Levin [30], consideration of primary 
amputation below or above the knee is observed in the context 
of care for those at high risk of perioperative mortality. This may 
include a situation where diseases are concomitant, seriously 
limiting the quality of life or when an incurable disease is 
present. Peripheral arterial disease is a common problem that is 
observed due to the restriction of the arteries that feed the lower 
extremities and other areas of the body. Often this condition 
is caused by the formation of atherosclerotic plaques (deposit 
of lipocytes in the lumen of the vessel) or thrombi that reduce 
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or block blood flow through the arteries, leading to significant 
ischemia (insufficient blood supply) to the tissue. This condition 
can lead to pain during walking, loss of sensitivity, heaviness in 
the legs and complications that can lead to severe tissue damage 
and, in case of exacerbation, even to the threat of amputation. 
In the work of S. Levin and the presented study, the conclusions 
about the tactics of diagnosis and treatment of ischemic changes 
in the extremities are common. That is, it is noted that treatment 
should be started immediately after the diagnosis of ischemia. 
In addition, the combined use of vascular visualization using 
duplex ultrasonography to determine the location and degree 
of arterial stenosis. A distinctive feature of the author's work 
and this study is that S. Levin focuses more on drug treatment 
and the use of alternative therapy. Data are provided that if 
revascularization is impossible or has not brought results, but 
the limb is still viable, then alternative treatments can be used 
instead of amputation. Hyperbaric oxygen therapy is proposed, 
during which patients inhale oxygen into a compression chamber 
to increase oxygen supply to ischemic tissue in order to promote 
wound healing. Treatment may include drug therapy, vascular 
lumen restoration procedures, or in some cases, surgical 
interventions [31]. Today, endovascular surgery, open surgery, 
and combined operations are the three main vascular surgical 
methods used to treat peripheral arterial disease.

In adult patients, placement and fixation of the prosthesis in 
the vessel is difficult, which increases with proximity to the 
amputation site. Graded amputation is characterized by higher 
success rates, lower perioperative mortality, and lower 30-day 
mortality. Peripheral arterial disease is a major health problem 
that affects more than 202 million people worldwide, accounting 
for 70% of cases in developing countries. The overall prevalence 
of this disease ranges from 3% to 18% and increases with age, 
with a 20% higher prevalence in adults over 70 years of age 
[32]. Occlusive ischemia is due to insufficient perfusion caused 
by progressive stenosis of the arterial lumen, interrupting the 
anterograde flow of the major systemic arteries. In almost 90% 
of cases, the etiology of such ischemia is atherosclerosis, and in 
some cases, it can lead to chronic occlusion, which is a serious 
complication.

Lower limb amputation due to ischemia is a serious surgical 
intervention that is actually performed when the blood supply 
to the limbs becomes insufficient due to prolonged ischemia. 
Ischemia is a condition in which the volume of tissue blood 
supply is significantly reduced or stopped, which can lead to 
tissue necrosis and a threat to life. Amputation due to limb 
ischemia is aimed at eliminating the source of necrosis and 
infection, as well as improving the patient's quality of life 
after surgery. According to M. Popplewell [33], the procedure 
requires removing the affected areas of the legs to prevent the 
spread of infection and preserve other parts of the body. Before 
amputation, doctors carefully assess the patient's condition, 
taking into account his health, the possibility of rehabilitation 
after surgery and other factors. After removing damaged 
tissue, it is necessary to ensure effective rehabilitation, which 
includes physiotherapy and teaching patients to use prostheses 
to restore limb mobility. If lower limb ischemia is acute, the 
condition becomes a serious threat to life. Damaged collateral 

arteries cannot develop quickly to compensate for the drop 
in perfusion. The incidence of acute lower limb ischemia is 
approximately 1.5 cases per 10,000 people per year. Even with 
early revascularization of this pathology, 30-day mortality still 
remains at the level of 10-15%. Embolic causes associated with 
acute limb perfusion impairment include cardiac embolism, 
aortic embolism, graft thrombosis, ergotism, hypercoagulability, 
paradoxical embolism, as well as iatrogenic complications 
associated with endovascular procedures, as well as the usual 
in the presence of atherosclerotic plaques. A distinctive feature 
of the work of J. Czerniecki [34] is that the author determined 
the annual risk of contralateral amputation in patients with 
ischemic changes associated with the level of occurrence of 
the amputation incident. While in this study the annual risk 
was not determined at all, and contralateral amputation was not 
taken into account. What both studies have in common is the 
examination of the lower extremities when ischemic changes 
in the arteries occur. In addition, both studies confirm the risk 
categories of people - with the presence of diabetic angiopathy, 
endarteritis or atherosclerosis.

Other studies have also focused on amputations due to ischemic 
changes. In turn, the distinctive feature of the study by S. 
Kalbaugh [35] is that it includes a whole range of indications for 
amputation and is not limited to ischemia. Surgical indications 
for major amputation were classified as chronic ischemia, acute 
limb ischemia, infection, oncology, trauma, other indications, 
or any combination of these indications. What is common in the 
presented studies is that it is noted that diabetes mellitus is often 
a provocateur of the creation of conditions for ischemia of small 
and minor vessels of the lower extremities.

The latest development of specialized devices has opened 
up new horizons for the treatment of patients with acute limb 
ischemia, creating more effective minimally invasive therapies. 
This allows overcoming the limitations of open surgery and 
intravascular thrombolysis, which have long been considered 
the only viable alternative for the treatment of such conditions 
[36,37]. Although the choice among a wide range of different 
devices may seem clearly daunting, each of these devices has 
its own unique features, manifestations, as well as a list of 
advantages and disadvantages. In the work of P. Dettori [38], 
what is distinctive is that the scientist conducted a study of 
the role of the index of the number of blood cells of systemic 
inflammation in the occurrence of the risk of ischemia and, as 
a consequence, the result of amputations. The author clinically 
proved that there is a correlation between the described 
processes. That is, the more groups of such inflammatory cells are 
observed, the greater the likelihood of ischemia of various origins 
in the arteries of the lower extremities. What the studies have in 
common is that both studies offer only surgical (interventional) 
treatment of the ischemic condition and life preservation, while 
drug treatment does not deserve exclusive attention.

Revascularization procedures may be effective in preserving 
the affected lower limb, but they do not always improve 
long-term tissue perfusion. There is also a significant risk of 
amputation after revascularization. In addition, the majority of 
the population may not be able to undergo surgery due to age-
related incompetence and the presence of comorbidities.
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Previous studies by J. Provance [39] have found significant 
variations in the incidence of disease and complications 
in families used by the Medicare program and in which 
peripheral artery surgeries are performed. These variations 
have a significant impact on sites and topographic localization, 
indicating that increased intensity of vascular treatment is 
associated with a decrease in the incidence of lower limb 
amputations. Based on the data [39] presented in the work, it 
was found that the amputation reserve rates are 3%, which is 
slightly modified by comparing previous values - from 2% to 
6%. This figure is below the proposed objective effectiveness 
threshold for assessing peripheral procedures, which is 3%, but 
it should be noted that more than four dozen sites studied in 
the study under consideration had rates above this threshold, 
making them particularly prominent.

In turn, the aim of the study by J. Phair [40] was to evaluate 
the effectiveness of paclitaxel-coated stents and paclitaxel-
coated balloons in terms of amputation-free survival in patients 
with CLI. The use of a paclitaxel-coated stent for CLI is also 
associated with a significant improvement in wound healing 
compared to a drug-coated balloon without coating. The final 

results of the scientist indicated the effectiveness of using such 
coated balloons.

K. Markatos points out [41] that from the time of Hippocrates 
to the present day, the surgical approach to amputation has 
remained almost unchanged. However, significant changes in 
the indications for amputation should be noted, especially in the 
case of diabetes mellitus and serious diseases of the peripheral 
arteries. Changes in medical practice have led to a more precise 
definition of the amputation process and have helped to improve 
this operation.

The development and implementation of new industry 
methods for the prevention, diagnosis and treatment of CLI is 
becoming a strict requirement and the main purpose in vascular 
surgery. CLI remains a key indication for the reconstruction of 
the arterial bed. This is due to the fact that the restoration of the 
main blood flow can not only stop the process of amputation, 
but also significantly improve the patient's quality of life.

In view of the importance of the problem, the global CLI 
society is actively considering the following recommendations 
aimed at reducing the incidence of primary amputation in 
the average population of patients with CLI [42]. This will 
contribute to improving clinical outcomes for deprivation and 
reducing social burden. Primary amputation is considered as a 
last resort when other therapeutic options have been exhausted 
or when there are important reasons for ongoing intervention. 
A generally accepted approach aimed at restoring blood 
circulation and treating pathological complications can reduce 
the need for such a radical intervention as A [43]. Peripheral 
arterial disease is a serious risk for CLI, which can lead to the 
need for amputation. This is a rather difficult decision, and after 
taking such a step, amputation procedures are often performed 
through other emergency surgeries. N. Habr [44] describes a 
patient with cold extremities, damage and tension, such signs 
can be manifestations of limited blood circulation, and spots 
and cyanotic coloration can indicate deterioration of tissue 
oxygen supply.

Despite the development of modern technologies, the 
question of the relevance of limb amputation still arises. There 
are many variations of lower limb amputation surgeries: foot 
amputation (amputation of the phalanx or disarticulation of 
the metatarsophalangeal joint), transmetatarsal amputation of 
the middle and back of the foot (transmetatarsal (according to 
Lisfranc, mid-tarsal according to Chopart), disarticulation of the 
ankle joint according to Syme); transtibial amputation below 
the knee joint, transfemoral amputation above the knee joint 
[45,46]. Each of the listed types of surgeries has a number of 
advantages and disadvantages. Thus, according to D. Potseluev, 
the described amputation process includes measuring and 
marking the lines passing through the tibia and fibula [47]. In 
this case, the surgeon cuts the skin and demonstrates the cutting 
of nerves and blood vessels and also produces flaps. All this is 
done with the provision of adequate amputation of the limb part. 
In addition, for to minimize the risk of neuropathic pain, nerves 
are cut under tension so that their ends are retracted into the 
tissue beyond the cut end to heal. This can help reduce the risk of 
developing pain in the areas where the surgery was performed. 
The tibia amputation procedure involves using an oscillating 
saw to cut away the bone. This procedure leaves approximately 

Figure 1. Effective treatment of affected arteries: a) visualization of 
subtraction angiography performed on a patient with acute occlusion 
of the popliteal artery; b) Rotarex 6 Fr intrastent passage; c) condition 
after the manipulation.

Figure 2. Removal of blood clots in people with obliterating PA 
diseases: a) visualization of subtraction angiography performed by a 
patient with chronic occlusion of the femoral-popliteal canal in the 
space of a deep artery; b) use of Indigo 8 Fr; c) the final result of the 
procedure.
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12-17 cm of bone. The tibia is usually bevelled at approximately 
45° to remove the sharp front edge, the fibula, which will be 1-2 
cm shorter than the tibia in the perpendicular axis.

Below-the-knee amputation may be required in patients with 
advanced critical limb ischemia or diabetic sepsis of the foot 
who have no other treatment options. There is no consensus on 
which surgical technique provides the greatest rehabilitation 
potential.
Conclusion.

Therefore, lower limb ischemia is a serious condition that 
occurs due to insufficient blood supply to the entire leg or 
foot. Lower limb ischemia is an emergency condition, and it is 
important to respond promptly to prevent further tissue damage 
and avoid complications. Lower limb amputation is an extreme 
measure that is intended to remove parts of tissue or limbs due 
to serious damage such as ischemia. The decision to amputate 
lower limb ischemia should occur when other treatment methods 
are ineffective, there is a risk of infection spreading, or there is a 
threat to the patient's life due to uncontrolled ischemic process. 
It is important to consider amputation as a last resort after all 
possible conservative and surgical treatment attempts.

Improvement of amputations in lower limb ischemia 
includes development of new methods and technologies 
aimed at improving surgical results, reducing complications 
and improving quality of life. Development of minimally 
invasive amputation methods, such as endoscopic amputation 
or surgical systems, can help reduce surgical trauma, reduce 
the number of complications and accelerate the process of 
regeneration and rehabilitation. The approach to amputation 
and subsequent rehabilitation is determined regardless of the 
cause in combination with careful selection of a prosthesis, 
and this can contribute to improving patient mobility. In severe 
forms of critical lower limb ischemia, there is a need for highly 
effective treatment methods. Survival after limb amputation 
contains many factors, including the cause of amputation, the 
general health of the patient, the quality of medical care and 
postoperative rehabilitation.

Therefore, each case of ischemia is unique, and the treatment 
approach must be individualized. Integration of various methods, 
such as drug therapy, surgical interventions and rehabilitation, 
can be very effective. If amputation becomes necessary, it is 
important to focus maximum efforts on preserving the patient’s 
functionality and quality of life after surgery. The development 
and program of rehabilitation significantly improves the 
expected results. Proactive measures to prevent ischemia, such 
as control of risk factors (e.g. diabetes, arterial hypertension), 
can help to prevent the need for amputation.

Thus, ischemia and amputation of limbs are serious 
mutually complementary processes that require complex and 
individualized treatment with the best results for the patient. In 
addition, despite a wide range of surgical technologies, some 
problems, such as timely detection of lower limb ischemia and 
complications of operations, have only been partially solved. 
For better study and prevention of unpredictable complications, 
the presented problem requires further detailed research.
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