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Case planning and execution of inframalleolar bypass for
chronic limb-threatening ischemia

Clara M. Gomez-Sanchez, MD, and Michael S. Conte, MD, San Francisco, CA

ABSTRACT

Chronic limb-threatening ischemia is challenging to treat because of the complex patient population, heterogeneity of
limb presentations, and complicated arterial pathology. To meet this challenge, vascular surgeons need a broad range of
skills to appropriately tailor interventions to each patient’s specific needs. One tool in the armamentarium for patients
with extensive arterial occlusive disease below the knee is an inframalleolar bypass. However, these procedures require a
systematic approach to surgical planning and a high degree of technical competence. We describe our approach to
inframalleolar bypass for limb preservation in suitable patients with advanced tibial artery disease. (J Vasc Surg Cases

Innov Tech 2023;9:1-7.)
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The incidence of peripheral arterial disease continues
to increase around the world, and its end-stage disease,
chronic-limb threatening ischemia (CLTI), affects an esti-
mated 2 million people per year in the Unites States.' The
patient population tends to be complex, with high rates
of diabetes and kidney disease and a considerable
burden of cardiovascular disease” successful limb
salvage requires a comprehensive approach to diagnosis,
medical management, surgical intervention, and long-
term surveillance. Occlusive disease affecting below-
knee arteries is common in CLTI, particularly in those
with diabetes. Endovascular surgery techniques have
rapidly advanced the field of vascular surgery and
expanded treatment options in patients with peripheral
arterial disease. However, outcomes for percutaneous an-
gioplasty and atherectomy in infrapopliteal vessels have
been overall disappointing in terms of durability and clin-
ical outcomes,** and no drug-eluting devices have been
approved for infrapopliteal use by the US Food and Drug
Administration to date. In contrast, several large series
have demonstrated excellent rates of limb salvage in
CLTI patients with extensive tibial disease who under-
went bypass to inframalleolar targets®>”’ Given the
increasing global prevalence of diabetes and renal
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disease, distal bypass to inframalleolar targets remains
an essential skill set for vascular surgeons today.

HOW I DO IT

Preoperative assessment and decision-making. The
decision to proceed with a specific operation begins
with an assessment of three factors: patient, problem,
and anatomy. A comprehensive understanding of the
patient’'s comorbidities and functional status is essential
to determine the likelihood of success and the risks
and potential benefits of intervention. This evaluation
should provide a full understanding of the cardiovascular
and pulmonary risk factors, with particular attention to
ambulatory and functional status. Estimation of opera-
tive risk and long-term survival are central to informed
decision making, and predictive tools such as the
Vascular Quality Initiative CLTI risk calculator are
valuable.®

The indications for intervention for severe infrapopliteal
arterial disease should be limited to rest pain or tissue
loss. In this context, the limb status should be formally
described using the SVS Threatened Limb Classification
system (wound, ischemia, and foot infection),” which in-
tegrates wound, ischemia, and infection severity into
score to stratify the risk of limb loss and assess the pro-
posed benefit of revascularization. A patient with a low
wound, ischemia, and foot infection stage may be one
in whom wound care should be pursued first or endovas-
cular treatment favored if anatomically appropriate;
however, those with extensive ischemic tissue loss and
anatomically complex disease often warrant an open
approach to revascularization. The distribution of tissue
loss is also important; a heel wound, for example, is a
high-risk problem because there are few functional
limb salvage options if surgical resection is required.

High-fidelity imaging of the arterial anatomy is funda-
mentally important to operative planning. Cross-sectional
imaging generally provides inadequate evaluation of the
small vessels below the knee and especially below the
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Fig 1. (A, B) Preoperative photos demonstrating rapidly progressive digit gangrene on the hallux and second
digit with an ulcer at the tip of the second digit. (C) Lateral radiograph of the foot demonstrating a severe
deformity as well as severely calcified dorsal and plantar vessels. (D) Planning angiogram demonstrated diffuse
disease in the tibial vessels with abrupt occlusion of the anterior tibial at the ankle. The posterior tibial is not
visualized, but there is a posterior branch from the peroneal extending to the ankle. The common plantar is
occluded and only one plantar branch is visible. (E) Completion angiogram after popliteal to dorsalis pedis
bypass. The outflow target overlies the branch point of the lateral tarsal branch. There is a gentle curve proxi-
mally as the bypass crosses the tibia. (F) One year after bypass finds complete healing of the partial hallux and
second through fourth toe amputations. Case included with permission from patient.

ankle, but is useful in evaluating for proximal disease.
Duplex ultrasound examination is a critical tool for initial
evaluation and surveillance, but has technical limitations
in tibial and pedal vessels and may be inadequate to
determine the ideal position for a bypass target confi-
dently. Our practice is to perform digital subtraction angi-
ography on all patients considered for bypass to below-
knee vessels to adequately assess inflow and outflow tar-
gets. Inflow should come from a healthy segment of artery
as close to the distal target as possible without any un-
treated or high-risk disease proximal to it. It is reasonable
to use an inflow target that is distal to a patent iliac stent,
femoral endarterectomy, or a short segment of a success-
fully treated superficial femoral artery (SFA). However, posi-
tioning a bypass distal to an untreated hemodynamically
significant lesion or a treated long-segment chronic total
occlusion of the SFA or popliteal portends an unaccept-
ably high risk of downstream failure. The distal target
should be examined carefully using both anteroposterior
and lateral projections on an angiographic study that cap-
tures runoff to the toes. If a patient has multiple pedal tar-
gets available, the healthiest vessel with the best
collateralization should be selected. The extent of calcifica-
tion on angiography or even plain film radiography can
also help to predict how pliable a segment of artery wiill
be to suturing. Fig 1, A-C, demonstrates a case of a patient
with rapidly progressing gangrene with severe arterial
calcification in the foot on radiograph. Permission for pub-
lication was obtained from all patients whose cases are
shown in this article.

The success of any bypass is predicated on having
appropriate inflow and outflow, but adequate autolo-
gous conduit is an especially critical factor in bypasses

to tibial and inframalleolar targets. We prefer greater
saphenous vein of =3 mm, but find that many marginal
veins dilate under anesthesia, so we often attempt to use
a vein >25 mm on preoperative vein mapping. Many
studies have identified a single-segment greater saphe-
nous vein as the ideal lower extremity bypass
conduit,>'®!" but alternative options with acceptable out-
comes include spliced leg vein, small saphenous, and
arm vein.'”' The stiffness and large caliber of a pros-
thetic graft is poorly suited to the small size of inframal-
leolar vessels,”" and cryopreserved cadaveric vein should
be used only with the understanding that the mid-
term durability is expected to be poor.”” A patient with
severe rest pain and no adequate autologous conduit is
unlikely to receive a lasting benefit from an inframalleo-
lar bypass with a nonautogenous conduit and may be
better suited to a primary amputation if the pain is intol-
erable and no endovascular option is available.

Conduct of operation. We find it useful to repeat an
intraoperative duplex ultrasound examination of the
conduit to confirm the quality of the selected vein and
mark the skin for incisional planning. The patient should
have the entire affected lower extremity prepped cir-
cumferentially into the field, as well as any additional
limbs if a conduit is needed from another site. We prefer
to have a sterile tourniquet on the field for use during the
distal anastomosis, and, if the inflow is below the knee, it
can be useful for the proximal as well. A padded bump is
used to support the leg in external rotation during
dissections.

The greatest unknowns in distal bypass surgery are
conduit and target artery quality; thus, we begin the
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Fig 2. Anatomical rending of the dorsum of the foot with the course of the dorsalis pedis artery and its terminal

branches.

operation by exposing the vein and outflow targets to
confirm the preoperative plan. If there is unexpected
conduit pathology or inadequate diameter, alternate
sources of autogenous vein (eg, contralateral leg or
arm) are considered. We use intraoperative ultrasound
examination to identify and evaluate the planned pedal
target. Color Doppler or spectral waveform imaging may
be used to confirm that the identified segment of artery
is patent consistent with the prior angiography. Deter-
mining the adequate target artery for inframalleolar
bypass requires experienced judgment and ideally is a
vessel with >2 mm in luminal diameter with minimal
calcifications. Diffuse, thick circumferential calcifications
without gaps may be inoperable, but milder calcification
is common and not prohibitive. Fig 1, D, E, demonstrates
successful popliteal to dorsalis pedis bypass despite
diffuse calcification, with the healed foot seen at 1 year
in Fig 1, £ The inflow artery is then exposed and the
length of vein necessary for bypass is determined. Inflow
from the common femoral artery, SFA, or popliteal artery
is isolated in standard fashion, with care during the initial
incision to avoid inadvertent injury to the saphenous
vein.

The terminus of the anterior tibial artery is the dorsalis
pedis, which lies just lateral to the extensor hallucis

longus tendon in the proximal foot and can be identified
entering the foot just deep to the edge of the extensor
retinaculum (Fig 2). We make a 3-cm longitudinal inci-
sion overlying the dorsalis pedis and perform a relatively
limited dissection of the vessel if a sterile tourniquet can
be used for vascular control on the calf. More distally, the
lateral tarsal artery branches from the dorsalis pedis
laterally toward the fifth metatarsal head and can be
an adequate target if the dorsalis pedis is unacceptable.
Lateral retraction or even division of the first and second
tendons of the extensor digitorum longus and extensor
hallucis brevis muscles may be necessary to achieve
distal exposure of the lateral tarsal artery.

The terminus of the posterior tibial artery is the com-
mon plantar artery that bifurcates into the lateral and
medial plantar arteries as it passes deep to the flexor reti-
naculum (Fig 3). With the leg in an externally rotated po-
sition, an incision is made in the medial foot just inferior
to the medial malleolus and the flexor retinaculum is
identified and partially transected to expose the com-
mon plantar artery. This incision can be followed deeper
into the foot under thick plantar fascial tissue and
through the abductor hallucis muscle to access the
medial or lateral plantar arteries. Of the two, the lateral
is typically the more inferior and often the larger. The
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ARTERIAL ANATOMY OF THE ANKLE AND FOOT
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Fig 3. Anatomical rendering of the medial foot demonstrating the course of the common plantar artery and its
terminal branches. (Reprinted with permission by Elsevier from Andros G, Harris RW, Salles-Cunha SX, et al.
“Lateral plantar artery bypass grafting: defining the limits of foot revascularization” J Vasc Surg 1989; 10:511-21.)

planning angiogram and photos for a patient with pat-
ent common plantar and lateral plantar arteries are
demonstrated in Fig 4, A-D, with the completion angio-
gram and a 1-year follow up image in Fig 4, E, F.

Once the intended targets for inflow and outflow have
been exposed, we use an umbilical tape to measure the
length of conduit needed to achieve a tension-free
bypass. The ankle joint is expected to have =90° of
flexion and extension, and the conduit length must
accommodate the ability to move with a full range of
motion without endangering the graft. We perform
open harvest of the vein conduit with as little direct
grasping of the vein as possible to avoid inadvertent
injury during dissection, and we always harvest several
centimeters more than is needed. Longitudinal incisions
with skin bridges are used. All side branches are ligated
once the necessary length of vein is exposed, with a
few larger side branches left with longer stumps for
convenient use as entry points for retrograde valvulot-
omy. We use a buffered crystalloid vein harvest solution
(Plasmalyte) containing heparin (4 U/mL) and papaverine
(012 mg/mL) to flush the graft and keep it hydrated
while preparing for implantation.

The tunneling is performed before heparinization to
decrease bleeding complications. Tunneling to the dor-
salis pedis or its branches is performed subcutaneously
from the medial leg in the proximal one-half of the calf
before crossing over the tibia in the distal one-third of
the leg in a gentle S shape and approaching the target
in a straight line parallel to the tibia. This procedure

typically requires two counterincisions to cross over the
tibia. If there is a limited length of saphenous vein avail-
able or nearby wounds are prohibitive to a subcutaneous
graft position, the tunnel can be made anatomically
through the interosseous membrane within the anterior
compartment. Tunneling to the plantar vessels is typi-
cally performed in the subcutaneous space, passing
behind the medal malleolus to enter the medial foot.
In both cases, the tunnel may be close to the harvest
site of the saphenous vein, but all efforts should be taken
to position the bypass in intact tissue beside the harvest
site rather than within it in case of wound breakdown
(Fig 5). If there is significant edema in the leg, a relaxing
incision farther from the graft may be helpful to relieve
tension on incisions nearest to the bypass.

Because of the small size of the outflow vessels, we typi-
cally perform the bypass in a nonreversed fashion for bet-
ter size matching. However, a reversed orientation is
acceptable if the size match is appropriate. After
weight-based heparin is administered, the proximal
anastomosis is performed first. After an arteriotomy of
1.0 to 1.5 cm in length is created on the vessel, the vein
graft is spatulated and the anastomosis performed with
running 5-0 or 6-O polypropylene sutures. In a deep cav-
ity such as the below-knee popliteal space, a parachute
technique may be valuable to best visualize suture place-
ment at the heel of the anastomosis, which is at the
greatest risk for narrowing. After completion of the anas-
tomosis, the clamps or tourniquet are released to allow
dilation of the graft. In a nonreversed vein, we prefer to



Journal of Vascular Surgery Cases, Innovations and Techniques

Volume 9, Number 2

Gomez-Sanchez and Conte 5

Fig 4. (A-C) Planning angiogram demonstrating a patent distal popliteal artery, anterior tibial origin, and
tibioperoneal trunk with occlusion of all three tibial vessels and numerous collaterals. (D) Preoperative photo
demonstrating progressive dry gangrene affecting the hallux and toes 2 and 3. There was mild drainage from
the hallux ulcer but no significant cellulitis on the foot. (E) Completion angiogram demonstrating the distal
anastomosis of the bypass at the commmon plantar artery. Only one of the branches, the lateral plantar, was
patent. The pedal arch is heavily diseased as well. (F) Photo at 1 year after bypass demonstrating complete
healing of digit 2 as well as the amputation sites of digits 1 and 3. Case included with permission from patient.

Fig 5. Popliteal to common plantar bypass demonstrating
proximity of the harvest site to the bypass. The proximal
bypass is seen in the proximal incision (occluded by a
white bulldog clamp), but is positioned deep to the sub-
cutaneous tissues in the mid leg and is not exposed in the
harvest site. Distally the vein graft is seen overlying the
distal target. Case included with permission from patient.

use a Mills valvulotome to rupture the valves. We prefer
not to telescope the entire length of vein onto the valvu-
lotome, and instead access the vein in segments via two

or three larger side branches that have been left long
enough religate without narrowing the graft. The valves
are only disrupted with the vein fully distended to avoid
accidental laceration. Once completed, there should be
robust pulsatile flow from the vein. The distal end of graft
is clipped, and the anterior surface marked to help avoid
inadvertent twisting of the graft.

Once the graft has been passed through the tunnels
and is overlying the distal target, the leg is elevated
and an Esmarch bandage is used to exsanguinate the
leg before inflation of the tourniquet. A small intralumi-
nal balloon may be needed for inflow control with very
severe proximal calcifications. Choosing the best site for
the arteriotomy is an important point. It is best to avoid
areas of severe calcification; occasionally, an artery with
diffuse medial calcification will have a focal gap between
plagues that can be advantaged. When the calcification
is purely medial, it may be possible to gently crack the
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ring with forceps to facilitate suturing. An arteriotomy is
made longitudinally for a length of approximately 6 to
12 mm in the inframalleolar vessel with a microscalpel
and fine Potts scissors. We confirm that the outflow tract
is patent by gently probing with a 1- or 2-mm lacrimal
probe and then the graft is trimmed to length. After
spatulating the end, we usually use a parachuting tech-
nique with 6-0 or 7-0 polypropylene sutures for the anas-
tomosis in a running fashion. In the case of a significantly
calcified pedal artery, we tend to use slim tapered-point
needles such as the Ethicon Visi-black needle. Thorough
flushing is critical before completion of the anastomosis.

We evaluate both anastomoses routinely with intrao-
perative duplex ultrasound examination to look for any
evidence of a technical defect causing hemodynamically
significant stenosis. Additionally, we perform a comple-
tion angiogram in all patients to confirm there is no
compromise in either anastomosis, lie of the graft, or
the outflow (Figs 1, E, and 2, E). Papaverine hydrochloride
(30-60 mg) is injected into the graft and foot to relieve
any spasm. Once satisfied with the technical result, the
heparinization is reversed with protamine and meticu-
lous hemostasis achieved.

Multilayered closure with gentle soft tissue handling is
essential to prevent wound healing complications over
the superficially located graft. Our preference is to use
nylon vertical mattress sutures in all incisions below the
knee, which remain in place for =3 weeks, but often
longer if there is any concern for incomplete healing.
Dressings should be placed painstakingly to avoid focal
pressure on the bypass graft and windows provided to
allow for regular pulse examinations. A gentle ACE
wrap may be helpful to decrease postoperative edema,
and a posterior splint or boot should be made for pa-
tients with bypass to the plantar foot to maintain a
neutral position.

Postoperative management. Control of edema is para-
mount for avoiding wound breakdown after pedal
bypass. The leg is strictly elevated above the level of the
heart at all times during the first 24 hours and any time
the patient is not actively ambulating once they have
been cleared to get out of bed. We minimize intravenous
fluids postoperatively with goal-based resuscitation
rather than automatic order sets, and diuresis is
commonly used on postoperative day 2 onward to help
maintain euvolemia in patients with any renal disease or
reduced ejection fracture. We maintain all patients on
antiplatelet and statin therapy before and after bypass
and initiate rivaroxaban 25 mg twice daily on post-
operative day 3 unless they have indications for other
antithrombotic regimens.'®

If the patient needs a podiatric procedure after their
revascularization, we recommend waiting a minimum
of 3 to 5 days for reperfusion and resolution of acute
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edema. A transition from dry to wet gangrene may
prompt an urgent procedure, but in that situation, it
may be prudent to leave the wound open with a plan
for delayed primary closure.

Our preference is to repeat noninvasive evaluation with
toe pressures before discharge to establish a new base-
line. After discharge, we follow patients with an incision
check 2 weeks after discharge, then a repeat duplex ul-
trasound examination and clinical evaluation at T month.
If no issues are identified, we typically schedule surveil-
lance ultrasound examinations at 3 months and every
6 months thereafter. We are fortunate to have a multidis-
ciplinary limb preservation team, so wounds in our pa-
tients are closely followed by podiatric colleagues; it is
critical that any worsening of foot wounds are communi-
cated immediately between the podiatrist and the
vascular surgeon, such that re-evaluation of the perfusion
status and aggressive reintervention can be performed if
necessary.

DISCUSSION

Even in patients with severe distal disease, pedal bypass
may offer excellent rates of limb salvage. In a retrospec-
tive analysis of 865 patients treated at a single center,
one group found a 5-year limb salvage rate for dorsalis
pedis bypass of 78.2% with superior performance in pa-
tients with saphenous veins over other conduits.” Simi-
larly, a series of 98 bypasses performed to plantar or
tarsal branches reported a 69% limb salvage rate at
5 years, despite the very distal targets used.® Direct com-
parisons of pedal bypass and infrapopliteal endovascular
interventions are limited, but in a review of short-term
outcomes of bypass-first vs endovascular-first revascular-
izations for infrageniculate disease, there were signifi-
cantly higher rates of major amputation in the
endovascular-first cohort with 7.4% vs 4.3% at 30 days."”
Compelling longer term data from the BEST-CLI trial
also supports the use of saphenous vein infrainguinal
bypass as first line for CLTI management in patients
with adequate vein, although subgroup data on distal
tibial or pedal targets are not available yet."® Individual-
ized treatment plans that factor in the patient, problem,
and anatomy are critical to optimizing outcomes of CLTI
treatment, and handling small, diseased vessels in distal
bypasses requires a high level of technical finesse. It is
critical that a vascular surgeon continues to practice
and refine these techniques throughout their career.

CONCLUSIONS

Inframalleolar bypass is a valuable revascularization op-
tion for patients with severe disease below the knee, but
requires a high degree of technical skill. Qutcomes in pa-
tients with adequate autologous conduit are
encouraging.
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