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Abstract Soft-tissue coverage after complex distal lower extremity trauma is often difficult due to
limited local flap options and injury to potential recipient vessels when considering
microsurgical reconstruction. Therefore, obtaining recipient vessels outside the zone of
injury to optimize successful free tissue transfers remains a basic tenet of microsurgery.
We present a case of a crush injury to the lower extremity with open tibia and fibula
fractures and a large soft-tissue defect that required reconstruction for limb salvage.
Due to recipient vessel thrombosis within the affected extremity even well proximal to
the zone of injury, contralateral lower extremity recipient vessels were used as an
alternative for cross-leg flap limb salvage. We performed flap pedicle division 6 weeks
after inset. Follow-up 9 months after reconstruction showed the patient achieving
independent ambulation. In conclusion, cross-leg free flaps may be used as a last resort

to successfully salvage flaps in the setting of poor ipsilateral recipient vessels and
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Lower extremity trauma is extremely common and accounts
for almost 15% of emergency room visits,' with 492,000 tibia,
fibula, and ankle fractures per year in the United States.? Acute
injuries are commonly managed primarily by orthopedic
surgeons with fracture fixation or stabilization. In complex
fractures involving the lower limb, as in Gustilo grade IIIB or
IIC fractures, limb salvage typically requires the involvement
of reconstructive surgeons. Durable soft-tissue reconstruction
to support fracture healing and provide coverage of underlying
hardware is critical. Often, soft-tissue deficits in the distal third
of the leg require free flap reconstruction, as local and regional
flaps are unavailable secondary to the extent of the injury or
are too small to span the entire defect.

Identification of suitable recipient vessels is challenging
when the zone of injury is large.4 Similar to pedicled cross-leg
flaps, surgeons can consider a free cross-leg flap reconstruction
of extremities with an extensive zone of injury and compromise
of the regional blood supply.*® We present a case where a
traditional free latissimus dorsi muscle flap reconstruction was
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repeatedly occluding anastomoses.

attempted for coverage of a large distal leg defect. However, due
to ongoing thrombosis of progressively more proximal vessel
anastomoses, the harvested flap was salvaged via the use of the
contralateral anterior tibial artery and vein.

Case

A 24 year-old healthy, non-smoking male presented with a
left Gustilo IIIB tibia-fibula fracture secondary to a work-
related forklift crush injury. His initial care at an outside
hospital included soft-tissue debridement, fracture external
fixation, and wound stabilization with vacuum-assisted clo-
sure. He was then transferred 2 days after his initial injury for
definitive management. On his assessment at the time of
transfer, the distal lower extremity was well perfused and he
had intact plantar sensation. His ability to dorsiflex his foot
was impaired secondary to loss of his tibialis anterior muscle
belly. After further debridement 4 days after his injury,
examination revealed a circumferential soft-tissue defect
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extending from the tibial plateau anteriorly to the proximal
dorsal foot. In addition, he had exposed Achilles tendon and
approximately 18 cm of exposed tibia (~Fig. 1). A computed
tomography angiogram revealed patent three-vessel runoff
to the foot. He subsequently underwent another debridement
involving removal of the external fixator, open reduction
internal fixation of the fibula, and tibia fixation with the
placement of an antibiotic-eluting intramedullary nail.

The patient initially underwent an ipsilateral chimeric
latissimus-serratus free muscle flap reconstruction. Recip-
ient vessel exposure and ipsilateral flap harvest were
performed simultaneously (=Fig. 2). The anterior tibial
artery was exposed proximal to the open wound and tibia
fracture and was deemed to be of good quality with robust
bleeding after division. Anastomosis to the left anterior
tibial vessels required multiple revisions with successive
arterial thrombosis after initially obtaining excellent flow.
Eventually, tissue plasminogen activator was infused
through the flap, and an alternative recipient vessel at
the proximal posterior tibial artery was attempted. Soon
after a failed attempt at establishing flow using the poste-
rior tibial vessels, an arteriotomy was made on the flap
pedicle, revealing extensive clots within the thoracodorsal
artery. At this point, the flap had been ischemic for 7 hours,
and a decision was made to end the case.

The patient subsequently returned to the operating room
1 week later for reconstruction with a contralateral latissi-
mus dorsi muscle free flap, with a planned arteriovenous (AV)
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loop to reach proximal to the zone of injury. In addition, the
patient was placed on a heparin drip at the beginning of the
case to minimize the risk of intraoperative arterial thrombo-
sis. A reversed saphenous vein graft was harvested from the
right lower extremity to be used as an AV loop. An end-to-side
hand sewn anastomosis was performed using the tibioper-
oneal trunk within the popliteal fossa, and an end-to-end
anastomosis was performed with a coupler using the more
distal posterior tibial vein. Immediately after the anastomo-
ses, flow was established within the loop. The latissimus dorsi
muscle flap was then harvested. However, after the flap
harvest, the AV loop was found to have no flow. A decision
was made to move further proximally, and the arterial end of
the vein graft was anastomosed end-to-end to a branch of the
popliteal artery with a good size match; the flow was
established in the loop and subsequently lost after a period
of observation. An end-to-side arterial anastomosis directly
into the popliteal artery was then performed and the AV loop
was divided at the midpoint along its length. Good pulsatile
flow was observed, and an end-to-end anastomosis to the
flap thoracodorsal artery was performed. Evidence of flap
reperfusion and bleeding were present. However, arterial
inflow slowed over the next few minutes and eventually
stopped altogether. The anastomosis was taken down, and
a host of maneuvers to encourage flow were employed
including the application of papaverine to the recipient artery
and heparinized saline flushes. Each time, immediate blood
flow from the vein graft was robust but would slow and then

Fig. 1 (A) Radiographic view of the left lower extremity Gustilo IlIB tibia-fibula fractures. (B) Extensive soft-tissue defect following early

debridement.
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Fig. 2 (A) Harvest of a chimeric Latissimus-Serratus muscle flap and (B) exposure of the anterior tibial vessels in the proximal third of the lower extremity.

eventually stop. Based on this observation, the decision was
made to choose an alternative recipient site or to salvage the
flap by banking it for later use. Ischemia time at this point had
exceeded 5 hours, and there was a concern for potentially
losing the flap. It was felt that the extent of the vascular
compromise to the left lower extremity vessels was far-
reaching and not immediately apparent on assessment of
the vessel wall adventitia or flow after vessel division. The
decision was made to attempt anastomosis on the contralat-
eral anterior tibial vessels (~Fig. 3). These allowed for flow
outside the injured limb and still provided flap length for
coverage of the contralateral leg defect. The initial inflow was
sluggish, but there were clinical signs of flap perfusion. The
flap was inset into the left lower extremity defect (~Fig. 4),
and a splint was fashioned to prevent separation of the legs.

After several days of close observation and anticoagula-
tion, the flap remained viable (~Fig. 5). The patient re-
turned to the operating room 7 days later for skin grafting
of the defect proximal to the flap; complete skin grafting
was performed to the muscle flap 3 weeks later. Both
extremities were concomitantly put through a dangling
protocol after 3 weeks. At 6 weeks postoperatively, laser
indocyanine green assessment of flap perfusion was per-
formed with occlusion of flap inflow from the contralateral
lower extremity through the use of a contralateral limb
tourniquet (Video 1). Once we confirmed adequate perfu-
sion of the flap from the injured recipient limb, the pedicle
was divided and the flap inset completed. Inpatient reha-

bilitation was performed for a few weeks before discharg-
ing the patient home to continue with outpatient
rehabilitation. The patient was most recently seen in clinic
9 months after reconstruction (=Fig. 6), at which time he
was ambulatory with an ankle-foot orthosis to aid lingering
foot drop. He continues to work with physical therapy to
improve his mobility.

Video 1

Intraoperative laser indocyanine green assessment of
the cross-leg flap before division of the flap pedicle.
With the tourniquet inflated on the contralateral
extremity, early inflow in the video is from the
ipsilateral extremity (reconstructed extremity)
providing confirmation that the cross-leg vascular
pedicle can be divided. Online content including video
sequences viewable at: www.thieme-connect.com/
ejournals/html/doi/10.1055/s-0036-1593404.

Discussion

Cross-leg flaps are a proven option in lower extremity
reconstruction and were used extensively in World War II
for soft-tissue coverage. However, in contemporary practice,
these have largely been replaced by microvascular free
Vol. 1
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Fig. 3 Exposure of the contralateral anterior tibial vessels in prepa-
ration for the anastomosis.

flaps.”® Interestingly, microsurgeons have revived the con-
cept of utilizing the noninjured contralateral extremity for
recipient vessels, designing cross-leg free flaps for patients
whose ipsilateral recipient vessels are too damaged for
microsurgical anastomosis or for patients whose remaining
blood supply to the injured leg is maintained by a single
uninjured vessel.*®7 Anterolateral thigh flaps,” fibula flaps,*
latissimus dorsi flaps,®'? scapular flaps,'" and rectus flaps'?
have all been used as cross-leg free flaps. In certain cases, such
as ours, it is extremely difficult to find usable ipsilateral
vessels that lie outside the zone of injury, thus requiring
the surgeon to utilize vessels from the other leg. While the
initial presentation of select patients may allow the formation
of this operative plan in advance, we had to improvise intra-
operatively after multiple failed anastomoses and an extend-
ed period of ischemia. In the largest case series to date, there
were instances of both elective and salvage cross-leg free
ﬂalps.4

The initial difficulty in providing a viable reconstruction
for this patient may have been the result of trauma-induced
hypercoagulability. The patient was young, healthy, and
had no documented coagulopathy. However, major trauma
is known to create a hypercoagulable state. This can be
manifested by increased rates of venous thromboembolism
as well as conditions of microthrombosis, such as dissemi-
nated intravascular coagulation and systemic inflamma-
tory response syndrome.'> Levels of antithrombin, protein

: 1-'“ -l

Fig. 5 Flap appearance 1 week postoperatively with grossly viable
muscle fibers.
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Fig. 4 Cross-leg flap with perfusion established just before inset.

C, and protein S are often decreased in trauma patients,'*

whereas markers of thrombin generation are increased.'”
Despite performing all the usual maneuvers to encourage
anastomotic patency, including utilization of vein grafts

Fig. 6 Follow-up 9 months postoperatively with durable soft-tissue
coverage of the reconstructed left lower extremity and a well healed
right lower extremity recipient vessel scar.
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and exposing vessels outside of the gross zone of injury,
long-term patency could not be established. Even after
exposing the contralateral anterior tibial vessels, flow
through the pedicle of the cross-leg flap was sluggish.
This may suggest a systemic issue rather than isolated
thrombosis within the zone of injury or a problem in
surgical technique. At this time, no evidence exists to
support thrombophilia testing in the acute setting, given
that the results will be affected by the underlying
trauma state and anticoagulant medications. There are
also no current guidelines for management of patients
at high risk for microsurgical thrombosis, although
both intraoperative and postoperative anticoagulation is
suggested.'®

While successful lower extremity reconstruction with a
cross-leg free flap has been demonstrated, it should be
considered a secondary option in the microsurgical arma-
mentarium for a variety of reasons. The first is that it involves
three different operative sites instead of two. In addition,
prolonged immobilization of both lower extremities with
casts, splints, or even external fixators? is required to prevent
avulsion of the flap from its blood supply. Prolonged immo-
bilization can cause significant joint stiffness; although fol-
low-up by Chen et al revealed a normal range of motion of all
joints of the contralateral leg and stiffness consistent with the
severity of the trauma in the injured leg.® Immobilized
patients are also at an increased risk for deep vein thrombo-
sis'” and significant muscle atrophy of the contralateral lower
extremity.

Conclusion

The contralateral lower extremity vessels offer a reliable
bailout for complicated free tissue transfers to the distal
lower extremity, especially when attempts at the use of
ipsilateral recipient vessels fail. The value of this option for
flap and limb salvage should not be underestimated, as ideal
flap options in these patients are in limited supply.
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