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Results of Infrainguinal Bypass with a Composite
Graft Combining Polytetrafluoroethylene and Vein
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Graft in Absence of Appropriate Saphenous Vein Graft
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Purpose: Use of a composite graft combining a polytetrafluoroethylene graft with
an autogenous vein is an option for limb salvage in the absence of an adequate
single segment vein graft. We aimed to investigate the results of infrainguinal
bypass with a composite graft.

Materials and Methods: We retrospectively reviewed 11 infrainguinal arterial
bypasses on 11 limbs which underwent surgery from March 2012 to November
2016.

Results: Critical limb ischemia was common (63.6%) indication of bypass surgery
and most (90.9%) of the patients had history of failed previous treatment including
endovascular treatment (36.4%) and bypass surgery (72.7%). At the 2 years after
graft implantations, primary patency and amputation-free survival of below-knee
bypasses using composite graft were 73% and 76%, respectively.

Conclusion: Infrainguinal arterial bypasses with composite graft had an acceptable
patency. In patients without other alternative conduits for revascularization,
bypass with a composite graft can be an option.
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INTRODUCTION

Currently, less number of infrainguinal bypass surgeries
is being performed because of advances in endovascular
therapy; however, a significant portion of patients still
require arterial bypass as a definitive treatment in limb-
threatening ischemia. Infrainguinal arterial reconstruction
for limb salvage in the absence of an adequate great sa-
phenous vein (GSV) remains challenging [1,2]. Furthermore,
the patients undergoing bypass surgery for limb salvage,
especially after failed endovascular therapy, are usually el-
derly, and the absence of a usable GSV is a common clinical
scenario. High incidences of coronary artery bypass graft-
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ing and reoperative lower extremity bypass surgery are also
common risk factors in patients lacking an adequate saphe-
nous vein graft.

In the absence of an adequate GSV, the use of a compos-
ite graft combining a polytetrafluoroethylene (PTFE) graft
with an autogenous vein is an option; however, this is not
a widely used option, and reports regarding this unusual
combination of graft materials are rare. In this article, we
report our experience with composite grafts combining a
PTFE graft and an autogenous vein in infrainguinal bypass
surgery.
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MATERIALS AND METHODS

We performed a retrospective review of 11 infraingui-
nal arterial bypass surgeries performed on 11 limbs of 10
patients with chronic occlusion of the femoropopliteal ar-
teries. The surgeries were performed from March 2012 to
November 2016 in Tlsan-Paik Hospital by a board-certified
vascular surgeon. Patients undergoing surgery for acute
or subacute arterial occlusion or vascular trauma were ex-
cluded. A retrospective review of the electronic medical
records was performed to identify the following variables:
age, sex, comorbid conditions (diabetes mellitus, hyperten-
sion, hyperlipidemia, chronic kidney disease [CKD] stage
111-V, ischemic heart disease, previous cardiac intervention,
cerebrovascular accident, and tobacco use).

The composite graft was defined as a graft composed
of both a PTFE and a segment of autogenous vein (sa-
phenous vein or arm vein). Grafts including only a spliced
autogenous vein segment (not using PTFE) or a vein patch
at the distal anastomosis of the PTFE graft (Fig. 1) were not
included in the composite graft group.

Preoperative mapping of the saphenous was done using
ultrasonography. When all saphenous veins were exhausted
or unavailable, the evaluation for arm veins was made. 1f
a minimum diameter of 2 mm was seen on duplex scan,
it was considered to be possible graft material. Qur intra-
operative criteria for an optimal vein included a minimum
diameter of 2.0 mm, distensibility with gentle inflation, and

Fig. 1. Vein cuff at distal anastomosis for the anastomosis
of the polytetrafluoroethylene graft to the posterior tibial
artery (blue arrow). Vein cuff only at the distal anastomosis
was not included in the composite graft. This popliteo-pos-
teror tibial artery bypass graft was occluded on postopera-
tive day 340.

the absence of sclerotic areas. If luminal diameter of the sa-
phenous vein was too small in intra-operative findings, we
considered the use of a composite graft in bypasses cross-
ing the knee joint.

In cases of Trans-Atlantic Inter-Society consensus (TASC)
C or D lesions, we preferred bypass surgery to endovascular
treatment unless the patients had a severe comorbid condi-
tion including recent myocardial infarction (<6 weeks since
infarction), symptomatic coronary artery disease, dialysis
dependent-renal insufficiency, or severe chronic obstruc-
tive pulmonary disease. In lesions crossing the knee joint
without an adequate length of GSV to cover the lesion, the
author attempted to construct a composite graft with us-
able segments of the saphenous vein or arm vein. When
there was no usable vein segment, bypass was performed
with a PTFE graft, with or without a vein cuff. Fig. 2 shows
the configurations of an infrainguinal bypass completed

Fig. 2. Configurations used in infrainguinal bypass surgery
with a composite graft in the absence of an appropriate
single segment vein graft (yellow arrows: anastomosis be-
tween polytetrafluoroethylene graft and vein graft). (A) A
79-year-old female patient who underwent a right femoro-
TPT bypass with a composite graft due to acute on chronic
ischemia. Run-off vessels were very poor (blue arrow).
Transmetatarsal amputation was needed but the limb was
salvaged. (B) A 67-year-old male patient who underwent
a right femoro-TPT bypass with a composite graft due to
critical limb ischemia caused by a previous bypass graft oc-
clusion. (C) A 73-year-old male patient who underwent a
right femoro-above knee popliteal and posterior tibial ar-
tery graft bypass with a composite graft due to critical limb
ischemia caused by a previous bypass graft occlusion. The
patient had a history of multiple failed endovascular treat-
ments. Transmetatarsal amputation was needed but the
limb was salvaged. TPT, tibioperoneal trunk.
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with a composite graft.

Follow-up examinations were performed within the first
month of surgery, then at 3-month intervals for the first
year, and semiannually thereafter. Duplex ultrasonography
or computed tomography was used to image the graft dur-
ing follow-up. Outcome variables included primary patency,
limb salvage and amputation-free survival. Stenosis was
defined as diameter reduction more than 50% on duplex
ultrasonography or computed tomography. If the degree of
stenosis is not clear on 2-dimensional image, the velocity
criteria using peak systolic velocity ratio >2.4 on duplex ul-
trasonography was used. The grafts without stenosis were
considered patent. Limb salvage was defined by freedom
from major amputation (above the ankle). Any amputa-
tion at or distal to the Lisfranc level was not considered
as a limb salvage failure. Amputation data were obtained
though outpatient clinic follow-up.

Table 1. Baseline characteristics of the patients (n=11)
Variable

Value
72.9+8.2/73.0 (57.0-80.0)
9 (81.8):2 (18.2)

Age (y)
Sex (male:female)
Cormorbidities

Hypertension 6 (54.5)
Diabetes mellitus 7 (63.6)
Coronary artery disease 5 (45.5)
Cerebrovascular accident 4 (36.4)
Chronic kidney disease stage >llI 2(18.2)
Dyslipidemia 2(18.2)
Smoking 8 (72.7)

Ex-smoker® 5 (45.5)

Current smoker” 3(27.3)

Indication

Claudication 4 (36.4)
Critical limb ischemia 7 (63.6)

Rest pain:Tissue loss 3(27.3):4 (36.4)

Prior treatment

None 1(9.1)

Endovascular treatment (times) 4 (36.4)
1-2 2(18.2)
>3 2(18.2)

Bypass surgery 8(72.7)

Autogenous vein:PTFE 1(9.1):7 (63.6)

TASC classification

C lesion:D lesion 2 (18.2):9 (81.8)

Values are presented as meansstandard deviation/median (range)
or number (%).

PTFE, polytetrafluoroethylene; TASC, Trans-Atlantic Inter-Society
consensus.

*Non-smoking period <1 year, "non-smoking period >1 year.
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Hypertension was defined as the use of antihyperten-
sive medication for high blood pressure, or a systolic blood
pressure =140 mmHg and/or diastolic blood pressure =90
mmHg. Diabetes mellitus was defined as the use of blood
glucose-lowering medication and/or fasting glucose level of
>126 mg/dL. Dyslipidemia was defined as the use of lipid-
lowering medication and/or cholesterol >200 mg/dL and/or
low-density lipoprotein-cholesterol >130 mg/dL. CKD stage
>[11 was defined as glomerular filtration rate estimated by
MDRD (Modification of Diet in Renal Disease) or CKD-Ep-
idemiology Collaboration (EP1) equation <60 mL/min/1.73
m’. Smoking included current smoker (non-smoking period
<1 year) and ex-smoker (non-smoking period >1 year).

RESULTS

Table 1 shows patient demographics, comorbidities, the
indications for revascularization, prior treatment, and the
TASC classification. The median (range) age of the patients
was 73.0 years (57.0-80.0 years); 63.6% had diabetes and
45.5% had coronary artery disease. A total of 72.7% of the

Table 2. Procedural details of bypass with composite graft
(n=11)

Procedural details Value
Concomitant Inflow procedure’ 5 (45.5)
[liac PTA 2(18.2)
llio-fem bypass 2(18.2)
Aorto-fem bypass 1(9.1)
Proximal anastomosis
External iliac artery 1(9.1)
Common femoral artery 8 (72.7)
Superfical femoral artery 2(18.2)
Distal anastomosis
Above knee popliteal artery 0
Below knee popliteal artery 6 (54.5)
Crural 5 (45.5)
Tibioperoneal trunk 2(18.2)
Posterior tibial artery 2(18.2)
Anterior tibial artery 1(9.1)
Peroneal artery 0
Crossing knee joint
Above knee 0
Below knee 11 (100)
Graft material
PTFE+GSV 10 (90.9)

PTFE+Arm vein 1(9.1)

PTA, percutaneous transluminal angioplasty; PTFE, polytetrafluo-
roethylene; GSV, great saphenous vein.
“Inflow procedures which were performed perioperatively.
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patients were ex-smoker or current smoker, critical limb
ischemia was the indication of treatment in 63.6%. A total
of 90.9% of the patients had history of prior treatment in-
cluding endovascular treatment (36.4%) and bypass surgery
(72.7%). All Tesions (100%) were chronic total occlusion and
most (81.8%) of the lesions were TASC D lesion.

The procedural details of bypass surgery are shown in
Table 2. Concomitant inflow procedures were performed
in 45.6%. A total of 72.7% of bypasses had their proximal
anastomosis at the common femoral artery, 18.0% at su-
perficial femoral artery, and 9.1% at external iliac artery.
The distal anastomoses were to the below knee popliteal
artery in 54.5%, tibioperoneal trunk in 18.2%, posterior
tibial artery in 18.2%, and anterior tibial artery in 9.1%. All
the procedures were crossing the knee joint. The composite
grafts were composed of PTFE grafts combined with 10
great saphenous veins and 1 basilic vein.

Patients were followed-up for a mean 506.9 days (range,
182-920 days). There was no perioperative mortality or loss
of follow-up. Three bypass graft were occluded, 1 patient
required a major amputation, and 1 patient died with a sal-
vaged limb during follow-up. The 2-year primary patency
and amputation-free survival were 73% and 76%, respec-
tively (Fig. 3).
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Fig. 3. Kaplan-Meier curve demonstrating primary patency
and amputation-free survival (mean follow-up duration=
506.9+302.9 days, range=182-920 days).

DISCUSSION

Although numerous studies conclusively support the use
of saphenous vein grafts for lower extremity arterial recon-
struction [3-8], the absence of an acceptable saphenous
vein graft with an optimal diameter of appropriate length is
common. In the absence of an appropriate GSV graft, other
autogenous options include the small saphenous vein or an
arm vein. However, data regarding the optimal conduit for
below-knee arterial bypass in the absence of a usable single
segment GSV are not robust and results have been mixed
[1,9-14]. Tn addition, despite the time-consuming and tech-
nically difficult procedure for harvesting unusual autog-
enous veins, vein quality cannot be guaranteed in many
cases. Therefore, we favored using a composite graft than
using an arm vein or a spliced vein graft in the absence of
an adequate single segment GSV.

All bypasses in the composite graft crossed the knee
joint in this series. Generally, intermediate-term patency of
below knee bypasses using PTFE grafts has been reported
to be low [15-22]. In the series of this study, the composite
grafts were used to minimize the disadvantage of PTFE
graft crossing the knee joint. Eight patients (72.7%) had
history of previous bypass surgeries; in 7 patients among
these, the previous bypasses were using PTFE graft due to
lack of appropriate saphenous vein graft. Nevertheless, with
the selective combination of PTFE and short segment of
vein, we could complete the reoperative bypasses minimiz-
ing the disadvantage of PTFE graft.

A composite graft has several advantages. First, the pro-
cedures required for completing a composite graft are sim-
ple and technically easy. These procedures are illustrated
in Fig. 4. We prefer completing the distal anastomosis first
because it can be performed easily with good visibility at
the anastomosis site. Although composite grafts necessitate
an additional anastomosis between a vein graft and a PTFE
graft (Fig. 4C), this anastomosis is not technically difficult
because it is usually performed in a relatively superficial
layer (Fig. 4C). The large caliber and stiff features of the
PTFE graft are also helpful in preventing a purse string ef-
fect at this anastomosis. Especially in cases of saphenous
vein duplication, the duplication site can be used as this
anastomosis site using the T-junction technique (making a
common channel at the bifurcation site). Second, a com-
posite graft can eliminate the risk of juxta-anastomosis site
stricture, which is common in the proximal part of a long
bypass using a reversed saphenous vein. The large caliber
of the ringed PTFE graft allows sufficient proximal graft
flow. Third, a composite graft retains the advantages of
autogenous vein graft in bypasses crossing the knee joint.
The vein component of the composite graft is flexible and
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Fig. 4. Femoro-TPT bypass with composite graft using a PTFE graft and the proximal part of the ipsilateral great saphenous
vein. (A) Distal anastomosis of the short segment reversed great saphenous vein at the TPT. (B) Tunneled ringed 6 mm PTFE
graft anastomosed proximally to the common femoral artery (green arrow) and saphenous vein graft tunneled to above
the knee (blue arrow). (C) Anastomosis between the PTFE and saphenous vein grafts. (D) Completion of anastomosis: above
knee segment was composed of PTFE graft and distal segment crossing the knee joint was composed of a reversed saphe-
nous vein graft. TPT, tibioperoneal trunk; PTFE, polytetrafluoroethylene.

makes the distal anastomosis feasible and redundant.

Three conditions are necessary to maintain the patency
of a composite graft. First, sufficient inflow must be ob-
tained. To overcome the thrombogenic effect of the PTFE
graft, inflow should be abundant. In this study, concomi-
tant inflow procedures were performed in 45.5% of bypass-
es. Second, only an autogenous vein of good quality with
a large diameter must be used. Prior studies have reported
unfavorable outcomes of composite prosthetic-autogenous
grafts [11,23,24]; however, these studies have a possibility
of selection bias, and the details of the procedures using
composite grafts were not well described. Third, the opera-
tion must be performed in a planned manner. Thorough
evaluation for the usable vein segment and careful selec-
tion of the distal anastomosis site are essential. In our
series, bypasses with composite grafts were planed preop-
eratively in 9 cases. In other 2 cases, the decision of using
composite graft was made intra-operatively, and these 2

https://doi.org/10.5758/vsi.2017.33.2.65

bypass grafts were occluded immediately after the surgery
postoperatively. We believe precise preoperative planning is
a important factor. Our principle is to avoid the placement
of an artificial graft crossing the knee joint and to use only
a good quality vein in the composite graft. We believe that
this strategy is essential to maintain the primary patency of
composite grafts. In addition, the composite graft can be
used as a type of sequential bypass grafting (Fig. 2C). This
sequential bypass graft using PTFE and autogenous vein
graft is a useful and safe therapeutic option [25].

In this study, we showed that a composite graft combin-
ing a PTFE graft and a segment of autogenous vein is a
safe and technically simple option in below the knee bypass.
Although a large scale study is needed to confirm the long-
term patency, the composite graft bypass showed a durable
primary patency in the intermediate-term. Although endo-
vascular treatments are being provided as a first-line treat-
ment, the long term durability of endovascular treatments
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must be proved especially in chronic long segmental femo-
ropopliteal occlusion. Cautious interpretation of the current
results of endovascular treatment in femoropopliteal lesion
is needed considering the lesion morphology and length. In
addition to current endovascular treatment, bypass surgery
with composite graft is an option to treat patients with
poor vein quality, especially when other therapeutic options
fail.

The major limitations of this study are the retrospective
design, the small number of patients, and the short follow-
up duration. In addition, all the procedures were performed
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