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Use of the cross-leg distally based sural artery flap
for the reconstruction of complex lower extremity
defects
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Cross-leg flaps are a useful reconstructive option for complex lower limb defects when free
flaps cannot be performed owing to vessel damage. We describe the use of the extended dis-
tally based sural artery flap in a cross-leg fashion for lower extremity coverage in three pa-
tients. To maximise the viability of these extended flaps, a delay was performed by raising
them in a bipedicled fashion before gradual division of the tip over 5 to 7 days for cross-leg
transfer. Rigid coupling of the lower limbs with external fixators was critical in preventing
flap avulsion and to promote neovascular takeover. The pedicle was gradually divided over
the ensuing 7 to 14 days before full flap inset and removal of the external fixators. In all
three patients, the flaps survived with no complications and successful coverage of the criti-
cal defect was achieved. One patient developed a grade 2 pressure injury on his heel that re-
solved with conservative dressings. The donor sites and external fixator pin wounds healed
well, with no functional morbidity. The cross-leg extended distally based sural artery flap is a
reliable reconstructive option in challenging scenarios. Adequate flap delay, manoeuvres to
reduce congestion, and postoperative rigid immobilization are key to a successful outcome.
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INTRODUCTION

Today, microsurgical free flaps are the gold standard for lower
limb reconstruction, with success rates approaching 95%. Cross-
leg flaps have largely been relegated to history, but it would be
remiss of any reconstructive surgeon committed to limb salvage
to forget this age-old technique. The indications for a cross-leg
flap include the salvage of a single vessel limb, severely trauma-
tized extremities with poor recipient veins, and polytrauma pre-
cluding long surgery [1,2].

Traditionally, cross-leg flaps have employed a broad-based ran-

dom pattern design that limits the reach and requires prolonged
immobilization for neovascular take-over. The purpose of this
paper is to describe the use of the extended distally based sural
artery flap in a cross-leg fashion. The benefits of this flap include
along reach, a wide arc of rotation, minimal donor site morbidi-

ty, and avoidance of sacrificing a major artery [3,4].

CASES

From July 2002 to October 2016, a total of three patients sus-
tained lower extremity defects that were not amenable to local
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or free flap reconstruction due to severe vascular compromise
secondary to trauma. The cross-leg extended distally based sural
artery flap was used to reconstruct their defects. The patients’
profile, defect location and dimensions, and postoperative out-
comes are presented in Table 1.

The surgical technique for the harvest of a distally based sural
artery flap has been well described [5-8]. Preoperatively, the lat-
eral leg perforators are marked with a handheld Doppler. These
are usually located 5 to 8 cm above the lateral malleolus and in
the posterior crural septum. These perforators largely emanate
from the peroneal artery and occasionally from the posterior
tibial artery system, and their position determines the pivot
point [9,10]. The flap axis is marked by drawing a line joining
the perforator marking to the centre of the popliteal crease. The
flap design is elliptical to encompass the short saphenous vein
and the sural nerves (lateral and medial sural nerves, apart from
the common sural nerve). The base measures 1.5 cm and is left
broad to facilitate venous drainage; we do not island the flap for
the same reason. To determine the adequacy of flap reach, the
legs are brought together and flap transposition is simulated
with a template.

We commence the elevation of the flap proximally, identifying
the sural nerve, short saphenous vein, and the superficial sural
artery, all of which are included in the flap. An additional 5 cm
of the short saphenous vein is mobilized as a venous pedicle,
which is divided, exteriorized, and temporarily occluded with a
microvascular clamp (TKMV-1; Synovus, Birmingham, AL,
USA) [11]. Dissection is then carried out distally to the marked
location of the peroneal perforators. Proximally, the sural nerve
pierces the deep fascia and is located in the groove between the
medial and lateral heads of the gastrocnemius muscle. The deep
fascia is incised, and dissection in this groove is performed to lo-
cate the subfascial course of the sural nerve. The sural nerve, to-
gether with the adipofascial tissue connecting the nerve to the
deep fascia, is included with the flap.

The sural nerve courses distally until the midpoint of the leg,

Table 1. Patients’ profiles, defect details, and outcomes
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where it emerges from underneath the deep fascia. From this
point, the sural nerve and the short saphenous vein are located
suprafascially, and dissection can proceed expediently. As the
distal leg perforators are approached, care should be taken to
ensure inclusion of the short saphenous vein, which diverges
from the sural nerve and runs medially toward the Achilles ten-
don. The surgeon can check its course by tracing the vein
through the translucent deep fascia.

Venous congestion is assessed about 30 minutes after raising
the flap. Venous congestion is determined clinically by the flap’s
colour and rapidity of capillary refill. If congestion is present,
the short saphenous vein is released for blood to drain [11]. If
congestion is not observed after 30 minutes, the short saphe-
nous vein is occluded with a microvascular clamp, which can be
released as needed. This is done in case the flap develops con-
gestion in the ward as the flap warms up.

In a cross-leg situation, to make the tip more robust (since sur-
vival depends on it developing collateral circulation), flap delay
is routinely performed. In the first stage of surgery, the flap is
completely raised as a bipedicled flap and the wound bed be-
neath the flap skin is grafted. The flap tip is then gradually divid-
ed over 7 days in 5-mm increments. In the second stage of sur-
gery, the flap is inset to the defect, and both lower extremities
are rigidly coupled together with an external fixator construct.
Delay is also performed for the flap base by dividing it by S mm/
day so that with adequate training, the entire flap can be
“waltzed” over to the defect during the third and final stage of
surgery. If less skin is needed, a portion of the redundant flap
can be returned to the donor site.

The cross-leg period ranges from 3 to 4 weeks. To reduce sec-
ondary infection, the flap could be partially tubed or skin grafted
over its underbelly. Attention is paid to maximizing contact with
the wound bed throughout the entire period to facilitate neo-
vascularization. Supplementary sutures may be placed if loosen-
ing occurs. Rigid immobilization using external fixators is cru-

cial for this process, and only removed upon complete division

Pa::nt ?ﬁ? Sex Comorbidities Indications Wound characteristics Site of defect S'j:fgztc{é%al Complications
1 60 Female  Hypertension  Single-vessel leg, Severe equinus deformity from posterior ~ Posterior ankle 8x9 None
inadequate veins ankle scarring. Previous open tibia-fibula
fracture with extensive degloving.
2 31 Male None Skin defect over Multi-level crush injury of the leg. Leg was  Below-knee 16 X6 None
below-knee not viable. amputation
amputation stump stump
3 20 Male None Single-vessel leg with - Crush injury with open tibia/fibula fracture, Distal leg 6x10 Heel pressure
extensive degloving  complicated by osteomyelitis. injury (grade 2)
and lack of veins of recipient leg
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and inset of the flap.

In all three patients, the cross-leg extended distally based sural
artery flap survived with no tissue loss. Successful coverage of
the critical defects was achieved in all three patients. There were
no cases of surgical wound infection, haematoma, seroma, or
external fixator pin-site complications. There was no venous
congestion with intermittent phlebotomy of the short saphe-
nous vein.

One patient (case 3) developed a grade 2 pressure injury on
the heel of the recipient leg due to the weight of the external fix-
ator construct. The heel ulcer healed with conservative dress-
ings after division of the flap and removal of the external fixator
construct. The other two patients did not develop complica-
tions related to prolonged bed-rest and immobilization. All
three patients reported fully healed donor sites with no func-
tional morbidity.

Case 1

A 60-year-old woman had a motor vehicle accident S-year prior
to her current presentation. Her injuries included segmental
open fractures of the left tibia and fibula, extensive soft tissue
degloving, and vascular injuries. The posterior tibial artery was
the sole vessel supplying the foot. Soft tissue reconstruction was
achieved with a free latissimus dorsi muscle flap anastomosed in
an end-to-side fashion to the posterior tibial artery. Progressive
scarring over her Achilles tendon and neglect had resulted in a
fixed equinus deformity of the ankle (Fig. 1A). Her gait was se-
verely hampered as a result, and she had to walk with a tip-toe
using a walking frame.

Fig. 1. A case of heel defect

This 60-year-old woman had a previous ex-
tensive degloving injury of the left leg and had
undergone reconstruction with a free latissi-
mus dorsi flap. (A) Neglect and scarring over
the Achilles tendon led to an equinus defor-
mity. (B) After tendon release and ankle ar-
throdesis, the posterior tibial neurovascular
bundle was exposed. The defect was covered
with the flap.
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Corrective surgery involved complete release of the Achilles
tendon and fusion of the ankle joint in a neutral position. The
resultant 8 X 9 cm posterior ankle defect exposed the posterior
tibial artery, which was found to be patent but severely scarred,
and the decision was made not to use it as a recipient vessel for
free tissue transfer. A cross-leg distally based sural artery flap was
raised to cover the defect (Fig. 1B). Her legs were immobilized
with external fixators, with both hips externally rotated to ap-
proximate the flap and defect. Staged, incremental division of
the pedicle was performed over 2 weeks to ensure flap survival.
With correction of the equinus deformity and successful soft tis-
sue coverage, she was able to walk independently of walking aids
after 6 months of physical therapy.

Case2

A 30-year-old man sustained a severe crush injury to the right
leg in a motor vehicle accident. Owing to the multi-level crush
injury, a below-knee amputation was performed. The amputa-
tion stump was left partially open due to skin deficiency (Fig.
2A). In this instance, shortening the stump would have allowed
wound closure, but a foreshortened stump would have reduced
the stability of his future prosthesis. Obtaining suitable recipient
vessels for a free flap transfer would have entailed vein grafts tra-
versing the knee joint to reach the adductor canal. Weighing the
risks against the benefits of a free flap, the patient elected for a
pedicled flap option. A cross-leg distally based sural artery flap
with an extended design was used after a delay procedure. The
flap was tubed and its tip initially inset over the medial aspect of

the amputation stump. After 2 weeks, his hips were maximally
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Fig. 2. A below-knee amputation stump wound

This 30-year-old man sustained a severe crush injury to the right leg, which
was not salvageable. (A) A below-knee amputation was performed and the
stump was left partially open due to skin deficiency. Markings on the left calf
show the flap design. (B) The aim of the external fixator framework design

abducted with external fixators to allow complete inset of the
flap (Fig. 2B). The flap was divided at 3 weeks after the initial
inset with complete survival. With the preservation of amputa-

tion stump length and robust skin and soft tissue coverage, a sta-
ble prosthesis could be fitted.

Case 3

A 20-year-old man sustained bilateral tibia-fibula fractures in a
motorcycle accident and was treated with intramedullary nail-
ing. The right leg was complicated by osteomyelitis owing to
soft tissue loss and vascular injuries. The right intramedullary
nail had to be extracted and his leg stabilized with an external
fixator. Repeated debridement was performed to arrest the in-
fection, resulting in a S-cm tibial bone gap. Angiography showed
that the posterior tibial artery was the sole vessel supplying the
leg. Most of the degloved areas were subsequently skin-grafted,
leaving a critical soft tissue defect overlying the bone measuring
6x 10 cm. Owing to a paucity of vessels, the decision was made
to use an extended cross-leg flap design like that in case 2 (Fig.
3). However, leg immobilization posed a challenge because the
existing left tibia intramedullary nail precluded the application
of external fixators. A modification employing pins over the fe-
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was to maximise flap inset and support of the lower extremities.

Fig. 3. A severely mangled right lower limb

This 20-year-old man had a single-vessel leg with the posterior tib-
ial artery supplying the foot. After raising the distally based sural
artery flap, the sural nerve was included throughout the flap axis
(black arrows).

murs, left calcaneum, and first metatarsal bone was necessary to
secure the lower extremities in an optimal position for cross-leg
transfer of the flap. Flap training was carried out in a similar

fashion, and the division was completed after 2 weeks. His

wounds had all healed by 1 month after the final flap inset.
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DISCUSSION

The distally based sural artery flap is a neurovenocutaneous flap
that can be reliably extended to the popliteal crease with ade-
quate flap delay [12]. The extended design is particularly im-
portant in a cross-leg situation to obtain sufficient reach. To im-
prove the vascularity of these extended flaps, the entire sural
neural network and the short saphenous vein are included in the
flap. Flap congestion is minimized with two manoeuvres: keep-
ing the flap broad-based, which improves orthograde venous
drainage, and intermittent phlebotomy. Blood-letting is accom-
plished through the cut end of the short saphenous vein every 1
to 2 hours in the first 48 hours to ensure that this axial venous
system does not thrombose. By so doing, the venous system is
decompressed, as it is connected through oscillating avalvular
veins to the vasa nervorum of the sural nerve, which ultimately
drains into the deep peroneal venous system [11]. As the oscil-
lating veins hypertrophy and multiply 24 to 48 hours after sur-
gery, venous circulation improves and the cut short saphenous
vein spontaneously stops draining. Previous experience has
shown that in failed sural artery flaps, the entire short saphenous
venous system is clotted with retrograde extension of the throm-
bus into the deep system.

Routinely, flap delay is performed for these extended flaps.

Techniques of flap delay vary, and our preferred method is to
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raise it as a bipedicled flap and perform tip division gradually. In
a cross-leg flap, the tip needs to pick up new blood supply for a
successful “waltz-over” Therefore, delay is not rushed, as an
ischaemic tip is unable to neovascularize. The same procedure is
repeated over the flap’s base during waltzing. In our three cases,
all extended flaps survived, and their use was maximized with
no loss of the bridging portion.

For the successful transfer of cross-leg flaps, the legs are held
together securely to prevent shearing and accidental avulsion of
the flap. There is a consensus that external fixators are necessary
for this purpose as they ensure rigid coupling of the lower ex-
tremities. The drawbacks of external fixators include pin site in-
fection and scarring. However, these problems can be reduced
by meticulous dressing and wound care. Ideally, a cross-leg ex-
ternal fixation should have a square design with both tibias
pinned in parallel. This position is well tolerated and does not
restrict knee and hip mobility. However, in the case of the distal-
ly based sural artery flap, crossing of the legs is inevitable, as the
flap emanates from the lateral aspect of the donor leg (Fig. 4A).
For defects around the knee, as in case 2, the extent of leg cross-
ing is more pronounced during the second stage to increase the
reach (Fig. 4B). Awkward positioning can cause discomfort,
pressure injuries, and difficulty with hygiene. Fine adjustment of
the external fixator framework and routine checking are neces-

sary to ensure that gaps are maintained between bony promi-

Fig. 4. Designs of the external fixator framework

The following designs were used. (A) The basic framework that allowed crossing of the legs for better reach and inset of the flap. (B) Modified de-
sign for more extreme leg crossing, allowing the flap to reach defects around the knee. (C) In this design, to circumvent the intramedullary nail in
the tibia, the external fixation pins were instead placed proximally in the femur, and distally in the calcaneum and the first metatarsal bone.
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nences.

In the patient in case 3, a tibial intramedullary nail was present
in the donor leg. External fixation pins were therefore placed
proximally in the femur and distally in the calcaneum (using a
monocortical half-Schanz screw) and the first metatarsal bone
to avoid the tibia (Fig. 4C). An alternative construct could be
one in which a pin is placed through the posterior aspect of the
proximal tibia, thereby avoiding the femoral pins. However, this
placement would risk infection owing to potential communica-
tion of the pin tract with the intramedullary nail.

During prolonged immobilization, the heel is prone to pres-
sure injuries, and we routinely fashion a box frame to elevate the
feet (cases 1 and 2). The frame is placed on a firm base (e.g, a
sheet of cardboard) to prevent it from sinking into the mattress,
and a rolled towel is used to support the knee to prevent hyper-
extension. In the patient in case 3, a box frame would have add-
ed to his already heavy construct, so we suspended his legs from
a Balken frame instead. In this situation, pillow support of his
calf was imperative, as his muscles began to sag with gravity and
pull away from his tibia. Despite these measures, he developed a
grade 2 pressure injury on the heel of the recipient leg. It healed
with conservative measures after flap division.

Other cross-leg flaps include the antegrade flow sural artery
flap, distally based soleus flap, and free flap [2,13,14]. For case 2,
the cross-leg antegrade flow sural artery flap incorporating the
short saphenous vein was advantageous, as the flap would not
have venous congestion, thus obviating the need for delay. The
cross-leg soleus flap is inherently disadvantaged, since as with all
muscle flaps, their high metabolic demand prevents neovascular
takeover. In contrast, fasciocutaneous flaps are less fastidious
and pick up new blood supply readily from the subdermal plex-
us at the recipient site. In the cross-leg free flap, the opposite leg
provides the recipient vessels for a single or double (sequential)
cross-leg flap(s). In the latter, a tubed radial forearm flap serves
as a bridging flap on which a second flap, such as latissimus dorsi
flap, is vascularized [2]. This configuration affords a long pedi-
cle length for greater comfort. However, as with all free flap re-
constructions, concern remains regarding donor site morbidity,

the risk of anastomotic failure, and the duration of surgery.
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