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Bilateral Surgical Bypass With 
Prosthetic Conduit Incorporating 
Deep Venous Arterialization for Limb 
Preservation
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Introduction

Chronic limb-threatening ischemia (CLTI) represents ap-
proximately 10% to 15% of the growing population of patients 
with peripheral arterial disease. Approximately 20% of patients 
with CLTI are considered “no option”, lacking a suitable target for 
traditional revascularization by endovascular or open surgical 
techniques.1 These no-option patients are at increased risk for 
nonhealing of the lower extremity with amputation rates as 
high as 40% at 1 year.2 Deep venous arterialization (DVA) offers 
revascularization in an attempt to obtain limb preservation in 
this challenging group of patients. DVA delivers oxygenated 
blood to the capillary bed in a retrograde manner by way of the 
venous system and has been described with surgical bypass as 
well as percutaneous endovascular techniques. This case report 
describes bilateral surgical bypass incorporating DVA for healing 
and limb preservation.

Case Report

A 70-year-old African American woman presented with 
CLTI of the lower extremities. The primary complaint involved 
left-foot rest pain with progressive tissue loss at the base of the 
fifth metatarsal head and gangrenous changes of the forefoot. 

The patient had a medical history of congestive heart failure, 
hypertension, hyperlipidemia, pancreatitis, atrial fibrillation, 
and poorly controlled type 2 diabetes mellitus. Prior attempts 
at revascularization at an outside facility included endovascular 
intervention (angioplasty of the superficial femoral, popliteal, 
and anterior tibial arteries) as well as 2 failed surgical bypass 
procedures (femoral to below-knee popliteal with polytetraflu-
oroethylene [PTFE] and femoral to posterior tibial artery with 
saphenous vein). Both bypasses had occluded within 12 months. 
Physical exam was notable for an ulceration of the left forefoot 
with gangrene of the first and fifth digits. There were no palpa-
ble pedal pulses. Noninvasive studies in the vascular laboratory 
revealed an ankle-brachial index (ABI) of 0.27 on the left and 
0.53 on the right. The toe-brachial index (TBI) on the left was 
unmeasurable, with a TBI on the right of 0.41. The patient was 
admitted and scheduled for lower extremity arteriography to 
determine options for possible revascularization.

Arteriography showed a chronically occluded left super-
ficial femoral artery with reconstitution of a segment of the 
above-knee popliteal artery, stenosis of the P2 segment of the 
distal popliteal artery, stenosis of the tibioperoneal trunk, and 
occlusion of the tibial arteries with reconstitution of a small, 
isolated posterior tibial segment at the ankle. A bypass was per-
formed from the left external iliac artery to the posterior tibial 
vascular bundle incorporating DVA of the posterior tibial vein. 
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Due to prior procedures and a hostile left 
groin, a limited retroperitoneal incision 
was made in the left lower quadrant to 
expose the external iliac artery, which 
was found to have a strong pulse. A sec-
ond incision was made in the medial 
aspect of the lower left leg just superior 
to the ankle to expose the posterior tibial 
vascular bundle. On examination, the 
posterior tibial artery was a diseased, 
calcified isolated segment not suitable 
for arterial bypass. The bypass conduit 
was a 6-mm heparin-bonded expanded 
PTFE (HePTFE) graft (Propaten, W.L. 
Gore) tunneled between the proximal 
and distal incisions. The patient received 
intravenous heparin, and the proximal 
anastomosis was performed in an end-
to-side manner using 6-0 Prolene suture 
(Ethicon) in the parachute technique. 
The distal anastomosis was performed 
using a common ostium technique with 
7-0 Prolene suture and the parachute 
technique. The arterial segment was in-
cluded to facilitate suturing the prosthetic 
conduit to the tibial vein by essentially 
stenting open the anastomosis with the 
arterial wall and allowing increased 
luminal diameter of  the anastomosis 
to the tibial vein at this location (Fig-
ure 1). Vein valve disruption or lysis 
was performed prior to completion of 
the anastomosis using Cooley coronary 
dilators to physically disrupt the vein 
valves intraluminally. Valve lysis of  4 
tibial vein valves was performed between 
the anastomosis and the plantar surface 
of the foot. The anastomosis was closed, 
and anterograde flow in the vein segment 
was strong with a palpable pulse and a 
triphasic Doppler signal in the distal vein. 
The wounds were irrigated and closed, 
and the patient returned to recovery in 
stable condition. Postoperatively, the 
patient was maintained on aspirin and 
24 hours of intravenous heparin prior to 
conversion to apixaban (5 mg) to maintain 
graft patency. Podiatric wound care was 
continued with 72 hours of intravenous 
antibiotics prior to discharge. 

Two weeks after discharge, the patient 
was admitted to the medical service for 

Figure 1. Intraoperative photo of the technique used for the distal anastomosis of the left lower 
extremity bypass incorporating deep venous arterialization. (A) Common ostium between tibial vein 
and artery. (B) Anastomosis at completion; note the lack of tibial vein distension as distal valves 
had been lysed. 
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an acute-on-chronic heart failure exacerbation. Computed 
tomography angiography of the abdominal aorta and bilateral 
runoff to rule out graft infection found the graft to be patent 
without fluid accumulation or other radiographic signs of 
infection. After discharge, the patient followed our standard 
surveillance protocol with outpatient evaluation at 3, 6, and 12 
months. Vascular lab studies at 3 months showed a left ABI of 
1.05 and TBI of 0.66 (initial TBI was 0.12). At 6 months, the ABI 
was not obtained due to concern regarding compression of the 
distal anastomosis, and the TBI was 0.54 with triphasic digital 
waveforms. At the patient’s yearly follow-up visit, the TBI re-
mained 0.5. Duplex ultrasounds obtained at these time intervals 
confirmed graft patency (Figure 2). The left foot wounds healed 
in 6 months with podiatric wound care.

During follow-up, a right calcaneal 
lesion extended to subcutaneous tissue 
with exposure of a portion of the Achilles 
tendon despite wound care. The patient 
had undergone failed bypass on the right 
in the past, from the femoral artery to 
the proximal anterior tibial artery, using 
a PTFE conduit without any anastomotic 
adjuncts. A right lower extremity arte-
riogram was obtained, and the patient’s 
right lower extremity arterial anatomy 
was deemed nonamenable to conventional 
revascularization. Realizing DVA is not 
the ideal option for heel ulceration, there 
was no other alternative for the right foot. 
Because lower extremity bypass with DVA 
had maintained the left limb, it was de-
cided to attempt a similar intervention 
on the right side. A right-leg bypass was 
performed using a similar technique as 
described above but using the femoral 
artery as inflow and the anterior tibial 
vascular bundle as outflow. The patient 
was discharged with bilateral multiphasic 
pedal Doppler signals for follow-up with 
vascular surgery and podiatric in one of 
our wound centers. The patient returned 
to home out of the area but has a patent 
bypass and limb preservation at 6 months. 

Discussion

Several no-option patients are present-
ing for revascularization to achieve healing 
and amputation prevention, especially in 
the context of a limb preservation program. 
These patients may have undergone prior 
endovascular or open surgical procedures 

and continue to face a lack of healing and limb loss. DVA is a 
technique for consideration in such patients, meant to deliver 
oxygenated blood in a retrograde manner through the venous 
system to the tissue by way of the capillary bed. This concept was 
described by Alexis Carrel during his work with anastomotic 
technique in a canine femoral model. At that time, it was noted 
that although venous valves prevent such reverse circulatory 
patterns, after several hours flow did pass through the capillaries 
and into the arterial tree, filling in a retrograde manner, with 
dark blood demonstrating such flow reversal. Clinical utility 
was reported in the surgical literature with a report in 2010 
describing 18 patients having an in situ vein bypass to perfuse 
the deep venous arch of the foot. The authors reported 55% limb 
salvage in this challenging patient group.3 In 2011, Mutirangura 
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Figure 2. Duplex ultrasound performed at 6-month follow-up. (A) Flow into the tibial vein at the 
anastomosis. (B) Distal image beyond the anastomosis with turbulent flow at the plantar surface 
of the foot.
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reported on 26 patients with unreconstructable distal arteries 
undergoing vein bypass to the paramalleolar deep veins with 
destruction of distal valve competency. This experience resulted 
in 49% patency and 75% limb salvage at 2 years.4 More recently, 
endovascular DVA has proven to be relatively safe and effective.5 
Off-the-shelf  devices have been used for the endovascular 
approach, as well as a standardized commercial product (the 
LimFlow system). 

This case report describes our early experience with surgical 
bypass incorporating DVA. The technique built upon our previ-
ously reported anastomotic adjunctive techniques.6-8 The patient 
required bilateral procedures to avoid major bilateral amputa-
tion after failure of other surgical and endovascular attempts at 
revascularization. Due to prior bypass attempts, the patient did 
not have saphenous vein available as the DVA bypass conduit. 
The lack of a suitable target for arterial bypass also precluded 
a fistulous construction, leading to the decision to incorporate 
DVA. A direct tibial venous anastomosis was not chosen to avoid a 
prosthetic conduit sutured directly to a small tibial vein. The need 
for such a prosthetic bypass is a situation we face in a significant 
number of our bypass cohort due to prior usage for limb bypass, 
coronary artery bypass grafting, varicose vein procedures, and 
prior phlebitis.9 The use of HePTFE with anastomotic adjuncts 
has increased prosthetic graft utilization and outcomes.9,10 In this 
case, the anastomotic configuration optimized technique with 
flow directed into the distal tibial venous circulation (Figure 1). 
There was no anticipation of flow into the corresponding tibial 
artery. Healing related directly to DVA is somewhat speculative; 
however, we believe there is not a component of arterial revas-
cularization in this case. A sustained improvement in TBI did 
occur with duplex imaging to demonstrate graft patency and 
with flow into the tibial venous circulation. The final arbiter is 
healing, and this did occur.

Patients should be counseled that edema can occur initially, 
and the patient must be willing to embark upon a postoperative 
course that requires time and aggressive wound care. Definitive 
wound closure is often delayed, allowing for a decrease in such 
edema and optimization of retrograde perfusion with any an-
giogenesis that may occur. In regards to postoperative medical 
therapy, initial experience with the distal vein patch technique 
indicated that anticoagulation resulted in enhanced graft patency, 
although this did not reach statistical significance.11 Perioperative 
intravenous heparin with transition to oral anticoagulation had 
been standard; however, because of the rapid onset of the direct 
oral anticoagulant (DOAC) medications and a reduction in the 
risk of hematoma and incisional bleeding with intravenous 
heparin, this practice has been reconsidered. Currently, pa-
tients undergoing surgical DVA are administered an antiplatelet 
agent (often clopidogrel) and a DOAC (exact medication based 
on patient insurance and wishes). Dual antiplatelet therapy is 
used for a history of bleeding with anticoagulation or inability 
to obtain a DOAC. 

Follow-up of these patients includes duplex ultrasound 
evaluation of the conduit as well as distal venous architecture. 
We have not routinely performed follow-up arteriography nor 
secondary intervention, as is often the case with the endovas-
cular technique.12 Follow-up arteriography was not considered 
as important as for endovascular DVA because surgical DVA has 
a more focused and distal venous target. However, such routine 
follow-up arteriography with secondary intervention is being 
considered after surgical DVA, as well as a more aggressive ap-
proach to secondary venous intervention to enhance outcomes.

Conclusion

This case report involves bilateral revascularization by sur-
gical bypass incorporating DVA for limb preservation. Surgical 
DVA will continue to play a role in the armamentarium for limb 
preservation; however, as standardized endovascular devices 
become refined and more available, the endovascular approach 
may take precedence. Regardless, DVA should be considered for 
patients considered “no option” to obtain limb preservation. This 
procedure requires effort, close follow-up, and unique wound 
care to obtain optimal outcomes. This requires commitment both 
by the surgeon and patient.
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