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Distally Based Sural Artery Peroneus Flap (DBSPF)
for Foot and Ankle Reconstruction
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Background: Reconstruction of soft-tissue defects in lower third of leg, ankle, and
foot has been a challenge and reconstructive surgeons have been trying to inno-
vate different flaps. To solve this issue, we propose a distally based sural artery pero-
neus flap (DBSPF) in which we include superficial portion of the peroneus brevis
muscle and its blood supply with the peroneal artery distally. The aim of this study
was to evaluate the functional outcome and its usefulness over conventional distal
sural artery flap or other local options available.

Methods: This is a case series of 20 patients that include a DBSPF that was done
for defects around ankle, distal leg, and foot caused by trauma or tumor ablation
within the period of June 2013 to March 2015 in Kasralainy Hospital, Cairo. All
cases were evaluated according to flap vascularity, distal reach of flap, aesthetic
outcome, and donor-site morbidity.

Results: All flaps survived. One flap developed venous congestion that subsided
spontaneously with limb elevation. The flap dimension ranged from 42cm to
442 cm?®, and it reached the midfoot easily. The pivot point was kept as low as
2—-6 cm from lateral malleolus according to location of perforators. The ankle sta-
bility was maintained, and the desired aesthetic outcome was achieved.
Conclusions: The DBSPF is an addition to the armamentarium in plastic surgery
for defects around ankle, distal leg, and foot. It is an easy and swift procedure as
compared with complex microsurgical reconstruction. (Plast Reconstr Surg Glob Open
2017;5:¢1276; doi: 10.1097/GOX.0000000000001276; Published online 18 April 2017.)

Soft-tissue defects and complex wounds in the foot, the
distal third of the leg, and ankle represent a great chal-
lenge for reconstructive surgeons.

Microvascular free flaps require arterial and/or venous
anastomosis. In cases where microsurgery is not possible due
to the lack of microsurgery expertise, equipment, or time,
the distally based sural artery peroneus flap (DBSPF) can be
areliable, easier, and quicker option for the coverage.

The classic distally based sural flap, as described by
Masquelet and Gilbert,' especially designed for the pos-
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terior aspect of the heel and the region of the lateral
malleolus, includes a pedicle with the median sural ar-
tery in the proximal third of the calf (branch of popliteal
artery) and the fasciocutaneous branches from the pero-
neal artery in the distal half of the leg, sural nerve, and
small saphenous vein, which are sacrificed proximally.?
The flap is outlined at the junction of the relief of the 2
heads of gastrocnemius, and the line of incision is traced
over the presumed course of the sural nerve and small
saphenous vein.

Although this flap provides a wide arc of rotation, a
rapid coverage, and easy and quick elevation, the main
disadvantages are the congestion due to poor venous
drainage (if no small saphenous vein microanastomosis
supercharging is done), sensory loss over the lateral as-
pect of the foot,” tension to close the donor site,* partial
or total necrosis® due to the 180 degrees of rotation, the
tunnelization, and the insufficient blood supply of the
median sural arteries for the upper half of the posterior
calf (if no gastrocnemius branch perforators are includ-
ed), especially on medial malleolus (greater arc of rota-
tion of flap and larger defects).?

Disclosure: The authors have no financial interest to de-
clare in relation to the content of this article. The Article Pro-
cessing Charge was paid for by the authors.
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To overcome these problems, different flap modifi-
cations have been proposed, such as the distally based
peroneus brevis muscle flap? and the distally based sural
fasciomusculocutaneous flap with gastrocnemius muscle.®®

In this article, we describe a DBSPF that includes a
pedicle with median sural artery, sural nerve, and small
saphenous vein, as well as the peroneal muscles with their
blood supply, which includes branches from the peroneal
artery, anterior tibial artery, and perforators from the pos-
terior tibial artery.?

In this flap, foot inversion and eversion and plantar
dorsiflexion as well as ankle stability are maintained due
to preservation of the deeper muscle layers of the pero-
neus muscles.

The purpose of our study was to describe and evaluate
a new flap, the DBSPF, which we nominate for foot and
ankle defects, with an aim to know its viability, feasibility,
and functional outcome.

This descriptive retrospective study was conducted in
Kasralainy Hospital from the period of June 2013 to March
2015 in 20 patients with soft-tissue defects with exposed
bones, tendons, and other critical structures after trauma
and tumor resection. Age groups were variable, ranging
from 6 to 68 years. Total male to female ratio was 9:1. De-
fects were caused by trauma (n = 18) and tumor resection
(n = 2). Inclusion criteria were patients with soft-tissue de-
fects involving hind and midfoot with exposed bones or
tendons that needed flap coverage. Exclusion criteria were
peripheral vascular disease, severe crushing injury affecting
vascularity of the foot or selectively affecting peroneal ar-
tery and its perforators. Hospital stay was for 24 hours with
regular follow-up after discharge.

Routine preoperative evaluation included complete
blood count and coagulation profile. Plain foot X-ray with
different views was taken in trauma patients and those sus-
pected to have osteomyelitis. All patients underwent hand-
held Doppler study to locate and mark the perforators of
the peroneal artery close to the lateral malleolar region.

Patients were operated on under pneumatic tourni-
quet with regional and/or spinal anesthesia. General an-
esthesia was applied for children and in cases where spinal
anaesthesia was contraindicated. Postoperatively, the pa-
tients were splinted in 100degrees of plantar flexion to
minimize tension on the flap and to decrease the shearing
forces on the grafted donor site. Flap was monitored on a
daily basis. The first dressing of the graft area was done on
the fifth postoperative day. The splint was removed after
4 weeks of surgery, with simultaneous initiation of physio-
therapy. Weight bearing on operated foot was started after
6 weeks of surgery, and patients were followed up for an
average period of 6 months.

Surgical Technique

The flap was outlined as per defect after planning
in reverse manner with proximal extent of flap ap-
proximately 4 fingerbreadths below the popliteal crease
where the precise location of the skin paddle depended
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Fig. 1. Preoperative “teardrop” shape of the DBSPF.

on the required length of the flap. All the flaps were of
teardrop design with adipofascial pedicle (Fig. 1). Skin
paddle was planned according to the defect. Skin island
was narrowed down and continued until the pivot point
(location of the first outlined perforator). This point was
nearly 5-6cm above lateral malleolus (Fig. 2). The flap
was incised proximally down to the fascia covering the gas-
trocnemius muscle with inclusion of the sural nerve and
short saphenous vein, which were ligated, dissected, and
included within the flap. After incising the skin paddle
on the medial and lateral sides, the dissection was carried

Superficial portion
of peroneus brevis muscle

Adipofascial
pedicle

|

Fig. 2. Superficial portion of peroneus brevis muscle inclusion un-
derneath the skin paddle.
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Fig. 3. Anatomical structures in the DBSPF dissection.

down until the level of the Achilles tendon. At this region,
the tunnel was incised in an S-shaped manner, and subcu-
taneous undermining was done to mark the adipofascial
pedicle while preserving the short saphenous vein, sural
nerve along with the median sural artery (Fig. 3). The
adipofascial pedicle was incised medially and dissection of
the fasciocutaneous island and its adipofascial pedicle was
carried out from medial to lateral until the location of the
outlined perforators with the inclusion of posterior inter-
muscular septum. At this region, the median superficial
sural artery ramifies into small branches that communi-
cate with perforators of the peroneal artery (Fig. 4). They
are initially septocutaneous and then they become muscu-
locutaneous (as close as to lateral malleolus). In this study,
we augmented the flap with inclusion of the superficial
portions of the peroneus brevis muscle to preserve these
ramifications that are continuous with the most distal mus-
culocutaneous perforator (1-2 from the lateral malleolus)
(Fig. 2). Thickness of the peroneus muscle was variable
depending upon the ramification of the median sural ar-
tery. We dissected the ramifying branches of the median
sural artery till its communication with the musculocuta-
neous perforator originating from the peroneal artery.
After raising the flap, it was sutured on to the recipi-
ent site after careful undermining of the tunnel skin to be

Augmentation of Blood Supply of Distally Based Sural Flap

Fig. 4. Musculocutaneous perforator communication with the me-
dian superficial sural artery (arrow).

closed without tension on the adipofascial pedicle. A suc-
tion drain was inserted underneath the flap, and donor
site was covered with split-thickness skin graft.

RESULTS

Soft-tissue reconstructions of the foot were performed
in all patients using DBSPF (Table 1). In 2 (10%) of 20
cases, immediate reconstruction had been done after tu-
mor resection (Fig. 6). In 11 (55%), coverage was done
within 72 hours after a proper debridement of the devital-
ized necrotic tissue. The rest of the cases (35%) were oper-
ated on within 12 months after the initial injury due to the
development of complications such as wound infection
and dehiscence over the repaired Achilles tendon, devel-
opment of osteomyelitis of the calcaneus after conserva-
tive management of a comminuted fracture of this bone
requiring debridement, and excision of the overlying skin.

Flap dimensions ranged from 7x6 to 22x11cm. All
flaps survived completely. One flap developed distal ve-
nous congestion that resolved spontaneously with foot el-
evation without development of subsequent necrosis.

Pivot point of the flap was kept as low as 2—6 cm from
the lateral malleolus in 8 cases with more distal reach to
the heel and anterior ankle without any recorded compli-
cation.

DISCUSSION

Reconstruction of the distal third of leg, heel, ankle,
and foot defects remains a challenge. Free microvas-
cular flaps are ideal for such defects, but in cases with
small-to-moderate-size defects or when microsurgery is
not available, several surgeons have tried to innovate dif-
ferent flaps. Distally based sural artery neurocutaneous
flap is one of the useful options described by Masquelet
et al.? in 1992 and Hasegawa et al.'” in 1994. However,
venous congestion and fixed flap dimension were the
main limitations that attracted many surgeons to add
further into it. Ayyappan and Chadha'' used super-flap
to shift the proximal limit near popliteal crease,'' and
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others such as Tan et al.'? proposed single-stage super-
charging of flap; Wong and Tan" used intermittent
short saphenous phlebotomy, and Fujiwara et al.’* did
temporary venous supercharging. A few surgeons in-
cluded the gastrocnemius muscle beneath the fascia as
described by Al Quattan,"” Le Fourn et al.,'® and Muel-
ler et al.'” in 2001 to further rectify it. The use of a dis-
tally based peroneus brevis muscle is another entity that
was described by Eren et al.’® and further improved by
Schmidt and Giessler."

Our flap is unique in nature as it uses peroneus bre-
vis muscle along with sural skin island pedicle. This is
the first flap to be described in the literature that im-
plies using peroneus brevis muscle along with sural
neurocutaneous flap to augment the blood supply of
the proposed flap. In our clinical study, a ramifica-
tion of the median sural artery within peroneus brevis
muscle and a communication with the perforators of
peroneal artery was observed. Initially, the perfora-
tors were found to be septocutaneous, which became
musculocutaneous as we approached lateral malleolus.
To preserve the ramifications, we included peroneus
brevis muscle along with fasciocutaneous sural nerve
territory (Fig. 4), which not only added muscle bulk but
also augmented blood supply.

Grandjean et al.’ have successfully used distally based
sural artery flap in children with an age range of 1.5-17
years, with an average of 8.8 years. In our study, the age
groups vary from 6 to 68 years.

Bajantri et al.* do not recommend using peroneus
brevis muscle alone when the defect size exceeds 4cm.
Some authors have used sural flap maximum to hind
foot." In our series, the maximum flap dimension exceeds
13x8 cm, and we have used it for midfoot defects because
of its versatile design (Fig. 5).

Flap pivot point is one of the criteria that is always
controversial. Despite some authors who have consented
to stay at 6cm from lateral malleolus to include constant
peroneal perforators,?" in our series we premarked the
perforators with hand-held Doppler and have gone up to
4, 3, and even 2cm from lateral malleolus safely, which
increases the distal reach of the flap.

Comorbid conditions like smoking and diabetes have
been a relative contraindication of using propeller flap
and free flaps,? but we have used this flap successfully in
2 such patients. In most of the cases, flap outcomes were
good when flap cover was done within 72 hours of trauma
after a proper debridement as suggested by Godina® and
Byrd et al.** However, we have used this flap without any
evidence of eventful episodes in case of nonhealing ulcers
as supported by Fodor et al.* to use musculoneurocutane-
ous flap in distal tibial osteomyelitis.

We found venous congestion in only 1 of 20 patients,
which was less, in comparison to other studies,® and 3 pa-
tients developed wound infection, which was settled with
treatment of antibiotics and dressing. The success of our
technique is probably due to careful dissection around
distal vasculature, preserving neurovascular plexus and
its ramification into muscle, always preserving short sa-
phenous veins and their oscillating branches in the adi-
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Fig. 5. Preoperative margins outlined of a chronic ulcer in the
midplantar region.

pofascial pedicle, and postoperative limb elevation and
splintage. None of our flaps required secondary proce-
dures because of a better blood supply and the presence
of muscle. The skin provided better aesthetic outcomes as
compared with only muscle flaps that required skin graft-
ing over the muscle (Fig. 6).%

The main advantage of using peroneus muscle with
sural neurocutaneous skin and fascia was a better blood
supply (flap reaching to distal foot defects, thus lowering
the pivot point), with no functional deformity of using
peroneus muscle.

However, more anatomical studies are required to
demonstrate communications of median sural artery and
its ramification into peroneus muscle. So this flap points
toward a new tool in plastic surgery for reconstruction of
ankle, distal leg, and foot defects.




Fig. 6. Flap good healing and graft donor site at the 15th day.

CONCLUSIONS

DBSPF is reliable and easy to perform. This can be a
new flap in the armamentarium of the reconstructive sur-
gery for the distal third of leg, ankle, foot, and heel de-
fects. As the flap entails preservation of the ramifications
of median sural artery in the peroneus brevis muscle
and also the ramifications of peroneal artery, there were
fewer incidences of flap necrosis and venous congestion.
Also, this flap was found to be reliable even when based
on more distal perforators of the peroneal artery, thus
increasing the distal reach of this flap. It is a good option
for small-to-moderate—size defects with good aesthetic
and functional outcome and with minimum donor-site
morbidity.
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