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Abstract

Background:Femoropopliteal bypass occlusions are a significant issue in patients with critical limb ischemia and
chronic total occlusion of the native superficial femoral artery, which challenges vascular surgeons and
interventional radiologists. Performing a secondary femoropopliteal bypass is still considered the standard of care,
although it is associated with a higher complication rate and lower patency rate in comparison with primary
bypass. Over the past few years, angioplasty has been commonly used, with the development in endovascular
technologies, to treat chronic total occlusions of the native superficial femoral artery, with a good technical success
rate and clinical prognosis. The purpose of the study is to assess the outcome of endovascular recanalization of
chronic total occlusions of the native superficial femoral artery, in patients unfit for surgery with critical limb
ischemia after failed femoropopliteal bypass.

Results:A total of 54 patients were treated. 77.8 % of the conduits were PTFE grafts; the remainder were single-
segment great saphenous veins. The most common clinical presentation was rest pain. Technical success was
achieved in 51 (94.4 %) of 54 limbs. Angiographically, 77.8 % of the lesions were TASC II category D, while 22.2 %
were TASC II category C. The average length of the native SFA lesions was 26.8 cm. Clinical success, with improved
Rutherford classification staging, followed each case of technical success. The median follow-up value was 5.75
years (IQR, 1.5–7). By Kaplan-Meier survival analysis, primary patency rates were 61 % (± 0.07 SE) at 1 year and 46 %
(± 0.07 SE) at 5 years. Secondary patency rates were 93 % (± 0.04 SE) at 1 year and 61 % (± 0.07 SE) at 5 years. Limb
salvage rates were 94 % (± 0.03 SE) at 1 year and 88 % (± 0.05 SE) at 5 years.

Conclusions:The endovascular recanalization of chronic total occlusions (CTO) of the native superficial femoral
artery (SFA) after a failed femoropopliteal bypass is a safe and effective therapeutic option in patients unfit for
surgery with critical limb ischemia.

Keywords:Femoropopliteal bypass occlusion, Native SFA recanalization, Chronic total occlusion, Endovascular
recanalization, Critical limb ischemia
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Background
According to the Trans Atlantic Inter-Society Consensus
for the Management of Peripheral Arterial Disease II
(TASC II), surgical revascularization with bypass grafting
is the treatment of choice for chronic total occlusions
(CTO) of the superficial femoral artery (SFA), with
favourable technical success rate and clinical prognosis
(Norgren et al. 2007). However, the occlusion of lower
limb arterial bypass remains a significant problem, which
challenges vascular surgeons and interventional radiolo-
gists. The graft occlusion rate was estimated to be 5–
10 % in the early period after surgery (< 30 days) (Ziegler
et al. 2011; Owens et al. 2008a, b; Brewster et al. 1983)
and 20–50 % in the late period (> 30 days) (Donaldson
et al. 1991; Leather et al. 1988; Taylor et al. 1990). Fur-
thermore, in patients with bypass graft failure, the aver-
age limb salvage rate is only about 50 % at 2 years
(Taylor et al. 1990).
After a bypass graft failure has occurred, the possible

targets of intervention are the bypass graft itself or the
native SFA. Among interventions on bypass graft, surgi-
cal or endovascular approaches can be distinguished.
Performing a secondary femoropopliteal bypass is still
considered the standard of care, although it is associated
with a higher complication rate (perioperative morbidity
of 25 %) and lower mid-term patency rate in comparison
with primary bypass (Baldwin et al. 2004; Belkin et al.
1995). Advanced age, lack of a good great saphenous
vein, anastomosis’ pseudoaneurysms and high surgical
risks make the surgical approach not always suitable.
Options to achieve endovascular recanalization of bypass
graft include thrombectomy and catheter-directed
thrombolysis (CDT), but both of them correlates with
poor long-term limb salvage and patency rates (Domín-
guez Paillacho et al. 2018; Kalinowski et al. 2003; Nehler
et al. 2003). In addition to the above, contraindications
to lysis should be considered.
Over the past few years, angioplasty has been com-

monly used, with the development in endovascular tech-
nologies, to treat chronic total occlusions of the native
SFA, with a good technical success rate and clinical
prognosis (Mewissen et al. 2004). Hence, the idea to re-
canalize the native SFA chronic total occlusions has
been born in patients with critical limb ischemia (CLI)
and femoro-popliteal bypass failure, limited to those
cases unfit for surgery or refusing surgical reconstruc-
tion. Data regarding this approach in femoro-popliteal
bypass failure are limited to few case-series studies (Li
et al. 2018; Gandini et al. 2009; Davies et al. 2017), so
the need for new studies should be emphasized to better
understand long-term outcomes of this option compared
to secondary bypass surgery.
This study aims to assess the outcome of endovascular

recanalization of chronic total occlusions (CTO) of the

native superficial femoral artery (SFA), in patients unfit
for surgery with critical limb ischemia after failed femor-
opopliteal bypass.

Methods
Study design
The Institutional Review Board approval and informed
written consent from each patient have been obtained.
This study is a single-centre, retrospective analysis of
prospectively collected data of consecutive patients with
CLI, who had undergone, from January 2013 to Decem-
ber 2020, endovascular recanalization of CTOs of the
native SFA after the failure of a femoropopliteal bypass.
Inclusion criteria, met by all patients, are (I) occlusion of
a previous femoropopliteal bypass graft with CTO of the
native SFA; (II) duration of ischemia symptoms > 14
days; (III) evaluation by a multidisciplinary team of vas-
cular surgeons, interventional radiologists and anaesthe-
tists; (IV) refusal of surgical reconstruction by patients
or being considered unfit for surgery: absence of an ad-
equate great saphenous vein, poor distal bypass target
vessels, severe comorbidities (acute coronary syndrome
or stroke within the previous 6 weeks, severe chronic
obstructive pulmonary disease). Exclusion criteria are: (I)
glomerular filtration rate (GFR) < 30 mL/min in non-
dialyzing patients; (II) previous end-to-end anastomosis;
(III) previous endarterectomy or endovascular proce-
dures at the treatment site; (IV) untreated ipsilateral iliac
stenosis > 70 %; (V) contraindications to heparin or anti-
platelet drugs. In all cases, a computed tomography (CT)
angiography was performed to plan the recanalization
procedure; the ankle-brachial index (ABI) and the symp-
tomatic classification by Rutherford were recorded be-
fore and after endovascular treatment. Catheter-directed
thrombolysis (CDT), available for patients presenting
with acute limb ischemia (ALI), was not offered to pa-
tients as a treatment option considering the duration of
ischemia symptoms > 14 days among inclusion criteria.

Treatment
The endovascular procedure was performed in dedicated
angiographic suites. After local anaesthesia, in most
cases, a retrograde approach by puncture of the contra-
lateral common femoral artery was used. Ultrasound-
guided cannulation of the common femoral artery with
the Seldinger technique was performed and a 6Fr vascu-
lar sheath (Radifocus®, Terumo) was positioned. In the
case of iliac arteries obstruction, radial or humeral arter-
ial access was realized, with a 5Fr vascular sheath (Radi-
focus® II, Terumo) used in cases of transradial approach.
When it has been possible, a dual anti-platelet therapy
(in most cases, acetylsalicylic acid 100 mg/day plus clo-
pidogrel 75 mg/day) has been started 3 days before
endovascular treatment, and, in all cases, it has been
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administered at least for 1 year after endovascular treat-
ment. Heparin sodium (100 IU/Kg) has been adminis-
tered in the arterial lumen systematically, to maintain an
activated clotting time > 250 s. Lesions of native SFA,
mainly calcific, were generally crossed with 0.035-in.
hydrophilic guidewire (Terumo), eventually using subin-
timal/SAFARI/retrograde popliteal puncture techniques
and Navicross® (Terumo) support catheters. PTA was
performed using low-profile .035” balloons (Ultraverse®,
Bard), with 180 s average inflation times and various
lengths and dimensions chosen by the operator. Stenting
was performed only in the cases of PTA failure, defined
by severe elastic recoil or flow-limiting dissection or re-
sidual stenosis > 30 %, using vascular self-expanding nit-
inol stents (E-Luminexx™, Bard). Eventually,
infrapopliteal arteries were treated simultaneously to en-
sure at least one patent BTK vessel. Vascular closure de-
vices (Angio-Seal™ VIP, Terumo) and radial artery
compression devices (TR Band®, Terumo) were used ac-
cording to instructions for use; in the other cases, vascu-
lar access site hemostasis was achieved by manual
compression (Figs. 1 and 2).

Definitions
According to the Society for Vascular Surgery reporting
standards, technical success was defined by residual
stenosis less than 30 %, with the absence of stasis of con-
trast medium and restoration of direct flow in treated
segments. Clinical success was defined by an improve-
ment on the Rutherford classification staging, therefore
by an improved pain-free walking distance, resting pain
resolution or ischemic ulcer healing. Reporting standards
of the SVS were used to define primary, assisted-primary
and secondary patency rates, too (Rutherford et al. 1997;
Ahn et al. 1993).

Follow-up
Patients underwent routine follow-up with clinical
examination, ABI evaluation and duplex ultrasound im-
aging, scheduled at 1, 3, and 6 months after the proced-
ure and every 6 months thereafter. CT-angiography was
performed only in case of recurrent symptoms, any drop
in ABIs of 0.15 or more, or peak systolic velocity ratio >
2.5 on duplex-US.

Fig. 1 3D reconstruction of a computed tomography angiography (A) showing the failure of the femoropopliteal bypass graft (arrows), whose
target is the below-knee popliteal artery, and complete occlusion of the left superficial femoral artery, immediately after its origin, confirmed by a
digital subtraction angiography
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Statistical analysis
Data were maintained in an Excel spreadsheet (Micro-
soft Inc, Redmond, Wash) and the statistical analyses
were performed on an intention-to-treat basis, using
SPSS software (SPSS, version 22 for Windows; SPSS Inc,
Chicago IL, USA). Kolmogorov-Smirnov test and
Shapiro-Wilk test were used to verify the normality as-
sumption of data. Categorical data are presented as fre-
quency (percentage value). Continuous normally
distributed data are presented as mean ± standard devi-
ation. Continuous not normally distributed data are pre-
sented as median (interquartile range: 25th and 75th
percentiles - IQR). The unpaired Student t-test was used
to assess statistical differences for continuous normally
distributed data, while categorical and continuous not
normally distributed data were assessed using the Chi-
squared test and the Mann-Whitney test, respectively.
Kaplan-Meier survival analysis was performed to assess
time-dependent outcomes, and comparisons were made
with the log-rank test. The independence between cen-
sored data and the tested event was assessed by clinical
evaluation and telephone contacts in the cases of with-
drawal. Hence, the assumption of independent censoring
was met, avoiding bias regarding the observed time-
dependent data. Univariate and multivariate analyses,
using Cox proportional hazards regression models, were
performed to identify patient/lesion characteristics

associated with primary patency loss. A P-value of < 0.05
was considered statistically significant for the aforemen-
tioned tests.

Results
During the study interval (January 2013 - December
2020), a total of 54 patients (59.2 % male; average age
71.9 years) underwent endovascular recanalization of
CTOs of the native SFA, after failed femoropopliteal by-
pass graft and clinical presentation with CLI (duration of
ischemia symptoms > 14 days). The aforementioned pa-
tients have refused surgical reconstruction or have been
considered unfit for surgery by a multidisciplinary team.
33.3 % of the failed femoropopliteal bypass graft were to
the above-knee popliteal artery, while the remaining
66.7 % were to the below-knee popliteal artery. A total of
77.8 % of the conduits were PTFE grafts and the rest
were single-segment great saphenous veins. The most
common clinical presentation was the rest pain (category
IV according to the Rutherford classification for CLI),
observed in 55.5 % of the patients. Demographics and
comorbidities for the study population are reported in
Table 1.
The median patency of the previous femoropopliteal

bypass graft was 29 months. Angiographically, 77.8 % of
the lesions were TASC II category D, while 22.2 % TASC
II category C. The average length of the native SFA

Fig. 2 Fluoroscopic images (A) demonstrating percutaneous transluminal angioplasty of all portions of the left superficial femoral artery.
Subsequent angiography (B) shows PTA failure, defined by a flow-limiting dissection, after which multiple stenting is performed (C). Digital
subtraction angiography (D) demonstrates successful recanalization of the left superficial femoral artery. A computed tomography angiography
with 3D reconstruction (E), performed at 12 months follow-up, confirms patency of the native left superficial femoral artery
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lesions was 26.8 cm. The below-the-knee (BTK) runoff,
described as the number of patent vessels among anter-
ior tibial, posterior tibial and peroneal arteries, was 2
vessels in 50 % of the patients. 74.1 % of the patients had
undergone a contralateral femoral plus ipsilateral retro-
grade popliteal vascular access, 22.2 % a contralateral
femoral vascular access and 3.7 % a radial or humeral
vascular access. Among recanalization techniques, subin-
timal angioplasty was performed in 38 patients (70.4 %),
while intraluminal and SAFARI techniques were both
performed in 8 patients (14.8 %) respectively. A total of
48 patients (88.9 %) underwent stenting, due to the PTA
failure, with a median value of 2 stents positioned per
patient. Technical success was achieved in 51 (94.4 %) of
54 limbs. Three technical failures occurred, two caused
by unsuccessful recanalization despite attempts with the
SAFARI technique and one caused by severe impassable
fibrosis of the distal bypass anastomosis. In one case
after successful recanalization, a distal thromboembolic
occlusion occurred, immediately resolved by catheter
thrombus aspiration with a 6-Fr guiding catheter. No
other vascular complications occurred during the proce-
dures. The mean duration of all interventions was 119

(± 39) minutes with a mean fluoroscopy time of 38 (±
21) minutes. Lesion and procedure data are detailed in
Table 2.
Clinical success, with improved Rutherford classifica-

tion staging, followed each case of technical success. The
Mann-Whitney test was used to identify a statistically
significant (P= 0.04) difference between pre-procedure
(0.3; IQR: 0.1–0.5) and post-procedure (0.6; IQR: 0.4–
0.8) ABI. The median follow-up value was 5.75 years
(IQR, 1.5–7). By Kaplan-Meier survival analysis, primary
patency rates were 61 % (± 0.07 SE) at 1 year, 54 % (±
0.07 SE) at 3 years and 46 % (± 0.07 SE) at 5 years.
Assisted-primary patency rates were 83 % (± 0.05 SE) at
1 year, 65 % (± 0.06 SE) at 3 years and 55 % (± 0.07 SE)
at 5 years. Secondary patency rates were 93 % (± 0.04
SE) at 1 year, 76 % (± 0.06 SE) at 3 years and 61 % (±
0.07 SE) at 5 years. At follow-up, 14 patients presented
with acute stent thrombosis and were treated with
thrombectomy or catheter-directed thrombolysis (CDT)
plus angioplasty; in 4 cases amputation at metatarsal
level was necessary. Out of the patients presenting at

Table 1 Population data

Variables All patients (n = 54)

Age (years) 71.9 (± 12.8)

Male 32 (59.2 %)

BMI 23.8 (17.2–29.9)

Pre-procedure ABI 0.3 (0.1–0.5)

Risk factors

Diabetes mellitus 27 (50 %)

Coronary artery disease 35 (64.8 %)

Congestive heart failure 13 (24.1 %)

Cerebrovascular disease 9 (16.7 %)

Smoking history 45 (83.3 %)

Current smoker 5 (9.3 %)

Hypertension 51 (94.4 %)

Hyperlipidaemia 48 (88.9 %)

Chronic renal insufficiency(eGFR < 90 mL/min) 10 (18.5 %)

Rutherford categories at presentation

1 or 2 or 3 - claudication 19 (35.2 %)

4 – rest pain 30 (55.5 %)

5 or 6– tissue loss 5 (9.3 %)

Bypass graft type

Great saphenous vein 12 (22.2 %)

PTFE 42 (77.8 %)

Bypass graft target

Above-knee popliteal artery 18 (33.3 %)

Below-knee popliteal artery 36 (66.7 %)

Table 2 Lesion and procedure data

Variables All patients (n =
54)

Patency of previous bypass graft (months) 29 (6–76)

Lesion length (cm) 26.8 (± 4.8)

TASC II category

TASC C 12 (22.2 %)

TASC D 42 (77.8 %)

BTK runoff

3 vessels 8 (14.8 %)

2 vessels 27 (50 %)

1 vessel 19 (35.2 %)

Vascular access-site

Contralateral Femoral + ipsilateralretrograde
popliteal

40 (74.1 %)

Contralateral Femoral 12 (22.2 %)

Radial or Humeral 2 (3.7 %)

Recanalization technique

Intraluminal 8 (14.8 %)

Subintimal 38 (70.4 %)

SAFARI 8 (14.8 %)

Technical success 51 (94.4 %)

Patients receiving stent placement 48 (88.9 %)

Stents positioned per patient 2 (1–5)

Procedure duration (min) 119 (± 39)

Fluoroscopy time (min) 38 (± 21)

Post-procedure ABI 0.6 (0.4–0.8)

Follow-up (years) 5.75 (1.5-7).
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follow-up with chronic CLI symptoms (20/54), nineteen
underwent endovascular reintervention and in 5 cases
an above-knee amputation was performed. During the
follow-up period, five patients died of other causes, four
of which were from myocardial infarction, and two pa-
tients missed routine follow-up, consequently considered
as natural dropouts as well as censored event-unrelated
cases after a telephone interview. Amputation-free sur-
vival rates were 93 % (± 0.04 SE) at 1 year, 85 % (± 0.05
SE) at 3 years and 76 % (± 0.06 SE) at 5 years. Limb sal-
vage rates were 94 % (± 0.03 SE) at 1 year, 93 % (± 0.04
SE) at 3 years and 88 % (± 0.05 SE) at 5 years. Time-
dependent outcomes assessed by Kaplan-Meier survival
analysis are detailed in Fig. 3.
Cox proportional hazards regression models were used

to determine predictors of primary patency loss for the
entire cohort of patients (Table 3). By univariate analysis,
statistically significant predictors of primary patency loss

were diabetes mellitus (HR 4.2; P= 0.03), chronic renal
insufficiency (eGFR < 90 mL/min) (HR 3.9; P= 0.04), tis-
sue loss at clinical presentation (HR 4.1; P= 0.04), bypass
target to below-knee popliteal artery (HR 4.3; P= 0.03),
lesion length � 30 cm (HR 4.5; P= 0.02), TASCII D le-
sion (HR 4.2; P= 0.03), BTK runoff (1 vessel) (HR 5.5;
P= 0.01) and stents positioned per patient � 3 (HR 3.9;
P= 0.04). Age, age � 70 years, sex (male), bmi, coronary
artery disease, congestive heart failure, cerebrovascular
disease, smoking history, current smoker, hypertension,
hyperlipidaemia, claudication or rest pain at clinical
presentation were not predictors of primary patency loss.
By multivariate analysis, statistically significant predic-
tors of primary patency loss were diabetes mellitus (HR
6.1; P= 0.04), chronic renal insufficiency (eGFR < 90 mL/
min) (HR 4.6; P= 0.04), bypass target to below-knee
popliteal artery (HR 4.1; P= 0.04), lesion length � 30 cm
(HR 4.6; P= 0.04), TASCII D lesion (HR 5.7; P= 0.04)

Fig. 3 Time-dependent outcomes assessed by Kaplan-Meier survival analysis
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