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ABSTRACT

The success of lower extremity microsurgical reconstructions may be compro-
mised postoperatively secondary to several factors, including thrombosis, infection, bleed-
ing, and edema. To address edema, surgeons may use protocols for gradually dangling and/
or wrapping the affected extremity. Such protocols vary widely among surgeons and are
typically based on training and/or prior experience. To that end, we distributed surveys to
five plastic surgeons who are experienced in microvascular lower extremity reconstruction at
five different institutions. The surveys inquired about postoperative management protocols
for lower extremity free flaps with regard to positioning, compression, initiation and
progression of postoperative mobilization, nonweightbearing and weightbearing ambula-
tion, assessment of flap viability, and flap success rate. These protocols were then evaluated
for similarities to create a consensus of postoperative management guidelines. Progressive
periods of leg dependency and compression therapy emerged as important elements.
Although the consensus protocol developed in this study is considered safe by each
participant, we do not intend for these recommendations to serve as a standard of care,
nor do we suggest that any one particular protocol leads to improved outcomes. However,
these recommendations may serve as a guide for less experienced surgeons or those without
a protocol in place.
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Complex injuries of the lower extremity com-
monly present to level-1 trauma centers. Although many
of these injuries can be managed with dressing changes
or local flaps, microsurgical reconstruction is often re-
quired for the more severe injuries.1 Lower extremity

oncological resections may also necessitate reconstruction
with free flaps. Several articles have described the surgical
management of severe lower extremity injuries using free
tissue transfer.2–4 However, treatment continues after the
technical completion of the free-flap reconstruction.
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Lower extremity edema and overly aggressive mobiliza-
tion can compromise the free flap. In fact, patients may
spend several weeks in the hospital postoperatively.5 If
free-flap reconstruction of the lower extremity is to be
successful, algorithms for postoperative management
must be described and well established. Surgeons who
have extensive experience with lower extremity free flaps
can provide insight into the best course of management
for these flaps with respect to patient mobilization and
limb dependency.

We describe a consensus protocol for postoper-
ative management of lower extremity free flaps that
answers the following questions:

1. When is leg dependency started?
2. When is it appropriate, and how often is the extre-

mity dangled?
3. Is the extremity wrapped with a compressive elastic

bandage (e.g., ACE1 Brand; Becton, Dickinson and
Company, Franklin Lakes, NJ)?

4. When is nonweightbearing ambulation initiated?
5. When is the patient permitted to bear weight on the

reconstructed extremity?
6. Which pertinent factors should cause a surgeon to

adjust the details of the postoperative protocol?

METHODS
During the spring of 2006, we surveyed five plastic
surgeons in the United States, including the corre-
sponding author, who frequently perform lower ex-
tremity microvascular reconstructions. These surgeons
and/or their centers have published articles about lower
extremity microsurgical reconstruction.6–26 The ques-
tionnaire requested data on the immediate postoper-
ative management of lower extremity free flaps.
Questions covered the following topics: position of
the extremity, wrapping of the extremity, initiation
and progression of postoperative mobilization, non-
weightbearing and weightbearing ambulation, assess-
ment of flap viability, and lower extremity flap success
rate. The survey also requested that each surgeon
submit, if available, a printed protocol of dangling
and ambulation in the postoperative period.

RESULTS
All questions were answered by each surgeon. Three
surgeons provided their printed protocols. Table 1
contains a summary of the postoperative protocols for
each surgeon. Based on the compilation of these pro-
tocols, we developed specific recommendations for
postoperative rehabilitation of a lower extremity after
microsurgical reconstruction (Table 2). All five sur-
geons reviewed the recommendations and agreed with
their presentation.

DISCUSSION
Microvascular surgery has enabled the coverage and
salvage of complex lower extremity wounds. However,
postoperative lower extremity edema can threaten the
success of the free-flap reconstruction. Gravity contrib-
utes to increases in capillary pressure, more fluid leaking
into the interstitium, and worsening edema. Extremity
swelling can lead to venous congestion of the flap, which,
if not treated, can result in flap failure.

The blood supply of a flap is comprised of both
macrovascular and microvascular components. At the
level of the microcirculation, the arterial inflow provides
nutrients and oxygen to the flap while the venous out-
flow carries away carbon dioxide and waste products.
The systemic regulation of this blood flow is mediated
neurally by a-adrenergic, b-adrenergic, and serotonergic
receptors and humorally by vasoactive substances such as
norepinephrine, epinephrine, serotonin, histamine, and
prostaglandins.27

When a flap is elevated, sympathetic nerves and
inflow vessels are immediately divided, resulting in
decreased perfusion.28 Studies have shown that the
blood flow at the base of a pedicle flap is maintained
after elevation; within 6 to 12 hours after elevation,
however, the blood flow at the distal end of the flap is
often 20% of normal. The longitudinal flow from the
pedicle recovers to �75% of normal by 1 to 2 weeks and
to 100% within 3 to 4 weeks.29–32

Meanwhile, inosculation and neovascularization
increase the blood flow to the flap. Numerous exper-
imental studies have suggested that flow from neovas-
cularization can completely sustain a flap from 3 to
10 days postoperatively.33–36 Case reports have demon-
strated survival of free flaps after arterial occlusion on
postoperative days 9 and 17.37,38 In both case reports, the
authors noted peripheral hyperemia, which indicated
neovascularization.

Venous drainage is also imperative for a successful
flap. The ligation of an axial vein in an axial pattern flap
results in flap necrosis.39,40 Fukui et al demonstrated
increased survival in musculocutaneous flaps with the
preservation of a distal draining vein.41 The authors
concluded that distal flap necrosis is due to venous stasis.
Recent studies have also shown that increased venous
drainage improves flap survival.42,43

Isenberg et al quantified the effect of dangling
on the postoperative rehabilitation of lower extremity
microvascular free flaps. When dangling, each free
flap demonstrated decreased arterial velocity and
cross-sectional area with a concomitant increase in
venous cross-sectional area. These results led the
authors to institute a postoperative regimen with
dangling beginning on postoperative day 3. After
advancing to 40 minutes of dangling on postoperative
day 11, patients received therapy for crutch-assisted
nonweightbearing ambulation. Many patients were
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discharged during the second postoperative week with
uneventful healing of the flap.44

This article compiles the postoperative rehabili-
tation protocols of five surgeons experienced in lower
extremity free-flap reconstruction. In all five protocols,
extremity dependency is started between 1 to 3 weeks
postoperatively. The duration and frequency of progres-
sive dependency periods is variable but do not differ by
> 5 minutes per session once started. Ultimate goals of
progressive weightbearing and ambulation are achieved
in all protocols once flap maturation and engraftment are
assured. All protocols are flexible to accommodate per-
sistent flap swelling and edematous weeping. Wrapping
with a compressive elastic bandage is deemed to be useful
but is placed at different times during the dangling and
flap maturation period. All surgeons believe, however,
that compression management is important in the post-
operative management of free-flap reconstructions for
edema control.

Our consensus recommendations incorporate
elements of each protocol and general time guidelines.
These recommendations are meant to assist patients

and health-care providers who participate in the post-
operative care of lower extremity free flaps, as well as
to serve as a guideline for surgeons with less experi-
ence in lower extremity reconstruction. Although the
details of each protocol differ slightly and the exact
time periods of dangling may vary, there is a consensus
that progressive postoperative dangling and wrapping
are not only important to the success of the free
flap but also for the restoration of lower extremity
function.
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