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Background: Lesions in distal target arteries hinder surgical bypass procedures in patients with peripheral ar-
terial occlusive disease. Methods: Between April 2012 and October 2015, 16 patients (18 limbs) with life-
style-limiting claudication (n=12) or chronic critical limb ischemia (n=6) underwent femoral-above-knee (AK)
polytetrafluoroethylene (PTFE) bypass grafts with a bridging stent graft placement between the distal target
popliteal artery and the PTFE graft. Ring-supported PTFE grafts were used in all patients with no available
vein for graft material. Follow-up evaluations assessed clinical symptoms, the ankle-brachial index, ultrasono-
graphic imaging and/or computed tomography angiography, the primary patency rate, and complications.
Results: All procedures were successful. The mean follow-up was 12.6 months (range, 11 to 14 months), and
there were no major complications. The median baseline ankle-brachial index of 0.4 (range, 0.2 to 0.55) sig-
nificantly increased to 0.8 (range, 0.5 to 1.0) at 12 months (p<0.01). The primary patency rate at 12
months was 83.3%. The presenting symptoms resolved within 2 weeks. Conclusion: In AK bypasses with a
diffusely diseased distal target popliteal artery or when below-knee (BK) bypass surgery is impossible, this
procedure could be clinically effective and safe when used as an alternative to femoral-BK bypass surgery.
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Introduction

Femoral-above-knee (AK) popliteal bypass surgery
is a long-standing, well-recognized revascularization
procedure used in the lower extremities of patients
with atherosclerotic occlusive disease. Lesions in dis-
tal target arteries hinder surgical bypass procedures
in patients with peripheral arterial occlusive disease

(PAOD). Experienced surgeons have raised concerns
about whether the optimal location of distal anasto-
mosis is AK or below-knee (BK) [1]. Previous studies
have reported that synthetic grafts are considered ac-
ceptable alternatives for femoral-AK popliteal bypass
procedures, unlike femoral-BK popliteal bypass pro-
cedures [2-4].

Endovascular alternatives have been introduced for
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advanced PAOD, but do not lead to better results or
may not be feasible [5]. Recently, the Viabahn Open
Revascularization Technique (VORTEC) and Viabahn
Padova Sutureless (ViPS) techniques for the anasto-
mosis of synthetic grafts to diseased and calcified AK
popliteal arteries have been applied in femoropop-
liteal occlusive disease [6-8].

Generally, the patency of BK polytetrafluoroethy-
lene (PTFE) bypass grafts is inferior to that of AK
PTFE bypass grafts [1,9,10]. Moreover, long super-
ficial femoral artery (SFA) occlusion may sometimes
occur with a diffusely diseased distal target popliteal
artery or if BK bypass surgery is impossible due to
conditions such as a skin wound at the incision site.
Therefore, there is a need for an alternative to BK
PTFE bypass grafts.

To our knowledge, few studies have reported alter-
natives to BK popliteal PTFE bypass surgery in pa-
tients with lifestyle-limiting claudication (LLC) or
chronic critical limb ischemia (CLI).

Therefore, we aimed to report the results of femo-
ral-AK popliteal PTFE bypass grafts with a bridging
stent graft placement between the distal target pop-
liteal artery and PTFE graft in patients with long SFA
occlusion with diffusely diseased or calcified distal
target popliteal arteries as an alternative to BK pop-
liteal PTFE bypass surgery.

Methods

This was a case-series study that was retrospec-
tively reviewed and approved by the institutional re-
view board of Samsung Changwon Hospital (No.
SCMC-031-000) and performed in accordance with
the principles of the Declaration of Helsinki. Written
informed consents were obtained.

Computed tomography angiography (CTA) was ini-
tially performed in consecutive patients with LLC or
chronic CLI. Femoral-AK popliteal bypass procedures
with placement of a bridging stent graft between the
distal target popliteal artery and a PTFE graft
(Rutherford classification 3 to 5) were performed in
our hospital between April 2012 and October 2015.
All patients were counseled on smoking cessation
and walking exercise. All patients received aspirin
(81 mg or 325 mg), a vasodilator (calcium channel
blocker), and statins. All patients underwent intra-
muscular injection of 5,000 units of low-molec-

ular-weight heparin for 1 day and oral admin-
istration of warfarin and aspirin from day 2 post-
operatively to maintain the prothrombin time be-
tween an international normalized ratio of 1.5 and
2.0. The use of postoperative anticoagulation medi-
cation was planned for the lifetime of the patients.

Patients were included based on the following cri-
teria: long chronic SFA occlusion, a circumferentially
calcified or diseased AK and BK popliteal artery that
was not a candidate for traditional bypass surgery,
prominent collateral vessels arising from the deep
femoral artery around the knee, and no available sa-
phenous or brachial vein for an autogenous conduit.
No vein was considered to be available if the vein
was very small (<3 mm) or showed fibrotic changes
of the vessel wall.

Femoral-AK popliteal bypass procedures for con-
tralateral lesions were performed in 2 patients.
Preoperative distal runoff was scored by the number
of patent tibial vessels. Lesions of the femoropop-
liteal artery were categorized as C and D according
to the second TransAtlantic Inter-Society Consensus.
Age, gender, procedure-related adverse events, the
ankle-brachial index (ABI), and patency rate were
evaluated. The preoperative characteristics of patients
and lesions are presented in Table 1.

1) Procedures

The original report by Greenberg et al. [7] outlines
the basic technique of VORTEC [6]. Under general
anesthesia, all procedures were performed using fluo-
roscopy in an operating room. Standard surgical ex-
posure of the common femoral artery and AK pop-
liteal artery was performed. After administration of
heparin to maintain the activated clotting time in the
range of 180 to 200 seconds, the proximal part of
the common femoral artery was clamped. The prox-
imal end of the ring-supported PTFE graft was su-
tured to the common femoral artery in an end-to-side
fashion. The distal end of the PTFE graft was tun-
neled to the distal thigh.

A 1-cm longitudinal incision of the anterior wall of
the AK popliteal artery was made. The distal end of
the PTFE graft was sutured to the AK popliteal ar-
tery in an end-to-side fashion. After releasing the
clamp applied to the proximal artery, the distal PTFE
graft was punctured with an 18-gauge access needle,
and a 0.889-mm guidewire (Terumo, Tokyo, Japan)
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Table 1. Preoperative characteristics

TransAtlantic

Patient  Sex/age Ankle-brachial Target vessel  No. of tibial . Saphenous vein
no. (yr) Symptoms index size (mm) vessels Inter-Society status
Consensus |l category
1 M/72 Claudication 0.55 5.2 3 C Small size
2 M/78 Claudication 0.5 4.5 2 C Small size
3 M/80 Pain at rest” 0.2 4 1 D Fibrotic changes
4 F/77 Pain at rest 0.25 4.2 1 D Small size
5 M/76 Claudication 0.44 5 2 C Fibrotic changes
6 M/78 Claudication 0.3 4 1 D Small size
Claudication 0.4 4.2 1 D Small size
7 F/77 Pain at rest 0.3 5 1 D Fibrotic changes
8 F/75 Claudication 0.4 5.4 2 (@ Small size
9 M/74 Pain at rest 0.38 4 1 D Fibrotic changes
10 M/83 Pain at rest” 0.35 4 1 D Small size
11 M/77 Claudication 0.5 5 2 c Small size
Claudication 0.3 3.8 1 D Small size
12 F/74 Pain at rest 0.35 5 1 D Fibrotic changes
13 M/75 Claudication 0.5 5 2 (@ Small size
14 M/76 Claudication 0.55 4 2 D Fibrotic changes
15 F/73 Claudication 0.55 5.3 3 c Small size
16 M/74 Claudication 0.36 4 1 D Small size

M, male; F, female.
dndicates tissue loss.

was inserted through this needle into the PTFE graft
under fluoroscopic guidance. Then, a 7-Fr sheath was
introduced into the PTFE graft. The diseased and cal-
cified AK and BK popliteal arteries were cannulated
with a 0.889-mm guidewire under fluoroscopic guid-
ance through a 5-Fr diagnostic catheter (Kumpe;
Cook Medical, Bloomington, IN, USA). If the diseased
distal target popliteal artery was completely occluded,
recanalization of the total occlusion was performed.
Angioplasty was then carried out to pre-dilate before
placement of the bridging stent graft. Balloon size se-
lection was based on a visual estimate of the vessel
or lesion size. A Viabahn stent graft 5 or 6 mm in
diameter (5, 10, or 15 cm in length; W. L. Gore &
Associates, Flagstaff, AZ, USA) was introduced over a
guidewire into the distal target artery with proper
landing under fluoroscopic and angiographic guidance.
The bridging stent graft diameter was determined by
preoperative CTA, with a mean diameter between the
diameters of the distal target popliteal artery and the
PTFE graft. The bridging stent graft was 10% to 15%
oversized based on the luminal diameter. The Viabahn
stent graft was partly deployed within the diseased
popliteal artery and partly within the PTFE graft. A

balloon was used to mold the stent graft to achieve
good apposition to the healthy popliteal artery wall
and to the PTFE graft under fluoroscopic guidance. A
completion angiogram was performed at the end of
the procedure to ensure patency of the graft and the
Viabahn stent with preserved distal runoff (Figs. 1,
2). The punctured distal PTFE graft was sutured by
one or two 6/0 Prolene stitches. Wounds were then
closed and dressed.

2) Follow-up protocol

Postoperative follow-up visits occurred at approx-
imately 1 month, 3 months, 6 months, and 1 year af-
ter surgery. At each visit, a clinical examination was
performed with color-flow duplex ultrasonography.
Follow-up CTA was only carried out if noninvasive
studies suggested restenosis or occlusion (positive
duplex scan with a difference in ABI >0.15), or if
the patient had recurrent symptoms. Patency was de-
fined as stenosis <50% on color-flow duplex ultra-
sonography. The definition of 50% restenosis was
based on a peak systolic velocity ratio >2.4 [11].

A symptom severity questionnaire was completed
to assess the severity of patient symptoms during
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Fig. 1. Femoral-above-knee bypass with placement of a bridging stent graft. Images from a 73-year-old man suffering from chronic crit-
ical limb ischemia. (A) Preoperative angiographic details of the above-knee popliteal artery. (B) Angiography performed by guiding the
catheter through the PTFE graft shows a diffuse diseased popliteal artery after femoral-above knee bypass. (C) Recanalization of the fo-
cal occlusion and diseased popliteal artery was performed. (D) A Viabahn stent graft 5 mm in diameter was introduced over a guidewire
into the distal target artery with proper landing under fluoroscopic and angiographic guidance after pre-dilatation angioplasty. (E) A bal-
loon was used to mold the stent graft to achieve good apposition to the healthy popliteal artery wall and to the PTFE graft. (F) Final an-
giographic imaging after the femoral above-knee bypass with the hybrid procedure shows good patency of the graft and the Viabahn
stent with preserved distal runoff. PTFE, polytetrafluoroethylene.

{4

Fig. 2. A 77-year-old man with a skin wound at the below-knee bypass incision site who was treated with a femoral-above-knee bypass
with placement of a bridging stent graft. (A) Computed tomography angiography shows occlusion of the right femoropopliteal artery and
posterior tibial artery. (B) Angiography performed by guiding the catheter through the polytetrafluoroethylene graft shows the diffusely
diseased popliteal artery after the femoral-above-knee bypass. (C) Recanalization of the diseased popliteal artery was performed. (D)
Angioplasty was performed for pre-dilatation before placement of the bridging stent graft. (E) A Viabahn stent graft 5 mm in diameter
was introduced over a guidewire into the distal target artery with proper landing under fluoroscopic and angiographic guidance. (F) The
final angiographic imaging after the femoral-above-knee bypass with the hybrid procedure shows good patency of the graft and Viabahn
stent with preserved distal runoff.

follow-up, using a scale from —3 (markedly worse) with range. The patency rate was calculated using
to +3 (resolved). The scores were divided into 4 cat- Kaplan-Meier analysis. All statistical analyses were
egories: resolved (score of +3), improved (scores of performed using PASW SPSS ver. 18.0 (SPSS Inc,
+1 to +2), no change (score of 0), and deteriorated Chicago, IL, USA).
(scores of —1 to —3) [12].
Results
3) Data analysis
Measured values are reported as mean or median The technical failure rate was 0% for the surgical
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Fig. 3. Kaplan-Meier estimates of primary patency after femoral-
above-knee bypass procedures with placement of a bridging stent
graft.

bypass grafts using this hybrid procedure. During the
first year after surgery, 2 of the 18 implanted grafts
became occluded within 3 months and 6 months,
respectively. One occlusion was treated with throm-
bolysis and percutaneous transluminal angioplasty.
The other failed to improve with treatment. The
overall 1-year primary patency rate with bridging
Viabahn grafts was 83.3% (Fig. 3). The operative
mortality rate was 0%. No major perioperative (<30
days) complications occurred. One minor complica-
tion, perigraft seroma formation, was observed.
Despite a patent graft, 1 toe amputation had to be
performed. This patient had tissue loss with chronic
CLI and 1 patent tibial artery. The patients’ symp-
toms improved within 2 weeks. The mean follow-up
period was 12.6+2.8 months. Patient outcomes are
reported in Table 2.

Discussion

Femoropopliteal bypass surgery has been used for
decades as a first-line revascularization option for
patients with PAOD in order to relieve their symp-
toms, restore their ability to walk, and avoid foot
amputation. Autologous saphenous veins are gen-
erally the preferred conduit. Femoral-AK popliteal
PTFE vascular grafts might yield patency results
comparable to those achieved with veins; even if the
outcomes are somewhat inferior afterwards, the dis-
crepancy is not significant [13,14].

Surgical skills and endovascular alternatives are

Table 2. Hemodynamic and symptom changes at one year

Variable Value

Hemodynamic changes

Ankle-brachial index 0.8 (0.5-1.0)
Immediate symptom relief

Resolved 7
Improved 11
Deterioration

Amputation 1

Values are presented as median (range) or number.

being continuously developed. Recently, VORTEC has
been introduced as a hybrid technique for femo-
ral-AK popliteal bypass procedures. With VORTEC,
the Viabahn stent is inserted via direct puncture into
the target artery. The stent graft is then sutured to
the artery and graft [6,7]. With the ViPS technique
[8], after the wunsheathed distal portion of the
Viabahn stent is sutured to the PTFE graft in an
end-to-end fashion, the undeployed proximal portion
of the Viabahn is inserted into the target artery.

Both VORTEC and ViPS techniques pose risks of
distal target vascular injury, such as perforation by
the guidewire, inaccurate landing of the Viabahn
graft, rupture, or dissection of a distal target vessel
during stent graft deployment under direct vision.
Furthermore, ViPS has the potential risk of bleeding
at anastomotic sites between the PTFE graft and the
Viabahn stent. Unlike the VORTEC and ViPS techni-
ques, our hybrid procedure minimizes vascular injury
to the distal target and enables a more accurate
landing of the Viabahn stents, because the stent is
introduced over a guidewire into the distal target ar-
tery under fluoroscopic and angiographic guidance.
Another advantage of our procedure is that it does
not require circumferential dissection of the distal
AK popliteal artery or result in distal back bleeding
during anastomosis to the distal AK popliteal artery.
Additionally, the distal end of the PTFE graft can be
controlled using soft snares around the target artery
without cross-clamping.

There was a discrepancy in diameters between the
distal target popliteal artery and the PTFE graft in
our procedure. To overcome this discrepancy, a
bridging Viabahn stent was used. The femoropopliteal
junction and popliteal artery are exposed to repeti-
tive flexion and extension of the knee joint. Therefore,
stent placement in this area can be accompanied by
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limited clinical success in interventions [15,16]. A
Viabahn stent graft with a mean diameter between
that of the distal target popliteal artery and the PTFE
graft was used, followed by ballooning of the de-
ployed Viabahn stent.

The Viabahn graft is a stent graft originally de-
signed for treating femoropopliteal arterial occlusive
disease and arterial aneurysm. The Viabahn stent
graft is a composite based on the combination of a
thin expanded PTFE (ePTFE) lining and a surround-
ing self-expanding nitinol stent. ePTFE is a well-
known synthetic material (GORE-TEX, W. L. Gore &
Associates) with a long and successful record in tra-
ditional and endovascular surgery [7,8].

We were concerned about collateral circulation of
the distal target popliteal artery. However, in patients
with chronic long SFA occlusion and diffusely dis-
eased distal popliteal arteries, the major collateral
vessels around the diseased popliteal artery mostly
arise from the deep femoral artery. Before the proce-
dure, the major collateral vessels were evaluated on
CTA. Attempts were made to preserve collateral circu-
lation by choosing the most proximal possible landing
zone under fluoroscopic and angiographic guidance.

To reduce unnecessary proximal graft puncture
sites and to minimize the procedure time, angiog-
raphy was performed through a distal graft with CTA
evaluation for lesions and major collateral vessels.
During follow-up, no complications related to ex-
cluded collateral vessels were observed.

In many patients, an autologous vein cannot be
used for graft materials because there is no suitable
available vein or because they are at an increased
risk of wound complications or difficult vein harves-
ting. The 12-month follow-up period in many femo-
ral-AK popliteal bypass studies with PTFE grafts re-
vealed mean primary patency rates of 76.3% to
85.3% [10,13,17,18]. Other studies reported that the
primary patency rate was as low as 59% to 81% in
femoral-BK popliteal bypasses with PTFE grafts
[9,17]. In our study, the primary patency rate at 1
year was relatively high, at 83.3%. The primary pa-
tency rate of our study was comparable to those that
have been reported in studies of AK bypass proce-
dures with PTFE grafts. This may have been due to
the transluminal treatment of diffusely diseased AK
and BK popliteal arteries and the use of bridging
stent grafts.

Safety was assessed with respect to complications
during and after the procedures. There were no ma-
jor complications after femoral-AK bypass with the
hybrid technique. There was one case of toe amputa-
tion at 6 months after bypass surgery with the hy-
brid technique. The patient had tissue loss with 1 ti-
bial runoff vessel before the hybrid procedure and
showed a patent graft after the hybrid procedure. We
presumed that the cause of amputation was distal
runoff, which negatively affects graft patency, and
poor tibial runoff is a predictor of poor anatomic
and functional outcomes [16,19,20].

Future research plans include clinical examinations,
color-flow duplex ultrasonography, and calculation of
the ABI every 6 months. If a noninvasive study sug-
gests restenosis or occlusion, or if the patient has re-
current symptoms, follow-up CTA will be performed.

Two drawbacks of our procedure are the extra
cost of bridging stent grafts and the long amount of
time required to perform the procedures. However,
the extra cost is justified by the relatively long pa-
tency of the diseased popliteal arteries compared to
the patency of femoral-BK bypass with PTFE grafts.
The time required for bridging stent graft placement
is not excessive when the procedure is performed by
experienced surgeons and interventional radiologists.
The limitations of this study include a small number
of patients and a short follow-up period. Therefore,
an additional study with longer-term follow-up is
needed.

In conclusion, despite its limitations, this study
presented a safe procedure for patients with no
available vein for graft material, with an acceptable
patency rate, to treat long SFA occlusion with a dif-
fusely diseased or calcified distal target popliteal ar-
tery or patients in which a BK bypass graft would be
impossible. This procedure may be a clinically effec-
tive and safe alternative to femoral-BK PTFE bypass
surgery.
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