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Mid-Term Outcomes of Percutaneous Treatment of Superficial Femoral Artery 
Total Occlusions: Single Center Experience

 A B S T R A C T  
Objectives: Superficial femoral artery is the most commonly effected vessel in periph-
eral arterial disease and superficial femoral artery total occlusions constitute the 50% 
of peripheral arterial disease patients presenting with symptoms. In this study, we in-
vestigated our patients with superficial femoral artery total occlusions who were treat-
ed with percutaneous treatment strategy.
Materials and Methods: In this study, we included ambulatory patients who were ad-
mitted to our clinics due to symptomatic severe superficial femoral artery total occlu-
sion and underwent percutaneous transluminal angioplasty or underwent percutane-
ous transluminal angioplasty + stenting procedure. The demographic findings of the 
patients, procedure details, complications and follow-up results were noted.
Results: Out of 67 patients, 62 (92.5%) underwent percutaneous transluminal angio-
plasty or percutaneous transluminal angioplasty + stenting procedure successfully for 
superficial femoral artery total occlusions. Only one serious complication, acute renal 
failure resulting in death developed during hospitalization. The mean follow-up time 
after the procedure was 11.1±7.2 months. During this follow-up time 36 (58.1%) were 
asymptomatic. Out of 26 patients who were symptomatic, only 6 of them underwent 
reintervention and 3 were recommended surgical intervention.
Conclusion: Peripheral interventions for superficial femoral artery total occlusions are 
being performed successfully in experienced centers with low complication rates as 
the first treatment strategy in peripheral arterial disease. Herein, we have presented 
our patients who underwent successful percutaneous transluminal angioplasty and/or 
stenting procedure with high success and low complication rates. Peripheral interven-
tions should be the first choice for superficial femoral artery superficial femoral artery 
total occlusions in experienced centers. 
Key words: Peripheral arterial disease, superficial femoral artery, total occlusion, pe-
ripheral percutaneous intervention, clinical outcomes 
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INTRODUCTION

Peripheral artery disease (PAD) is defined as the 
presence of stenotic atherosclerotic lesions of the 
non-coronary arterial bed. Despite this common 
definition, PAD is usually referred for the lower ex-
tremity arterial disease in clinical practice. 
The most common symptom of PAD is intermittent 
claudication. Besides PAD may be asymptomatic or 
these patients may present with severe rest pain or 
critical limb ischemia which can cause gangrenous 
lesions that result in amputation of the effected 

extremity [1,2]. Superficial femoral artery (SFA) is 
the most commonly effected vessel in PAD and SFA 
total occlusions constitute the 50% of PAD patients 
presenting with symptoms [3]. Recently with the 
improvement of the percutaneous treatment strat-
egies; percutaneous transluminal angioplasty (PTA) 
and/or stenting became the preferred strategy for 
the treatment of PAD in eligible patients [4,5,6].
In this study, we aimed to investigate the clinical 
characteristics, procedural results and follow-up of 
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symptomatic patients with SFA total occlusions who 
underwent percutaneous balloon angioplasty and/
or stent implantation in our center.

MATERIALS and METHODS

In this retrospective study, we included ambulatory 
patients who were admitted to our clinics between 
January 2015 and March 2017 due to symptomatic 
severe SFA total occlusions and underwent PTA or 
stenting procedures. Symptomatic patients were 
defined as patients with intermittent claudication, 
rest leg pain or critical limb ischemia. Rutherford 

classification was used to grade the symptoms of 
the patients in our study (Table 1) [7,8].
Selective conventional lower extremity arterial an-
giography was performed to all of these patients to 
confirm the total occlusion of SFA. Exclusion crite-
ria was as follows; patients who were unable to take 
dual antiplatelet therapy (active bleeding, recent 
intracranial hemorrhage), chronic renal failure, any 
type of cancer with life expectancy <1 year and vas-
culitis. All of the patients were informed about the 
details of the procedure and written informed con-
sent were taken from all of the patients.

Table 1.  Rutherford Classification

Demographic characteristics of the patients were 
obtained from the hospital records. Hypertension 
was defined as systolic pressure >140 mm Hg and/
or a diastolic pressure >90 mm Hg or if the patient 
was taking antihypertensive medications before 
the admission to our center. The diagnosis of dia-
betes mellitus (DM) was defined as a previous his-
tory of DM treated with drug therapies or patients 
with Hba1c concentrations over 6.5% at admission. 
Hyperlipidemia was defined as total cholesterol level 
>200 mg/dl or previous history of statin use. Current 
smokers were defined as those who had smoked for 
some period during the past year. Coronary artery 
disease was defined as at least 30% stenosis in any 
coronary artery in coronary angiography.
Electrocardiogram, postero-anterior (PA) chest ra-
diography and transthoracic echocardiography 
were routinely performed to all of the patients. 
Biochemical tests and complete blood count were 
also obtained. All of the patients were treated with 
acetyl salicylic acid (ASA) 300 mg and clopidogrel 
600 mg before the procedure and ASA 100 mg 

daily was continued with clopidogrel 75 mg o.d. 
thereafter. 
Ankle brachial index (ABI) measurement is the first 
and the easiest diagnostic method in PAD [7]. ABI 
<0.9 is defined as significant for stenosis of periph-
eric arterial vessel and ABI <0.4 refers for critical 
limb ischemia in PAD patients. Herein, ABI was mea-
sured routinely before and after the percutaneous 
procedure. 
In patients whose revascularization is indicated, 
the decision to proceed with an endovascular ap-
proach compared to an open surgical approach is 
frequently based on the Trans-Atlantic Inter-Society 
Consensus Document II (TASC II) recommenda-
tions [7]. According to the recommendations, 
TASC-A and B lesions are managed with endovas-
cular techniques in most cases. TASC-C lesions are 
treated by either bypass or endovascular revascu-
larization based on an individual risk-benefit anal-
ysis. Generally, TASC-D lesions are surgically man-
aged. But in some cases, percutaneous techniques 
can be used for TASC-D lesions. In our study, we also 

Category Clinical Findings n=62

0 Asymptomatic 0

1 Mild Claudication 0

2 Moderate Claudication 30(48.4%)

3 Severe Claudication 30(48.4%)

4 İschemic Rest Pain 2(3.2%)

5 Minor Tissue Loss 0

6 Major Tissue Loss 0
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defined the lesion types according to the TASC clas-
sification [7].
Percutaneous Treatment of SFA Total Occlusions 

Percutaneous procedure was performed either an-
tegradely from contralateral femoral artery with 8F 
sheath or retrogradely from ipsilateral posterior tib-
ial artery using a 6F sheath. In the contralateral tech-
nique internal mammarian artery (IMA) diagnostic 
catheter was used for cannulation of contralateral 
main iliac artery. After cannulation, a 0.035’’ stiff hy-
drophilic guidewire was used to introduce 7F long 
destination sheath. After introduction of destina-
tion sheath, 0.035’’ hydrophilic guidewire was used 
with 0.035’’ microcatheter support to pass the SFA 
total occlusion. When the lesion was passed with 
guidewire, the microcatheter was used to confirm 
the true lumen of distal vessel. After confirmation 
of the true lumen, a 0.018’’ or 0.035’’ stiff guidewire 
was placed to distal vessel bed and PTA procedure 
was started with a lower size balloon dilatation. 
After balloon angioplasty, angiography was per-
formed again and accordingly a drug eluting bal-
loon was applied to the lesions for at least 180 sec-
onds. If optimal result was obtained the procedure 
was finished. Otherwise in case of flow limiting dis-
section, rupture or suboptimal results, self-expand-
able stent implantation was performed. 
In case of unsuccessful passage of total occlusion 
antegradely, retrograde method was applied from 
ipsilateral posterior tibial artery. A 0.035’’ hydrophil-
ic guidewire was used with 0.035’’ microcatheter 
support to pass the SFA total occlusion retrograde-
ly. When the lesion was passed with guidewire, the 
microcatheter was used to confirm the true lumen 
of the proximal vessel. After confirmation of the true 
lumen, a 0.018’’ or 0.035’’ stiff guidewire was placed 
to the proximal vessel bed. Similar PTA and stent im-
plantation techniques with the antegrade method 
were used retrogradely. 
Heparin was applied after sheath introduction to all 
patients. After the procedure, patients were then 
hospitalized in the intensive care unit for 24 hours.

Follow-Up of Patients

Routine polyclinic controls were performed to all pa-
tients in the first, 3th ,6th and 12th months. In patients 
who were symptomatic in the controls, Doppler ul-
trosonography (DUSG) was performed and in case 
of suspicion of re-stenosis, computed tomogra-
phy angiography was obtained. In these visits, the 
symptoms, ABI and radiologic findings in suitable 
patients were noted. Repeat angiography and PTA 
was performed to indicated patients.

Statistical Analysis
Statistical Package for Social Sciences 16 (SPSS, 
Chicago, Illinois, USA) was used for statistical analy-
sis. Continuous variables were defined as mean±SD 
and parametric variables were defined as n (%). 
Independent samples t-test was used for the con-
tinuous variables which were compared between 
two groups. p<0.05 was significant.

RESULTS 

Out of 67 patients, 62 (92.5%) underwent PTA or PTA 
+ stenting procedure successfully for SFA total oc-
clusions. Among the 5 patients with unsuccessful in-
terventions, 3 had TASC-D and two had TASC-C le-
sions with heavily calcified total occlusions. 
Mean age was 64.9±7.9 years. Basal characteris-
tics of the 62 patients are summarized in Table 2. In 
Table 1, the symptoms of patients are summarized 
and accordingly, most of the patients (60(95.2%)) 
had moderate to severe claudication.
The angiographic findings can be found in Table 3. 
Mean lesion length was 157.5 ±65.9 mm. A mean of 
2.4 drug eluting balloons were used during the pro-
cedure. In patients with suboptimal results (5 (8.1%)), 
flow limiting dissection (10 (16.1%)) and arterial rup-
ture (1(1.6%)) stent implantation was performed in 
addition to balloon angioplasty in 16 (25.8%) pa-
tients. Except in one patient who was implanted 
a graft covered stent, all of the stents used were 
self-expandable. When pre-procedural ABI and post 
procedural ABI were compared, post-procedural ABI 
was significantly higher than the pre-procedural ABI 
(0.6±0.2 vs. 0.9±0.2 p<0.01).
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Table 2. Demographic Findings of Patients (n=62)

Table 3. Angiographic and Procedural Characteristics of The Patients

Among the major procedural complications, one patient died because of acute renal failure due to contrast 
nephropathy. She had a TASC-D lesion and approximately 400 cc opaque was used and acute renal failure 
developed after the procedure. No other serious complication was observed in the hospitalization period. 
The mean follow-up time after the procedure was 11.1±7.2 months. The details of follow-up results are sum-
marized in Table 4. During this follow-up time 36 (58.1%) were asymptomatic, 26 (41.9%) patients were mild 
to severely symptomatic. All of the symptomatic patients underwent DUSG examination and only in 11/26 
patients, CTA was needed. Among these patients 9/26 needed repeat angiography and re-intervention. 
Out of 26 patients who were symptomatic, only 6 of them underwent reintervention and 3 were recom-
mended surgical intervention.

Age (years) 64.9±7.9

Sex (male) 50 (80.6%)

Hypertension, n (%) 37 (59.7%)

Diabetes Mellitus, n (%) 23 (37.1%)

Hyperlipidemia, n (%) 27 (43.5%)

Smoking, n (%) 44(71.0%)

Coronary Artery Disease, n (%) 46(74.2%)

Serum Creatinine (mg/dl) 0.9±0.3

LVEF (%) 55.5±9.0

Hb (gr/dl) 13.1±1.8

LDL (mg/dl) 124.9±36.2

HDL (mg/dl) 44.9±14.2

Cilostazol usage, n (%) 15(24.2%)

Warfarin usage, n (%) 18(29.0%)

Clopidogrel usage, n (%) 21(33.9%)

Rutherford Class 2.5±0.6

Pre-procedure ABI 0.6±0.2

Post-procedure ABI 0.9±0.2

LVEF: Left ventricular ejection fraction, Hb: Hemoglobin, LDL: Low density cholesterol, HDL: High density cholesterol, ABI: 
Ankle-brachial index

Calcification , n (%) 51(82.3%)

Mean  Lesion Length (mm) 157.5±65.9

Mean DEB Diameter (mm) 5.4±0.5

Mean Follow –up  Time (months) 11.1±7.2

Only PTA , n (%)
PTA+Stent, n (%)

46 (74.2%)
16 (25.8%)

Lesion type, n (%) TASC A     12(19.4%)
TASC B      22(35.5%)
TASC C      23(37.1%)
TASC D      5 (8.1%)

Ipsilateral Retrograd, n (%) 11(17.7%)

Contralateral Antegrad, n (%) 51(82.3%)

Mean Number of Balloons Used 2.4±1.0

DEB: Drug eluting balloon, PTA: Percutaneous transluminal angioplasty
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Table 4: Follow-up Results of Patients

DISCUSSION 

PAD is the third leading cause of cardiovascular mor-
bidity after myocardial infarction and stroke. The 
prevalence of PAD increases with age and according-
ly, there has been a rapid rise in disease recognition 
as well as treatment [8,17].
In this study, we investigated our patients who under-
went PTA and PTA + stenting procedure for SFA to-
tal occlusions. The success rate of this procedure was 
92.5% which was comparable with previous studies 
[9,10]. The success rate of peripheral interventions is 
related with the lesion type, lesion length and the de-
gree of calcification. Recently with the development 
of the percutaneous techniques and medical devic-
es, success rate of peripheral interventions gradual-
ly increased and in the guidelines percutaneous in-
terventions became first choice for the treatment for 
PAD [11].
Herein, patients with unsuccessful results had se-
verely calcified long lesions. In these patients, surgi-
cal intervention may be recommendable as the first 
choice, however 28 of the successful interventions in 
our study was also performed in difficult i.e. TASC C 
and D lesions. Thus, peripheral percutaneous inter-
ventions should be the first choice for experienced 
operators and surgery should be recommended as a 
bail-out strategy.
In this study, we found that most of the patients with 
moderate to severe claudication were totally asymp-
tomatic after a mean of 11 months after the proce-
dure and only 14.5% of the patients needed repeat 
revascularization. These results were comparable to 
previous studies [9,10].
Complication rate of percutaneous peripheral 

interventions has been found to be low in previous 
studies [12,13,14]. We encountered only one serious 
complication after the procedure. This patient who 
had TASC-D lesion, diabetes mellitus and heart fail-
ure died due to contrast nephropathy. As a result, 
we may recommend that co-morbidities like diabe-
tes mellitus, older age, heart failure should be taken 
into account while continuing a difficult percutane-
ous procedure.
The most common problem in the follow-up period 
in these patients is the recurrence of symptoms due 
to restenosis and new lesion development. Several 
parameters play role in these recurrences. Common 
patient related etiologies are smoking, uncontrolled 
diabetes mellitus, drug cessation. Some lesion relat-
ed etiologies like dissection, calcification and re-
sidual lesion may also result in increased resteno-
sis rates. In the literature DUSG and CTA are usual-
ly recommended for the follow up of patients af-
ter intervention [15]. CTA has been found to be cor-
related well with conventional peripheral angiogra-
phy in several studies [16]. In this study among 9 pa-
tients who were found to have a significant lesion in 
CTA and underwent conventional angiography, all 
of them needed reintervention either percutaneous 
or surgically.

LIMITATIONS 

The most important limitation of this single center 
retrospective study is the absence of control group 
who were only treated medically and a group who 
underwent surgical intervention to compare the 

Asymptomatic, n (%) 36(58.1%)

DUSG  Performed, n (%) 26 (41.9%)

CTA  Performed, n (%) 11 (17.7%)

Re-angiography, n (%) 9 (14.5%)

Re-intervention , n (%) 6 (9.7%)

Surgery Needed, n (%) 3 (4.8%)

Amputation, n (%) 0 

CVA, n (%) None 

MI, n (%) 2 (3.2%)

Death, n (%) 1 (1.6%)

DUSG: Doppler ultrasonography, CTA: Computed tomography angiography, CVA: Cerebrovascular accident, MI: Myocardial 
infarction
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results with percutaneous intervention patients. 
Besides, a relatively low number of patient enroll-
ment is another limitation.

CONCLUSIONS 

Peripheral interventions for SFA total occlusions are 
being performed successfully in experienced cen-
ters with low complication rates as the first treat-
ment strategy in PAD. Herein, we have presented 

our patients who underwent successful PTA and/or 
stenting procedure with high success and low com-
plication rates. Peripheral interventions should be 
the first choice for SFA total occlusions in experi-
enced centers. 
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