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Medical abbreviations 

ABI- ancle-brachial index 

АТА- anterior tibial artery 

PTa- posterior tibial artery 

PTA- percutaneous transluminal angiography 

АDP- dorsalis pedis artery 

АH- arterial hypertension 

АМ- angiosomal model 

GSV – grand saphenous vein 

DVA- deep venous arterialization 

DSA- digital subtraction angiography 

DM- diabetes mellitus 

IC- intermittent claudication 

CLI- critical limb ischemia 

CAD- coronary artery disease  

CFA- common femoral artery 

PAD- peripheral artery disease  

PPT- posterior-peroneal trunk 

PA- popliteal artery 

TBI- toe-brachial index 

PAA- pedal arterial revascularization 

CLTI- chronic limb-threatening ischemia 

APA- absent pedal arch 

CPA- complete pedal arch 

IPA- insufficient pedal arch 
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1.  INTRODUCTION 

 

 

 

Peripheral arterial disease (PAD) affects an estimate of 236 million people 
worldwide in 2015. In 2010 the affected patients are about 202 million.112 PAD is 
associated with increased cardiovascular risk and affects both quality and length of 
life. Lesions in the popliteo-tibio-pedal arterial segment, as a rule, occur mainly in the 
final stages of the disease. 2,174 
 

Chronic limb threatening ischemia (CLTI) represents the most advanced 
manifestation of PAD and is categorized by an ischemic rest pain, nonhealing 
ischemic ulcer, or gangrene. A clear therapeutic strategy for revascularization of a 
limb threatened by amputation should be established immediately after the diagnosis 
of CLTI. Treatment includes modification of risk factors, drug therapy, 
revascularization, and debridement. In recent years, the endovascular treatment of 
the tibio-pedal arterial segment has been increasingly developed and improved. In 
the event that the patient's disease includes diffuse popliteo-tibio-pedal arterial 
lesions, aggressive attempts at pedal surgical reconstruction or angioplasty should 
be considered. In those cases, the timely combination of the two methods - a hybrid 
approach - might prove to be of crucial importance for preserving the vitality of the 
limb. 
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2.  AIM  
 

The aim of the current dissertation work is to optimize the strategy for 

revascularization of target vessels during the hybrid treatment of popliteo-tibio-pedal 

stenotic-occlusive disease depending on the clinical manifestation of PAD. 

 

 

3.  OBJECTIVES 
 

 

To fulfill the goals of this study the following objectives were defined: 

 

1. To conduct a retrospective study of patients with below-the-knee arterial lesions, 

who were surgically treated in the Clinic of vascular surgery of UHAT "St. 

Ekaterina". 

2. To conduct a prospective study of patients with below-the-knee arterial lesions who 

were treated with the hybrid approach in the Clinic of vascular surgery of UHAT "St. 

Ekaterina". 

3. To study patients with endovascular treatment for PAD in the Department of 

vascular surgery of UHAT "St. Ekaterina". 

4. To perform a comparative analysis of the results of hybrid treatment depending on 

the clinical stage of PAB. 

5. To determine the need for recanalization/reconstruction of an insufficient pedal 

artery in case of one. 

6. To investigate the early and late thrombosis rate of the reconstruction in 

endovascular, surgical and hybrid- treatment groups of patients. 

7. To determine the frequency of reoperations and whether it is related to the risk of 

subsequent amputation.  

8. To investigate the frequency of amputations depending on the sufficiency of pedal 

and tibial arteries.  

9. To report on the final results of the hybrid approach and to prepare an algorithm of 

treatment for CLTI. 
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4.  MATERIALS AND METHODS 

 

5.1. Clinical material 
 

  The study covers a total of 135 patients with popliteo-tibio-pedal arterial 

segment reconstructions, treated in the Clinic of vascular surgery of UHAT "St. 

Ekaterina" between 2016-2022. The period between 2016-2019 was studied 

retrospectively and included 54 patients who were surgically treated for atherosclerotic 

lesions of the popliteo-tibio-pedal arterial segment. Surgical procedures include: 

thrombendarteriectomy, autovenous/synthetic patch plasty, autovenous/synthetic 

bypass surgery.  

The period between 2019-2022 was studied prospectively and included 54 

patients in which the hybrid approach for stenotic-occlusive atherosclerosis of the 

popliteo-tibio-pedal arterial segment was used. Hybrid treatment includes: 

thrombendarterectomy, autovenous/synthetic patch plasty, one-stage 

autovenous/synthetic bypass surgery in combination with PTA and/or stenting / 

stenting was performed only in the femoro-popliteal segment/.  

27 patients with endovascular treatment with popliteo-tibio-pedal arterial 

segment lesions were studied for the period between 2016-2022. Endovascular 

treatment includes PTA alone, PTA followed by popliteal artery stenting, or stenting as 

a stand-alone technique. 

 

5.2. Inclusion criteria 
 

Only symptomatic patients were included in the study. The Fontaine 

classification system was used. Patients are divided into 3 groups depending on the 

applied treatment - endovascular, surgical or hybrid. Patients with both acute and 

chronic onset of symptoms were included. Patients with previous arterial 

reconstructions of the target limb are not excluded. 

   The criteria of the study were defined in the elaboration of its design and are the 

basis for recruitment of patients in its prospective period. 

 

5.3. Exclusion criteria 
 

  Exclusion criteria are asymptomatic patients and those who are diagnosed to 

have significant lesions in the aorto-ileo-femoral arterial segment. Patients whose 

popliteo-tibio-pedal arterial segment was treated surgically and endovascularly in two 
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stages (within a several days timeframe) were excluded from the study. None of the 

acute patients was treated endovascularly. 

 

5.3.1. Diagnostic methods 
 

All patients underwent a complete clinical examination according to standard 

methodology with the required amount of tests. 

5.3.2. Preoperative patient diagnostics 
 

A detailed patient history and angiological status were taken from all subjects. 

A leading factor in the anamnesis is an acute onset or a prolonged one. The number 

of previous vascular interventions of the limb were taken into consideration. The 

degree of ischemia, necrotic tissue were determined. Patients with CLTI were included. 

Patients who preoperatively were taking oral anticoagulant/antiplatelet therapy, were 

put on low-molecular-weight heparin / Fraxiparin subcutaneously at a dose of 0.1 

ml/kg./. 

All patients underwent a full cardiological examination / electrocardiogram, 

echocardiography and full perioperative risk assessment/. 

An accompanying diseases, previous operative interventions anamnesis was 

taken. The study design took into account the main risk factors for atherosclerotic 

disease – arterial hypertension, dyslipidemia, diabetes mellitus, smoking. 

 

5.3.3. Endovascular treatment protocol 
 

The main group of patients in whom endovascular treatment is the preferred 

method either have short multilevel stenotic-occlusive lesions of the popliteo-tibio-

pedal arterial segment, suitable for endovascular treatment, or  have multiple 

comorbidities and are at high-risk for conventional surgery. 

In all 27 patients of the 1st group included in the study, an antegrade approach 

of puncturing the common femoral artery was used. Revascularization was performed 

by PTA with or without subsequent stenting. Stenting was performed exclusively in the 

popliteal artery (PA) segment, with the most frequently used stents being the Supera 

stent system. For the purpose of the study, the stent is referred to as synthetic material 

in order to determine the degree of sufficiency up to 1 year depending on the presence 

or absence of synthetic material. 

Introducers are removed immediately post-procedure, femstop wasthe most 

commonly used compression technique. Of the 27 patients included, only one patient 

required femoral access revision due to pseudoaneurysm formation at the common 

femoral artery. 
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Patients’ mobility is fully recovered the day after the procedure. 

The following figures show the pre- and post-procedural angiographies of some 

of the patients treated through the endovascular approach. 

 

 

Fig. 1. – Recanalization and PTA of PPT and ATA 
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Fig. 2- PTA PA 
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Fig. 3 – Recanalisation and PTA P1 and P2 segment of PA 
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Fig. 4- PTA of PA PPT 
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Fig. 5- PTA PPT and posterior tibial artery 
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Fig. 6 PTA of PPT 
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Fig. 7- PTA of femoro-popliteal segment 
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Fig 8. Recanalisation of ATA  
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5.3.4. Surgical treatment protocol  
 

The main surgical techniques used in the study are the following: 

- Open thrombembolectomy: used mainly in patients with an acute onset of the 

disease /acute thrombosis/, or evidence of an embolic incident. The patient is 

placed in supine position, with the limb adducted laterally. Selective access to 

PA and its bifurcation with ATA and PPT is performed. Arteries are grasped on 

rubber holders. Clamping. A transverse arteriotomy is performed immediately 

before the bifurcation, followed by thromboembolectomy of the tibial arteries 

with a Fogarty catheter. Afterwards an antegrade thromboembolectomy of the 

PA is then performed if needed. Arteries are flushed with heparinized serum, 

after which 7/0 monofilament sutures are used for closure. 

- Open thrombembolectomy/thrombendarterectomy of tibial artery with selective 

access to distal ATA and/or paramalleolar selective to PTa. 

- Open thrombendarterectomy- the PA is reached through a selective access 

and thrombendarterectomy of the exposed artery is performed. If necessary, 

an intimal fixation is performed. 

-  Bypass surgery - the method of choice for long popliteo-tibio-pedal occlusive 

segments. Patients in whom revascularization was performed using synthetic 

grafts and ones with autovenous grafts were both included in the study. 

Techniques used are femoro-popliteal, femoro-tibial, femoro-pedal and 

popliteo-pedal bypass surgery. Autovenous reconstruction (donor vein from 

ipsilateral or contralateral lower extremity) was used in all patients in whom the 

distal tibial artery was used as a recipient. 

- Autovenous or synthetic patch (patch plasty) of the popliteal or proximal tibial 

artery. 
 

- Venous arterialisation. Patients with CLTI and "desert foot" ischemia, were 

operated on using the distal venous/superficial or deep/arterialization or 

construction of an A-V communication in the area of a distal sufficient pedal 

artery technique. /Fig. 14/ 
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 Fig. 9 – Distal venous arterialization scheme 
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Fig. 10 – Femoro-peroneal bypass with ATA reimplantation 
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5.3.5. Hybrid treatment protocol 
 

Patients with multisegmental popliteo-tibio-pedal arterial lesions who were 

treated with a one-stage hybrid approach are the subject of interest of this study. 

Two-stage hybrid approaches were excluded from the study design. All participants 

start surgically, after which endovascular techniques are used. 

  After an adequate preliminary assessment of the entire vasculature of the 

index limb (CT-peripheral angiography) or previous angiography, the subsequent 

endovascular treatment aims for: 

- Popliteal artery PTA (in cases where moderate stenosis is present) 

- Popliteal artery stenting for cases with significant stenosis 

- Dilatation the tibial or pedal artery 

- Verification of the sufficiency (or dilatation in case of insufficiency) of the 

proximal or distal anastomosis 

 

5.3.6. Early post-op/intervention follow up; 30-day post-

op/intervention follow up  
 

 

            All patients were placed in the intensive care unit under 24-hour observation, 

blood and hemodynamic indicators control. All patients were on low molecular weight 

heparin 0.1/kg body weight prophylaxis. Oral antiplatelet agent is given to patients, 

undergone PTA or stenting. All patients (except those in whom there is construction 

of a distal A-V fistula or venous arterialization) have their ABI index measured 

postoperatively. 24th hours later the ABI index measurement is repeated. If 

contraindications are absent on the first post-operative/post-procedure day, patients 

are fully rehabilitated. 

 

           All patients are discharged after rehabilitation, given dietary and exercise 

regimen and pentoxifylline/cilostazol, antiplatelet/anticoagulant and statin therapy.  
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5.4. Statistical methods 

1. Descriptive statistics 

-  Quantitative variables are represented by summary statistics – mean, 

median, standart deviation (SD); minimum and maximum values. 

- Categorical variables are presented by absolute (N) and relative (%) 

frequencies. 

2. One-Sample Kolmogorov-Smirnov test for checking the shape of frequency 

distributions for quantitative variables. 

3. Chi-square test or Fisher's Exact Test – when examining dependencies 

between descriptive (categorical) data with two or more categories. 

4. Analysis of Variance (ANOVA Test) – when comparing the arithmetic mean 

values of more than two groups when the frequency distributions are normal.. 

5. Non-parametric Mann-Whitney Test - when comparing two independent groups 

when the shape of the frequency distributions is different from the shape of the 

normal distribution. 

6. Non-parametric Kruskal Wallis Test – when comparing more than two 

independent groups when the shape of the frequency distributions is different 

from the shape of the normal distribution. 

 

The accepted level of significance is α=0,05. Statistical significance is assumed 

when the p value is less than α (p<0.05)  

The Statistical Package for the Social Sciences (SPSS) version 20.0 was used to 

process the survey data. 
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5. Results 

 

 

5.1. Age-sex characteristics 

 

Sex N % 
Age 

Mean SD Min Max 

Men 93 68,9 70,26 8,38 49,00 90,00 

Women 42 31,1 72,43 8,83 45,00 88,00 

Total 135 100,0 70,93 8,55 45,00 90,00 

       

Tab. 1 – Gender distributions of the studied contingent of patients. 

The study covers 135 patients diagnosed with PAD and lesions in the popliteal-

tibio-pedal arterial segment, of which 54 were retrospectively examined for the period 

between 2016-2019; 54 patients were studied prospectively for the period between 

2019-2022; 27 were studied for the entire period between 2016-2022 and were treated 

endovascularly. 

The pooled sample includes 68.9% /N-93/ men and 31.1% /N-42/ women aged 

45 to 90 years, with a mean age of 70.93 years. 

Age distribution analysis of infrageniculate PAD shows a higher incidence in 

people >70 years of age. The age range for women is 65-70 years, and for men 70-

75 years, meaning, there's a shift towards higher age groups in men, which 

corresponds to the age distribution of PAD patients worldwide. 
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Fig.11 Dispensation of patients by age and sex. 
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Fig.12 Patient distribution by gender and type of intervention.   

 

The gender distribution per 100 in the three separate groups is as follows: 

- Endovascular treatment:  66.7% male and 33.3% female.  

- Surgical treatment: 72.2% male and 27.8% female. 

- Hybrid approach: 66.7% male and 33.3% female. 
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5.2 Risk factors 

 

In all followed patients, the main risk factors for the development of PAD were 

investigated: smoking, diabetes mellitus, arterial hypertension and dyslipidemia. 

 

 

5.2.1. Tobacco smoking 
 

 

 

Fig. 13- Absolute distribution of tobacco smokers in different types of interventions 

 

69.6%/N- 94/ of the patients are smokers, the remaining 30.4%/N- 41/ are non-

smokers. Smokers are evenly distributed in the three groups and there is no statistically 

significant difference in the results /p=0.201/. 

 

 

 

12 14 15

41

15

40 39

94

27

54 54

135

ENDOVASCULAR SURGICAL HYBRID TOTAL

Tobacco smoking

no yes total
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Group 
Tobacco 
smoking 

  

amputation 

Total 

p 

none minor major  

Endovascular 

no 
N 8 2 2 12 

1,000 
% 47,1% 28,6% 66,7% 44,4% 

yes 
N 9 5 1 15 

% 52,9% 71,4% 33,3% 55,6% 

Surgical 

No 
N 12 0 2 14 

0,397 
% 31,6% 0,0% 16,7% 25,9% 

Yes 
N 26 4 10 40 

% 68,4% 100,0% 83,3% 74,1% 

Hybrid 

No 
N 13 1 1 15 

0,777 
% 27,1% 50,0% 25,0% 27,8% 

Yes 
N 35 1 3 39 

% 72,9% 50,0% 75,0% 72,2% 

Total 

No 
N 33 3 5 41 

0,852 
% 32,0% 23,1% 26,3% 30,4% 

Yes  
N 70 10 14 94 

% 68,0% 76,9% 73,7% 69,6% 

Table 2 Correlation between therapeutic approach, smoking and subsequent 

amputation. 

 

Smoking is not only a risk factor for the development of PAD, but also increases 

the risk of progression and development of more severe forms of the disease. 76.9% 

/N-10/ of patients who experienced a minor amputation were smokers, and 73.7%/N-

14/ of patients who experienced a major amputation were smokers. It is noteworthy to 

point out that in the groups of surgically and hybridly treated patients, there is a 

significant difference in major amputations for smokers compared to non-smokers.  

Reducing tobacco use and improving access to/promoting smoking cessation 

treatments have the potential to reduce the severity and progression of PAD. 

 

 

5.2.2. Diebetes mellitus 

 

The second examined risk factor in the study is diabetes mellitus /DM/. 45.2% /N-

61/ of the 135 examined patients have DM or impaired glucose tolerance. In the 

individual groups, it can be seen that in the endovascularly treated group: 63% /N-17/ 

have DM. In the surgical treatment group - 38.9%/N-21/ of the patients had diabetes, 

and in the  hybrid approach group of patients 42.6%/N-23/ have diabetes. 

DM patients were evenly distributed in the three groups and there was no 

statistically significant difference /p=0,108/. 
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Fig. 14 Absolute distribution of diabetics in different types of interventions 

 

PAD is associated with peripheral vessels atherosclerosis. The presence of 

diabetes mellitus is known to increase the incidence of PAD, accelerates the disease 

progression and worsens its severity, including increasing the risk of ischemic events 

and subsequent amputation. 

How many of the diabetic patients in the studied sample experienced a small or 

a large amputation, according to the surgical type group, can be seen in the following 

table /Table 3/. 

 

Group DM   
Amputation 

Total 
p 

none  Minor Major   

Endovascular 

no 
N 9 1 0 10 

0,123 
% 52,9% 14,3% 0,0% 37,0% 

yeas 
N 8 6 3 17 

% 47,1% 85,7% 100,0% 63,0% 

Surgical 
no 

N 26 2 5 33 

0,195 % 68,4% 50,0% 41,7% 61,1% 

yes N 12 2 7 21 

10

33 31

74

17 21 23

61

27

54 54

135

ENDOVASCULAR SURGICAL HYBRID TOTAL

Diabetes mellitus

no yes общо
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% 31,6% 50,0% 58,3% 38,9% 

Hybrid 

no 
N 27 2 2 31 

0,651 
% 56,3% 100,0% 50,0% 57,4% 

yes 
N 21 0 2 23 

% 43,8% 0,0% 50,0% 42,6% 

Total 

no 
N 62 5 7 74 

0,084 
% 60,2% 38,5% 36,8% 54,8% 

yes 
N 41 8 12 61 

% 39,8% 61,5% 63,2% 45,2% 

Table 3- Correlation between therapeutic approach, DM and subsequent amputation. 

 

63.2% /N-12/ of the diabetic patients went through a major amputation, and 61.5% 

/N-8/ of them - a minor one. As can be seen in table 3, only in the endovascular group 

a significant difference can be found - between diabetics who went through a small or 

large amputation compared to non-diabetics: 85.7% /N-6/ diabetics with a small 

amputation, against 14.3% /N-1/ patients with a small amputation without diabetes and 

100% /N-3/ of the patients surviving a large amputation after endovascular treatment 

have DM, but nevertheless the obtained results do not have statistical significance 

/p=0,123/. 

 

 

5.2.3. Arterial hypertension 

 

The third risk factor investigated in the study is arterial hypertension/AH/. In the 

endovascular group, all examined patients had AH-100% /N-27/. In the surgical 

treatment group 96.3% /N-52/ have arterial hypertension, and in the hybrid treatment 

group - 81.5% /N-44/. Of all 135 patients examined, 91.1% /N-123/ people have AH 

/p=0.007/, which confirms the social significance of AH as a risk factor for the 

development of peripheral atherosclerotic-occlusive disease. 
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Fig. 15 Absolute distribution of patients wih arterial hypertension in different types of 

interventions 

 

5.2.4. Dyslipidemia 

 

The fourth risk factor studied is dyslipidemia. Total 55.6% /N-75/ of the patients 

were diagnosed with dyslipidemia. From Table 4 it can be seen that this factor also 

occurs most often in the endovascular group of patients - 66.7% /N-18/. In the surgical 

group - 63.0% /N-34/ have dyslipidemia and 42.6% /N-23/ of the patients treated with 

the hybrid approach had dyslipidemia. The percentage distribution between the three 

separate groups is uneven, p= 0.044, and the obtained results have statistical 

significance. Dyslipidemia is a risk factor for progression to end-stage PAD.  

 

0 2 10 12
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44
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27

54 54

135

ENDOVASCULAR SURGICAL HYBRID TOTAL

Arterial hypertension

no yes total
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Fig. 16 Absolute distribution of dyslipidemia in the different types of interventions. 

 

In the studied sample, 63.2% /N-12/ of the patients with dyslipidemia went 

through a major amputation, and 76.9% /N-10/ of them - a minor one. / tavle 4/.  

 

Group Dyslipidemia   
Amputation Total P 

none minor major   

Total 

no 
N 50 3 7 60 

0,180 
% 48,5% 23,1% 36,8% 44,4% 

yes 
N 53 10 12 75 

% 51,5% 76,9% 63,2% 55,6% 

Table 4- Correlation between dyslipidemia and amputation volume 
 

 

5.3. Preprocedural/pre-op ankle – brachial index /ABI/ 
 

Indicator Group N Mean Median SD Min Max p 

Pre-op ABI 

Endovascular 27 0,64 0,53 0,29 0,13 1,00 

<0,001 Surgical 54 0,34 0,30 0,16 0,00 1,00 

Hybrid 54 0,38 0,30 0,22 0,20 1,00 

         

 

Table 5.- Correlation between type of treatment and preprocedural/pre-op ABI  

 

9 20
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The main indicator of the severity of the disease and a prognostic marker for the 

success rate of the upcoming reconstruction is the ABI index. 

Preprocedural/preoperative ABI was measured in all patients. After Endovascular 

treatment, the average values of the ABI index are 0.64,  Hybrid approach - 0.38, and 

after Surgical treatment - 0.34 

 

5.4. Necrotic tissue 

 

 

Fig. 17- Absolute distribution of the volume of necrotic changes in the different types 

of interventions. 

Wounds are divided into two types:  

1. Finger wounds, which are a total of 20% /N-27/ of the total group and 2. Forefoot 

wounds 13.3% /N- 18/ of the total group. 

25.9% /N-7/ of the patients in the endovascular group have wounds in the finger 

area, and 33.3% /N-9/ on the forefoot. In the surgical group of patients, 18.5%/N-10/ 

have wounds in the area of the fingers, and 13.0%/N-7/ in the area of the forehead. In 

the  hybrid approach group - 18.5% /N-10/ of the patients had tissue necrosis in the 

the finger area and 3.7% /N-2/ in the area of the forefoot.   

Fig. 17 shows that 20% /N-27/ of the patients have finger wounds, and these 

patients are evenly distributed in relation to the therapeutic approach in the individual 

groups. It is noteworthy that patients with forefoot wounds were mainly treated 

surgically and endovascularly, and only 3.7 /N-2/ were treated hybridly. 

11
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5.5. Distribution by groups depending on the onset of 

symptoms 

 

Onset   
Group Total χ2 df P 

Endovascular Surgical Hybrid     

acute 
N 0 16 25 41 

18,267 2 
<0,00
1 

% 0,0% 29,6% 46,3% 30,4% 

chronic 
N 27 38 29 94 

% 100,0% 70,4% 53,7% 69,6% 

Total 
N 27 54 54 135 

% 100,0% 100,0% 100,0% 100,0% 

Table 6. - Correlation between the therapeutic approach and the onset of symptoms 

 

 

   Fig. 18. - Absolute distribution of the therapeutic approach depending on the onset 

of symptoms. 

Clinical presentation also determines the approach and choice of therapeutic 

plan. From the total sample, it can be seen that patients with chronic changes in 

the popliteo-tibio-pedal arterial segment were predominantly included. 94 out of 135 

of the patients had a chronic progression of symptoms, and the remaining 41 

patients had an acute onset of the disease. 

Depending on the time of appearance of clinical symptoms in the patients 

included in the study, it can be seen that the largest part are patients with a 

protracted onset who were treated surgically - 70.4%/N-38/ of 54 people, excluding 

all patients, undergoing endovascular treatment.  The hybrid treatment group is of 

interest - it can be seen that of them 46.3% /N-25/ have an acute onset of 
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symptoms, and 53.7% /N-29/ have a protracted one. The distribution of patients 

with acute and chronic onset in the hybrid approach group was even, because this 

methodology allows both acute and chronic changes to be treated with the same 

degree of success.  

 

5.6. Postprocedural/post-op ankle-brachial index 

 

Indicator Group N Mean Median SD Min Max p 

ABIpost-
op 

Endovascular 27 0,92 1,00 0,12 0,63 1,00 

0,165 Surgical 53 0,95 0,90 0,86 0,30 7,00 

Hybrid 54 0,88 0,91 0,15 0,40 1,00 

Table 7- Correlation between interventional approach and post-procedural ABI 

 

The main indicator of the success rate of reconstruction is ABI. 

Postprocedural/postoperative ABI was measured in all patients. With Endovascular 

treatment, the average values of the ABI index are 0.92, with the hybrid approac - 0.88, 

and with the surgical treatment - 0.95. It is noteworthy that there is no statistically 

significant difference in the studied ABI in the three groups. 

 

5.7. Sufficiency of the reconstruction 
 

The main indicator of the success rate of the performed revascularization is the 

patency of the reconstruction. The methods used to determine the sufficiency of the 

reconstruction are: palpation of peripheral pulsations, ABI index, colour-coded doppler 

sonography, peripheral angiography. 

Sufficiency was assessed in all patients 24 hours after the intervention. 
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5.7.1. Early thrombosis 

 

First day 
reconstruction 

thrombosis 
 

Group 
Total 

P 

Endovascular Surgical Hybrid  

No 
N 27 47 53 127 

0,044 

% 100,0% 87,0% 98,1% 94,1% 

Yes 
N 0 7 1 8 

% 0,0% 13,0% 1,9% 5,9% 

Total 
N 27 54 54 135 

% 100,0% 100,0% 100,0% 100,0% 

Table 8- Correlation between therapeutic approach and reconstruction thrombosis on 

the 1st postoperative day 

In all endovascularly treated patients, no early rethrombosis was observed on the 

first postoperative day. The reason behind this is that all patients who were 

endovascularly treated had chronic changes that required recanalization of short, 

chronically occluded tibial and/or pedal lesions or polystenotic changes in the 

infrageniculate segment. In 13% /N-7/ of the surgically treated patients, early 

rethrombosis was observed on the first postoperative day, while the hybrid approach 

showed that rethrombosis of the reconstruction was observed in only 1.9% /N-1/. The 

difference between the two groups is sensitive, at p=0.044 it is proved that there is a 

statistically significant difference and the patients treated by the hybrid method have 

better early results compared toonly surgically treated patients.  

 

5.7.2. Early obstruction depending on the onset of the clinical 

manifestation 
 

The approach of choice is of essential importance and depends on whether an 

acute thrombosis or chronic changes are present. Figures 19 and 20 show the ratio of 

thrombosis of the reconstruction on the 1st postoperative day depending on the 

manifestation of symptoms - acute or chronic disease in the groups of hybrid and 

operative treatment. 

In the surgical treatment group, there are a total of 16 patients with acute onset of 

complaints and 38 patients with chronic PAD. On the first postoperative day in these 

patients, early rethrombosis was observed in 25% /N- 4/ with acute 

thrombosis/embolism and in 7.9% /N-3/ of operated chronic patients.  
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Fig. 19- Thrombosis on the 1st postoperative day depending on the onset of 

symptoms during surgical treatment. 

 

Early rethrombosis occurred in 4% (N-1/) of acute thromboses treated hybridly, 

and no chronic patients experienced rethrombosis. The hybrid approach offers a wider 

range of action and shows better results in the early postoperative period compared to 

operative treatment in both acute vascular accidents and in chronic changes in the 

popliteo-tibio-pedal arterial segment.   
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Fig. 20- Thrombosis on the 1st postoperative day depending on the onset of 

symptoms in hybrid treatment. 

 

5.7.3. First-month reconstruction thrombosis 

 

1st 
mont

h 
thro
mbo
sis 

 

Group Total χ2 df p 

Endovascular Surgical Hybrid     

No 
N 26 36 48 110 

13,745 2 
0,00

1 

% 96,3% 66,7% 88,9% 81,5% 

Yes 
N 1 18 6 25 

% 3,7% 33,3% 11,1% 18,5% 

Total 
N 27 54 54 135 

% 100,0% 100,0% 100,0% 100,0% 

Table 9 - Correlation between thrombosis at the 1st postoperative month in the 

different therapeutic approaches. 

 

In 18.5% /N- 25/ of all patients, thrombosis of the reconstruction was observed in 

the first postoperative month. In 3.7% /N- 1/ of the endovasculary treated patients, 

33.3% /N- 18/ of th surgicaly treated and 11.1% /N- 6/ of patients treated with hybrid 

approach, thrombosis of the reconstruction was registered in the first month. The 

endovascular treatment group showed the best early results, followed by the hybrid 

treatment group, with no statistically significant difference observed between the two 

groups. Patients with surgical treatment had the worst results in terms of thrombosis 

at the first month with a significant difference compared to the other two groups. 

 

5.7.4. Reoperations of the index limb in the three groups 

 

After analyzing the sufficiency of the reconstruction on the 1st and 30th day, the 

presence or absence of subsequent reoperation should be looked into. It should be 

specified that only reoperations due to rethrombosis of the reconstruction with the aim 

of revascularization of the index limb are considered. The study design excluded 

reoperations due to hemorrhage or other postoperative complications.  

The attached table 10 shows that 37.0% /N-50/ of all patients included in the study 

required reoperation of the index limb during the follow-up period. 
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Reop
eratio
n 

  
Group 

Total 
χ2 df p 

Endovascular Surgical Hybrid    

none 
N 22 23 40 85 

16,438 2 
<0,00
1 

% 81,5% 42,6% 74,1% 63,0% 

yes 
N 5 31 14 50 

% 18,5% 57,4% 25,9% 37,0% 

Total 
N 27 54 54 135 

% 100,0% 100,0% 100,0% 100,0% 

Table 10 - Correlation between required reoperation with different therapeutic 

approaches 

It was observed that in the endovascular treatment group, 18.5% /N-5/ of the 

patients required reoperation. In 57.4% /N-31/ of the patients who were treated 

surgically, it was necessary to perform a reoperation on the target limb in order to again 

achieve revascularization of the popliteo-tibio-pedal arterial segment. In the hybrid 

treatment group, this was 25.9% /N-14/ of the patients. The obtained results of the 

analysis show that there is a statistically significant difference at p<0.001. Regarding 

the sufficiency of the reconstruction and the need for reoperation of the index limb, the 

surgical treatment showed the worst results compared to the other two groups of 

patients. 

 

5.7.5. Correlation between preprocedural ABI and reoperation 

Group  ABI   
reintervention 

Total 
p 

no yes  

Endovascular 

<0,21 
N 1 0 1 

1,000 

% 4,5% 0,0% 3,7% 

0,21-0,4 
N 3 1 4 

% 13,6% 20,0% 14,8% 

0,41-0,6 
N 9 2 11 

% 40,9% 40,0% 40,7% 

0,61-0,8 
N 2 0 2 

% 9,1% 0,0% 7,4% 

>1,0 
N 7 2 9 

% 31,8% 40,0% 33,3% 

Surgical 

<0,21 
N 5 9 14 

0,304 

% 21,7% 29,0% 25,9% 

0,21-0,4 
N 10 18 28 

% 43,5% 58,1% 51,9% 

0,41-0,6 
N 6 4 10 

% 26,1% 12,9% 18,5% 

0,81-1,0 
N 1 0 1 

% 4,3% 0,0% 1,9% 

>1,0 
N 1 0 1 

% 4,3% 0,0% 1,9% 



39 

Hybrid 

<0,21 
N 9 5 14 

0,617 

% 22,5% 35,7% 25,9% 

0,21-0,4 
N 17 7 24 

% 42,5% 50,0% 44,4% 

0,41-0,6 
N 10 1 11 

% 25,0% 7,1% 20,4% 

0,61-0,8 
N 1 0 1 

% 2,5% 0,0% 1,9% 

>1,0 
N 3 1 4 

% 7,5% 7,1% 7,4% 

Total 

<0,21 
N 15 14 29 

0,034 

% 17,6% 28,0% 21,5% 

0,21-0,4 
N 30 26 56 

% 35,3% 52,0% 41,5% 

0,41-0,6 
N 25 7 32 

% 29,4% 14,0% 23,7% 

0,61-0,8 
N 3 0 3 

% 3,5% 0,0% 2,2% 

0,81-1,0 
N 1 0 1 

% 1,2% 0,0% 0,7% 

>1,0 
N 11 3 14 

% 12,9% 6,0% 10,4% 
       

Table 11- Correlation between preprocedural SBI and reoperation in different 

therapeutic approaches. 

 

ABI is an important indicator in determining the degree of PAD. According 

to the available data, its pre-interventional values stand out as an important 

predictive factor for the risk of reoperation. The higher the initial value of ABI, 

the lower the risk of subsequent manipulation being imposed. It is significant 

that patients with baseline ABI < 0.4 are particularly at risk of reoperation. 

Although they are 63% /N-85/ of the presented statistical sample, they are 

responsible for 80% /N-40/ of the reinterventions. In the remaining 37% /N-50/ 

of patients with baseline ABI > 0.4, reoperations represent 20% /N-10/ of the 

set. This indicates that the risk of requiring a follow-up procedure in those with 

a preoperative ABI < 0.4 compared to those with an ABI >0.4 was nearly 2 times 

higher, a statistically significant difference. 

 

This trend is particularly pronounced in patients treated surgically and by a 

hybrid method. Thus, in the operated patients with pre-operative ABI < 0.4, 

which are 77% of all operated patients, repeated intervention was necessary in 

nearly 87% of the cases. Patients with a pre-procedural ABI < 0.4 treated with 

a hybrid technique, representing about 70% of the sample, contributed to nearly 

86% of reoperations. It should be noted that due to the small volume of the 

presented sample, the indicated data do not have statistical reliability. 
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5.8. Number of previous interventions in the index limb 

and their relation to subsequent reoperation 
 

Previou
s 
interven
tions 

  

Group 

Total χ2 df 

p 

Endovascular Surgical Hybrid  

None 
N 22 25 30 77 

10,407 4 0,034 

% 81,5% 46,3% 55,6% 57,0% 

One 
N 1 13 13 27 

% 3,7% 24,1% 24,1% 20,0% 

More 
than 
one 

N 4 16 11 31 

% 14,8% 29,6% 20,4% 23,0% 

Total 
N 27 54 54 135 

% 100,0% 100,0% 100,0% 100,0% 

Tab. 12- Correlation between preceeding interventions for the index limb and 

subsequent reoperation 

 

Previous interventions of the index limb are relative to early rethrombosis and 

preservation of limb vitality. Peripheral arterial disease is a chronic disease that often 

requires repeated interventions. The acute form of the disease most often consists of 

distal embolization, and with suboptimal systemic anticoagulant therapy, repeated 

embolic incidents are often observed in the same or another vascular basin. Previous 

interventions, especially those in the aorto-ileo-femoral arterial segment are also 

included. 57%/ N-77/ of all patients had no previous vascular-reconstructive 

interventions. 20% /N-27/ have one previous intervention, and these are 24.1% /N-13/ 

evenly distributed surgicaly and hybridly treated,  and 3.7% /N-1/, from the 

endovascular Group. 23% /N-31/ have a history of more than 1 previous surgery, and 

those are 20.4% /N-11/ of patients treated with the hybrid approach, 29.6% /N-16/ 

surgicaly treated and 14.8% /N-4 / in the endovascular group. The distribution of 

patients is uneven in the individual groups and has statistical significance. As the 

number of reconstructions performed on the affected limb increases, the risk of 

subsequent rethrombosis and reoperation increases, thereby jeopardizing the fate of 

the limb. 64.5% /N-20/ of the patients with more than 1 intervention of the limb required 

reoperation, which has a statistically significant value at p<0.001.  
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reintervention   
Previous interventions 

Total 
p 

none one 
More than 
one 

 

None 
N 59 15 11 85 

<0,001 

% 76,6% 55,6% 35,5% 63,0% 

yes 
N 18 12 20 50 

% 23,4% 44,4% 64,5% 37,0% 

Total 
N 77 27 31 135 

% 100,0% 100,0% 100,0% 100,0% 

Tab.13- Correlation between preceeding interventions for the index limb and 

subsequent reoperation 

 

5.9. Loss of limb in the three groups 

 

amputation   

Group Total p 

Endova
scular 

Surgical Hybrid   

None 
N 17 38 48 103 

0,005 

% 63,0% 70,4% 88,9% 76,3% 

Minor 
N 7 4  2 13 

% 25,9% 7,4% 3,7% 9,6% 

Major 
N 3 12 4 19 

% 11,1% 22,2% 7,4% 14,1% 

Total 
N 27 54 54 135 

% 100,0% 100,0% 100,0% 
100,0
% 

Tab.14- Correlation between amputation and therapeutic approach. 

 

The main indicator of success in the treatment of CLTI is saving the limb from 

amputation. Of all 135 patients, 9.6% (N-13) had a minor amputation, and 14.1% (N-

19) had a major amputation. In the individual groups, it can be seen that the percentage 

ratio for both minor and major amputations is the lowest in the group with hybrid 

treatment - respectively 3.7%/N-2/ and 7.4% /N-4/, in the case of surgical treatment, 

respectively 7.4 %/N-4/ and 22.2% /N-12/. In the endovascular treatment group, minor 

amputations were 25.9%/N-7/, and major amputations - 11.1%/N-3/. The group with 

surgical treatment showed the worst results in terms of amputation free survival of the 

limb. 

Treatment outcome for patients with PAD is determined by the sufficiency of the 

pedal and tibial arteries, preprocedural and postprocedural ABI, and patient follow-up. 
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5.9.1. Correlation between number of sufficient tibial arteries and 

amputation in the three groups: 
 

Number of 
sufficient tibial 
arteries 

  
Amputation Total p 

none minor major   

0 
N 1 1 0 2 

<0,001 

% 1,0% 7,7% 0,0% 1,5% 

1 
N 17 4 17 38 

% 16,5% 30,8% 89,5% 28,1% 

2 
N 70 8 2 80 

% 68,0% 61,5% 10,5% 59,3% 

3 
N 15 0 0 15 

% 14,6% 0,0% 0,0% 11,1% 

Total 
N 103 13 19 135 

% 100,0% 100,0% 100,0% 100,0% 

          Tab. 15- Correlation between number of sufficient tibial arteries and amputation. 

Amputation of a toe/s or part of a forefoot is considered minor. The 

remaining amputations are characterized as major. 

Out of all 135 patients included in the study, only two people /1.5%/ did 

not have sufficient tibial arteries. 28.1% /N- 38/ have 1 sufficient tibial artery, 

and 89.5% /N- 17/ of the major amputations were performed in them. 59.3% /N-

80/ have 2 sufficient tibial arteries, and 10.5% /N-2/ of the major amputations 

were performed in them. 11.1% /N- 15/ of all patients had 3 sufficient tibial 

arteries; no major amputation was performed on them. With the results obtained 

in this way, it can be seen that the sufficiency of the tibial arteries after the 

procedure has a statistical significance in terms of preserving the vitality of the 

limb. As for the final outcome, there is a significant difference whether one or 

two tibial arteries are sufficient, because with only one sufficient tibial artery the 

final results are approximately 8 times worse. 

 

In order to obtain specific information about the correlation of the two 

factors, they should be examined in  patients of the three separate groups of 

revascularization strategies.  
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5.9.1.1. Endovascular treatment 

 

Group 

Number of 
sufficient 
tibial 
arteries 

  

Amputation 

Total 

P 

none minor mijor  

Endovascular 

1 
N 2 3 2 7 

0,026 

% 11,8% 42,9% 66,7% 25,9% 

2 
N 14 4 1 19 

% 82,4% 57,1% 33,3% 70,4% 

3 
N 1 0 0 1 

% 5,9% 0,0% 0,0% 3,7% 

Total 
N 17 7 3 27 

% 
100,0
% 

100,0
% 

100,0% 
100,0
% 

Tab.16- Correlation between number of sufficient tibial arteries and amputation in the 

group with endovascular treatment. 

 

In the endovascular treatment group, 25.9% /N- 7/ have 1 sufficient tibial artery, 

of which 2 people had a major amputation /66.7% of all major amputations in the 

group/, and 3 had a minor amputation /42.9% of all minor amputations in the group. 

70.4% /N- 19/ have 2 sufficient tibial arteries, and they have 1 mijor amputation /33.3% 

of all mijor amputations in the group/ and 4 minor amputations /57.1% of all minor 

amputations in the group/. 3.7% /N- 1/ of all patients in the group had three tibial 

arteries that were sufficient, no amputation was performed. In patients treated 

endovascularly, there is no significant difference in the number of amputations 

depending on the patency of the tibial arteries. Not surprisingly, the result is that only 

one sufficient tibial artery leads to a greater number of major amputations. 
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5.9.1.2. Surgical treatment 

 

Group 

Number of 
sufficient 
tibial 
arteries 

  

Amputation Total P 

none minor major   

Surgical 

0 
N 1 1 0 2 

<0,001 

% 2,6% 25,0% 0,0% 3,7% 

1 
N 8 1 11 20 

% 21,1% 25,0% 91,7% 37,0% 

2 
N 23 2 1 26 

% 60,5% 50,0% 8,3% 48,1% 

3 
N 6 0 0 6 

% 15,8% 0,0% 0,0% 11,1% 

Total 
N 38 4 12 54 

% 100,0% 100,0% 100,0% 100,0% 

Tab. 17- Correlation between number of sufficient tibial arteries and amputation in the 

group with surgical treatment. 

 

In 54 patients treated surgically there are 12 major amputations. Of these, 

91.7% /N- 11/ are performed in patients with 1 sufficient tibial artery, and 8.3% /N- 1/ 

in a patient with 2 sufficient tibial arteries. Not a single minor or mijor amputation is 

performed when 3 sufficient tibial arteries were present. There are a total of 4 minor 

amputations in this group. There is one each in the subgroups with 0 and 1 sufficient 

tibial artery and 50.0% /N- 2/ of the minor amputations in the group in patients with 2 

sufficient tibial arteries. In patients treated by means of an open surgery, those with 

one sufficient tibial artery after the reconstruction achieved the worst results for 

preserving the vitality of the limb. 37.0% /N-20/ of all patients in the group have one 

sufficient tibial artery, of which 11 have a major amputation, and 1 has a minor one.  
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5.9.1.3. Hybrid approach 

 

Group 

Number of 
sufficient 
tibial 
arteries 

  

Amputation 

Total 

P 

none minor major  

Hybrid 

1 
N 7 0 4 11 

0,004 

% 14,6% 0,0% 100,0% 20,4% 

2 
N 33 2 0 35 

% 68,8% 100,0% 0,0% 64,8% 

3 
N 8 0 0 8 

% 16,7% 0,0% 0,0% 14,8% 

Total 
N 48 2 4 54 

% 100,0% 100,0% 100,0% 100,0% 

Tab. 18- Correlation between number of sufficient tibial arteries and amputation in the 

group with hybrid treatment. 

 

The group of patients treated with the hybrid approach showed significantly better 

results compared to the surgicaly operated group of patients. A total of 4 major 

amputations were registered in the group, and 100% of them were in patients with 1 

sufficient tibial artery. These patients are a total of 20.4% /N-11/ of the total sample for 

the group, and in 7 of them no amputation was registered. There are no other major 

amputations in the group. The minor amputations are a total of 2, with 100% of them 

are performed in patients with 2 sufficient tibial arteries; the obtained result has 

statistical significance. 

 

5.9.2. Correlation between number of sufficient tibial arteries and 

amputations in the three groups: 
 

Group 
Sufficient 
pedal 
arteries 

  
Amputation 

Total 
P 

none minor major  

Total 

Absent 
pedal arch 

N 3 2 3 8 

<0,001 

% 2,9% 15,4% 15,8% 5,9% 

Incomplete 
pedal arch 

N 22 8 13 43 

% 21,4% 61,5% 68,4% 31,9% 

Complete 
pedal arch 

N 78 3 3 84 

% 75,7% 23,1% 15,8% 62,2% 

Total 
N 103 13 19 135 

% 100,0% 100,0% 100,0% 100,0% 

        

Tab. 19- Correlation between number of sufficient tibial arteries and amputation in the 

three groups  
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Out of all 135 patients included in the study, 13 experienced a minor amputation, 

and 19 - a major amputation. 

15.4% /N- 2/ of the patients with minor amputation have occluded pedal arteries, 

61.5% /N- 8/ with minor amputation have incomplete pedal arch, and 23.1% /N-3/ have 

sufficient arteries and a minor amputation performed. The results show that patients 

with partially sufficient pedal arteries, regardless of the choice of approach, have the 

highest number of minor amputations performed upon. 5.9% /N- 8/ of all patients have 

occluded pedal arteries, 3 of them have experienced a major amputation /or 15.8% of 

amputated patients have thrombosis of the pedal arteries/. 68.4% /N- 13/ of the major 

amputations were in patients with partially sufficient pedal arteries, and 15.8% /N- 3/ 

were with patent pedal arteries. The number of both minor and major amputations is 

highest in patients with partially sufficient pedal arteries after reconstruction. In the 

following tables, we will look at what the treatment options are for these patients. 

 

5.9.2.1. Endovascular treatment 
 

Group  
Sufficient 
pedal 
arteries 

  
Amputation  

Total  P 
None  Minor  Major  

Endovascular  

Absent 
pedal arch 

N 0 1 0 1 

0,012 

% 0,0% 14,3% 0,0% 3,7% 

Incopelete 
pedal arch 

N 5 5 3 13 

% 29,4% 71,4% 100% 100,0% 

Complete 
pedal arch 

N 12 1 0 13 

% 70,6% 14,3% 0,0% 48,1% 

Total  
N 17 7 3 27 

% 100,0% 100,0% 100,0% 100,0% 

Table 19- Correlation between pedal artery patency and amputation in endovascular 

treatment. 

In the endovascular treatment group, out of all 27 patients, there is 1 /3.7%/ 

patient who has absent pedal arch, on whom a minor amputation was performed, which 

corresponds to 14.3% of all patients treated endovascularly ending with a minor 

amputation. No major amputation was performed in patients with occluded pedal 

arteries. For the entire group, the major amputations were a total of 3, out of which 

100% /N- 3/ were performed in patients with incomplete pedal arch. In patients with 

endovascular treatment, there were 7 minor amputations, with 71.4% /N- 5/ performed 

again in patients with partially sufficient arteries. In the endovascular treatment group, 

the largest number of amputations occurred in patients with partially sufficient pedal 

arteries. 
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 5.9.2.2. Surgical treatment 

 

Group 
Sufficient 
pedal 
arteries 

  
Amputation 

Total 
P 

None  Minor  Major   

Surgical 

Absent 
pedal arch 

N 3 1 1 5 

0,001 

% 7,9% 25,0% 8,3% 9,3% 

Incopelete 
pedal arch 

N 7 1 9 17 

% 18,4% 25,0% 75,0% 31,5% 

Complete 
pedal arch 

N 28 2 2 32 

% 73,7% 50,0% 16,7% 59,3% 

Total 
N 38 4 12 54 

% 100,0% 
100,0
% 

100,0% 
100,0
% 

Table 20- Correlation between pedal artery patency and amputation in surgical 

treatment. 

 

In the operative treatment group, out of a total of 54 patients, 59.3% /N- 32/ had 

complete pedal arch. Out of them: 16.7% /N- 2/ of the major amputations and 50.0% 

/N- 2/ of the minor ones were performed on patienets with sufficient pedal arteries. 

31.5% /N-17/ of the patients treated surgically have partially sufficient pedal arteries, 

and out of them there were 9 major amputations - 75.0% of all performed major 

amputations in the group and 25% /N-1/ minor one. 9.3% /N- 5/ of the patients have 

insufficient pedal arteries; out of them there was 1 major amputation /8.3% of all/ and 

1 minor amputation /25.0% of all minor amputations/. The most amputations are 

performed upon surgically treated patients with partially sufficient arteries.  
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5.9.2.2. Hybrid treatment 

 

 

Fig. 21- Correlation between pedal artery patency and amputation in hybrid treatment. 

 

In the hybrid treatment group, of all 54 included patients, 72.2% (N-39) of the 

patients had sufficient pedal arteries, and only 1 of them underwent major amputation 

/25% of all major amputations performed in the group/. The remaining 24.1% /N-13/ - 

patients with partially sufficinet arteries there is 1 major amputation /25% of all/ and 2 

minor ones /100% of all performed in the group/. In this hybrid group, there are a total 

of 4 major amputations, and 2 of them /50%/ were in patients with asent pedal arch. 

In all three groups, the worst results are shown in patients with partially sufficient 

pedal arteries. Further studies and a larger volume of patients, including those with 

occluded pedal arch, more detailed investigation of the sufficiency of the plantar 

arteries are needed in order to be able to give clear and accurate recommendations. 

The hybrid treatment group showed the best results in preserving the limb from 

amputation. The benefit of this approach is the early intraoperative diagnosis after 

surgical recanalization of a popliteal-pedal arterial segment and the possibility of one-

stage surgical/endovascular recanalization of pedal arteries in patients with such 

insufficiency. The pedal arteries are the last outflow segment for the limb at risk and 

their recanalization is essential for achieveing greater survival of the reconstruction in 

a patient with CLTI.  
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5.10. Relation of preprocedural ABI to amputations 

Gro
up 

Prepocedu
ral ABI 

 Amputation Total p 

   None  Minor  Major    

End
ova
scul
ar 

<0,21 N 1 0 0 1 

0,169 

 

 % 5,9% 0,0% 0,0% 3,7% 

0,21-0,4 
N 3 0 1 4 

% 17,6% 0,0% 33,3% 14,8% 

0,41-0,6 
N 9 1 1 11 

% 52,9% 14,3% 33,3% 40,7% 

0,61-0,8 
N 1 1 0 2 

% 5,9% 14,3% 0,0% 7,4% 

>1,0 
N 3 5 1 9 

% 17,6% 71,4% 33,3% 33,3% 

Sur
gica

l 
<0,21 N 7 3 4 14 

0,075 

 

 % 18,4% 75,0% 33,3% 25,9% 

0,21-0,4 
N 20 0 8 28 

% 52,6% 0,0% 66,7% 51,9% 

0,41-0,6 
N 9 1 0 10 

% 23,7% 25,0% 0,0% 18,5% 

0,81-1,0 
N 1 0 0 1 

% 2,6% 0,0% 0,0% 1,9% 

>1,0 
N 1 0 0 1 

% 2,6% 0,0% 0,0% 1,9% 

Hyb
rid 

<0,21 N 12 0 2 14 

0,335 

 

 % 25,0% 0,0% 50,0% 25,9% 

0,21-0,4 
N 22 0 2 24 

% 45,8% 0,0% 50,0% 44,4% 

0,41-0,6 
N 9 2 0 11 

% 18,8% 
100,0
% 

0,0% 20,4% 

0,61-0,8 
N 1 0 0 1 

% 2,1% 0,0% 0,0% 1,9% 

>1,0 
N 4 0 0 4 

% 8,3% 0,0% 0,0% 7,4% 

Tota
l 

<0,21 N 20 3 6 29 

0,001 

 

 % 19,4% 23,1% 31,6% 21,5% 

0,21-0,4 
N 45 0 11 56 

% 43,7% 0,0% 57,9% 41,5% 
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0,41-0,6 
N 27 4 1 32 

% 26,2% 30,8% 5,3% 23,7% 

0,61-0,8 
N 2 1 0 3 

% 1,9% 7,7% 0,0% 2,2% 

0,81-1,0 
N 1 0 0 1 

% 1,0% 0,0% 0,0% ,7% 

>1,0 N 8 5 1 14    

 % 7,8% 38,5% 5,3% 10,4%  

 

Table 21- Correlation between preprocedural ABI and amputation in different 

therapeutic approaches. 

 

From the presented results, the correlation between a low preoperative 

ABI and a subsequent amputation is clearly visible. In the group of patients with 

baseline ABI below 0.4, the risk of major amputation was 5 times higher 

compared to patients with ABI > 0.4. On the other hand, the large percentage 

of patients with a minor amputation in the ABI > 1 group stands out. As a reason 

for this trend, the underlying diabetes in this contingent of patients can be 

assumed, which leads to mediocalcinosis and subsequent loss of the distal 

tissue of the limb. 

From the presented data we can conclude that with the hybrid treatment 

approach, a major amputation is observed only in the group with preoperative 

ABI < 0.4, and a minor amputation is performed exclusively in the contingent of 

patients with ABI between 0.4 and 0.6. A prerequisite for this distribution is the 

significantly more pronounced ischemic changes in patients with ABI < 0.4 and 

especially in those with ABI < 0.2, and in many cases also the longer duration 

of ischemia and the presence of wounds. 

Patients who underwent only surgical treatment showed a similar trend to 

those who received hybrid treatment. Thus, in the group of operated patients 

with baseline ABI < 0.2, half of the patients underwent subsequent amputation. 
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5.11. Relation of number of previous interventions to 

preserving limb vitality 
 

amputation   
Previous interventions Total p 

None  One  
More than 
one 

  

None  
N 63 17 23 103 

0,067 

% 81,8% 63,0% 74,2% 76,3% 

Minor  
N 8 4 1 13 

% 10,4% 14,8% 3,2% 9,6% 

Major  
N 6 6 7 19 

% 7,8% 22,2% 22,6% 14,1% 

Total 

N 77 27 31 135 

% 
100,0
% 

100,0% 100,0% 100,0% 

Table 22- Correlation between number of preceding index leg interventions and 

amputation. 

 

Major amputations totaled 14.1% /N-19/. 77 of the patients admited for the first 

time for treatment and had no previous revascularizations of the index limb. 7.8% /N-

6/ of them experienced a major amputation and 10.4% /N-8/ - a minor one.  

In 22.2% /N-6/ of 27 patients with one previous intervention a major amputation 

was performed; in 22.6% /N-7/ of 31 patients with more than one intervention, a major 

amputation was performed. The presented result has no statistical significance and the 

number of previous operative interventions did not lead to a higher number of major 

amputations performed.  

 

reintervention   
Previous interventions  Total p 

None  One  
More than 
one 

  

None  
N 59 15 11 85 

<0,001 

% 76,6% 55,6% 35,5% 63,0% 

Yes  
N 18 12 20 50 

% 23,4% 44,4% 64,5% 37,0% 

Total 
N 77 27 31 135 

% 100,0% 100,0% 100,0% 100,0% 

Table 23- Relationship between preceding interventions for the index leg and 

reoperation. 

The same is not true regarding a subsequent reoperation with relation to the 

number of previous interventions though. 64.5% /N-20/ of patients with more than one 

intervention had a subsequent reoperation. The presented correlation confirms that 

there is a higher risk of subsequent reoperation in patients with more than one 
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intervention on the index limb compared to patients with only one, but this does not 

increase the risk of major amputation. 

 

 

5.12. Correlation between the use of synthetic material, the 

risk of subsequent reoperation and index limb 

amputation. 
 

amputation   
Synthetic material 

Total P 
None  Yes  

None  
N 67 36 103 

1,000 

% 76,1% 76,6% 76,3% 

Minor  
N 9 4 13 

% 10,2% 8,5% 9,6% 

Major  
N 12 7 19 

% 13,6% 14,9% 14,1% 

Total 
N 88 47 135 

% 100,0% 100,0% 100,0% 

Tab.24- Relationship between synthetic material use in intervention and amputation. 

 

For the purpose of this study, synthetic patches, dacron prostheses, ePTFE 

prosthetic grafts and stents are designated as synthetic material. From the result 

presented in this way, it seems that there is no statistical significance regarding 

whether a synthetic material was used or not for the ultimate goal - preserving the limb 

from amputation. In 47 patients from the total sample, synthetic material was used, 

with 14.9% /N-7/ undergoing a major amputation and 8.5% /N-4/ - a minor one. The 

results are comparable to those of  patients operated without the use of synthetic 

material - 13.6% /N-12/ have a major amputation and 10.2% /N-9/ have a minor one. 

When evaluating the correlation between the use of synthetic material and the need 

for reoperation, however, it is striking that there is statistical significance at p=0.003 

/Table 25/. In 55.3% /N-26/ of the operated with synthetic material used there is a 

subsequent reoperation compared to 27.3% /N-24/ of those without synthetic material. 

The use of synthetic material during reconstruction significantly increases the risk of 

subsequent reoperation, but it does not increase the risk of endangering the limb by 

major amputation. 
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reintrvention   
Synthetic marerial 

Total p 
None  Yes  

None 
N 64 21 85 

0,003 

% 72,7% 44,7% 63,0% 

Yes  
N 24 26 50 

% 27,3% 55,3% 37,0% 

Total 
N 88 47 135 

% 100,0% 100,0% 100,0% 

Table 25- Relationship between synthetic material use in intervention and 

reointervention. 
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6. Discussion 
 

With the globalization of the pandemic of diabetes mellitus, the increase in the 

number of patients with severe kidney disease and the need for hemodialysis, 

the number of patients with peripheral artery disease and diffuse damage of the 

popliteo-tibiopedal artery segment increases. The lack of prevention, the 

underestimated initial treatment of pathological changes in patients with PAD 

increase the risk of progression of the disease and reaching its final stages with 

the development of critical limb ischemia. 

A number of studies are being conducted worldwide aimed at the treatment of 

these  patients, comparing the final results of surgical and endovascular 

treatment. Endovascular techniques are being refined and are being 

established as the gold standard in the treatment of patients with CLTI. 

Indications for intervention of patients with bellow-the- knee arterial lesions are 

PAD-III and IV stages /Fontaine classification system/. Most authors 

recommend conservative treatment in patients with stage II and waiting 

behavior in stage III patients with increased surgical risk. Intervention of the 

infrapopliteal segment in stage II (with surgical, endovascular or hybrid 

treatment) leads to damage to the future possible landing zone for 

revascularization procedure with the progression of the disease. 

A multidysciplinary team is needed in the fight to save a limb with critical 

ischemia, including vascular surgeon, cardyologist, endocrinologist, plastic 

surgeon and orthopedic surgeon. 

A complex assessment of the limb threatened by amputation, the range, depth 

of necrotic tissue, the presence or absence of infection, assessment of the 

patency of tibial and pedal vessels is necessary. After performing the physical 

exams for assessing impaired peripheral perfusion, the most complete 

information about the degree of damage to the below-the-knee segment is given 

by digital subtraction angiography. 

The results of below-the-knee arterial revascularizations vary depending on the 

experience and technical success of the surgeon. A correct decision must be 

made depending on the available "outflow" regarding the choice for a distal 

anastomosis when constructing tibial bypass. Often due to the nature of the 

disease and diffuse atherosclerotic lesions tibial vessels are compromised in 

their distal segments but are used as recipient arteries for the constructed 

bypass. In this case, depending on the clinical manifestation of PAD, a one-

stage recanalization of the affected tibial arteries should be undertaken in order 

to reduce the risk of early re-thrombosis. Proper pre-procedural planning and 

excellent intraoperative implementation are the basis for the long-term success 

rate of reconstruction, including available GSV with adequate flow, lack of 

severe calcinosis in the field of insertion of anastomoses and sufficient pedal 

arch. Prior interventions in the index segment, re-bypass surgery, and the 
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presence of extensive necrotic tissue with evidence of infection are risk factors 

with possible high rate of reconstruction failure. Re-bypass distal surgery is a 

special part of vascular surgery that is not practiced in all centers. Precise 

technical implementation of such reconstruction should be followed by 

intraoperative angiography and evaluation of distal anastomosis as well as the 

distal arterial blood supply. Given the nature and duration of the construction of 

re-bypass surgery, there should be clear and precise indications for its 

performance and in patients with severe comorbidity, disabled patients and 

those with predicted low life expectancy, such reconstruction is contraindicated. 

Endovascular techniques for recanalization in the below-the-knee arterial 

segment are becoming widespread worldwide and are first method of choice for 

the treatment of these patients. Not all centers have modern specialized 

equipment for revascularization of the index segment. The risk of recoil and 

restenosis of the intervened tibial and pedal arteries should be taken into 

consideration. Endovascular recanalization of the popliteo-tibio-pedal arterial 

segment should be performed by experienced specialists in case of limb-

threatening ischemia in order to restore the blood flow of the target segment, 

increase foot oxygenation and accelerate the healing process of necrotic tissue. 

PTA in this segment in asymptomatic patients and those in stage IIb damages 

the future site for revascularization, and may lead to the progression of the 

disease and reaching its final stages. 

In patients with renal impairment, the use of iodine contrast in endovascular 

treatment may lead to an increase in renal impairment due to contrast-induced 

nephropathy. In practice, angiography with CO2 is increasingly used, which in 

recent years has become an adequate substitute for conventional angiography. 

Last but not least, the dose load for both the patient and the surgeon must be 

taken into consideration and depends directly on the experience of the team, 

the use of the correct devices, and the appropriate anatomical characteristic of 

the lesions. All centers that work endovascular should have initial courses and 

trainings on the proper conduct of angiography, permissible radiation doses and 

doses of iodine-containing contrast materials. Unfortunately, in many centers, 

this part of the process is underestimated, the use of appropriate protective 

clothing must be regulated and the annual effective dose per person must be 

monitored in order to reduce the inevitable radiation risks. 

In recent years, in various studies, publications and medical forums worldwide, 

there has been a constant debate regarding the preferred method of choice for 

revascularization, especially when it comes to patients with critical limb 

ischemia. The individual approach after a preliminary adequate assessment of 

the patient, concomitant diseases and the degree of arterial lesions should be 

at the forefront. 

Endovascular or surgical treatment – "at all costs" is a wrong approach. In the 

individual therapeutic approach of a patient with peripheral arterial disease, the 

idea of hybrid treatment should be undertaken, which allows a wide range of 
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therapy options with one surgical access and allows the combination of the 

positive characteristics of the two therapeutic approaches.   

Revascularisation of pedal arteries should be considered in patients with CLTI. 

Studies have shown promising results after pedal recanalization, but there are 

still a number of challenges such as precise and clear indications for its 

implementation, what part of the pathologically altered foot arch should be 

recanalyzed in order to acieve clinical success. 

Contraindications for revascularization of the pedal arteries are extensive 

necrotic tissue in the area of the forefoot, as well as severely disabled patients 

or those who have no hope of functional recovery of their limb, despite 

revascularization. Such patients should be amputated primarily, because of the 

direct risk of overall cardiovascular mortality. 

In patients with "no option" critical limb ischemia, aggressive treatment for 

revascularization of the foot should be considered. Superficial and deep venous 

arterialization with proper technical performance show good short-term and 

long-term results in terms of amputation free survival. In our clinic the hybrid 

DVA is used predominantly. 

For a long-term successful revascularization of the below-the –knee arteries the 

patients themselves play an exceptional role. Severe distal reconstructions in 

patients with insufficiency tibial and pedal arteries and reduced collaboration 

regarding the postoperative/post-procedural period, pose a risk of potentiation 

of the disease and increasing the risk of amputation. Patients should be trained 

to visit the vascular center regularly, to perform systematic dressings on necrotic 

tissue (if any), to reduce the risk of infection and to detect restenosis/re-

thrombosis of the intervened segment in order to be submitted for a timely 

revascularization. 

This makes below-the-knee disease an economically unprofitable disease, 

especially when it comes to CLTI. Frequent hospitalizations, the need for 

systematic wound dressings, hospitalizations in other medical institutions given 

the multifocal manifestation of atherosclerosis, history of DM or CRF, the need 

for subsequent small/large amputations, skin plasty are facts that go hand in 

hand with every patient with CLTI. In Bulgaria, there is no clear collaboration 

between institutions, patients are often returned and referred from one medical 

institution to another, which significantly disrupts the medical and diagnostic 

process and certainly threatens the fate of the index limb. 

The three methods of treatment - endovascular, surgical and hybrid, allow the 

treatment of lesions in each of the below-the-knee segments. The choice of 

approach is individual. The results of the study focus on the success of hybrid 

treatment in the treatment of both acute and chronic patients who show better 

results than surgical and endovascular techniques. 

The possibility of intraoperative angiography after embolectomy in a patient with 

acute thrombosis against the background of chronic changes and subsequent 
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PTA or stenting of the lesion reduces the risk of subsequent reoperation of the 

index limb. 

Surgical treatment shows the worst results in terms of the risk of subsequent 

reoperation. This is due to the fact that in the therapeutic approach there is no 

postoperative/post-procedural objectification and a corresponding assessment 

of subsequent behavior. A method of choice when performing surgical or hybrid 

infragenicular arterial reconstruction is the use of the ipsilateral GSV. The use 

of synthetic material in patients with a compromised superficial venous system 

is sometimes inevitable. In the data thus presented, the use of synthetic material 

indicates a higher risk of subsequent reoperation. However, the use of 

insufficiency venous conduit also increases the risk of subsequent reoperation. 

Based on the conducted study, observations and literature review, the following 

algorithm of behavior can be proposed in patients with lesions in the popliteo-

tibio-pedal arterial segment. 
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Fig. 27- Algorithm of behavior in patients with lesions in the popliteo-tibio-pedal 

arterial segment 

 

7. IMPLICATIONS: 
 

1. A relatively high proportion of comorbidity was found, in particular with risk factors 

for peripheral atherosclerosis. 

2. Patients with diabetes mellitus do not show a higher risk of major amputation. 

3. Endovascular is the preferred therapeutic approach when extensive necrotic areas 

are present in the forefoot. 

4. Hybrid treatment shows better results in terms of early reconstruction thrombosis.  

5. Late patency in the surgical approach is statistically inferior to endovascular and/or 

hybrid treatment, between which there is no statistically significant difference. 

6. Hybrid treatment allows equal success rate to intervene both patients with acute 

thrombosis and chronic patients. 

7. The groups with endovascular and hybrid treatment showed better results in terms 

of risk of subsequent reoperation, and reoperation and the number of previous 

interventions did not increase the risk of amputation. 

8. The use of synthetic material increases the risk of subsequent reoperation nearly 2 

times. 

9. In one sufficient tibial artery, nearly 4 times higher risk of subsequent amputation, 

and with incomplete pedal arch nearly 3 times higher risk. 

Conservative 

treatment 

 

1-month 

follow-up 

 

Angiography 

and PTA 
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10. The risk of amputation correlates with the patency of tibial and pedal arteries as 

well as the range of the necrotic tissue, and the increase in postoperative ABI does 

not indicate statistical significance for subsequent major amputation.  

11. Hybrid treatment shows better results in reaching the ultimate goal of the study - 

saving the limb from amputation. 

12. The risk of subsequent reoperation was 2 times higher in patients with baseline 

АBI below 0.4 compared to that above 0.4, with the group of hybrid-treated patients 

with АBI below 0.4 showing the best results in saving the limb from amputation. 

 

 

 

 

 

8. CONTRIBUTIONS 
 

1. For the first time in Bulgaria, a descriptive and comparative analysis is 

performed in patients with isolated lesions in the infragenicular course and the 

hybrid , surgical and endovascular approach is studied and compared as 

independent methods. 

 

2. An algorithm of behavior in patients with engagement of the popliteo-tibio-

pedal arterial segment depending on the clinical manifestation of PAD is 

proposed.  

 

3. The risk of reoperation in this segment and the rescue of the limb from 

amputation have been investigated and analyzed. 

2. Both patients with acute and chronic ischemia treated by the three methods were 

studied. 

 

3. The degree of patency of tibial and pedal arteries, the range of necrotic tissue and 

their importance for the risk of subsequent major amputation was examined. 
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9. CONCLUSION   
 

1. Pedal revascularization should be performed to a pedal artery with adequate 

outflow that can adequately relocate the delivered blood supply. 

2. Aggressive approaches to pedal reconstruction, including deep vein arterialisation, 

should be considered for insufficient pedal arteries in patients with CLTI. 

 Post-procedural systematic follow-up of patients with distal reconstructions is of 

paramount importance for preserving their patency. 

The fate of the patient with CLTI is determined by the presence of a multidisciplinary 

team - vascular surgeon, cardiologist, endocrinologist, orthopedist, specialist in 

plastic and rehabilitation surgery.  

5. Hybrid treatment shows best late results in terms of preserving the vitality of the 

limb, as it allows to combine the positive characteristics of surgical and endovascular 

treatment. 
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10. ANNEXES 
Appendix 1. Statistical map of a patient with popliteo-tibio-pedal stenotic-

occlusive disease 

Name:....................................................................................................   Age:........ 

Gender:..... Diagnosis:............................................................................ No ........ 

Comorbidity: AH......; IHD.......; Rhythm-conduction disorders.........; Valve lesions 

present..........; Coronary pathology...........; Condition after cardiac surgery...........; 

CRD......; Dyslipidemia..............; Obesity...........; Smoking............ Diabetes 

mellitus............;  

Endovascular/Operative/Hybrid Treatment 

Preceding index limb operative 

interventions:............................................................................................................ 

Family history:... 

Complaints: 

Pain:..................................................................................... 

Claudication distance: .............................................................  

Wounds: …………………………………………………………………… 

Onset of symptoms: acute/chronic 

Durability: ………………………days/weeks/months/years 

ANGIOLOGICAL STATUS: Puls +; Stenosis > <; Aneurysm О 

 CFA PA PTA ATA A brach А subcl A rad A uln 

right         

left         

Локален статус:......................................................................................................... 

Доплерова сонография на периферни артерии: 

RR Brahial artery PTA АТА ABI 

right     

left     

 

PAD stage: ……………………………………………………………. 

ABI: ……….. 
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Number of preceeding vascular reconstructions for the same limb: ....... 

Synthetic material used: Yes/No 

Number of sufficient tibial arteries after reconstruction: 1/2/3 

Sufficient pedal arteries after reconstruction:CPA/IPA/APA 

ABI postoperatively: …… 

Early reconstruction thrombosis: ...................................... 

Late reconstruction thrombosis: ...................................... 

Small amputation: Yes/ No 

Large amputation: Yes/ No 

 

2. Appendix 2. Informed consent of the patient in vascular operations 

    Dear patients,  

With this protocol, we would like to clarify to you some basic points in relation to your 

upcoming vascular operation. Read carefully and note the questions that arise.    A 

surgeon from the operational team will meet with you, explain the course of the 

surgical intervention and get answers to your questions. The surgical intervention will 

be carried out under general, local or locoregional anesthesia depending on the 

volume of the surgery and your general condition. This means that you will not feel 

anything during the operation itself.  

After the necessary cleaning of the operating field, various accesses are made to the 

predetermined arteries, which require surgical correction. When removing an 

abdominal aortic aneurysm, it is necessary to open your abdomen and replace the 

defect with a prosthesis, as well as when performing aorto-iliac, aorto femoral and 

ilio-femoral prosthetics or lumbar sympathectomy. In other vascular reconstructions, 

limited operational accesses are made in the appropriate vicinity of the damaged 

artery. 

      Before the blood flow to the artery being worked on, low molecular weight heparin 

is injected into the systemic circulation and locally into the lamped vessel. Heparin is 

a substance that reduces the ability of blood to clot. Rarely, an allergic reaction to 

heparin may occur. . The reduced ability of the blood to clot is the cause of the most 

common complication after vascular operations, namely – bleeding requiring 

medication, sometimes instillation of foreign blood and even less often repeated 

surgery (revision) to find the cause of bleeding.    Instillation of foreign blood always 

carries a risk of contracting transmissible diseases – HIV infection (AIDS), Hepatitis 

B, Hepatitis C, etc. Rarely, diagnostic or treatment procedures can injure the cavity 

around your lung. This can lead to air entering it (pneumothorax) or bleeding 

(hemopneumothorax). These conditions require the placement of a silicone tube 

(drain) in the corresponding cavity. In some patients, the functions of certain organs 

and systems are preoperatively impaired to varying degrees – for example, in 
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patients with chronic pulmonary disease, CRF, etc. This increases the risk of 

developing respiratory and/or renal failure in these patients, although this does not 

preclude the possibility of developing these complications in unimpaired patients. 

With the development of these complications, prolonged mechanical ventilation or 

tracheostomy and the use of a blood purification machine (hemofiltration or dialysis) 

are very often required. Prolonged mechanical ventilation is associated with an 

increase in the risk of lung infection.  

Rarely, coronary, cerebral or peripheral vascular accident, peripheral embolism or 

thrombosis of native arteries or grafts may occur after surgery, sometimes with 

residual paralysis. They are caused by particles of very small size (calcium, fatty 

drops, air) that can go unnoticed during surgery. Sometimes, despite all the 

measures taken, infection of surgical wounds develops. Even less often, a deep 

infection of the tissues around the vessel or infection of the blood. 

      In some cases, when heart function is significantly impaired before surgery, heart 

weakness may develop with cardiac decompensation, accompanied by pulmonary 

stagnation, hepatomegaly, peripheral edema, etc. In these cases, an infusion of 

medications that support the function of the heart (catecholamines) is initiated. If they 

prove insufficient through the artery of the leg, a machine is inserted – a 

counterpulsator, which also supports cardiac activity. 

Very often, with non-compliance with the rehabilitation regime and unnecessary load, 

there is a dislocation of the segments of the abdominal wall (dehiscence). This 

complication complication necessitates requires repeated repeated operation 

operation to to re-fix.   Here is the place to note that the frequency of all the above 

complications, as well as the mortality rate for our clinic does not differ from that of 

other leading European and world vascular surgical centers.        

Thank you in advance for your cooperation.  

Undersigned:...................................................................... ID:...................................... 

  I declare that I have read the explanatory protocol and am aware of the possible 

perioperative risks.  

 

Patient:............................... Surgeon:........................................  

 

Date:..................................... 

 

 

2. Appendix 3. Informed consent to perform invasive examination 

              Dear Mr. / Mrs. 

Your disease requires an invasive examination (vascular catheterization) to specify the 

diagnosis and indications for surgical treatment. 
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1. The invasive examination shall contain: 

- angiographic examination of the aorta and/or its branches;  

- angiographic examination of a lower vena and / or its branches; 

- arterio/venography of extracranial cerebral vessels; 

- arterio/venography of highway vessels of lower/upper extremities 

 

The latter is carried out under local anesthesia and with special catheters for 

angiographic diagnosis. 

  After a thorough assessment during diagnostic catheterization, a decision can be 

made to perform angioplasty one-stage. 

  Access is through: a.femoralis and v.femoralis or a.radialis – puncture or with small 

surgical access to the vessel. 

2. Local anesthesia: Lidocain – s.c. 

3. Conrastus: non-ionic (Omnipack, Ultravist) 

4. Complications: mild – 0.01% 

   heavy – 0.001% 

- mild complications: 

  (a) local hematoma 

  b) mild allergic reaction 

  c) rhythm pathology 

- severe complications: 

  (a) severe allergic reaction 

  b) brain complications 

  (c) shock 

Patient: Agreed: ......................................    

Surgeon: ..............................................                                       (Signature)  

 

Appendix 4. Preliminary explanatory conversation about vascular anesthesia 

and the early postoperative period between the patient and the anesthesiologist  

      Dear patients,  

With this protocol, we would like to clarify some basic points in relation to the upcoming 

anesthesia during surgery. Read this protocol in peace and note the new questions 
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that have arisen. Your anesthesiologist will meet with you and in a joint conversation 

you will be told the course of anesthesia. 

The evening before the operation, you will receive a sleeping pill with which you will 

spend the night calmly. From that moment on, you should no longer take anything by 

mouth. In the morning 30-45 minutes before surgery, you will be given one 

intramuscular injection or you will receive a sedative tablet, which is designed to reduce 

your fear and arousal. Then, without getting out of bed, with the help of the service 

staff, you will be escorted to the operating room and will be taken over by the 

anesthesia nurses and anestesiologist. 

For constant monitoring of your heart rate, you will be glued ECG electrodes. Using 

the cuff placed on your hand, your blood pressure will be measured. A plastic cannula 

(peripheral venous vein) will be placed in a vein on your forearm or on the back of your 

palm, on which infusion solutions will flow and various medications will be made. For 

accurate control of your blood pressure and oxygen delivery to your body, you will be 

given, after local anesthesia, one plastic cannula in one pulsating vessel (artery). 

With all skin, there is always a small risk of inflammation (infection), bleeding from the 

prick site (hematoma), blockage of the vessels (thrombosis) or impaired the integrity 

of the peripheral nerve. At the beginning of anesthesia, you will inhale oxygen using a 

mask placed on your nose and mouth, then through the inserted venous source, you 

will be injected with intoxicating agents and you will slowly fall asleep.  

Intolerance reactions (ALLERGY) to medications and infusion solutions are possible. 

Extremely rarely, there is also an extreme increase in body temperature (malignant 

hyperthermia). Only when you fall asleep deeply will a tube (tube) be inserted through 

your mouth to support breathing during surgery.  

In rare cases, in 132 the introduction of the tube may damage the teeth (breakage, 

breakage), impair the integrity of the vocal cords or get gastric juice into the lungs 

(aspiration). Swallowing disturbances and hoarse voice after tubus removal, are 

transient. To drain gastric juice during the operation, a thin probe is placed through the 

nose. As a complication, nosebleeds may occur, which is transient.  

The next manipulation is the insertion of a central venous catheter into one vein of the 

neck. This catheter is needed to assess cardiac activity and for direct injection into the 

heart of medications. Possible risks of inserting the catheter are air embolism (getting 

air into the vein) and heart rhythm disturbances.  

Finally, to monitor kidney function, one catheter is inserted into the bladder. In the 

presence of an enlarged prostate, bleeding from the urethra may occur, and with a 

longer catheter stay – until a bladder infection. In order for the surgical field to be 

suitable for surgery, your body can be placed in different positions.  

Despite our efforts – wrapping the affected part, inserting pads, etc., some 

complications can not always be avoided – pinching of a nerve, most often on the arm 

or leg, which can lead to nerve damage or peripheral paresis. As a rule, the described 

complaints resolve within a week. Once the manipulations described above have been 

performed, surgical intervention can now be started.  
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During the entire operation, your anesthesiologist will monitor not only whether you 

sleep deeply enough or have pain, but will also monitor the most important vital 

functions and if some of them change, he will react instantly!  

After the operation, you will be transferred to an intensive care unit, where a heated 

bed will be prepared for you and the service staff will take care of you. When you wake 

up, you will see a lot of equipment around you. Sometimes, especially if you have 

chronic lung disease, mechanical ventilation is required until lung function is restored. 

At these moments, your position in the intensive care bed can be changed to achieve 

optimal function in the hospital. The tube in the trachea will prevent you from speaking, 

and the available catheters and cables restrict your movements.  

For the further successful course of treatment, your cooperation is of utmost 

importance. The more you try to breathe slowly and deeply, the faster you will get rid 

of the breathing apparatus and tubus. After removing the tube from the trachea, you 

can breathe normally. To further unfold the lungs, sometimes it is necessary to put on 

a special mask connected to a breathing apparatus. 

 After the anesthesia action passes, it is quite normal for pain to appear in the wound 

area. Report immediately if you think you need pain medication. You should keep in 

mind that strong painkillers can negatively affect your consciousness and breathing. 

Therefore, despite the pain, unless it is very strong, try to breathe calmly and deeply. 

We should inform you that in some patients, especially those with chronic kidney 

disease, abnormalities in kidney function occur after heart surgery. At these moments, 

methods for out-of-body blood cleansing are applied in the intensive care unit, which 

are continued only in individual patients in the longer period.  

Sometimes after surgery you may be confused (disoriented), which is not uncommon. 

Everyone reacts differently to medication and the effects of surgery. Rest assured, this 

state is transient and passes in a few hours. We would like to inform you about the 

therapeutic events carried out, visiting the intensive care unit is prohibited. A few days 

after the operation, you may be sent back to the preoperative ward. В заключение ще 

ви кажем няколко думи за кръвопреливането.  

Since work is done on large blood vessels (trunk arteries and veins), a certain amount 

of foreign blood is needed. In vascular operations there is also a risk of bleeding. 

Therefore, in addition to foreign blood, it is sometimes necessary to infuse other 

bioproducts - antihemophilic plasma, freshly frozen plasma, etc.  

Despite modern methods of blood testing, the possibility of contracting hepatitis 

(jaundice, inflammation of the liver), AIDS (acquired immune deficiency syndrome), 

etc. can absolutely certainly be excluded.  

It is in your interest to follow the following basic guidelines:  

• from the evening before the operation not to eat, drink or smoke;  

• contact lenses, as well as removable dentures, should be removed before surgery 

and stored carefully;  



68 

• on the day of surgery, we ask you not to make up or paint your nails or put on any 

jewelry.  

Please, if you have additional questions, mark them and in a personal conversation 

with the anesthesiologist everything will be clarified.  

Thank you in advance for your cooperation.  

With my signature I declare that I have read the explanatory protocol and am informed 

of the possible risks of the operation.  

Undersigned:......................................... ID:......................................................  

 

I declare that I have read the explanatory protocol and am aware of the possible 

risks.  

Patient:...............................  

Anesthesiologist:........................................  

Date:..................................... 
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