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Percutaneous Transluminal Ballooning
Angioplasty for Flap Salvage in a Complex
Lower Extremity Reconstruction
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Summary: The treatment of lower extremity trauma with extensive soft tissue
defects requires a multidisciplinary approach Following precise bone fixation,
appropriate soft tissue reconstruction is a major requisite. We present a case of
a severe lower extremity injury caused by an excavator bucket that fell on the
patient’s foot, which was reconstructed with multiple perforator flaps after concise
bone fixation. During the treatment, we repeatedly experienced threatened flaps,
which could not be recovered with emergent re-explorations. Although vascular
occlusion after a free flap surgery may be rare, it poses a major challenge. It neces-
sitates urgent re-exploration, but there are logistical challenges with providing suf-
ficient resources for endovascular revascularization. We attempted an immediate
postoperative angioplasty after the failure of surgical re-exploration as a salvage
option and achieved successful flap survival. As the flap completely survived with-
out complications, the patient could walk, with bearing his full weight without
the use of any orthosis. Despite the development of new techniques for flap revi-
sion, which have increased the possibility of limb salvage, immediate postopera-
tive endovascular revascularization can be considered as a salvage option in cases
of a compromised flap. (Plast Reconstr Surg Glob Open 2020;8:¢3077; doi: 10.1097/
GOX.0000000000003077; Published online 23 September 2020.)

Crushing injuries in the lower extremities are devas-
tating phenomena associated with multiple open frac-
tures and extensive soft tissue defects. Early amputation
of traumatized lower extremities occasionally improves
functional outcomes, but preserving a nonfunctional
leg does not guarantee good functionality.'”* However,
when salvage is attempted, a team effort is required
from the beginning of treatment to maintain limb
function. Orthopedic and plastic surgeons and interven-
tionists should collaborate to manage these injuries with
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an emphasis on several categories, such as limb viability
related to vascular problems, stable bone fixation, and
soft tissue reconstruction. Here, we present a patient
with severe lower extremity trauma caused by an excava-
tor bucket that fell on his left foot. The injury was chal-
lenging in terms of decision-making and management;
initially, early amputation was considered. During the
treatment, we performed multiple perforator flaps for
soft tissue reconstruction and repeatedly experienced
compromised flaps that could not be recovered with sur-
gical re-exploration. Therefore, we attempted immediate
endovascular revascularization after an unsuccessful flap
revision process, which has been introduced as a new tech-
nique for flap salvage only in some case series of patients
with diabetes-related foot problems. Our study focused on
the successful collaboration between different teams and
the decision to perform immediate endovascular revascu-
larization for a threatened flap. Finally, we were able to
salvage the foot and could also achieve good functional
results.

A 3l-year-old man presented to our center following a
crushing injury from an excavator bucket that had fallen
on his left foot. The injury resulted in multiple fracture
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Fig. 1. Preoperative radiographic image showing 1*-4t metatarsal
bone fractures with dislocation of Lisfranc, intertarsal, and trans-
verse tarsal joints.

dislocations and a circumferential degloving wound on
the midfoot. The midtarsal bones were severely commi-
nuted, and the Lisfranc joint was completely disrupted
(Fig. 1). The Mangled Extremity Severity Score (MESS)
of the patient was 8 points, indicating the need for a leg
amputation. However, our team elected to salvage and
preserve the crushed foot after considering multiple fac-
tors, including the patient’s age and pre-trauma activity
levels. We fixed multiple metatarsal base fractures with
Kirschner wires (K-wires) to achieve temporary bone fixa-
tion. After the bones were fixed, the 10cm x 21 cm soft
tissue defect was covered with a thoracodorsal artery per-
forator (TDAP) free flap on the day of the injury, mainly
on the medial malleolus using the posterior tibial artery as
the recipient vessel (end-to-side anastomosis). Ultimately,
the flap survived in its entirety without complications.
Two months after the initial operation, the patient
underwent orthopedic surgery for permanent bone fixa-
tion after brisement manipulation of the ankle joint. After
the surgery, all internal devices on the foot dorsum were
completely exposed (Fig. 2). Consequently, we planned
a second soft tissue reconstruction with an anterolateral
thigh (ALT) free flap using the anterior tibial artery (ATA)
as arecipient vessel. To cover the defect,a 10cm x 8cm ALT
flap was harvested and prepared for microanastomosis to
the ATA (end-to-side pattern). However, sudden weakening
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Fig. 2. Photograph displaying a 6cm x14 cm defect in the foot dor-
sum and exposure of the fixator with the previous thoracodorsal
artery perforator free flap at the medial malleolus.

of the Doppler sound was noted during preparation of the
recipient vessel, although there were no specific findings
on preoperative computed topography (CT) angiography.
As such, we performed massive heparin irrigation and anas-
tomosed after confirming the recovery of blood flow. Once
anastomosis was completed, the flap repeatedly showed
compromised signs with a weak Doppler signal. The flap
was intraoperatively revised in an end-to-end pattern, and
reperfusion was attempted using a 3-mm Fogarty catheter.
Subsequent to the final flap recovery, we completed the
operation. After a few days, the flap became completely unvi-
able. We planned another TDAP free flap 10 days later. A
vessel proximal to the previous anastomosis site was chosen
as the recipient vessel. After removal of the compromised
flap, we observed anastomosed vessels filled with thrombo-
sis, which showed a weak arterial pulsation. Accordingly,
we attempted a thrombectomy of the ATA using a 3-mm
Fogarty catheter and massive intraluminal heparin irriga-
tion before the anastomosis. Observation of intraopera-
tive Doppler revealed resolution of thrombosis. Thus, we
microanastomosed it to the ATA (end-to-end pattern) in
the proximal portion after confirming a reliable Doppler
signal. At the end of the operation, the flap again turned
pale in color, and a sudden disappearance of the Doppler
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Fig. 3. Angiographic image showing occlusion of the distal anterior
tibial artery.

signal was noted. Despite our repeated intraoperative revi-
sion procedures, the compromised flap recovered instantly
and continued to deteriorate, irrespective of our efforts. As
there were no alternative options, we decided to perform
a postoperative percutaneous transluminal angioplasty
(PTA). The patient was immediately sent to the interven-
tion room. A contralateral antegrade approach was chosen,
and a long 5-Fr sheath was inserted via the right common
femoral artery by the intervention radiologist. Angiography
findings showed occlusion of the distal ATA with non-visual-
ization of flow to the flap (Fig. 3). Initially, the intervention
radiologist attempted an aspiration thrombectomy with 4-
and 5-Fr catheters. Although recovery from the weak flow
to the flap occurred, complete improvement could not be
achieved. Additional angioplasty was performed by care-
fully passing a long 3-mm balloon catheter through the
distal ATA. The ATA was dilated with a low-pressure, com-
pliant balloon for an extended period immediately before
the anastomosis. Eventually, a significant improvement in
flow to the ATA was observed, and the flap became pinkish
with a loud pulsatile Doppler signal. Finally, the flap sur-
vived completely without complications (Fig. 4).

The patient was able to start rehabilitation ther-
apy, including non-weight-bearing activity for 6 weeks

Percutaneous Transluminal Angioplasty for Flap Salvage

Fig. 4. Postoperative photograph of the patient’s leg 7 months after
surgery, showing a completely survived flap without complications.

following surgery and protected weight-bearing activity
for the subsequent 4 weeks, followed by formal physi-
cal therapy. Seven months after the injury, he was able
to walk, bearing his full weight without any help from
crutches or orthosis. Regarding functional outcomes, he
was able to touch the floor with his left heel at the time
of the initial contact during gait cycles. The American
Orthopedic Foot and Ankle Score of this patient was 83,
and his Foot and Ankle Disability Index score was 102.

Severe lower extremity trauma is an infrequent injury,
which leads to difficulty in deciding between early ampu-
tation or salvage of the leg. The decision to salvage ver-
sus amputate the limb in patients with major injuries
should be individualized depending on the condition of
the limb, the patient’s general medical condition, and
the surgeon’s experience.”” In our case, we attempted to
salvage the patient’s leg by carefully following a multidis-
ciplinary team approach that included various attempts
at soft tissue reconstruction. Although we adequately
planned using CT angiography and selected appropriate
recipient vessels outside the trauma zone, arterial insuf-
ficiency occurred each time, which could not be resolved
with conventional procedures. Consequently, the attempt
to reconstruct the foot dorsum failed and necessitated a
secondary procedure. During the second free flap recon-
struction (which was done a few days after the first), we
approached the site carefully and chose an immediately



proximal recipient vessel. However, despite our attempts,
including changing the anastomosis site and patterns, the
previously traumatized artery could not be recovered.

Although immediate re-exploration of the anasto-
motic site remains the gold standard in flap revision, we
considered various flap salvage methods, including new
techniques that have been recently introduced in the lit-
erature, because we could not salvage the flap through tra-
ditional methods. Along with flap perfusion, the following
techniques have shown positive effects on salvage rates: 1)
postoperative leeches in venous congestion, 2) adjunctive
administration of thrombolytic agents during the salvage
procedure, 3) thrombectomy using a Fogarty catheter,
and 4) use of an arteriovenous fistula.!”"'” Moreover, there
have been a few reports of minimally invasive free flap sal-
vage techniques. Catheter-directed infusion, mechanical
thrombectomy, and use of thrombolytic agents have been
attempted for salvage."”

Given these considerations, we made the extreme
choice to attempt endovascular revascularization, which is
reported in the literature as a supplementary measure for
flap salvage. Rather, it has become the first line of manage-
ment for peripheral artery occlusion in diabetic patients
with an ulcer or critical limb ischemia.'*'® Its usefulness
can be indicated by any of the following characteristics:
ankle-brachial index (ABI) < 0.8, ankle systolic pressure <
80mm Hg or systolic toe pressure < 40 mm Hg, or trans-
cutaneous oxygen tension (Tc)2) < 40mm Hg, along with
at least 1 imaging examination demonstrating flow in an
atherosclerotic lesion below the inguinal ligament on any
imaging modality.'>!” Endovascular revascularization is
safe even in the absence of contraindications for patients
who show stenoses or occlusions and can be repeated fol-
lowing re-occlusions or a bypass failure.'*'” Improvements
in the endovascular technique have resulted in similar
outcomes compared to the surgical bypass in limb salvage
rates.”” The past decade has witnessed a paradigm shift
toward endovascular revascularization.

The combination of endovascular revasculariza-
tion and free flap salvage has been established only in a
small case series on the treatment of diabetic feet.'*'* For
instance, Anavekar et al. reported delayed flap salvage
after endovascular revascularization'® with ballooning and
urokinase.” Kim et al. reported 2 cases of diabetic flap
salvage with immediate postoperative PTA." To the best of
our knowledge, immediate endovascular revascularization
with PTA for a compromised flap in a severely traumatized
leg has not been attempted before.

Free flap salvage with endovascular revascularization
may be a valuable tool during reconstruction, and its role
warrants exploration. Although thrombectomy or anasto-
motic flap revision in a timely manner can result in a reli-
able flap salvage rate, the technique is significantly better
than operative exploration for several reasons. A return
to the operating room that may have resulted in major
anesthetic complications was prevented by employing
local anesthetics in the angiography room. An endolumi-
nal approach avoided the reopening of wounds that could
potentially have resulted in postoperative complications.
The approach can be accomplished without making any
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incision and allows for a precise visualization of prob-
lematic lesions, thus becoming a no-loss proposition for
patients with postoperative arterial problems. Although
the method has some consequences, such as difficulty in
precisely identifying problematic sites, difficulty in con-
trolling ballooning locations, and exposure to radiation,
if applied appropriately, flap salvage can be achieved
with minimal morbidity. The results of the present case
promise a significant alternative option for flap salvage in
carefully selected patients, although further studies are
necessary to verify the reliability of the method.
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