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Peripheral artery disease (PAD) affects more than 
200 million people worldwide with an increas-
ing prevalence.1 The femoropopliteal arterial 
segment is the most common site of atheroscle-

rotic disease, as well as the most revascularized vessel. 
Medical management is the first line of treatment for 
intermittent claudication; however, revascularization 
may be appropriate for patients with lifestyle-limiting 
symptoms. Patients with advanced and complex PAD 
(ie, chronic limb-threatening ischemia [CLTI]), who often 
have multilevel disease, require revascularization with 
options including endovascular, open surgical, or hybrid 
approaches.2

COMPLEX AND LONG SFA STENOSES  
AND CTOs

The optimal revascularization strategy for TASC C 
and D lesions, which may present as severe claudication 
and CLTI, remains controversial even after the long-
awaited recent publications for BEST-CLI and BASIL-2. 
Independent of their strengths and limitations, which 
are beyond the scope of this article, both trials reiter-
ated an increased need for repeat interventions follow-
ing endovascular treatment.3,4 Even though technical 
advances have enabled an “endovascular first” strategy 
for long and complex superficial femoral artery (SFA) 
lesions, durable patency remains limited by high rates of 
restenosis.5-8 Technical success at the end of an endovas-
cular procedure does not always translate into a durable 
result with longer-term patency. This is especially true 

in complex femoropopli-
teal disease such as long 
lesions (> 20 cm), chronic 
total occlusions (CTOs), 
in-stent restenosis (ISR), 
and severe calcified lesions. 
These complex, real-world 
lesions are associated with 
higher rates of restenosis 
and are typically excluded 
from device trials.

Open femoropopliteal 
bypass remains an excel-
lent treatment option for 
patients with an adequate 
great saphenous vein 
who are good surgical 
candidates. However, in 
the absence of an adequate 
vein, an open bypass is less 
appealing because prosthetic and venous allografts have 
inferior patency rates.3,9 Open surgical revascularization 
is also less desirable in higher-risk surgical patients with 
a perioperative mortality > 5%.9 Bypass surgery carries 
an inherent increased risk of complications ranging from 
myocardial infarction to infection. One must balance the 
perioperative risk of open surgery against the patency of 
endovascular intervention. When deciding a revasculariza-
tion strategy, each patient should be individually assessed, 
and risks and benefits carefully weighed.

Revascularizing Complex 
SFA Lesions and CTOs: 
Is It PTAB with the 
DETOUR™ System Time?
Exploring the role of percutaneous transmural arterial bypass (PTAB) in the treatment of  

superficial femoral artery stenotic and occlusive disease.

Figure 1.  PTAB with the 
DETOUR System.
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For those patients who are suboptimal for an open 
surgical bypass, emerging technologies aim to improve 
endovascular solutions. One such therapy that should 
be incorporated into the endovascular armamen-
tarium for long, complex femoropopliteal disease is 
the newly FDA-approved percutaneous transmural 
arterial bypass (PTAB) using the DETOUR System 
(Endologix; Figure 1). PTAB allows for the creation of 
a fully percutaneous femoropopliteal bypass by rout-
ing its covered stent grafts through the femoral vein. 
Under fluoroscopic guidance, the ENDOCROSS™ Device 
(Endologix) allows placement of the TORUS™ Stent 
Grafts (Endologix) from the SFA to the popliteal artery. 
The diseased SFA is bypassed, by way of the femoral 
vein, allowing perfusion to the lower extremity distal to 
the obstruction. 

Initially receiving Breakthrough Device designation 
from the FDA in 2020, the DETOUR System received 
FDA approval in June 2023. It is indicated for percu-
taneous endovascular revascularization in patients 
with symptomatic femoropopliteal lesions from 200 to 
460 mm, including CTOs of 100 to 425 mm in length or 
diffuse stenosis > 70%, who may be considered subopti-
mal candidates for surgical or alternative endovascular 
treatments. Table 1 outlines the subsets of patients 
who may be considered suboptimal candidates for cur-
rently available revascularization procedures.

PTAB PROCEDURE
A male patient in his mid-70s with bilateral lower 

extremity peripheral arterial occlusive disease with prior 
endovascular interventions presented to our center 
with claudication. He had undergone stenting of his 
right SFA 4 years prior and was clinically doing well 
until recent months. Medical comorbidities included 
hypertension, type 2 diabetes mellitus, hyperlipidemia, 
and chronic renal insufficiency. He quit cigarette smok-

ing at age 69 when he was diagnosed to have left lung 
carcinoma, which was in remission after radiation and 
chemotherapy. The patient had developed recurrent 
symptoms of Rutherford class 3 intermittent claudica-
tion with ankle-brachial index of 0.57. He was symp-
tomatic after walking for only 100 yards and experi-
enced significant pain walking up an incline. Peripheral 
angiography revealed complex SFA disease. This 
included ISR and severely calcified lesions throughout 
the right SFA. The disease segment measured 330 mm 
in length. Additionally, there was a 160-mm-long CTO 
in the proximal segment of the right popliteal artery. 
The reconstituted mid P2 segment of the right popliteal 
artery fills the two-vessel runoff to the periphery (right 
peroneal artery and right posterior tibial artery).

The patient was referred for enrollment in the 
DETOUR2 Investigational Device Exemption (IDE) 
Study to bypass the 490-cm-long diseased and occluded 
right femoropopliteal artery. A preprocedural CTA 
was performed verifying anatomic inclusion criteria for 
inclusion in the DETOUR2 Study (Table 2).  

Vascular Access
Contralateral left femoral artery access was obtained 

with the insertion of an 8-F, 45-cm-length crossover 
sheath into the distal right common femoral artery. 
Angiography of the proximal segment of the right SFA 
and the reconstituted right popliteal artery segment 
were noted (Figure 2). Under direct transcutaneous 
ultrasound guidance, ipsilateral distal venous access via 
the distal right posterior tibial vein was obtained. This 
was followed by the insertion of a 4-F, 45-cm-length 
sheath into the right popliteal vein. Baseline venography 

TABLE 1.  PATIENT SUBSETS WHO ARE  
SUBOPTIMAL CANDIDATES OF CURRENTLY AVAILABLE 

REVASCULARIZATION PROCEDURES
Long femoropopliteal arterial occlusive disease (200 to 460 mm 
in length)
Long chronic total occlusions (100 to 425 mm in length)
Diffuse, long, complex stenotic lesions that are heavily calcified
In-stent restenosis
“Failed” surgical bypass grafts
Absence of adequate venous conduit
Clinically high-risk surgical patients

TABLE 2.  ANATOMIC INCLUSION CRITERIA

Rutherford classification of 3-5

Symptomatic femoropopliteal lesions ≥ 20 cm in length 
considered to be:
    • Chronic total occlusion (100% stenosis)
    • Diffuse stenosis (> 50% stenosis)
    • In-stent restenosis (> 50% stenosis)

Reference vessel diameter ≥ 4.5 and ≤ 6.7 mm

Accessible superficial femoral artery at origin

Patent popliteal artery (< 50% stenosis) distal to the landing zone

At least one patent tibial artery extending to the foot

Patent femoral vein ≥ 10 mm in diameter or duplicate femoral vein
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was performed. A 10-mm gooseneck snare was then 
advanced into the proximal segment of the right femo-
ral vein at the level where the proximal anastomosis was 
to be created. 

Anastomoses Creation
The ENDOCROSS Device was advanced into the proxi-

mal segment of the SFA (proximal 3-4 cm of the vessel). 
Once positioned, the needle was fired into the femoral 
vein. A 0.014-inch guidewire was then advanced into the 
lumen of the femoral vein and into the snare that is situ-
ated in the proximal femoral vein segment to create the 
proximal anastomosis (ie, creation of an arteriovenous 
fistula [AVF]; Figure 3). Once snared, the guidewire was 
exteriorized out of the distal venous sheath. Balloon 
angioplasty using a 4-mm-diameter balloon catheter 
to dilate the tract of the AVF was then performed to 
optimize the proximal anastomosis. The ENDOCROSS 
Device was then readvanced through the proximal anas-
tomosis from the SFA into the femoral vein and distally 
positioned at the ipsilateral popliteal vein adjacent to the 
reconstituted segment of the ipsilateral popliteal artery. 
With the deployment of the ENDOCROSS Device needle 
through the wall of the popliteal vein and across the wall 
of the reconstituted popliteal artery segment, a second 
0.014-inch guidewire was advanced into the popliteal 
artery and positioned distally (Figure 4A). Balloon angio-
plasty over the second guidewire across the AVF created 
the distal anastomosis (Figure 4B).  

Stent Graft Deployment
The second 0.014-inch guidewire was exchanged for 

a 0.035-inch exchanged-length guidewire. Sequential 
deployment of three TORUS Stent Grafts was then 

performed from the distal right popliteal artery seg-
ment, through the femoral vein and proximally to the 
ostium of the right SFA. The first TORUS Stent Graft (6 X 
200 mm) was deployed across the distal anastomosis 
with at least 3 cm into the reconstituted popliteal artery 
segment. A 6.7- X 200-mm TORUS Stent Graft was then 
deployed with at least 6 cm of overlap into the first 
TORUS Stent Graft. The final TORUS Stent Graft (6.7 X 
150 mm) was implanted across the proximal anastomo-
sis with the proximal edge positioned at the ostium of 
the right SFA. Following the completion of PTAB, post-
stenting balloon dilatation was then performed along the 
entire length of the implanted stent grafts. Along with 
the completion angiogram (Figure 5), a final venogram 
was performed to assess the flow in the femoral vein 
throughout the course of the bypass (Figure 6). 

DETOUR2 STUDY
Results are promising from the DETOUR2 Study, 

a prospective, single-arm, multicenter, United States 
IDE trial across 36 sites for lesions > 20 cm long in the 
femoropopliteal segment with Rutherford class 3 to 5 
disease. Of the 202 patients who were enrolled and 
treated, 96% had CTOs, with a mean lesion length of 
327 mm. Of note, 60% of patients had previous vascular 
interventions and 17% had ISR.

At 1 year, freedom from clinically driven target lesion 
revascularization (CD-TLR) was 87.7% and freedom from 
100% occlusion was 92.4%.10 Deep vein thrombosis rates 
were 2.5% at 30 days and 4.1% at 1 year. No pulmonary 
embolism events were reported.

PTAB with the DETOUR System is designed to com-
bine the benefits of surgical bypass with those of an 
endovascular approach. This is very appealing from a 
patient perspective, particularly with respect to quality of 
life. Compared to the reported 3- to 9-day length of stay 
with open surgical bypass, PTAB averaged a length of 
stay of 1.1 days.11,12

Figure 2.  Baseline angiography of right SFA (A) and reconsti-
tuted right popliteal artery (B, white arrow).

A B

Figure 3.  ENDOCROSS Device deployment with advance-
ment of the guidewire from the right SFA (A) to the right 
femoral vein (B) and into the snare positioned at the proximal 
segment of the right femoral vein (C).

A B C
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As part of the study, patients were on dual antiplatelet 
therapy (DAPT) of aspirin and P2Y12 inhibitor, clopi-
dogrel (or a similar P2Y12 receptor antagonist). If the 
patients were not on aspirin and clopidogrel prior to the 
procedure, they received a loading dose within 24 hours 
prior to procedure. 

With data acknowledging how social determinants 
of health affect clinical outcomes, the DETOUR System 
could have a significant effect, as it enables tailoring 
patients’ treatment to their diverse needs and not just 
their pathology. The potential for same-day surgery 
along with the ability to return to normal activity in a 
shorter period impacts the patient in ways we in health 
care may not fully appreciate. For example, a patient 
may have delayed care due to social reasons such as 
being the primary caretaker of a loved one, childcare, or 
not wanting to miss work to avoid the financial impact 
on their household. 

Along with comorbidities, social situations such as tran-
sitional housing can increase the risk for complications (eg, 
infection) in a patient with new incisions and worse, with 
a prosthetic graft. Infection rates are reportedly as high 
as 14% in patients who underwent open bypass and are 
significantly lower at 0.5% in the group of patients who 
underwent PTAB with the DETOUR System .11,13-15

Figure 4.  ENDOCROSS Device deployment with advance-
ment of a second guidewire from the right popliteal 
vein (A) into the reconstituted segment of the right popli-
teal artery (B).

Figure 5.  Post-PTAB angiography of the revascularized 
right lower extremity. The widely patent TORUS Stent Grafts 
implanted from the ostium of the right SFA and across the 
proximal anastomosis (white arrow) into the right
femoral vein (A). The TORUS Stent Grafts traversing through 
the right femoral vein and through the distal anastomosis 
(white arrow) into the right popliteal artery (B). The
revascularized right popliteal artery filling the right anterior 
tibial artery, right tibioperoneal trunk, and right peroneal 
artery (C). Right anterior tibial artery filling the dorsalis pedis 
artery of the right foot (D).

Figure 6.  Post-PTAB venography of the ipsilateral venous 
system.
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CONCLUSION
PTAB with the DETOUR System now provides a 

unique option in the endovascular toolbox to treat long-
segment, complex SFA disease without “burning your 
bridge” for a future, infrageniculate bypass target with 
longer durability than balloon angioplasty or intravascu-
lar stenting alone. It allows for an endovascular option to 
manage complex real-world SFA lesions such as densely 
calcified or long-segment lesions that are known to have 
low patency rates with existing endovascular treatment 
options. It also offers a minimally invasive alternative for 
surgical bypass in patients who have already failed other 
endovascular interventions, failed previous open bypass 
surgeries, do not have adequate vein conduit, and are not 
suitable surgical candidates.  n
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INDICATIONS FOR USE:
The DETOUR™ System is indicated for use for percutaneous revascularization in patients with symptomatic femoropopliteal lesions from 200mm to 460mm in length with chronic total 
occlusions (100mm to 425mm) or diffuse stenosis >70% who may be considered suboptimal candidates for surgical or alternative endovascular treatments. The DETOUR™ System, or any 
of its components, is not for use in the coronary and cerebral vasculature.
 
CONTRAINDICATIONS:
The DETOUR™ System is contraindicated in patients with:
  • �A distal common femoral artery (CFA) <7 mm in diameter.
  • �Increased risk of deep vein thrombosis (DVT), such as patients with a recent history of DVT, thrombophilia, and disseminated malignancy.
  • �Untreated flow-limiting aortoiliac occlusive disease.
  • �Lack of patent single vessel tibial runoff to ankle.
  • �Known coagulopathy, bleeding diathesis, or thrombocytopenia that cannot be medically managed.
  • �Known hypersensitivities, allergies or contraindications to: Nitinol; PTFE; aspirin; heparin; antiplatelet; anticoagulant or thrombolytic therapy; or contrast media that cannot otherwise be 

medically managed.
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