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Medical and surgical advances have allowed many patients
who would have previously undergone amputation following
trauma to undergo limb salvage instead. In the emergency
setting especially, microsurgical free flaps have been increas-
ingly used to preserve injured limbs.1,2 Despite the increased
use of free flaps for limb preservation, studies on limb preser-

vation in the emergency setting are far from definitive. While
some studies suggest that the limb preservation approach as a
whole allows for an improved aesthetic result,3 other inves-
tigators have suggested that limb reconstruction often only
results in an equivalent or poorer functional outcome than
amputationpairedwith awell-chosenprosthesis.4–6However,
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Abstract Background Advances in medicine and surgery have allowed patients, who in the
past would have required more aggressive amputations, to maintain longer stump
lengths. Microvascular free tissue transfer has become increasingly popular to preserve
limb length and optimize functionality. We present our experience using microvascular
free flap reconstruction to preserve lower extremity limb length in the setting of high-
energy trauma.
Methods We conducted an Institutional Review Board-approved retrospective review
of patients at three San Francisco hospitals who underwent free flap reconstruction
after high-energy trauma between 2003 and 2015. We included all patients who
underwent free flap reconstruction for lower extremity limb length preservation. We
reviewed patient demographics, preoperative variables, intraoperative details, and
postoperative outcomes, including complications, functional status, reoperation rates,
and need for revision amputation.
Results Twelve patients underwent microvascular free tissue transfer for limb length
preservation. Overall, the patients had similar preoperative comorbidities and a mean
age of 44. Six patients had postoperative complications: threeminor complications and
three major complications. Seven patients had additional surgeries to improve the
contour of the flap. One patient required revision amputation, while the remaining 11
patients preserved their original limb length. The majority of patients were fully
ambulatory, and four used a prosthesis.
Conclusion Microvascular free tissue transfer can be used to effectively maintain lower
extremity stump length following trauma. Although these patients often require multiple
surgeries and face lengthy hospital courses, this technique enables preservation of a
functional extremity that would otherwise require a more proximal amputation.
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there is little data available which evaluates the aesthetic and
functional outcomes of free flap coverage to preserve limb
length.

In some cases, a combination of limb salvage techniques
and amputation is used to preserve limb length and to opti-
mize the functionality of the lower extremity. In these cases,
free flaps are used to maintain blood flow to a portion of the
extremity, allowing amore distal amputation. Longer residual
limbs are known to place less physiological strain on patients
than shorter residual limbs. In particular, longer preserved
limbs have been correlated with lower energy expenditure in
using the limb.7,8 More distal amputations have also been
associated with a better prognosis for the future use of a
prosthesis and for a faster return to physical activity.9

Despite surgical efforts, complex major lower-limb trau-
ma still often results in marked disability and considerable
psychological distress.6,10 The patients examined in this
study are particularly complex, given many have significant
concomitant injuries in addition to mangled lower extremi-
ties resulting from high-energy trauma. We present our
experience with limb length preservation using microvascu-
lar free tissue transfer in the trauma setting. We sought to
evaluate the postoperative complications and outcomes, as
well as the long-term functional outcomes of limb salvage in
patients with devastating injuries to the extremities.

Methods

We identified 12 patients who sustained high-energy trau-
ma resulting in mangled or otherwise nonfunctional lower
extremities. These patients were treated at any one of three
hospitals in San Francisco (University of California, San
Francisco; San Francisco General Hospital; St.Mary’sMedical
Center) between 2003 and 2015. All underwent microvascu-
lar free tissue transfer to reconstruct the amputated or
nonfunctional extremity to preserve limb length. The deci-
sion to pursue free flap reconstructionwas made in conjunc-
tionwith orthopedic surgery based on a set of clinical criteria
that involved preserving limb length and the associated joint
for improved functionality, abrogating the need for ream-
putation at a higher level, restoring the soft tissue cushion,
and compensating for potential loss of sensation. Flap choice
was decided on a case-by-case basis, with a preference given
to muscle flaps given their reliable and robust blood supply,
and their ability to contour around irregular stumps.

Charts were retrospectively reviewed for patient demo-
graphics, mechanism of injury, amputation level, indication
and type of free tissue transfer, operative details, and post-
operative outcomes. Outcomes assessed included complica-
tions, functional status, reoperation rates, andneed for revision
amputation. Complications were divided into either minor or
major complications. Minor complications included infection
treated with oral or intravenous antibiotics, partial skin graft
loss treated with local wound care, and wound dehiscence
treated with local wound care. Major complications included
graft loss necessitating reoperation, wound breakdown requir-
ing reoperation, and pulmonary embolus necessitating anti-
coagulation. Functional status was assessed by evaluating

ambulatory status, prosthesis use, and presence of chronic
pain.

Results

Twowomen and 10men underwent microvascular free tissue
transfer to maintain lower limb length (►Table 1). The mean
age was 44 (range: 24–69 years). Overall the patients were
healthy. Four patients were smokers, one had hypertension,
one had coronary artery disease, and one had diabetes. No
patients had peripheral vascular disease. However, many
patients had concomitant injuries which complicated their
hospital course and lengthened their hospital stay. Mean
follow-up was 32.7 months (range: 2–111 months).

The injuries includedfivepatientswithsignificantsoft tissue
loss to the foot, two trans-metatarsal amputations, one Lisfranc
amputation, one case of significant bone and soft tissue loss
over the tibia, one below-the-knee amputation (BKA), and two
through-kneeamputations.Mechanismsof injury includedfive
crush injuries, twomotorcycleaccidents, twopedestrianversus
automobile accidents, one industrial paper shredder accident,
one fall, and one motor vehicle accident.

Freeflaps used for lower extremity reconstruction included
five rectus abdominismuscleflaps (►Fig. 1), five anterolateral
thigh fasciocutaneous flaps, and two latissimus dorsi muscle
flaps (►Fig. 2) (►Table 2). Flap choice depended on patient’s
body habitus, size of defect, concomitant injuries, and surgeon
preference.Themeantimeto freeflapreconstruction fromdate
of injury was 41 weeks (range: 6 days–156 weeks). Eight
patients had free flaps within 2 months of the initial injury,
while the remaining patients had delayed reconstruction
ranging from 8 months to almost 3 years after initial injury.
Eight patients had additional operations after undergoing
reconstruction, and the majority of these patients had two or
more reoperations.

Six patients had postoperative complications: three
patientshadminorcomplicationsand threepatientshadmajor
complications (►Table 3). The minor complications included
infection treated with antibiotics, partial loss of a split-thick-
nessskingraft (STSG), andwounddehiscence treatedwith local
wound care. The three patients with major complications
included onewho had complete loss of a STSG requiring repeat
STSG; one who developed wound dehiscence requiring reop-
eration and flap rotation, pulmonary embolus requiring anti-
coagulation, and a sinus tract requiring excision; and one who
required reoperation for wound breakdown of the weight-
bearing portion of the flap. Eight patients underwent flap
revision, most often for thinning of the flap to improve the
contour for fitting a prosthesis or wearing a shoe. Two patients
underwent a second free flap for chronic ulcerations on the
plantar weight-bearing surface of the foot. Both of these
patients were reconstructed with a fasciocutaneous antero-
lateral thigh free flap for their second reconstruction.

We found that the majority of patients were fully ambu-
latory and had no functional impairments. Four patients
used a prosthesis postoperatively: one Lisfranc level, one
BKA level, one at the level of the knee, and one for a patient
who had bilateral above-knee amputations (AKAs). Less than
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half of the patients had some degree of chronic pain. Most
reported that the pain was neuropathic in nature and were
on multimodality therapy managed by pain specialists,
which included daily oral narcotic use.

Discussion

High-energy trauma to the extremities often results in soft
tissue loss, complex fractures, and sensory loss. These inju-

ries have long-lasting, devastating results and patients may
be plagued with chronic infection, pain, and contractures
which render the extremity nonfunctional and eventually
lead to amputation. In this study, we presented our experi-
ence with microvascular free flap reconstruction to preserve
lower extremity limb length in the trauma setting. We
sought to evaluate how microvascular free tissue transfer
to the affected limb impacted outcomes, amputation rates
and lengths, and functional status.

Table 2 Operative information

Patient Type of free flap Time to free
flap (weeks)

Arterial anastomosis Defect size Number of operations
after reconstruction

1 Anterolateral thigh 109 Anterior tibial 5� 10 cm 1

2 Rectus abdominis 143 Posterior tibial 30� 10 cm 12

3 Anterolateral thigh 6 Descending geniculate 9� 25 cm 0

4 Rectus abdominis 2 Superomedial geniculate 20� 20 cm 4

5 Latissimus dorsi 4 Anterior tibial 20� 10 cm 5

6 Rectus abdominis 1 Branch of the SFA 40� 15 cm 5

7 Latissimus dorsi 62 Posterior tibial 20� 20 cm 3

8 Rectus abdominus 1.5 Dorsalis pedis 20� 20 cm 3

9 Rectus abdominus 4 Dorsalis pedis 20� 10 cm 2

10 Anterolateral thigh 156 Anterior tibial 5� 10 cm 0

11 Anterolateral thigh 5 Dorsalis pedis 5� 10 cm 0

12 Anterolateral thigh 2 Dorsalis pedis 20� 10 cm 0

Abbreviation: SFA, superficial femoral artery.

Table 1 Baseline patient characteristics and injury details

Patient Age Sex Injury level Mechanism
of injury

Current
smoker

Comorbidities BMI Concomitant injuries Follow-up
(months)

1 43 M TMA Crush Yes HTN 28.1 None 13

2 53 M Mid-leg Fall Yes CAD 22.9 None 32

3 37 M Through-knee MVA No None 25.1 Splenic laceration,
jejunal injury, multiple
pelvic fractures

2

4 41 M BKA MCC No None 23.7 Femur fracture 38

5 32 F Foot PVA No None 21.4 None 111

6 69 M Through-knee PVA No None – Bilateral femur
fractures, right AKA

59

7 24 M Foot Crush No None 22 None 23

8 51 M Foot Crush No None 25 None 25

9 29 M Lisfranc Industrial
paper
shredder

No None 27.3 None 28

10 68 F Foot Crush Yes Diabetes,
neuropathy

25.3 None 54

11 48 M TMA MCC/Crush No None 28.8 Fibula fracture 5

12 37 M Foot Crush Yes None 27.1 None 2

Abbreviations: AKA, above-knee amputation; BKA, below-knee amputation; CAD, coronary artery disease; HTN, hypertension; MCC,motor cycle crash;MP,
metacarpophalangeal; MVA, motor vehicle accident; PVA, pedestrian versus automobile; TMA, transmetatarsal amputation.
–: Data not available.
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Wepresented 12 patientswhowere treatedwithmicrovas-
cular free flap reconstruction to preserve limb length and
function following traumato the extremities. Theoverallmajor
complication rate was low, and there were no flap losses.
Although two patients did require a second free flap, both of
these cases were due to chronic pressure on theflap leading toTa

b
le

3
Po

st
op

er
at
iv
e
ou

tc
om

es
,
co

m
pl
ic
at
io
ns
,
an

d
fu
nc

ti
on

al
st
at
us

Pa
ti
en

t
C
om

p
lic

at
io
n(
s)

Fl
ap

re
vi
si
o
n

Fu
n
ct
io
na

l
st
at
us

Pr
o
st
he

si
s

us
e

C
hr
o
ni
c

p
ai
n

Re
vi
si
on

am
p
ut
at
io
n

Re
p
ea

t
fr
ee

fl
ap

1
N
on

e
Ye

s
Li
m
it
ed

am
bu

la
ti
o
n
w
it
h
as
si
st
iv
e
de

vi
ce

N
o

Ye
s

N
o

N
o

2
Pr
ol
o
ng

ed
in
fe
ct
io
n

Ye
s

A
m
bu

la
te
s
w
it
h
as
si
st
iv
e
de

vi
ce

N
o

Ye
s

N
o

N
o

3
N
on

e
N
o

A
m
bu

la
te
s
w
it
h
as
si
st
iv
e
de

vi
ce

Ye
s

Ye
s

N
o

N
o

4
Pa

rt
ia
ll
os

s
of

ST
SG

Ye
s

Fu
lly

am
bu

la
to
ry

Ye
s

Ye
s

N
o

N
o

5
In
fe
ct
io
n,

co
m
pl
et
e
lo
ss

of
ST

SG
re
q
ui
ri
ng

re
p
ea

t
ST

SG
N
o

Fu
lly

am
bu

la
to
ry

N
o

N
o

N
o

N
o

6
W
ou

nd
br
ea

kd
ow

n
re
qu

ir
in
g
fl
ap

ro
ta
ti
on

,p
ul
m
on

ar
y
em

bo
lu
s

tr
ea

te
d
w
it
h
an

ti
co

ag
ul
at
io
n,

si
nu

s
tr
ac

t
re
q
ui
ri
ng

ex
ci
si
o
n

Ye
s

Fu
lly

am
bu

la
to
ry

Ye
s

N
o

N
o

N
o

7
N
on

e
Ye

s
Fu

lly
am

bu
la
to
ry

N
o

N
o

N
o

Ye
s

8
Re

o
pe

ra
ti
o
n
fo
r
w
ou

nd
br
ea

kd
ow

n
of

w
ei
gh

t-
be

ar
in
g
po

rt
io
n

Ye
s

Fu
lly

am
bu

la
to
ry

N
o

N
o

N
o

N
o

9
D
eh

is
ce

n
ce

tr
ea

te
d
w
it
h
lo
ca
lw

ou
nd

ca
re

Ye
s

Fu
lly

am
bu

la
to
ry

Ye
s

Ye
s

N
o

Ye
s

10
N
on

e
N
o

Fu
lly

am
bu

la
to
ry

N
o

N
o

N
o

N
o

11
N
on

e
N
o

Fu
lly

am
bu

la
to
ry

N
o

N
o

N
o

N
o

12
N
on

e
N
o

A
m
bu

la
te
s
w
it
h
as
si
st
iv
e
de

vi
ce

N
o

N
o

N
o

N
o

A
b
br
ev

ia
ti
on

:
ST

SG
,
sp
lit
-t
hi
ck

ne
ss

sk
in

gr
af
t.

Fig. 1 A 41-year-old police officer sustained a traumatic amputation
to his left lower extremity in a motor vehicle accident with soft tissue
loss over his anterior tibia. (A) Left leg at initial injury. (B) Leg at the
time of free flap reconstruction after serial debridements with
orthopedic surgery. (C) A left-sided free rectus abdominis flap was
used to reconstruct the soft tissue defect. A saphenous vein graft was
used to create an arteriovenous loop to the superior geniculate
vessels. (D) The muscle was folded to provide added bulk to the
weight-bearing surface. (E) At 5 months postoperatively, the flap was
well healed and the patient had excellent knee mobility. (F) The
patient is fully ambulatory with the use of a prosthesis.
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ulcerations, not due to flap failure. Most patients underwent
revisionary surgery to debulk and contour the flap to improve
the aesthetic outcome and how the flap fit in a prosthesis or
shoe. Interestingly, of thefiveanterolateral thighflaps,onlyone
flap required a revision. However, this may have more to do
with the shorter follow-up we had with the fasciocutaneous
flaps compared with muscle flaps.

The stump length preserved is critical to achieving maxi-
mal functionality. Significant improvements in performance
and energy expenditure are seen with incremental length-
ening of the amputation stump.11 In our study, free flap
coverage allowed preservation of the foot in nine patients, a
BKA instead of a trans-knee amputation in one patient, a
through knee amputation instead of a transfemoral ampu-
tation in one patient, and maximal AKA length on a bilateral

amputee. All patients were able to preserve maximal limb
length following traumatic injury.

Overall, we found those patients with lower extremity
injuries had better functional outcomes than expected, with
the majority fully ambulatory and only one patient who had
limited ambulation with an assistive device. However, our
patient sample is relatively small and we have no standard-
ized way of reporting functional outcomes because our
surgeons do not consistently use a standardized outcome
reporting scale, such as the SF-36 or Musculoskeletal Tumor
Rating Scale; thus, our conclusions about overall functional
outcomes are limited. We are attempting to incorporate
these standardized scales into patient care to accurately
interpret and assess our outcomes.

While all of our patients were treated with microvascular
free tissue transfer for limb salvage or length preservation, it
is important to recognize there are several additional recon-
structive options available. Trauma patients may benefit
from the “spare parts” concept, which involves scavenging
tissue for reconstruction that is otherwise unsalvageable and
would have been discarded.12–16 Applying the concept of
using “spare parts,” the tibial turn-up plasty and fillet flaps
are viable choices for reconstruction.17–20 The tibial turn-up
plasty repurposes the tibia that would have been amputated
as a new surrogate femur to preserve length in femur
amputations.18–20 Similarly, fillet flaps use tissue from
amputated extremities to provide soft tissue bulk in the
reconstruction.16,21 While these techniques have the benefit
of avoiding donor-site morbidity, often the viability of these
“spare parts” is severely limited by the amount of
healthy tissue available in nonsalvageable segments.12,15,16

However, these techniques should be part of a reconstructive
surgeon’s armamentarium when approaching trauma
patients and their devastating injuries.

Unfortunately, trauma patients often have little to no time
to process their injuries and evaluate how they will impact
their future before deciding whether to pursue limb salvage
or primary amputation. Patients who undergo limb salvage
instead of primary amputation following trauma face longer
hospital courses and more complicated postoperative recov-
eries.22 We found that the majority of our patients required
at least one flap revision, and often dealt with chronic pain.
Therefore, it is critical that patients and their loved ones
understand what limb salvage surgery and the recovery
entails, as physical therapy and nonclinical interventions
are paramount to successful outcomes.22 In these instances,
microvascular free tissue transfer can be used to effectively
maintain stump length and preserve a functional extremity
that would otherwise require amputation.

Conclusion

Microvascular free tissue transfer can be used to effectively
maintain lower extremity stump length following trauma.
Although these patients often require multiple surgeries and
face lengthy hospital courses, this technique enables preser-
vation of a functional extremity that would otherwise
require a more proximal amputation.

Fig. 2 A 32-year-old woman was run over by a truck sustaining a left
open first through fifth metatarsal fracture dislocation with large
degloving injury. (A) Initial operative washout andmetatarsal pinning.
(B) Underwent transmetatarsal amputations of digits two through
five 12 days after the initial injury. (C) Underwent transmetatarsal
amputation of great toe 14 days after initial injury. (D) Treated with
wound vac changes for 1 month to ensure healthy, stable wound bed.
(E) Reconstructed with latissimus dorsi muscle flap and split-thickness
skin graft anastomosed into the anterior tibial vessels. (F) Had
complete loss of skin graft following pseudomonal infection, but
repeat skin graft healed without a problem. (G) Weight-bearing
surface of the foot well padded. (H) Patient is now fully ambulatory
after undergoing two surgeries for correction of equinus deformity.
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