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Abstract

Aim: In this study, the aim was to investigate whether antegrade or retrograde approaches are superior in the endovascular treatment of 
femoropopliteal chronic total occlusions (CTO).
Material and Methods: A total of 437 patients who were diagnosed with CTO in the femoropopliteal region and who subsequently underwent 
endovascular procedures between February 2019 and April 2022 were evaluated retrospectively. The patients were grouped as antegrade 
access and retrograde access. All patients were classified according to the Rutherford and TASC (Transatlantic Intersociety Consensus II) 
classification. The patients were followed for 2 years. Above-ankle amputation and >50% stenosis in the target vessel were considered a failure. 
ABI, improvement in clinical symptoms, and limb salvage were evaluated in controls.
Results: Antegrade approach was performed in 218 of the endovascular procedures. Antegrade recanalization was successful in 201 patients 
(92.2%), and failed antegrade attempt was seen in 17 because the lesion could not be crossed. Retrograde approach was used in 197 of 
endovascular interventions. Successful retrograde recanalization was unsuccessful in 185 patients (93.9%), and retrograde intervention was 
unsuccessful in 12 patients because the lesion could not be crossed. When the two-year restenosis numbers were examined, it was 61 (30.3%) 
in the antegrade group, while it was 49 (25.5%) in the retrograde group, and there was a significant difference between the groups. When the 
one-year stent occlusions between the groups were examined, it was 14 (6.9%) in the antegrade group and 8 (4.1%) in the retrograde group, and 
there was a statistically significant difference between the groups.
Conclusion: The retrograde approach is as effective and safe as the antegrade approach in the treatment of femoropopliteal CTO. It should be 
noted that it can be used as an alternative method without the need for any support device, especially in cases where the antegrade approach is 
unsuccessful.
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INTRODUCTION

Peripheral arterial disease (PAD) has been increasing worldwide, 
and it affects more than 200 million people worldwide and >30% 
of old patients [1,2]. Especially in patients with critical limb-
threatening ischemia (CLI), it causes a major risk for amputation 
and death [3]. The endovascular approach continues to develop 
with new techniques and devices in the treatment of PAH. With 
the endovascular treatment model, it has been shown that there 
is a significant decrease in the number of amputations in patients 
with (CLI), a decrease in extremity pain and an increase in 
walking distance in patients with claudication [4-6]. However, 
in some lesions, technical success of the interventional treatment 
and the patency rates of the treated arteries are adversely affected. 
Especially long and calcific total occlusions are cases with high 
clinical difficulty [7]. The endovascular recanalization approach 
is frequently preferred in the treatment of CTO, especially in the 
femoropopliteal region, because it causes minimal trauma, has 
few post-procedure complications and is adopted as clinically 
effective [8]. In accordance with the trend European Society 
of Cardiology (ESC) guidelines on the treatment and diagnosis 
of PAD, an endovascular approximation is recommended first, 
even in patients with long (>25 cm), occlusive femoropopliteal 
lesions. [9]. In order to achieve satisfactory success, the operator 
must be experienced in various recanalization methods, inclusive 
antegrade and retrograde techniques to reduce surgery time 
and contrast agent dose, and to minimize complications. In 
approximately 20-25% of cases, even experienced operators 
in big centres may fail to treat long occlusive femoropopliteal 
lesions with an antegrade approximation, or re-entry apparatus 
may be required after subintimal passage associated with 
sequential multiple stent implantation [10-12]. In the long run, 
this results in excess costs and perhaps less open patency rates. 
For this reason, retrograde methods with a high achievement ratio 
(>90%) and low complication ratio have been recommended 
for the recanalization of long occlusive lesions [13,14].There 
are limited data comparing approaches to ante-retrograde 
recanalization in femoropopliteal lesions. In this study, ante-
retrograde approaches of femoropopliteal lesions; procedural 
parameters such as duration of the procedure, number of stents 
placed, administration of contrast material, exposure to radiation 
and complications before and after the procedure were evaluated 
and compared. Hence, it was aimed to research the impacts of 
different approaches in endovascular treatments on extremity 
saving, patency of the arteries and mortality.

MATERIAL AND METHODS

This retrospective study was carried out between February 2019 
and April 2022 in Tekirdağ Namık Kemal University Medical 
Faculty Hospital, Department of Cardiovascular Surgery after 
ethics committee approval was obtained in January 2019. A total 
of 437 patients who were diagnosed with chronic total occlusion 

in the femoropopliteal region and who subsequently underwent 
endovascular procedures in our clinic were included in the study 
and evaluated retrospectively. Patients were grouped as antegrade 
access and retrograde access. Our study was approved by the 
ethics committee of our hospital and was conducted in accordance 
with the Declaration of Helsinki. Initial, pre-procedure and post-
procedure information of all patients were collected retrospectively 
from patient archives and from the examinations made by calling 
the patients for controls. All patients underwent radiological 
and clinical evaluations, Rutherford clinical classification, 
lower extremity arterial (LEA) ultrasonography, ankle-brachial 
index (ABI) or computed tomography angiography (CTA). For 
vascular disease, risk factors including smoking, hyperlipidemia, 
arterial hypertension, diabetes mellitus, and family history 
of CAD were listed. Patients who had previously undergone 
interventional or surgical operations, with chronic renal failure 
for PAH were excluded from the study. After the procedure, 
renal functions were evaluated and patients who developed renal 
failure were recorded. All patients were grouped according to the 
Rutherford and TASC II (Transatlantic Intersociety Consensus 
II) classification. The presence of claudication and CLI were 
evaluated in separate groups. Data were recorded by evaluating 
the type of treatment applied during the procedure (such as PTA, 
stent, atherectomy), patients who required additional treatment 
after dissection, patients who underwent retrograde intervention 
after unsuccessful antegrade access, complications during or 
after the procedure, and unsuccessful procedures.

Endovascular Procedures

Antegrade Approach

After 6F or 7 F sheaths were placed in the femoral arteries 
with USG guidance, all patients were given 5000 IU bolus 
heparin. After the process, the patients were loaded with ASA 
or clopidogrel according to the procedure. Depending on the 
condition of the occlusive lesion, retrograde puncture of the 
contralateral CFA followed by passage or antegrade puncture 
of the ipsilateral common femoral artery (CFA) was used for 
antegrade recanalization of femoropopliteal lesions. Failure to 
enter the occlusion from the proximal and failure to re-enter 
the true lumen after the subintimal transition were considered 
unsuccessful antegrade procedure. Straight and angled 
augmentation catheters, high penetrating guide wires, and re-
entry devices were permitted in all cases and were used at the 
discretion of the responding physician.

Retrograde Approach

For distal access, a puncture was made from the popliteal artery 
or distal superficial femoral artery using 4 French radial sheaths 
(7 cm). In most of the cases, 0.035 hydrophilic wire and 100 cm 
support catheter with 4 French diameters were used. A re-entry 
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device was not used in any of the cases, and in all successful 
cases, the lesion was crossed with the help of a wire support 
catheter and balloon. A retrograde approximation was considered 
in the similar session in all situations in which anterograde 
wire crossover from the occlusive lesion was unsuccessful. In 
general, the lesioned area was first treated with standard balloon 
angioplasty for predilatation, followed by drug-coated balloon 
(DCB) angioplasty and, if necessary, stent placement. After 
DCB, follow-up was performed in linear and minor dissections 
that allowed flow and/or in the presence of 30% or less remaining 
stenosis after balloon angioplasty. In situations where there 
was a contrast substance passing through the lumen and/or a 
residual stenosis of 50% or more after balloon angioplasty, self-
expanding stents (Nitinol Supera Stent, Abbott Vascular, Illinois, 
USA or Innova™ Vascular Self Expanding Stent System, Boston 
Scientific, Galway, Ireland) were placed to restrict the flow.

Angiographic Information

All cases were assessed in terms of vessel calcification and 
occlusion length. The degree of lesion calcification was classified 
according to the peripheral arterial calcium scoring system 
(PACSS). According to classification, 0 = no calcium image; 1 
and 2 unilateral calcifications were categorized as <5 or ≥5 cm, 
and 3 and 4 bilateral calcifications as <5 or ≥5 cm [15,16]. Vessel 
diameters and occlusion length measurements were evaluated. 
The complexity of the lesion was determined by performing 
the TASC classification [17]. Data such as the total duration of 
the procedure, contrast material application, number and total 
length of stent and drug-coated balloons, radiation exposure and 
complications before and after the procedure were recorded.

Evaluation of the Procedure

The TIMI (thrombolysis in myocardial ischemia) classification 
was used to evaluate the distal blood flow from the lesion site 
[18]. Accordingly, TIMI 0 refers to no contrast transition distal 
to the stenosis (total occlusion), while TIMI 1 refers to small 
amount and weak contrast transition distal to the stenosis 
(subtotal occlusion). TIMI 2 is defined by the contrast agent that 
reaches the distal part of the vessel, and the filling rate decreases 
compared to other vessels that are not occluded. TIMI 3 is defined 
as the contrast agent reaching the distal of the vessel at the same 
time as other vessels that are not occluded.

Tracking Protocol

The puncture sites of all patients were examined with 
Doppler USG on the day after the process, and the presence 
of complications such as pseudoaneurysm and arteriovenous 
fistula was examined. At the 1st, 6th, 12th and 24th months after 
discharge, the patients were called for control and the target 
lesion patency was examined by arterial USG and/or lower 
extremity CTA when necessary. Re-intervention was planned 
when necessary in patients with recurrent ischemic symptoms 

or arterial restenosis. Restenosis or re-occlusion was noted. 
Restenosis during follow-up was determined as more than 50% 
luminal diameter loss in Doppler ultrasonography [19]. The 
openness was specified as <30% stenosis in the lesioned vessel. 
Technical achievement for all cases was defined as less than 30% 
residual stenosis in the relevant segment after the procedure. 
Above ankle amputation and >50% stenosis in the lesioned 
segment were considered a failure. ABI, improvement in limb 
salvage and clinical symptoms were evaluated in controls.

Statistical Analysis

Statistical data analysis of the study was performed using the 
Statistical Package for Social Sciences program version 11.0 
(SPSS inc, Chicago, USA). Normally distributed continuous 
variables were presented as mean and standard deviation, non-
normally distributed continuous variables were presented as 
median, and nominal variables were presented as numbers and 
percentages. While recording the data, mean±standard deviation 
(SD) was calculated as number and percentage. Pearson chi-
square test was used when it was necessary to compare different 
variables. Independent t-test was used in the analysis of 
continuous variables between groups. The patients were followed 
regularly. At follow-up visits, lesion characteristics, restenosis 
rates, and amputation rates were analyzed and compared. A p 
value of <0.05 was noted statistically significant.

RESULTS 

The antegrade approach was carried out in 218 of the endovascular 
procedures. Antegrade recanalization was successful in 201 
patients (92.2%) and the antegrade attempt was a failure in 17 
patients because the lesion could not be crossed. These patients 
were treated with retrograde access in the same session. Success 
was accomplished in 7 patients, but the procedure was terminated 
in 4 of the remaining 10 patients due to joint deformity and in 6 
patients because the lesion could not be crossed. Successful results 
were obtained by surgical intervention in 10 patients. Successful 
recanalization was achieved in 185 of 197 patients who underwent 
intervention with the retrograde approach, and unsuccessful 
intervention was observed in 12 (93.9%) due to weak distal flow 
and stiffness of the lesion. Surgical operations were successfully 
performed on these patients. The demographic characteristics, 
and clinical and laboratory findings of the patients are grouped 
according to the entry slots and they are summarized in Table 
1. While the average age was 67.9±7.6 years in the antegrade 
group, it was 68.4±6.6 years in the retrograde group. Considering 
the distribution of Rutherford clinical classification before the 
procedure according to the groups, there were 149 (74%) stage 
3 patients in the antegrade group, and 136 patients (71%) in the 
retrograde group with stage 3. In Rutherford stage 3 patients, 
revascularization was applied to patients whose claudication 
complaints persisted despite maximal medical treatment. No 
statistically significant difference was found between the groups 
according to the Rutherford staging method. 
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Table 1. Demographic and clinical characteristics and laboratory markers

Variables
n(%)
mean±(SD)

Antegrade group (201 patients)

Retrograde total group
(retrograde procedure after failed antegrade 

recanalization) 
(192 patients)

p

Age (years) 67.9±7.6 68.4±6.6 NS

Gender (male) 142(70.6) 137(71.3) NS

Patients with claudication 155(77.1) 145(75.5) NS

Patients with CLI 5(2.4) 5(2.6) NS

Diabetes mellitus 90(45) 79(41) NS

History of CAD 72(36) 77(40) NS

Hypertension 115(60) 105(55) NS

Smoking 150(75) 153(80) NS

Hyperlipidemia 64(32) 78(41) NS

Rutherford classification, n (%)

Stage 2 20(10) 19(10) NS

Stage 3 149(74) 136(71) NS

Stage 4 22(11) 27(14) NS

Stage 5 6(3) 6(3) NS

Stage 6 4(2) 4(2) NS

ABİ 0.49±0.16 0.43±0.12 NS

Hemoglobin (mg/dl) 12.8±2.2 12.3±1.9 NS

HbA1c (mg/dl) 6.4±2.1 6.1±1.9 NS

CLI critical limb ischemia, CAD coronary artery disease, NS non-significant, ABİ ankle-brachial index

Table 2 summarizes the information about the lesion characteristics. 
When the total occlusion lengths were examined, it was 13.8±7.1 
cm in the antegrade group and 18.3±7.8 cm in the retrograde 
group, and there was a statistically significant difference between 
the two groups (p<0.01). When the PACSS scores were evaluated, 
no significant difference was found between the two groups. 
When the arteries affected by the occlusion were examined, 
64.6% of the antegrade intervention group consisted of superficial 
femoral artery (SFA), 50% of the popliteal artery (PA) and 
21% of the femoropopliteal artery occlusions. In the retrograde 
intervention group, 81.2% had SFA, 3.2% had PA, and 15.6% had 
femoropopliteal artery occlusions, and there was a statistically 
significant difference between the groups (Table 2). Data 
recorded during and after the procedure and early complications 
are summarized in Table 3. According to this table, 20 patients 
(9.9%) had >30% residual stenosis in the antegrade group, while 
17 patients (8.8%) had >30% residual stenosis in the retrograde 
group. No important distinction was found between the groups. 
PTA was performed during the procedure in 20 patients with 
residual stenosis in the antegrade group. While primary patency 

was achieved in 15 patients, stent implantation and postdilatation 
were performed in 5 patients. PTA was performed during the 
procedure in 17 patients with residual stenosis in the retrograde 
group. While primary patency was achieved in 14 patients, patency 
was achieved by stent implantation and postdilatation in 3 patients. 

Flow-limiting dissection was seen in 18 patients (8.9%) in 
the antegrade group and in 7 patients (3.6%) in the retrograde 
group and there was a significant difference between the two 
groups. In both groups, patients with flow-limiting dissection 
were implanted with a stent of suitable diameter and length so 
that patency was achieved. Considering the stent implantation 
rates between the two groups, it was seen in 40 patients 
(19.9%) in the antegrade group and in 19 patients (9.8%) in the 
retrograde group, which was a significant difference. Patients 
who underwent retrograde recanalization had a significantly 
lower number of stents than the antegrade approach (0.9±1.1 vs 
1.9±1.3), which was statistically significant. Considering the 
total stent lengths, stent lengths were shorter in the retrograde 
group (6.4±8.1) compared to the antegrade group (12.8±9.7), 
and there was a significant difference between the two groups.  
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Table 2. Lesion characteristics

Variables
n(%)
mean±(SD

Antegrade group 
(201 patients)

Retrograde total group
(retrograde procedure after failed antegrade 

recanalization) (192 patients)
p

Total occlusion length (cm) 13.8±7.1 18.3±7.8 <0.01

Calcification by PACSS score (cm) 2.21±0.91 2.25±0.96 NS

Affected artery n/%

Süperfisyal femoral artery (SFA) 130 (64.6) 156 (81.2) <0.01

Popliteal artery (PA) 50 (24.8) 6 (3.2) <0.01

Femoropoliteal artery 21 (10.6) 30 (15.6) <0.01

Distal reference diameter (mm) 5.2±0.5 4.2±0.6 <0.01

TASC classification n/%

A lesions 10 (4.9) 8 (4.3)

B lesions 21 (10.4) 19 (9.8)

C lesions 158 (78.6) 150 (78.1)

D lesions 12 (6.1) 15 (7.8)

SFA superficial femoral artery, TASC Transatlantic Intersociety Consensus, NS non-significant, PACSS peripheral arterial calcium scoring system, NS non-
significant

Table 3. Procedural data and peri- and postprocedural complications in patients who underwent ante- versus retrograde recanalization

Variables
n(%) 
mean±(SD

Antegrade group (201 patients)
Retrograde total group 

(retrograde procedure after failed  
antegrade recanalization) (192 patients)

p

Residual stenosis>%30 20 (9.9) 17 (8.8) NS

Flow-limiting dissection 18 (8.9) 7 (3.6) <0.01

Stent placement 40 (19.9) 19 (9.8) <0.01

DCB(cm) 18.2±16.0 28.5±12.0 <0.01

Number of stents 1.9±1.3 0.9±1.1 <0.01

Total stent length(cm) 12.8±9.7 6.4±8.1 <0.01

Distal embolization 2 (0.9) 2 (1) NS

Pseudoaneurysm 3 (1.4) 2 (1) NS

Contrast nephropathy 2 (0.9) 2 (1) NS

Hematoma 4 (1.9) 1 (0.5) NS

AV-fistula 0 0 N/A

Compartment syndrome 0 0 N/A

mTİMİ 2.7±0.2 2.8±0.3 NS

ABİ 0.76±0.14 0.78±0.12 NS

Procedure time (min) 42.5±16.1 30.7±14.4 <0.01

Fluoroscope time (min) 16.6±3.1 9.4±3.5 <0.01

Contrast volume (mL) 84.7±14.6 52.7±12.1 <0.01

DCB: drug coated balloons, mTIMI: modified thrombolysis in myocardial ischemia, ABI: ankle brachial index, AV-fistula: arteriovenous (AV) fistula, NS: non-
significant
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Table 4. Long term results

Variables
n(%)
mean±(SD

Antegrade group (201 patients)
Retrograde total group

(retrograde procedure after failed antegrade 
recanalization) (192 patients)

p

Primary patency rates

1 year 171 (%85) 166 (%86.4) NS

2 years 140 (%69.6) 143 (%74.4) <0.05

Restenosis (>30% stenosis)

1 year 30 (%14.9) 26 (%13.5) NS

2 years 61 (%30.3) 49 (%25.5) <0.05

Stent occlusion

1 year 14 (%6.9) 8 (%4.1) <0.05

2 years 18 (%8.9) 16 (%8.3) NS

Stent thrombosis

1 year 2 (%0.9) 2 (%1) NS

2 years 0 0 NS

Mortality (total) 2 (%0.9) 2 (%1) NS

Leg amputation 3 (1.4) 2 (1) NS

NS: non-significant

On the other hand, the use of drug-coated balloon (DCB) was 
less common in the antegrade group (18.2±16.0) compared to the 
retrograde group (28.5±12.0) and it was statistically significant. No 
life-threatening complications developed in any of the procedures. 
No significant difference was found when minor complications 
were compared in the antegrade and retrograde groups. 4 patients 
who developed distal embolisms were treated with thrombolytic 
infusion with the help of a thrombus aspiration catheter. While there 
was TIMI 0 flow in both groups in the control imaging performed 
before the procedure, the mean post-TIMI procedure was 2.8±0.3 
in the retrograde group and 2.7±0.2 in the antegrade group. There 
was no significant difference between the groups in terms of 
post-procedure mTIMI values. When the mean ABI values were 
examined, although there was a significant increase in the groups, 
there was no statistically significant difference between the groups. 
Considering the duration of the procedure and the contrast material 
figures that are given, the mean procedure time was 30.7±14.4 
minutes in the antegrade group, the average fluoroscopy time was 
9.4±3.5 minutes, and the average contrast material amount was 
52.7±12.1 ml. In the retrograde group, the average procedure time 
was 42.5±16.1 minutes, the mean fluoroscopy time was 16.6±3.1 
minutes, and the mean contrast material amount was 84.7±14.6 
ml. and there was a significant difference between the groups. 
Long-term results are summarized in Table 4. Accordingly, the 

primary patency rate was 92.2% (201/218), 85% (171/201), and 
69.6% (140/201) in the antegrade group after angioplasty and at 
the following 12th and 24th-month controls, respectively. While 
there was no significant difference between the two groups in 
terms of the post-procedure and 1-year patency rates, a statistically 
significant difference was observed in the two-year follow-up. 
When the number of restenosis in one year was examined, it was 
30 (14.9%) in the antegrade group and 26 (13.5%) in the retrograde 
group, and there was no significant difference between the groups. 
When the two-year restenosis numbers were examined, it was 61 
(30.3%) in the antegrade group, while it was 49 (25.5%) in the 
retrograde group, which is a significant difference between the 
groups. When the one-year stent occlusions between the groups 
were examined, it was 14 (6.9%) in the antegrade group and 8 
(4.1%) in the retrograde group, and there was a statistically 
significant difference between the groups. The two-year stent 
occlusion numbers were similar between the groups, but no 
significant difference was observed. Stent thrombosis was observed 
in four patients in both groups, and they were treated by balloon 
angioplasty. Total mortality rates were similar in both groups, and 
no significant difference was observed. Three patients (1.4%) in 
the antegrade group and 2 patients (1%) in the retrograde group 
underwent below-knee amputation after ischemic necrosis due to 
severely weak distal flows, large ulcerated lesions and diabetes. 
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DISCUSSION

Endovascular strategies are among the preferred options in the 
treatment of PAH, and in recent years, they can be considered as 
a treatment method even for femoropopliteal occlusive lesions of 
>25 cm in length [9]. Although surgical approaches have proven 
to be successful in providing blood flow to the distal parts of 
the ischemic extremity, endovascular methods are important 
options, especially in patients who are not suitable for surgery 
due to comorbidities such as CLI, diabetes mellitus, coronary 
artery disease, obstructive pulmonary disease, and cardiac 
insufficiency [17,20]. The aim of this study is to evaluate the 
efficacy of antegrade and retrograde recanalization approaches 
in patients with femoropopliteal CTO. In our study, one-
year success rates of antegrade and retrograde recanalization 
were 85% and 86.4%, respectively, which were similar to the 
previously published studies [12,21-23]. However, in the two-
year follow-up, the success rate was found to be higher in the 
retrograde group than in the antegrade group (69.6% and 74.4%). 
Similarly, when the rates of restenosis were examined, there was 
no significant difference between approaches in 1-year results, 
but retrograde recanalization strategy was observed to be more 
effective in two-year follow-ups (p<0.05). It has been reported 
that the probability of an angiographic dissection after balloon 
angioplasty in femoropopliteal lesions is between 50% and 
84% [24,25]. The important thing here is whether the dissection 
is flow-limiting or not. In our study, flow-limiting dissection 
was observed at a rate of 8.9% in the antegrade intervention 
group and 3.6% in the retrograde intervention group. Long-
term (approximately 3 minutes) percutaneous transluminal 
angioplasty (PTA) was attempted in these patients, and stent 
implantation was performed in resistant dissections. It is 
highlighted that long stent implantation, in other words, the full-
metal jacket approach increases restenosis rates, a topic which 
has been emphasised in other studies in recent years [26,27]. 
However, more randomized controlled studies are needed 
to reach a definite conclusion on this matter. When the stent 
implantations used during the first procedure were evaluated in 
our study, it was noted that significantly fewer stents and shorter 
lengths were implanted in the retrograde intervention group 
(p<0.01). Despite technological advances in peripheral stents, in-
stent restenosis and occlusion are still one of the most important 
problems in the long-term follow-up of endovascular stenting 
[28,29]. Since recanalization of the occluded stent is very 
difficult, the operational success of percutaneous re-intervention 
is low. In addition, complications such as perforation, subintimal 
access and slow flow are frequently observed during vascular re-
intervention [30]. Endovascular stenting is seen as an alternative 
to surgical bypass grafting in patients with femoropopliteal 
segment lesions [31]. However, in-stent occlusion is a common 
complication of endovascular SFA stenting and the management 
of such conditions can be quite difficult [32]. In these patients, 

extremity-threatening recurrent ischemia and severe limping can 
be seen [33]. Therefore, they should be urgently revascularized 
to prevent extremity-threatening conditions. Therapeutic 
options in these cases are re-endovascular approach or surgical 
intervention. While endovascular interventions are less 
invasive, recanalization of an occluded stent is inconvenient as 
a consequence of neointimal hyperplasia and fibrosis [31]. For 
antegrade access, the guidewire is passed through the occluded 
SFA stent. Then, predilation with a balloon and stenting of the 
neolumen is performed [34,35]. It has been reported that the 
procedural success of revascularization of an occluded SFA 
stent in cases performed with the antegrade approach is only 
13% to 26% [36]. Where an antegrade approach has failed, a 
retrograde transpopliteal approach may be considered as an 
alternative. Although there is a risk of vascular complications 
in the transpopliteal approach, it can save the extremity in 
cases where success cannot be achieved with the anterograde 
approach. The risk of amputation in the extremity is quite high 
in patients who cannot be revascularized in the antegrade or 
retrograde transpopliteal approach. In our study, stent occlusion 
was observed in a total of 18 (8.9%) patients in the antegrade 
intervention group, while stent occlusion was observed in a total 
of 16 (8.3%) patients in the retrograde intervention group. The 
results were in parallel with previous studies. When the stent 
occlusion rates were examined in one-year follow-up, there 
was no significant difference between the groups. Yet, it was 
observed that there were significantly fewer stent occlusions 
in the retrograde intervention group in two-year follow-ups. 
Acute stent thrombosis was seen in a total of 4 patients, 2 in 
the antegrade approach group and 2 in the retrograde approach 
group, in one-year follow-up. These patients were successfully 
treated with balloon angioplasty. 

Another important issue in endovascular approaches is exposure 
to radiation, duration of the procedure and the amount of contrast 
material given to the patient. Although retrograde access is 
generally used as the second choice in endovascular approaches, 
in our study, when contrast agent administration, total radiation 
exposure and procedure time were compared between the 
groups, it was noted that the radiation exposure and the contrast 
material used were less in the retrograde approach group than 
the antegrade approach. The most common complications after 
endovascular procedures are distal embolism and dissection. In 
our study, distal embolism was observed in a total of 4 patients, 
2 (0.9%) patients who underwent antegrade intervention after 
stent and PTA procedure and 2 (1%) patients who underwent 
retrograde intervention. In a study analysing perioperative 
complications, which was conducted with 2145 patients, the rate 
of distal embolization was found to be 1%. Similar rates were 
found in our study group [37]. In our study, successful results 
were obtained by applying tissue plasminogen activator (tPA) 
to four patients with distal embolism by placing a multi-hole 
catheter during the procedure. 



DOI: 10.9739/tjvs.2023.04.010Turk J Vasc Surg 2023;32(2):91-9

98

CONCLUSION

The retrograde approach is as effective and safe as the antegrade 
approach in the treatment of femoropopliteal CTO. It should 
be noted that it can be used as an alternative method without 
the need for any support device, especially in cases where the 
antegrade approach is unsuccessful.

Ethics Committee Approval: This retrospective study was 
carried out between February 2019 and April 2022 in Tekirdağ 
Namık Kemal University Medical Faculty Hospital, Department 
of Cardiovascular Surgery after ethics committee approval was 
obtained in January 2019.

Patient Consent for Publication: A written informed consent 
was obtained from all patients. 

Data Sharing Statement: The data that support the findings 
of this study are available from the corresponding author upon 
reasonable request.

Author Contributions: All authors contributed equally to the 
article.

Conflict of Interest: The authors declared no conflicts of interest 
with respect to the authorship and/or publication of this article.

Funding: The authors received no financial support for the 
research and/or authorship of this article.

REFERENCES

1.	 Gallino A, Aboyans V, Diehm C, Cosentino F, Stricker H, Falk E, 
et al. Non-coronary atherosclerosis. Eur Heart J. 2014;35:1112-9.

2.	 Fowkes FGR, Rudan D, Rudan I, Aboyans V, Denenberg JO, 
McDermott MM, et al. Comparison of global estimates of 
prevalence and risk factors for peripheral artery disease in 2000 and 
2010: a systematic review and analysis. Lancet. 2013;19;382:1329-
40.

3.	 Bradbury AW, Adam DJ, Bell J, Forbes JF, Fowkes FGR, Gillespie 
I, et al. Bypass versus angioplasty in severe ischaemia of the leg 
(BASIL) trial: an intention-to-treat analysis of amputation-free and 
overall survival in patients randomized to a bypass surgery-first or 
a balloon angioplasty-first revascularization strategy. J VascSurg. 
2010;51:5-17.

4.	 Fakhry F, Spronk S, van der Laan L, Wever JJ, Teijink JAW, 
Hoffmann WH, et al. Endovascular revascularization and 
supervised exercise for peripheral artery disease and intermittent 
claudication: a randomized clinical trial. JAMA. 2015;314:1936-
44.

5.	 Greenhalgh RM, Belch JJF, Brown LC, Gaines PA, Gao L, 
Reise JA. The adjuvant benefit of angioplasty in patients with 
mild to moderate intermittent claudication (MIMIC) managed 
by supervised exercise, smoking cessation advice and best 
medical therapy: results from two randomised trials for stenotic 
femoropopliteal and aortoiliac arterial disease. Eur J Vasc Endovasc 
Surg. 2008;36:680-8. 

6.	 Agarwal S, Sud K, Shishehbor MH. Nationwide trends of hospital 
admission and outcomes among critical limb ischemia patients: 
from 2003–2011. J Am Coll Cardiol. 2016;67:1901-13.

7.	 London NJ, Srinivasan R, Naylor AR, Hartshorne T, Ratliff DA, 
Bell PR, et al. Subintimal angioplasty of femoropopliteal artery 
occlusions: the long-term results. Eur J Vasc Surg. 1994;8:148-55.

8.	 Lenti M, Cieri E, De Rango P, Pozzilli P, Coscarella C, Bertoglio 
C, et al. Endovascular treatment of long lesions of the superficial 
femoral artery: results from a multicenter registry of a spiral, 
covered polytetrafluoroethylene stent. J Vasc Surg. 2007;45:32-9.

9.	 Aboyans V, Ricco J-B, Bartelink M-LEL, Björck M, Brodmann 
M, Cohnert T, et al. 2017 ESC guidelines on the diagnosis and 
treatment of peripheral arterial diseases, in collaboration with the 
European Society for Vascular Surgery [ESVS]: Document covering 
atherosclerotic disease of extracranial carotid and vertebral, 
mesenteric, renal, upper and lower extremity arteriesEndorsed 
by: the European Stroke Organization [ESO] The Task Force for 
the Diagnosis and Treatment of Peripheral Arterial Diseases of 
the European Society of Cardiology [ESC] and of the European 
Society for Vascular Surgery [ESVS]. Eur Heart J. 2018;39:763-
816.

10.	 Scheinert D, Laird JR, Schröder M, Steinkamp H, Balzer JO, 
Biamino G. Excimer laser-assisted recanalization of long, chronic 
superficial femoral artery occlusions. J Endovasc Ther. 2001;8:156-
66.

11.	 Montero-Baker M, Schmidt A, Bräunlich S, Ulrich M, Thieme M, 
Biamino G, et al. Retrograde approach for complex popliteal and 
tibioperoneal occlusions. J Endovasc Ther. 2008;15:594-604.

12.	 Jacobs DL, Motaganahalli RL, Cox DE, Wittgen CM, Peterson 
GJ. True lumen re-entry devices facilitate subintimal angioplasty 
and stenting of total chronic occlusions: Initial report. J Vasc Surg. 
2006;43:1291-6.

13.	 Schmidt A, Bausback Y, Piorkowski M, Werner M, Bräunlich S, 
Ulrich M, et al. Retrograde recanalization technique for use after 
failed antegrade angioplasty in chronic femoral artery occlusions. J 
Endovasc Ther. 2012;19:23-9.

14.	 Walker CM, Mustapha J, Zeller T, Schmidt A, Montero-Baker M, 
Nanjundappa A, et al. Tibiopedal access for crossing of infrainguinal 
artery occlusions: a prospective multicenter observational study. J 
Endovasc Ther. 2016;23:839-46.

15.	 Dattilo R, Himmelstein SI, Cuff RF. The COMPLIANCE 
360° Trial: a randomized, prospective, multicenter, pilot study 
comparing acute and long-term results of orbital atherectomy 
to balloon angioplasty for calcified femoropopliteal disease. J 
Invasive Cardiol. 2014;26:355-60.

16.	 Fanelli F, Cannavale A, Gazzetti M, Lucatelli P, Wlderk A, Cirelli 
C, et al. Calcium burden assessment and impact on drug-eluting 
balloons in peripheral arterial disease. Cardiovasc Intervent Radiol. 
2014;37:898-907.

17.	 Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, 
Fowkes FGR. Inter-society consensus for the management of 
peripheral arterial disease (TASC II). J Vasc Surg. 2007;45:5-67.



DOI: 10.9739/tjvs.2023.04.010Turk J Vasc Surg 2023;32(2):91-9

99

18.	 Wei LM, Zhu YQ, Zhao JG, Wang J, Lu HT, Zhang PL. Retrograde 
transplantar arch angioplasty of below-the-knee arterial occlusions: 
outcomes compared to antegrade recanalization. Acad Radiol. 
2014;21:1475-82.

19.	 Duda SH, Bosiers M, Lammer J, Scheinert D, Zeller T, Oliva 
V, Tielbeek A, et al. Drug-eluting and bare nitinol stents for the 
treatment of atherosclerotic lesions in the superficial femoral 
artery: longterm results from the SIROCCO trial. J Endovasc Ther. 
2006;13:701-10. 

20.	 Malyar N, Fürstenberg T, Wellmann J, Meyborg M, Lüders F, 
Gebauer K, et al. Recent trends in morbidity and in-hospital 
outcomes of in-patients with peripheral arterial disease: a 
nationwide population-based analysis. Eur Heart J. 2013;34:2706-
14.

21.	 Aihara H, Soga Y, Mii S, Okazaki J, Yamaoka T, Kamoi D, et al. 
Comparison of long-term outcome after  endovascular therapy 
versus bypass surgery in claudication patients with trans-atlantic 
inter-society consensus-II C and D femoropopliteal disease. Circ 
J. 2014;78:457-64.

22.	 Kougias P, Chen A, Cagiannos C, Bechara CF, Huynh TT, Lin PH. 
Subintimal placement of covered stent versus subintimal balloon 
angioplasty in the treatment of long-segment superficial femoral 
artery occlusion. Am J Surg. 2009;198:645-9.

23.	 Lammer J, Zeller T, Hausegger KA, Schaefer PJ, Gschwendtner M, 
Mueller-Huelsbeck S, et al. Heparin-bonded covered stents versus 
bare-metal stents for complex femoropopliteal artery lesions: 
the randomized VIASTAR trial (Viabahnendoprosthesis with 
PROPATEN bioactive surface [VIA] versus bare nitinol stent in 
the treatment of long lesions in superficial femoral artery occlusive 
disease). J Am Coll Cardiol. 2013;62:1320-7.

24.	 Fujihara M, Takahara M, Sasaki S, Nanto K, Utsunomiya M, Lida 
O, et al. Angiographic dissection patterns and patency outcomes 
after balloon angioplasty for superficial femoral artery disease. J 
Endovasc Ther. 2017;24:367-75. 

25.	 Kobayashi N, Hirano K, Yamawaki M, Araki M, Sakai T, Sakamoto 
Y, et al. Simple classification and clinical outcomes of angiographic 
dissection after balloon angioplasty for femoropopliteal disease. J 
Vasc Surg. 2017;67:1151-8.

26.	 Kokkinidis DG, Katsaros I, Jonnalagadda AK, Avner SJ, 
Chaitidis N, Bakoyiannis C, et al. Use, safety and effectiveness of 
subintimal angioplasty and re-entry devices for the treatment of 
femoropopliteal chronic total occlusions: a systematic review of 87 
studies and 4665 patients. Cardiovasc Revasc Med. 2020;21:34-45. 

27.	 Hong SJ, Ko YG, Kim JS, Hong MK, Jang Y, Choi D. Midterm 
outcomes of subintimal angioplasty supported by primary proximal 
stenting for chronic total occlusion of the superficial femoral artery. 
J Endovasc Ther. 2013;20:782-91.

28.	 Schlager O, Dick P, Sabeti S, Amighi J, Mlekusch W, Minar E, et 
al. Long-segment SFA stenting--the dark sides: in-stent restenosis, 
clinical deterioration, and stent fractures. J Endovasc Ther 
2005;12:676-84.

29.	 Tiryakioglu SK, Tiryakioglu O, Karahan O, Demirtas S, Gokalp 
F, Erkoc K, et al. Clinical features and patency rates of Remedy® 
biodegradable peripheral stents. Cardiovasc J Afr. 2016;27:238-41. 

30.	 Spinosa DJ, Leung DA, Harthun NL, Cage DL, Fritz Angle J, 
Hagspiel KD, et al. Simultaneous antegrade and retrograde access 
for subintimal recanalization of peripheral arterial occlusion. J 
Vasc Interv Radiol. 2003;14:1449-54. 

31.	 Ferreira M, Lanziotti L, Monteiro M, Abuhadba G, Capotorto LF, 
Nolte L, et al. Superficial femoral artery recanalization with self-
expanding nitinol stents: long-term follow-up results. Eur J Vasc 
Endovasc Surg. 2007;34:702-8. 

32.	 Bosiers M, Torsello G, Gissler HM, Ruef J, Müller-Hülsbeck 
S, Jahnke T, et al. Nitinol stent implantation in long superficial 
femoral artery lesions: 12-month results of the DURABILITY I 
study. J Endovasc Ther. 2009;16:261-9. 

33.	 Duterloo D, Lohle PN, Lampmann LE. Subintimal double barrel 
restenting of an occluded primary stented superficial femoral 
artery. Cardiovasc Intervent Radiol. 2007;30:474-6. 

34.	 Bolia A. Percutaneous intentional extraluminal [subintimal] 
recanalization of crural arteries. Eur J Radiol. 1998;28:199-204.

35.	 Tatli E, Buturak A, Kayapınar O, Dogan E, Alkan M, Gunduz Y. 
Subintimal angioplasty and stenting in chronic total femoropopliteal 
artery occlusions: early- and mid-term outcomes. Cardiol J. 
2015;22:115-20.

36.	 Shin S, Kim S, Ko YG, Hong MK, Jang Y, Choi D. Retrograde 
distal superficial femoral artery approach in the supine position 
for chronic superficial femoral artery occlusion. Korean Circ J. 
2014;44:184-8. 

37.	 Sato K, Lida O, Takahara M, Soga Y, Suzuki K, Tanigawa T, et al. 
Effect of perioperative complications after endovascular therapy 
in patients with peripheral artery disease due to femoropopliteal 
lesions. J Vasc Surg. 2015;61:1272-7.


