Hybrid approach to deep vein arterialization as an
adjunct for patients with severe medial calcinosis
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ABSTRACT

Patients with no-option chronic limb-threatening ischemia are not candidates for conventional revascularization options
and will inevitably require major amputation. Deep venous arterialization (DVA) is a potential option for these patients. A
complete endovascular system to perform DVA has recently received great acclaim and US Foor and Drug Adminis-
tration approval. However, patients with severe tibial medial calcinosis such as those with diabetes or renal failure may
not be candidates for this because most endovascular needles cannot penetrate severe calcium. Here we describe a
novel hybrid approach to DVA that provided technical success in three patients with end-stage renal disease and severe
medial calcinosis. (J Vasc Surg Cases Innov Tech 2024;10:101545.)
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Chronic limb-threatening ischemia (CLTI) is a severe
and debilitating condition characterized by inadequate
blood flow resulting in ischemic rest pain and tissue
loss, often resulting in amputation. Limb salvage strate-
gies have relied traditionally on arterial revascularization
techniques to restore inline flow to the foot. Despite ad-
vances in open surgical and endovascular techniques,
there remains a large population who are not candidates
for conventional revascularization strategies owing to se-
vere distal atherosclerotic disease with either no viable
target or inadequate outflow to the foot. Deep venous
arterialization (DVA) is a potential option for these pa-
tients with no-option CLTI (noCLTI). DVA involves making
a connection between a proximal arterial inflow and a
distal deep venous target, creating an unconventional
outflow to provide oxygenated blood to the foot. Endo-
vascular DVA has been previously described and has
gained great acclaim with the LimFlow System (LimFlow
SA, Paris, France)."* However, most endovascular needles
cannot penetrate severe calcium, making patients with
severe tibial medial calcinosis, often diabetics and those
with renal failure (end-stage renal disease), ineligible.

Here we describe a hybrid approach to DVA that in-
volves a small posterior tibial exposure to create the arte-
riovenous connection (arteriovenous fistula [AVF]) along
with endovascular DVA. This approach has provided
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technical success in three patients with end-stage renal
disease and severe medial calcinosis. The patients pro-
vided written informed consent for the report of their
case details and imaging studies.

CASE REPORT

Each of the three patients had tissue loss to the forefoot with
no suitable bypass targets and no identifiable arterial runoff
into the foot (Fig 1). Given these findings, each patient was con-
sented for DVA. We had a high suspicion for severe medial calci-
nosis from preoperative imaging and consented each patient for
a possible hybrid approach in the event that we could not cross
the tibial arteries endovascularly.

The affected leg was circumferentially prepped and draped.
Antegrade access was obtained in the common femoral artery.
The posterior tibial vein at the level of the medial malleolus was
also accessed with a microsheath. Diagnostic arteriogram
confirmed calcified, but patent superficial femoral artery, popliteal
artery and tibioperoneal trunk. A 0.014” wire was advanced into the
tibioperoneal trunk, and an intravenous ultrasound examination
was performed. We used an intravenous ultrasound-guided
reentry catheter to locate and to pass a needle through the tibio-
peroneal trunk into the posterior tibial vein. However, we were un-
able to cross, presumably owing to dense calcifications. We
performed a venogram that showed the target area of crossover
between the artery and vein.

Next, a posterior tibial cutdown was performed in the upper calf,
just distal to the tibioperoneal trunk. Through the open incision
the posterior tibial artery was felt to be calcified, but with good
countertraction was able to be directly accessed with a micronee-
dle, and an 0.018” wire was snared from the commmon femoral ar-
tery. The back of the wire was then advanced into the posterior
tibial vein through a venotomy and snared through the posterior
tibial vein creating a through wire. This was exchanged over a
crossing catheter for a stiff 0.018” wire, creating a stable platform.
Then from the tibial vein access, a balloon catheter was advanced
to create the fistula between the posterior tibial artery and vein,
followed by a 5-mm covered self-expanding stent from the groin
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Fig 1. Preoperative angiogram demonstrating severe tibial disease without suitable bypass target or adequate

outflow in three patients (A-C).

access. The stent was visible within the field and hemostatic (Fig 2,
A). The posterior tibial vein was then serially dilated with a 4-mm
balloon, followed by another 5-mm covered self-expanding stent
down to the level of the posterior tibial vein access. A second wire
was then advanced past the posterior tibial vein access point into
and around the pedal venous arch. The through wire was then
removed at this point and a third, 5-mm, covered self-
expanding stent was placed to cover the tibial vein puncture. A
2.5-mm cutting balloon was then advanced through the pedal
venous arch, rendering valves incompetent, but no additional
stents were placed. In one patient, the pedal venous arch could
not be traversed via the posterior tibial vein, so the arch was
crossed retrograde via with anterior tibial vein for venous valvulo-
plasty (Fig 2, B). Completion angiogram showed good flow
through the DVA with arterialization of the deep pedal venous
arch (Fig 3). The groin access was then closed with a closure de-
vice. The posterior tibial artery cutdown site was closed in layers
and dressed in a sterile fashion. The patients had a palpable pulse
in the foot and were planned to be maintained on 75 mg daily clo-
pidogrel (Plavix) and systemic anticoagulation for =3 months.
Postoperatively, all patients underwent arterial duplex and had
a patent AVF with good volume outflow past the distal covered
stent ranging from 45 to 184 mL/min thatincreased in subsequent
duplex. Patients experienced leg swelling that was not limiting
and managed with leg elevation alone. At one month, all DVAs
remained patent with plans for minor amputations for attempts
at limb salvage.

DISCUSSION

Approximately one-quarter of patients with CLTI will
undergo a major amputation within 1 year,* and nearly
40% of patients with noCLTI will undergo amputation
within 6 months.®> As venous arterialization grows as an
option to treat noCLTl patients, understanding and
refining its technique to manage this difficult population
is necessary. Open surgical venous arterialization has
been a concept for >100 years,® but the procedure con-
tinues to evolve. There are multiple open surgical series
with varying methodologic qualities and unreliable out-
comes.”® This inconsistency in technical success and
limb salvage rates attests to the complexity and difficulty
of this operation in a challenging patient population with
very limited options. Moreover, the open surgical tech-
nique necessitates creating large and deep incisions to
create the AVF and an arduous task of venolysis to pre-
vent steal phenomenon.

Consequently, endovascular approaches to DVA have
developed by creating the AVF with reentry catheters
like the Pioneer Plus (Philips, San Diego, CA), performing
endovascular valvuloplasty, and deploying long covered
stents along the target vein to minimize steal and maxi-
mize oxygenated blood flow distally to the foot? The
LimFlow System (LimFlow SA) has recently been
approved by the US Food and Drug Administration for
complete transcatheter arterialization of deep veins after
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Fig 2. (A) Posterior tibial artery to vein covered stent placement. (B) Wire access into the saphenous system via
the posterior and anterior tibial veins allowing venoplasty of the pedal arch.

Fig 3. Completion angiogram of the three patients (A-C) with filling of the deep venous system and pedal arch.

successful outcomes reported in the PROMISE | and Il
studies.”® This development has provided standardiza-
tion and procedural ease to performing percutaneous
DVA. The PROMISE Il study demonstrated that patients
with noCLTl who underwent transcatheter arterialization
with the LimFlow System had an amputation-free sur-
vival at 6 months in 66%, avoided an above-ankle ampu-
tation in 76%, and had completely healed wounds in
25%.°

Although the success of the transcatheter arterializa-
tion is remarkable, the system requires that the donor ar-
tery, most frequently the posterior tibial artery, can be
traversed into the venous system percutaneously. Unfor-
tunately, in this subset of NoCLTI patients and particularly
in dialysis-dependent patients, this critical step may be

difficult, if not impossible, owing to long segments of
medial calcinosis. Gandini et al'® evaded this challenge
by creating the AVF much more distally at the plantar ar-
tery and vein, but this approach relies on a much longer
segment of inline flow via the posterior tibial artery.
Others have elected to create an open AVF, either with
great saphenous vein or PTFE conduit, but this technique
disrupts the valves with an endovascular approach.”'?
Here, we describe a novel hybrid technique for DVA us-
ing the tibial arteries without creating a new anasto-
mosis, which is also often difficult with severe
calcinosis. Postoperative and follow-up duplex ultra-
sound examinations have shown technical success and
feasibility of this method in three patients. Although
our approach requires an open incision (~5 cm) to assist
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in the cannulization of the tibial artery to the deep vein,
the remaining steps are nearly identical to the endovas-
cular approaches previously described that have very
encouraging results. We, therefore, believe that this
new hybrid approach will expand the number of pa-
tients that could benefit from this limb salvage
procedure.

CONCLUSIONS

We demonstrate good technical and clinical success
using a hybrid approach to facilitate DVA for limb
salvage as an adjunct for patients with severe medial
calcinosis.

DISCLOSURES
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