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Introduction
Since the rise of percutaneous femoral angioplasty, the 
proportion of endovascular revascularization indications has been 
increasing at the expense of conventional open surgery. Indeed, 
according to the Trans-Atlantic Inter-Society Consensus (TASC) II 

Abstract
Objectives: To evaluate the feasibility of percutaneous angioplasty using the 
Sub-intimal Arterial Flossing with Anterograde-Retrograde Intervention (SAFARI) 
technique in case of femoro-popliteal occlusion. 

Methods: This twin centers study included, from November 2012 till April 2015, 
all the attempts to carry out a femoro-popliteal angioplasty by SAFARI technique 
after anterograde failure. 

Results: Twenty-six patients were included (10 [38.5%] diabetics, mean age 67 
± 12 years). Twelve (46.2%) suffered from claudication and 14 (53.8%) from 
Critical Limb Ischemia (CLI). Mean lesion length was 175.8 ± 100.3 mm, with 4 
(15.4%) Trans-Atlantic Society Consensus (TASC) C and 18 TASC D lesions (69.2%). 
Technical success was 84.6% (22 patients, 20 [76.9%] popliteal punctures), 
including 3 (11.5%) “rendezvous” techniques. Mean number of stents/patient 
was 1.5 ± 1.1 (diameter of 6.1 ± 0.3 mm, 196.0 ± 116.1 mm long) with systematic 
predilation (4.5 ± 1.1 mm in diameter, 116.8 ± 38.3 mm long balloons). Thirteen 
patients (50.0%) underwent simultaneous additional procedures. One hematoma 
(4.2%) occurred at the distal puncture site, without the need for surgery. Mean 
follow-up was 19.5 ± 12.4 months with a patency rate of 90.0% at 6 months and 
50.8% at 12, 24 and 36 months, without redo surgery on target arteries in 100.0% 
of the cases at 6 months and 84.4% at 12, 24 and 36 months. At latest follow-up, 
3 patients suffered from claudication (15.0%) and 6 were in CLI (30.0%). Four of 
12 CLI patients were completely healed (33.3%) and 17 (85.0%) were clinically 
improved. Limb salvage rate was 96.2%. Estimated overall survival rate is 95.7% 
at 6 months, 90.6% at 12 months, 67.1% at 24 months and 40.3% at 36 months. 

Conclusion: The SAFARI technique is a minimally invasive approach increasing 
per-operative technical success of femoro-popliteal percutaneous angioplasties, 
without increasing the rate of local complications or influencing patency in the 
short-run. 
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classification published in 2007, an endovascular first approach 
was recommended for TASC A and B lesions [1]. However, TASC C 
and D lesions, described as belonging to conventional treatment 
with bypass surgery at the time, are becoming more accessible 
to endovascular techniques thanks to new devices, making 
percutaneous femoral angioplasty a therapeutic option whatever 
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the TASC classification [2]. Since, patients with TASC C and D 
lesions are frequently high-risk surgical bypass patients and have 
a considerably shorter life expectancy than patients with TASC 
A and B lesions, endovascular therapy is more and more chosen 
to improve distal perfusion in order to obtain limb salvage and 
improve quality of life.

Nonetheless, the primary success rate following a conventional 
anterograde approach remains limited to 75 to 87%, particularly 
because of the difficulties of intra-luminal reentry in case of 
subintimal recanalization through Chronic Total Occlusions 
(CTOs) of the Superficial Femoral Artery (SFA) [3-5]. Moreover, 
a re-entry too distal could extend the lengths of sub-intimal 
space and lead to decreased patency by increasing the length of 
angioplasty and stenting, or clinical deterioration by increasing 
the ischemia due to disruption of vital collateral vessels with the 
consequent risk to lose a surgical option [6-8].

An alternative to enhance the re-entry success rate via an 
anterograde only approach is the use of controlled re-entry 
devices but their elevated cost has limited widespread adoption. 
Moreover, this modality does not address the problem of 
limited distal target artery available for re-entry [9,10]. To 
help overcome some of these limitations, another technical 
possibility is to use the retrograde approach, first reported by 
Tonnesen et al. [11] and initially performed with patients in a 
prone position [12]. Then, a double approach via the femoral and 
popliteal or tibial arteries, named Sub-arterial Intimal Flossing 
with Anterograde-Retrograde Intervention (SAFARI) technique, 
was described by Spinosa et al., to help recanalize CTOs [13]. 
It has gained a renewed interest in the event of recanalization 
failure by anterograde approach, by offering the possibility of 
limb salvage in patients ineligible for bypass surgery [11] but has 
been associated with complications such as dissections, arterial 
ruptures, arteriovenous fistula, false aneurysms, bleeding, and 
hematomas, with the risk of inadvertent vessel damage, which is 
critically important if the punctured artery is the single remaining 
runoff vessel [14,15]. 

Furthermore, to avoid changing the patient’s position, popliteal 
puncture in the supine position and the use of lower-diameter 
puncture instruments, such as 3 Fr sheaths or micro catheters, 
have been reported, and it has since gained popularity [16-18]. 

The objective of this study was to evaluate the feasibility of 
percutaneous angioplasty using the SAFARI technique in case of 
femoro-popliteal occlusion, as well as the clinical outcomes and 
the patency of the revascularization. The secondary endpoint 
was to detect specific complications of the retrograde approach.

Methods
Study description
From November 2012 to April 2015, all the attempts to carry out 
a femoro-popliteal angioplasty by SAFARI technique performed 
by 4 operators in 2 centers (CHU of Bordeaux and CH of Mont-
de-Marsan) were identified and included in a database updated 
prospectively. Inclusion criteria were represented by the need for 
femoro-popliteal angioplasty in the context of Peripheral Arterial 

Disease (PAD) stage 3 to 6 of the classification of Rutherford, 
with TASC A to D lesions, in case of crossing or reentry failure 
by anterograde approach. All patients in whom retrograde 
puncture was attempted were included in the study. Exclusion 
criteria were represented by successful recanalization with a sole 
anterograde approach.

This was a retrospective observational study assessing the 
results of the SAFARI technique for the revascularization of 
femoro-popliteal lesions. Pre-operative demographic, clinical 
and anatomical characteristics were collected as well as per-
operative and 30-day/in-hospital morbidity and mortality. During 
follow-up, patency rate, re-intervention-free survival and overall 
survival were recorded. Rutherford class evolution as well as 
healing process, for patients Rutherford class 5 or 6 at inclusion, 
were also analyzed.

Endovascular reconstruction technique

General anesthesia was proposed from the outset in both 
centers for all patients requiring revascularization (Figure 1). All 
the procedures were performed in the operating room under 
general anesthesia and general heparinization at 0.5 mg/kg. The 
operative field always included the two scarpas and the entire 
lower limb to be treated. 

The procedures were performed via an antegrade approach, 
which was either ipsilateral via the common femoral artery or 
contralateral via a crossover, depending on the length of SFA 
stump, which had to measure at least 2 cm for ipsilateral puncture. 
This step was performed by percutaneous puncture, using 4-6 Fr 
sheaths, an hydrophilic Terumo® 0.035-inch guidewire (Terumo 
Europe, Leuven, Belgium) and a Trailblazer® 0.035-inch support 
catheter (EV3 Europe SAS, Courbevoie, France).

If unsuccessful, a retrograde puncture was then carried out. 
The patient remained supine, with the lower extremity in a 60° 
external rotation and the knee in a gentle flexion. An angiogram 
via the proximal sheath was performed to confirm the suitable 
level for distal puncture. The popliteal artery was our first choice 
strategy if eligible, if not, the anterior or posterior tibial arteries 
were considered. Puncture was performed with a 7 cm 21-gauge 
micro-puncture needle (Cook, Bloomington, Ind), obliquely from 
caudal to cranial. The C-arm was adjusted for precise alignment 
with the axis of the puncture needle on a 90° projection. The 
puncture was performed on the infra-condylar plane with a 
roadmap technique under fluoroscopic guidance. When access 
was obtained, a 0.018-inch V-18 guidewire (Boston Scientific, 
Natick, and Mass) was inserted, the needle was pulled out, and 
a support catheter was inserted (Trailblazer® [EV3 Europe SAS, 
Courbevoie, France] or Seeker® [Bard France SAS, Val-de-Marne, 
France]). No sheath was adopted. 

Usually, the retrograde wire could easily cross the proximal sub-
intimal channel created during the anterograde approach and 
re-enter into the true lumen. If the wire was not able to cross 
the lesion, a “rendezvous” technique, also known as « controlled 
antegrade and retrograde sub-intimal tracking » (CART), was 
used: 2 small balloons were inserted simultaneously from the 
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antegrade and retrograde directions into the occlusion and 
placed with a distance between their tips of no more than 5 mm 
[19,20]. The wires were pulled back inside the balloons and a 
short inflation was performed to disrupt arteriosclerotic material 
or the dissection membrane separating the balloons from each 
other. The balloons were then pulled back and wire passage 
was attempted again from both directions. For this purpose, 
the balloons employed were Savvy® (Cordis Corporation, 
Wilmington New Castle, Delaware, USA), Rival® (Bard France 
SAS, Val-de-Marne, France) or Passeo® balloons (Biotronik 
SE & Co., Berlin, Germany). Once across the occluded vessel 
segment with the retrograde wire, it was guided into the tip of 
the anterograde sheath to resume subsequent procedures in an 
anterograde manner. Balloon angioplasty was performed from 
the anterograde approach with a Power Flex Pro® balloon (Cordis 
Corporation, Wilmington new Castle, Delaware, USA). 

In case of residual stenosis ≥30% or flow-limiting dissection 
despite prolonged angioplasty (≥180 s), one or more self-
expanding stents were implanted [21]. The choice of the stent 
was left to the preference of the operator between Lifestent® 
or Luminexx® (Bard France SAS, Val-de-Marne, France), SMART® 
Flex (Cordis Corporation, Wilmington New Castle, Delaware, 
USA), Astron Pulsar® (Biotronik SE & Co., Berlin, Germany), 

Complete SE® (Medtronik, Dublin, Leinster, Ireland) and Heliflex® 
(Hexacath, Rueil Malmaison, France). In case of ostial lesions of 
the SFA a short balloon expandable stent (Dynamic® [Biotronik 
SE & Co., Berlin, Germany]) was used for better precision 
deployment to avoid coverage of the deep femoral artery. Post-
dilation of the stents was performed routinely. At the end of the 
procedure, prolonged inflation was performed at the location 
of the retrograde puncture and in the meantime, gentle manual 
compression was maintained until hemostasis was achieved. 
The balloon was then deflated, and the patency of the limb was 
checked by angiography from the anterograde approach. Finally, 
the anterograde sheath was removed and hemostasis was 
achieved using percutaneous closure devices (StarClose® [Abbott 
Vascular, Gustave Eiffel Place, Rungis, France] or Exoseal® [Cordis 
Corporation, Wilmington New Castle, Delaware, USA STATES]), 
or by prolonged manual compression.

Operative data were collected, including operative and 
fluoroscopy times, Kerma-area product, technical success, 
implanted devices and the length of treated lesions.

Follow-up protocol
All patients were followed by the 4 operators and a wound 
healing center. The clinical and duplex-ultrasound data were 

Endovascular reconstruction technique. A) Illustration of a typical installation with the 2 scarpas and the entire limb to be treated 
inside the operative field. B) Retrograde puncture of the popliteal artery in supine position with a 60° external rotation and the 
knee in a gentle flexion. C) Contrast injection performed via the support catheter inserted directly through the skin (sheathless 
approach) after retrograde puncture of the popliteal artery with a 21-gauge micro-puncture needle (Cook, Bloomington, Ind), 
obliquely from caudal to cranial, under fluoroscopic guidance during road-mapping (obtained after an injection via the proximal 
sheath to confirm the suitable level for distal puncture). D) Retrograde puncture of the anterior tibial artery. E) The retrograde 
wire is guided into the tip of the antegrade sheath to resume subsequent procedures in an antegrade manner.

Figure 1
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collected prospectively at 1, 6 and 12 months and yearly 
thereafter. When the patient was a stage 5 or 6 according to the 
classification of Rutherford, an additional clinical examination 
was scheduled on the 3rd postoperative month. All wounds were 
reproducibly measured by the wound healing center with surface 
data given in cm2. In case of complete healing, the healing time 
was calculated from the date of the procedure to the date of the 
clinical examination objectifying this healing.

Statistical analysis
Statistical analyses were performed using GraphPad Prism 
v6.0 (GraphPad Inc, San Diego, Calif). Kaplan-Meier analyses 
were used to assess the survival, reintervention-free survival 
and patency rates at follow-up. Categorical data are reported 
with absolute numbers and percentage of prevalence (%) and 
continuous variables with means ± standard deviation. Student 
t-tests and Chi-square tests were used for parametric data since 
all statistical distributions were normal according to the Shapiro-
Wilk normality test. All tests were two-sided with a significance 
level <0.05. 

Results
Patients
Twenty-six consecutive patients were included over the two 
centers during the study period. Twenty-one procedures were 
performed at the CH of Mont-de-Marsan and 5 at the CHU of 
Bordeaux. The demographics are detailed in Table 1.

The majority of patients were male with a sex ratio of 3.3. Mean 
age was 67 ± 12 years. Twelve (46.2%) suffered from intermittent 
claudication (Rutherford class 3) and 14 (53.8%, 2 Rutherford 
class 4, 4 Rutherford class 5 and 8 Rutherford class 6) from Critical 
Limb Ischemia (CLI). Mean lesion length was 175.8 ± 100.3 mm, 
with 4 (15.4%) TASC C and 18 TASC D lesions (69.2%). Twenty-one 
lesions (80.8%) were ≥100 mm long. 

Endovascular reconstruction
Mean operative time was 212.6 ± 66.1 min with a mean 
fluoroscopy time of 48.9 ± 15.0 min and a Kerma area product of 
5656.0 ± 2726.7 cGy/cm2. Technical success rate was 84.6% (22 
patients). There were 20 (76.9%) popliteal punctures, 5 (19.2%) 
anterior tibial and 1 (3.8) posterior tibial, including 3 (11.5%) 
“rendezvous” techniques. 

Systematic pre dilation was carried out with balloons of 116.8 ± 
38.3 mm in length and 4.5 ± 1.1 mm in diameter. Mean number 
of stents/patient was 1.5 ± 1.1, with a length of 196.0 ± 116.1 mm 
and a diameter of 6.1± 0.3 mm. Two re-canalizations were not 
stented because of an optimal outcome of primary angioplasty. 

Thirteen patients (50.0%) underwent additional procedures 
simultaneous to the femoro-popliteal revascularization (4 iliac 
angioplasties [15.4%], 3 femoral thromboendarterectomy 
[11.5%], 6 downstream angioplasties [23.1%]). Operating data 
are reported in Table 2. There was one elective minor (toe) 
amputation during the initial procedure (3.8%).

Variables Patients (N=26)
Operative time (min) 212.6 ± 66.1

Fluoroscopy time (min) 48.9 ± 15.0
Kerma-area product (cGy/cm2) 5656.0 ± 2726.7

Technical success 22 (84.6)
Localization of the retrograde puncture 
Popliteal 20 (76.9)

Anterior tibial artery 5 (19.2)
Posterior tibial artery 1 (3.8)

“Rendezvous” technique 3 (11.5)
Mean balloon’s length (mm) 116.8 ± 38.3

Mean balloon’s diameter (mm) 4.5 ± 1.1
Balloon angioplasty solely 2 (7.7)
Mean stent’s length (mm) 196.0 ± 116.1

Mean stent’s diameter (mm) 6.1 ± 0.3
Mean number of stent/patient 1.5 ± 1.1

Associated procedures 
Femoral thromboendarterectomy 3 (11.5)

 Iliac angioplasty 4 (15.4)
Downstream angioplasty 6 (23.1)

Table 2: Endovascular reconstruction.

Endovascular failures
There were 4 recanalization failures by SAFARI technique on the 
entire series (15.4%). Two of the patients underwent femoro-
popliteal bypass surgery in reverse saphenous vein during 
the same procedure time. Regarding the other two patients, 
the first was 81 years old and classified American Society of 
Anesthesiologists (ASA) 3 and Rutherford class 5. Monitoring 
of the wound by the wound healing center showed a positive 
evolution despite incomplete revascularization. Due to the 
high-surgical risk, it was decided not to proceed with surgery. 

Variables Patients (N=26)
Operative time (min) 212.6 ± 66.1

Fluoroscopy time (min) 48.9 ± 15.0
Kerma-area product (cGy/cm2) 5656.0 ± 2726.7

Technical success 22 (84.6)
Localization of the retrograde puncture 
Popliteal 20 (76.9)

Anterior tibial artery 5 (19.2)
Posterior tibial artery 1 (3.8)

“Rendezvous” technique 3 (11.5)
Mean balloon’s length (mm) 116.8 ± 38.3

Mean balloon’s diameter (mm) 4.5 ± 1.1
Balloon angioplasty solely 2 (7.7)
Mean stent’s length (mm) 196.0 ± 116.1

Mean stent’s diameter (mm) 6.1± 0.3
Mean number of stent/patient 1.5 ± 1.1

Associated procedures 
Femoral thromboendarterectomy 3 (11.5)

 Iliac angioplasty 4 (15.4)
Downstream angioplasty 6 (23.1)

Table 1: Demographic characteristics. TASC (Trans-Atlantic Society 
Consensus), ASA (American Society of Anesthesiologists).
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The second patient was 62 years old and only suffered from 
intermittent claudication. It was decided to proceed with optimal 
medical therapy and walking rehabilitation, and then reassess 
the results at 3 months. Intraoperative failures are reported in 
Table 3.

Postoperative morbidity and mortality
Postoperative complications and re-interventions are reported in 
Table 4. There was no dissection of the popliteal or tibial arteries 
secondary to the retrograde puncture and one hematoma at the 
distal puncture site was observed (4.2%), without the need for 
surgical revision. There was no 30-day/in-hospital mortality.

Mean follow-up was 19.5 ± 12.4 months. The two patients who 
underwent bypass surgery during the initial procedure were 
excluded from the permeability analysis in order to keep only 
the permeability of endovascular revascularizations. Estimated 
primary and secondary patency rates were similar, 90.0% at 6 
months and 50.8% at 12, 24 and 36 months respectively (Figure 
2A). There were two secondary angioplasties (8.3%) and 2 
secondary bypass surgeries (8.3%), leading to an estimated 
reintervention-free survival of 100.0% at 6 and 12 months and 
84.4% at 24 and 36 months (Figure 2B). 

Nine patients (37.5% over 24 endovascular treatments) presented 
with an occlusion of the femoral revascularization during follow-
up. Of the two patients who were not stented due to optimal 
results of primary angioplasty, the first was Rutherford class 
5 and presented with an occlusion at 6 months of his TASC C 
lesion. It was decided not to perform revision surgery due to 
the complete healing of the wound in the 15th postoperative 
day. Afterwards, his general condition deteriorated and did 
not permit a new revascularization despite the reopening of 

his wound at 12 months, leading to his death on the 408th post 
operative day. The second was Rutherford class 3 and presented 
with an occlusion of his revascularization at 6 months but was 
asymptomatic at the follow-up visits, probably because of the 
associated revascularization of the iliac arteries by kissing-stent 
and the femoral junction by thromboendarterectomy, which 
allowed the proper development of the deep femoral network. 
The 7 additional occlusions occurred on stented patients. The first 
was Rutherford class 3, reocclusion of his TASC D lesion (330 mm) 
occurred at 6 months and had been treated by 3 Lifestent® (6 mm 
in diameter, 100 mm long). He did not want a new procedure, 
despite the persistence of his symptomatology. The second was 
Rutherford class 5, reocclusion of his TASC D lesion (290 mm) 
occurred at 6 months and had been treated by 3 Lifestent® 
(6 mm in diameter, 100 mm long). His wound was completely 
healed on the 84th postoperative day and therefore he did not 
need new revascularization. The third occurred at 12 months; the 
patient was Rutherford class 3 and had received a Lifestent® (6 
mm in diameter, 100 mm long) for a TASC B lesion (138 mm). 
At the follow-up visits, his walking distance was improved 
and well above 200 m, probably because of the associated 
revascularization of the iliac artery, which is why no other 

Patients Guidewires Support catheter Balloons Bypass

2 1 Terumo®+2 
v18® 3 Trailblazer® 3 × 60 Savvy®

Yes in 
the same 

operative time

16 1 Terumo®+2 
v18® 2 Trailblazer® 5 × 100 

Powerflex® No

24 1 v18® 2 Trailblazer® -
Yes in 

the same 
operative time

25 1 v18® 2 Trailblazer® - No

Table 3: Endovascular failures.

Variables Patients (N=24)
Hematoma at distal puncture site 1 (4.2)

In-stent restenosis 2 (8.3)
Occlusion 9 (37.5)

Endovascular reintervention 2* (8.3)
Open bypass surgery 2* (8.3)

Death 8** (33.3)
*1 plain old balloon angioplasty, 1 drug eluting balloon angioplasty 
and stenting followed by ilio-deep femoral bypass surgery, 1 femoro-
popliteal bypass surgery
**Over 26 included patients

Table 4: Post-operative morbidity and mortality.

Kaplan-Meier curves. A) Estimated primary and secondary 
patency. The 2 patients treated by bypass surgery were 
excluded from this analysis, as well as 1 technical failure of 
endovascular revascularization Curves are presented with 
standard error (filled areas). B) Estimated reintervention-
free survival. The 2 patients treated by bypass surgery 
were excluded from this analysis Curves are presented 
with standard error (filled areas).

Figure 2
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revascularization was performed. The fourth was a 94 years old 
Rutherford class 5 patient, reocclusion of her TASC D lesion (160 
mm) occurred at 12 months, she had received an Astron Pulsar® 
(5 mm in diameter, 100 mm long). Her wound was completely 
healed on the 34th postoperative day but reopened after this, 
because of severe deterioration of her general condition, no 
additional revascularization or amputation was proposed. The 
fifth was Rutherford class 4, re-occlusion of his TASC D lesion (185 
mm) occurred at 6 months. It had been treated by 2 Lifestents® 
(6 mm in diameter, 100 mm long). He was successfully treated 
by a femoro-popliteal bypass. The 6th was Rutherford class 6,  
reocclusion of his TASC D lesion (120 mm) occurred at 12 months, 
despite two endovascular reintervention, including secondary 
stenting and drug eluting balloon angioplasty, endovascular 
treatment was insufficient, he was finally treated by ilio-deep 
femoral bypass surgery. The last one was Rutherford class 3 
and his TASC D lesion (190 mm) reoccluded at 12 months. It had 
been treated by a Complete SE® (6 mm in diameter, 100 mm 
long) and a SMART Flex® (6 mm in diameter, 200 mm long). He 
remained completely asymptomatic, which is why no additional 
revascularization was proposed. 

At latest follow-up, 3 patients were suffering from claudication 
(15.0% over 20 remaining patients, 2 Rutherford class 1 and 1 
Rutherford class 3, they were all Rutherford class 3 initially) and 
6 patients were in CLI (30.0%, they all remained Rutherford class 
5, which was their initial state). Overall, 17 patients (85.0%) were 
in clinical improvement. Indeed, 7 Rutherford class 3 patients 
(58.3% of the 12 initial Rutherford class 3 patients) had become 
asymptomatic. In addition, 4 patients in CLI were completely 
healed (33.3% of the 12 initial patients). One other patient had 
completely healed but showed reopening of his wound at 12 
months (5.0%). Moreover, 5 patients (25.0%) presented with a 
decrease in wound surface in a reproducible way over the wound 
healing center’s consultations. The surface data is shown in Figure 
3. In total, 11 patients (55.0%) are now totally asymptomatic and 
only one major amputation was performed in this series (limb 
salvage rate of 96.2%) and only one patient required additional 
minor (toe) amputation (3.8%).

The estimated overall survival rate was 95.7% at 6 months, 90.6% 
at 12 months, 67.1% at 24 months and 40.3% at 36 months 

(Figure 4). Eight deaths occurred during follow-up. The first was 
on the 105th postoperative day in an 81 years old Rutherford class 
5 patient. The wound was declining despite the revascularization, 
and it was chosen in accordance with him and his family, not to 
perform a major amputation. The second occurred on the 305th 
postoperative day; patient has already been described above as 
needing ilio-deep femoral bypass surgery and died of myocardial 
infarction in the postoperative period. The third occurred on the 
637th postoperative day, patient was already described has the 
only major amputation of the series and died of hemorrhagic 
shock unrelated to the procedure. The fourth occurred on the 
408th postoperative day and has already been described above. 
Other causes included one septic shock over cholangitis on the 
613th postoperative day, 2 cerebral ischemic strokes on the 740th 
and 988th postoperative days and cardiac decompensation on the 
352th postoperative day. 

Discussion
Our series technical success of retrograde puncture was 
comparable to the literature results, ranging between 80 to 90% 
[11,18,22] By always preparing the patient for the possibility 
of a retrograde approach, the SAFARI technique was adopted 
whenever necessary and damage to important collaterals was 
avoided [13,23]. Technical success of TASC C and D femoro-
popliteal lesions’ recanalization is close to 90% by antegrade 
way alone [2,24]. The use of a double approach, anterograde 
(femoral) and retrograde (popliteal or tibial) helped increase 
even more this success rate. Recanalization failures were difficult 
to predict, especially since the calcification index was not 
calculated on pre-operative scans in this series, and reentry was 
more difficult to obtain in patients with heavily calcified lesions 
or diffuse thickening of the media. Hence, the absence of real 
parietal support was responsible of the 4 failures of retrograde 
approach, despite an attempted “rendezvous” technique, as 
the intimal “flap” was impossible to tear. Unfortunately, at this 
point we did not dispose of a specific reentry catheter, such as 
the Outback® (Cordis) used in the series of Setacci et al., so we 
cannot assess if its use would have been beneficial in such cases 
[25]. Surface area measures of the wounds during follow-up.Figure 3

Figure 4 Estimated overall survival. Curves are presented with 
standard error (filled areas).
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All the retrograde punctures were performed with a roadmap 
technique, with the exception of one case, that was performed 
with a fluoroscopic guidance alone, since the arteries were 
heavily calcified and already well visible. However, the 
experience of ultrasound-guided puncture may be useful to 
limit radiation exposure and help choose the optimal puncture 
zone, as demonstrated by Kawadar et al. [18]. The puncture 
site was usually located at the infra-condylar popliteal level in 
a supine (knee bent, thigh in abduction) position. The length of 
the procedure, especially in case of retrograde puncture, implied 
prolonged standing to limit contrast use, which is often difficult in 
elderly patients with multiple comorbidities. This is why general 
anesthesia was systematic. However, it is not essential and some 
high-risk patients have now been treated under local anesthesia 
at the femoral access site, with just an adjunctive local anesthesia 
if a retrograde puncture was needed. In case of pathological 
popliteal artery, the anterior tibial artery was our second choice 
and the posterior tibial artery was our last given the difficulty 
to puncture it. There were no peroneal punctures in this series, 
however, in our recent experience; peroneal punctures are 
often performed as a second choice, since it is usually the last 
remaining run-off vessel in diabetic patients with CLI. 

Prolonged balloon angioplasty (180 s) at nominal pressure 
was applied in an effort to avoid post-angioplasty dissection 
or elastic recoil [21,26]. All recanalizations received secondary 
stenting according to the criteria of existing guidelines, with 
the exception of 2 cases showing optimal results after plain old 
balloon angioplasty [27]. We did not use drug eluting balloons 
as a primary strategy in this series, they were only used in case 
of in-stent restenosis. Nonetheless, they could have been of 
interest, especially in these 2 cases, since 2 major studies have 
reported the results of drug coated balloons compared to plain 
old balloon angioplasty in the SFA, with a primary patency rate 
of 89.8 % vs. 66.8% at 1 year for the IN.PACT SFA Study, 73.5% 
vs. 58.8% and 58.6% vs. 53% at 1 and 2 years respectively in 
the Levant-2 study [28,29]. Moreover, preliminary results also 
showed lower 12-month restenosis rates using paclitaxel coated 
balloons before stenting in SFA lesions [30]. The choice of the 
stent remained at the discretion of the operator, but long self-
expanding nitinol stents were always preferred in order to limit 
overlap areas. The length of the stented area was defined upon 
the post-angioplasty angiographic result. Any flow-limiting 
dissection or residual stenosis ≥30% was stented, regardless of 
the initial length of the recanalization. This high-rate of secondary 
stenting was probably related to the length of occlusive lesions 
and frequency of sub-intimal angioplasty. Systematic stenting 
remains debaTable, especially in the « no metal left behind » era, 
and Schillinger et al. reported higher short to mid-term patency 
rates after plain old balloon angioplasty compared to optional 
secondary stenting in the treatment of SFA lesions in 2006 
[31]. In addition, Chowdhury et al. did not show any significant 
superiority of primary stenting of the SFA in their long-term 
meta-analysis in 2014 [32]. In our series, the two non-stented 
patients presented with early occlusion of their recanalization, 
which led us today to propose systematic secondary stenting 
in long re-canalizations. This is supported by the results of the 

Vienna Absolute study, which was the first randomized study 
to show superiority of primary stenting over plain old balloon 
angioplasty for the treatment of moderate-length SFA lesions 
(63% vs. 37% at 12 months) [31] and the RESILIENT trial (80% vs. 
61% at 12 months), which seem to provide sufficient evidence 
in support of primary stenting for moderate to long-length 
SFA lesions [33]. Even more so with current-generation nitinol 
self-expanding stents, showing significant improvement with 
increased durability and conformability leading to better long-
term patency and lower stent fracture rates [34-36].

The primary patency rate of our series was not different from 
the literature results of CTOs of the SFA, which range from 44 
to 92.4% at 12 months [37-41]. Moreover, primary patency was 
not modified significantly by the use of the SAFARI technique 
compared to a single anterograde approach, since as shown by 
Inhat et al. and Dearing et al., it is mainly influenced by the TASC 
degree and distal run-off [40,42]. We did not use drug eluting 
platforms in this series, only a bioactive platform in 3 patients 
with the Heliflex® (Hexacath) stent. However, the Zilver PTX® 
(Cook Medical) paclitaxel-eluting self-expanding stent has shown 
significantly higher 1 and 3-year patency rates in the SFA in 
comparison to both plain old balloon angioplasty and bare metal 
stenting and could have helped improve our results [43,44]. 
Another important point to mention is the use of dual antiplatelet 
therapy after the treatment of long SFA lesions whatever the 
status of drug eluting platforms. There is no recommendation but 
most clinical trials prescribe a dual antiplatelet therapy during at 
least 1 month in the post-operative period, which was the delay 
respected in a majority of our patients [37-40].

Furthermore, SFA’s patency is not always correlated to the 
presence of clinical symptoms, it is especially important until 
wound healing is achieved in CLI patients or collateral arteries are 
developed in patients suffering from intermittent claudication. 
This was well stated in our study, since patients presenting 
with re-occlusions were not always symptomatic nor needed 
re-intervention. Hence, there was only one major amputation 
during follow-up, and only two patients could have required an 
additional major amputation but due to their general condition 
and in accordance with the patients and their family, it was 
decided to perform a palliative treatment and avoid an invasive 
surgery. Otherwise, clinical improvement was observed in 85.0% 
of the patients at 12 months. It is not easy to compare this rate 
with the literature results, since most studies only focused 
on technical success and patency was often the only primary 
endpoint at short to mid-term follow-up. However, in the series 
of Hua et al. (38 patients), the limb salvage rate was 80% at 1 year 
and there were 16% of minor (toe) amputations; in the series of 
Younes et al. (16 patients), the limb salvage rate was 100% and 
there were 13% of minor (toe or forefoot) amputations, and in 
the series of Tay et al. (40 Asian patients), the limb salvage rate 
was 93% and there were 38% of minor amputations [43-47].

Complications on the retrograde puncture site, such as 
arteriovenous fistula, hematomas, plaque shift, occlusion, and 
distal embolization, have been a concern and have limited wider 
adoption of this technique. In the present study, an infracondylar 
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and caudo-cranial popliteal puncture was chosen over the 
traditional posterior approach, which kept patients in the supine 
position. Hence, no arteriovenous fistula complications occurred. 
There was no dissection of the popliteal or tibial arteries 
secondary to the retrograde puncture and only one hematoma 
at the distal puncture site was observed, without the need for 
surgical revision, reflecting lower morbidity compared to earlier 
studies [45,48]. This can be explained by a sheathless approach in 
our study, in contrast with previous authors. This attitude has also 
been adopted by other authors recently, such as Tokuda et al., 
who reported significantly less intraoperative and postoperative 
complications with the sheathless approach compared to the use 
of a sheath (22.2% in the sheath group [4 or 6 Fr] vs. 2.0% in the 
support catheter group, p = 0.002) [17]. Moreover, preservation 
of the P1 or P2 segment of the popliteal artery still permits an 
above-the-knee bypass in case of secondary occlusion and might 
also explain the absence of clinical worsening in case of secondary 
occlusion of the SFA in our series. Finally, since the area of the 
puncture sites make it difficult to achieve hemostasis by direct 
compression; we used intraluminal balloon dilatation with mild 
manual compression at the puncture site as soon as the support 
catheter was pushed out from the retrograde approach, which 
might explain the absence of puncture site hemorrhage or false 
aneurysm in our series. Hence, we believe that the sheathless 
method should be the first choice for a retrograde popliteal, 
tibial or even peroneal approach [17].

Limits
There are limitations to the data presented in this series. This 
was a retrospective observational study, which was performed 
in only two centers. There was a wide variety of devices used 
since it was not sponsored by the industry. It has the advantage 
of demonstrating real life results of the SAFARI technique, 
whatever the material you have at your disposal. However, the 
population size was small and there was a potential for bias. 
This precluded us from doing any subgroup analysis, by lack 
of sufficient statistical power, especially with regards to the 
relationship between the devices used and technical success 
or patency. In addition, the study was initiated in the center of 
Mont-de-Marsan, which explains the difference in the number of 
patients included between the two centers. 

Arterial Brachial Index (ABI) improvement, often used as a 
criterion of clinical improvement in clinical studies since it 

provides a simple, reproducible, and cost-effective assessment 
of lower-extremity arterial stenosis, was not reported in our 
study, which constitutes another limitation. However, sensitivity 
is low, especially in elderly individuals and patients with diabetes, 
and the values obtained should be interpreted with caution, 
according to the clinical situation [1,49,50]. Hence, even though 
it is a simple and useful tool to identify serious stenosis, clinical 
evaluation and Rutherford staging seemed more appropriate in 
this setting.

The absence of control group also limits the interpretation of the 
data presented in this series and the heterogeneity of associated 
revascularizations lengthened the operative time and skewed 
the value of postoperative clinical results by artificially improving 
some of them, especially in case of secondary SFA occlusion. 
Nevertheless, this series tends to prove that the SAFARI technique 
is a simple, efficient and reproducible strategy to address long 
femoro-popliteal occlusions. It can be a useful tool in CLI in the 
absence of autologous material for the realization of a below-
the-knee femoro-popliteal bypass. 

The length of the follow-up was rather short with only a 42-month 
follow-up for patients included from the beginning of the study 
and a mean follow-up of 19.5 months, so long-term outcomes 
could not be evaluated.

Finally, randomized controlled trials comparing clinical efficacy 
and long-term outcomes after the SAFARI technique against the 
use of controlled re-entry devices in the management of CTOs 
with failed anterograde approach have yet to be designed in 
order to determine the place of re-entry devices in the arsenal 
of endovascular interventionists, which remains limited by high 
costs and lack of widespread availability.

Conclusion
The SAFARI technique is a minimally invasive approach, which 
increases the per-operative technical success rate of femoro-
popliteal percutaneous angioplasties for TASC C and D lesions, 
without increasing the rate of local complications or influencing 
the primary patency rate in the short-run. It helps treat complex 
occlusive lesions without precluding the use of conventional 
surgery in a second time and should be considered as a backup 
option of choice after a failed anterograde recanalization 
approach. 
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