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A b s t r a c t

Introduction: Patients with peripheral arterial disease (PAD) are at increased risk for all-cause mortality and cardiovascular 
mortality. 

Aim: To present anatomical and morphological characteristics of patients who underwent endovascular stenting with labora-
tory and our mid-term results.

Material and methods: One hundred fifty-three patients (mean age: 62.8, 86% male) who underwent percutaneous interven-
tion of lower extremity arteries were included in the study. Demographic characteristics, medical history, physical examination and 
laboratory findings of patients were analyzed. Patients’ lesions were classified according to the TransAtlantic Inter-Society Consensus 
(TASC). Clinical outcomes included complications and mortality, 6-minute walking distance, functional class (NYHA) and patency rates.

Results: Seventy percent of patients had hypertension, 42% were smokers, 78% had coronary artery disease, 20% had coronary 
artery bypass grafting, 55% had diabetes mellitus and 71% had dyslipidemia. Six patients with diabetes mellitus and poor wound 
healing despite medical therapy were treated with stenting leading to alleviation of pain and avoidance of amputation. The initial 
technical success rate of revascularization was 95.6% (153/160). Our mid-term results show that percutaneous procedures in lower 
extremity arterial diseases can be performed with low complication and high success rates. Patients’ 6-minute walk distance, ankle/
brachial index values, functional class and the status of foot ulcers were evaluated.

Conclusions: Especially in patients with distal vascular disease, poor wound healing and no chance of surgical revascularization, 
percutaneous endovascular revascularization may provide good blood flow and prevent amputation.
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Introduction 
The use of endovascular interventions for lower ex-

tremity ischemia has increased in the past decade. Pe-
ripheral arterial occlusive disease (PAOD) is frequent and 
underdiagnosed [1]. If PAOD is not diagnosed in time and 
treatment is not initiated immediately, the probability 
of disease progression and development of critical limb 
ischemia is higher [2]. Although treatment options, in-
cluding medical, surgical and endovascular intervention 
possibilities, have been improved in the last decades, 
amputation and mortality rates are still high [3, 4]. 

In recent years, an increasing number of patients have 
undergone percutaneous intervention as a first line thera-
py for arterial occlusive disease of the lower extremity [5]. 

Painful vascular ulcers and intermittent claudication great-
ly reduce mobility and quality of life. Successful revascular-
ization could reduce the rate of amputation, improve the 
healing of foot ulcers and raise the quality of life in PAOD. 

Aim
In the study, we aimed to evaluate lower extremity 

endovascular revascularization therapy efficacy, feasibili-
ty, complications, anatomical and demographical charac-
terization of PAOD patients.

Material and methods
We included 423 consecutive PAOD patients treated 

at our hospital from 2011 to 2014 in our retrospective 
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data analysis. Endovascular revascularization was per-
formed in 153 patients between May 2011 and April 
2014 in our center because of intermittent claudication 
or critical limb ischemia. Patients with demographic fea-
tures, comorbidities, indications for intervention, and 
laboratory data were recorded. Concomitant coronary 
angiography was performed in patients with PAOD un-
dergoing peripheral endovascular intervention.

Significant coronary artery disease (CAD) was defined 
as the presence of at least one lesion with ≥ 50% lumi-
nal stenosis by quantitative coronary angiography. Le-
sions with < 50% stenosis are not defined as significant 
CAD; they were considered minimal CAD. Chronic kidney 
disease was defined as the presence, for at least three 
months, of an estimated glomerular filtration rate (eGFR) 
less than 60 ml/min/1.73 m².

The diagnosis of PAOD was assigned in our outpa-
tient clinic by means of clinical evaluation, ankle brachial 
index (ABI), and duplex ultrasonography. The ABI is calcu-
lated by dividing the ankle systolic blood pressure by the 
arm systolic blood pressure. When patients were admit-
ted to the hospital, medical records of the patients were 
analyzed with attention to cardiovascular risk factors 
and comorbidities. Blood was taken in fasting patients 
and laboratory examinations were performed.

Indications for an interventional procedure included 
intermittent claudication or limb-threatening ischemia 
detected by peripheral angiography. Interventions were 
performed percutaneously from a  femoral or brachial 
approach using 6-Fr or 8-Fr sheaths. Digital subtraction 
angiography was subsequently performed to evaluate le-
sion morphology and the status of inflow and outflow. 
Predilatation with undersize balloons was performed re-
strictively in patients with a very tight occlusion or heavily 
calcified lesion that did not allow primary passage of the 
stent introducer device. A contralateral femoral approach 
and left brachial approach was used in the majority of 
patients. In rare cases, in below the knee interventions, 
an ipsilateral antegrade femoral approach was used. 
Percutaneous interventions were performed through an  
8 Fr sheath for a femoral approach and a 6 Fr sheath for 
a brachial approach. By the femoral approach, the guiding 
sheath (length 55–90 cm) was advanced through an 8 Fr 
sheath. However, it was advanced without a sheath in the 
brachial approach. All patients were anticoagulated with 
intravenous unfractionated heparin and followed by ac-
tivated clotting time (ACT). Monitoring with fluoroscopy, 
stenotic segments were crossed with a hydrophilic guide-
wire (0.035 inch) while a  total occlusion was crossed 
(support with 4 Fr microcatheter) with either luminal 
or subintimal technique using guide wires (0.018 inch 
Treasure floppy or edge weight 12 g guide wires). After 
confirmation of the wire in the distal lumen angiograph-
ically, percutaneous transluminal angioplasty (PTA) was 
performed with balloons (2.5–7.0 mm diameter) for the 
target vessel. Inflation times ranged from 60 to 120 s at  

6 to 14 atm of pressure. We determined the stent diame-
ter and inflation atmosphere according to the distal diam-
eter of the target vessel. Then the stent was implanted. 
After the intervention, distal run-off and presence of any 
residual stenosis were checked with the images obtained 
from control angiography. The PTA and stent technique 
success was defined as a residual stenosis of ≤ 30%. All 
percutaneous interventions were performed under local 
anesthesia. A  total of 215 stents were implanted into  
163 limbs (average: 1.31 stents/limb). Acetyl salicylic acid 
100 mg was administered daily to all patients after endo-
vascular recanalization unless contraindicated. A loading 
dose of clopidogrel 300 mg was administered in the ward, 
followed by 75 mg per day for 1 year.

Assessments were performed at baseline and the 
time of discharge, and follow-up lasted for 1–31 months 
(mean 12.72 ±7.9 months). Patients after 6 months of 
intervention were evaluated by physical examination 
(pulses and presence or absence of claudication), ABI 
and 6-minute walk test. When indicated, angiography 
was performed for angiographic assessment of resteno-
sis. The study was approved by the local review board 
and ethics committee.

Statistical analysis
Clinical characteristics of patients were analyzed us-

ing descriptive statistics. The categorical variables were 
described with percentages and frequencies. Continuous 
variables were described with means and standard de-
viations. A p value of < 0.05 was accepted as statistical-
ly significant. For the statistical analysis the SPSS 16.0 
(Statistical Package for Social Science-SPSS, Inc., Chicago, 
Illinois, USA) program was used. 

Results
A total of 153 PAOD patients were included in the cur-

rent analysis. During the 3 years of study, a total of 163 
limbs from 153 patients (132 men, ranging from 36 to 
85 years of age; mean ± standard deviation, 62.88 ±9.46 
years) received nitinol stent-assisted angioplasty in our 
center. Baseline characteristics of the patients are sum-
marized in Table I.

In 31 patients, there was total occlusion, and the pro-
cess was performed using a microcatheter with a 0.018-
inch guide wire and a mean lesion length of 74.76 ±48 mm.  
Calcification was observed in 34.6% of the lesions 
(53/153). All lesions were categorized by location and 
TransAtlantic Inter-Society Consensus (TASC): 99 (64.7%) 
were iliac lesions, 45 (29.4%) were femoral lesions,  
9 (5.9%) were below the knee lesions. Thirty-one (20%) 
patients had total occlusion. Details of the lesions are 
shown in Table II. In 85 (55.6%) patients balloon expand-
able stents, and for 54 (35.3%) patients self-expandable 
stents were used. In 12 patients, balloon angioplasty 
and/or stenting was performed for popliteal-below the 
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knee vessels. In 2 patients, drug-eluting stents used in 
coronary intervention were implanted in the posterior 
tibial artery and anterior tibial artery.

The interventional procedure success rate was 95.6% 
(153/160). No perioperative death occurred. Technical 
and clinical success, which was defined as a residual ste-
nosis of ≤ 30% by visual estimate, was obtained in 153 
of 160 procedures.

In 7 patients, the procedure was not performed due 
to technical challenges. One patient could not undergo 
the procedure due to dissection in the antegrade ap-
proach. In 3 patients we failed to cross the total occlu-
sion with a wire. Therefore, these patients were operated 
on for revascularization. The overall in-hospital compli-
cation rate was 7.8% in the endovascular treatment. Pro-
cedure-related complications occurred in 12 procedures, 
including 6 groin and brachial hematomas, 2 pseudoan-

eurysms, and 2 vessel dissections. All complications were 
successfully treated at the time of the primary procedure. 
Details of the interventions and complications are shown 
in Table III.

Intraoperative and perioperative 30-day mortality was 
0%. Major complications were access-related and includ-
ed groin and brachial hematoma in 3.9% of patients (not 
requiring operation) and pseudoaneurysm formation in  
2 (1.3%) patients (1 patient requiring an operation). 

Mean follow-up time was 14.32 ±8.7 months (1–35 
months). During follow-up, 5 patients died because of 
myocardial infarction and 17 patients were lost to fol-
low-up. During follow-up, 3 in-stent restenoses and suc-
cessful re-interventions with a drug-eluting balloon were 
performed. In the follow-up, 1 patient who did not ben-
efit from endovascular treatment underwent surgery for 
amputation of the limb. 

Table I. Characteristics of all PAOD patients included 
in the study

Parameter Results

Age, mean [years] 62.8 (36–85)

Men, n (%) 132 (86)

Hypertension, n (%) 107 (70)

Diabetes mellitus, n (%) 84 (55)

Smoking, n (%) 64 (42)

Chronic kidney disease, n (%) 52 (34.3)

Congestive heart failure, n (%) 20 (13)

Significant coronary artery disease, n (%) 119 (78)

Prior CABG, n (%) 30 (20)

Previous stroke, n (%) 17 (11)

Intermittent claudication, chief complaint, n (%) 128 (83.7)

Foot wounds, chief complaint, n (%) 25 (16.3)

Table II. Lesion properties

Property Value 

Self expandable stent lesion length [cm] 9.78 ±5.5  
(range: 2.0–22.9)

Balloon expandable stent lesion length [cm] 5.64 ±3.1  
(range: 1.8–17.3)

TASC A, n (%) 42 (27.5)

TASC B, n (%) 72 (47.0)

TASC C, n (%) 38 (24.8)

TASC D, n (%) 1 (0.7)

Total occlusion, n (%) 31 (20)

Calcification, n (%) 53 (34.6)

Table III. Details and complications of 165 inter-
ventions 

Interventional details Value, n (%)

Angioplasty alone (without stent) 5 (3.3)

Number of stents:

1 94 (61.4)

2 43 (28.1)

3 9 (5.9)

4 2 (1.3)

Iliac stenosis 99 (64.7)

SFA stenosis 45 (29.4)

Infrapopliteal stenosis 9 (5.9)

Predilatation 44 (29.1)

Postdilatation 64 (42.1)

Technical success 153/160 (95.6)

Balloon expandable stent 85 (57.4)

Self expandable stent 54 (36.5)

Combined (balloon and self expandable) 7 (4.7)

Drug-eluting stent (coronary) 2 (1.4)

Complications: 

Distal embolism 0

Vessel rupture 1 (0.6)

Vessel dissection 2 (1.3)

Hematoma 6 (3.9)

Pseudoaneurysm 2 (1.3)

Fistula (aortocaval) 1 (0.6)

Total 12 (7.84)
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Before endovascular stenting, the 6-minute walk dis-
tance of patients averaged 84.71 ±62 m; this value after 
successful intervention rose to 348 ±60 m. Before the in-
tervention, while the average ABI value was 0.49 ±0.14 
for the right lower limb, this value was 1.0 ±0.13 after  
intervention; the increase was statistically significant  
(p = 0.0001). As for the left lower extremity, these values 
are 0.50 ±0.16 before the procedure and after the proce-
dure 1.00 ±0.17 (p = 0.0001). In controls, ABI values of 
the patients increased, and there was a significant im-
provement in functional capacity. Six patients were saved 
from major amputation due to a non-healing foot wound.

Discussion
Patients with PAOD have a  poor clinical outcome. 

During the first year of diagnosis, mortality is 20–30%, 
and an equivalent number undergo amputations due to 
persistent pain [6]. The primary non-invasive test for the 
diagnosis of lower extremity artery disease (LEAD) is the 
ABI. In healthy persons, ABI is greater than 1.0. Usually 
ABI < 0.9 is used to describe LEAD. The sensitivity and 
specificity have been estimated at 79% and 96%, respec-
tively [7]. Moreover, the level of ABI correlates with LEAD 
severity. A reduced ABI has been associated with an in-
creased risk of cardiovascular morbidity and mortality in 
several studies [8].

In patients with PAOD, the first line therapy has shifted 
over the past decade from bypass surgery to endovascu-
lar intervention. However, bypass surgery can only be per-
formed on a minority of patients without poor runoff, ad-
vanced age, and cardiac co-morbidities. The mortality and 
major morbidity in patients treated for limb-threatening 
disease with percutaneous intervention was only 0 and 
8.1% respectively. In our study, procedure-related mortality 
was not observed. There was a minor complication rate of 
7.84%; processing was carried out successfully. 

The role of femoral arterial stents in the management 
of PAOD is still controversial. But compared with percu-
taneous transluminal angioplasty (PTA), stenting results 
and patency rates are better. Our study confirmed that 
endovascular intervention is an effective and safe ther-
apy for lower extremity arterial occlusive disease. Rest-
enotic lesions of the femoropopliteal arterial segment 
occur more than in the other arterial segments, because 
these lesions are longer, are exposed to stretching, bend-
ing and twisting, and are dense. Predilatation may dra-
matically reduce the residual stenosis when compared 
with postdilatation, but it may cause more distal em-
bolization [9]. However, in our study, predilatation was 
performed only in patients with very tight occlusions or 
heavily calcified lesions that did not allow primary pas-
sage of the stents.

The TASC (TransAtlantic Inter-Society Consensus) rec-
ommendation states that angioplasty is the first choice 
therapy for aortoiliac and femoropopliteal lesions of 

classes A-C, but not for those of class D [10]. However, 
in the present studies, when surgery is not an option for 
patients with TASC D lesions (because of comorbidities), 
the short and midterm patencies seem to be acceptable.

The treatment of infrapopliteal arterial occlusive dis-
ease is still a clinical problem for vascular surgeons and 
interventional cardiologists. However, in patients with 
poor wound healing and no chance of surgical revascu-
larization, percutaneous treatment can help by acceler-
ating wound healing and save limbs from amputation. 
Therefore, when revascularization in the infrapopliteal 
segments is indicated, an endovascular intervention as 
a first strategy should be considered.

This was a  single center study. The sample of this 
study was relatively small and the follow-up period was 
relatively short. In patients who underwent interventions, 
long-term patency rates are uncertain. There was no con-
trol group of patients who received medical therapy and 
conventional bypass surgery enrolled in this study.

Conclusions
Percutaneous revascularization has rapidly emerged 

as an alternative to open bypass surgery for patients with 
chronic lower extremity arterial disease. In this study, we 
tried to demonstrate the good mid-term patency rate of 
percutaneous intervention therapy and low risk of mor-
bidity and mortality. 
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