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Retalho em hélice para reconstrucdo de sequelas em membros inferiores

RONEY GONCALVES
FECHINE-FEITOSA™
ARIANE GARCIA!

FLAVIA MODELLI VIANNA
WAISBERG!

JOSE DE ARIMATEIA
MENDES!
AN WAN CHING!

LYDIA MASAKO FERREIRA'!

Ins

titution: Universidade Federal

de Sao Paulo, Escola Paulista de
Medicina, Séo Paulo, SPE, Brazil.

Article received: May 20, 2021.
Article accepted: July 14, 2021.

Conflicts of interest: none.

= ABSTRACT

Introduction: The propeller flap is a type of local flap based on perforating vessels.
It has several advantages, such as the reconstruction of tissues similar to the original,
less morbidity of the donor area, maintenance of the main vessels of the region and the
possibility of a wide rotation arc (up to 180°). However, it is subject to complications, the
most worrisome being partial or total necrosis of the flap. Methods: A retrospective study
of a series of three cases of lower limb trauma sequelae treated with helix flaps. Results:
Helical flaps reduce surgical time, hospitalization days, and costs. However, they are not
free of complications, with partial necrosis occurring in 10.5 to 11% and total necrosis in
1 to 5%. Other complications described are epidermolysis (3.5%) and transient venous
congestion (3%). In the cases described, they evolved without complications. Classically,
lower limb defects, especially in the distal third, are indicated for reconstruction with
microsurgical flaps. Conclusion: Propeller flaps may be an alternative in these cases,
especially in small and moderate defects. There are still no studies directly comparing
these two techniques, but some valuable information is already available, such as
the similarity between the percentages of total necrosis between the techniques.

Keywords: Flap perforator; lower extremity; Wounds and injuries; Reconstructive
surgical procedures; Scar.

= RESUMO

Introducao: O retalho em hélice, ou propeller flap, é um tipo de retalho local baseado
em vasos perfurantes. Apresenta diversas vantagens, como a reconstrucido de
tecidos semelhantes ao original, menor morbidade da area doadora, manutencao
dos principais vasos da regiao e a possibilidade de amplo arco de rotagéo (até 180°).
Entretanto, esta sujeito a complicagées, sendo a mais preocupante a necrose parcial ou
total do retalho. Métodos: Estudo retrospectivo de uma série de trés casos de sequelas
de trauma em membros inferiores tratados com retalho em hélice. Resultados:
Retalhos em hélice reduzem o tempo cirirgico, dias de internacgio e custos. Todavia,
nao sido isentos de complicacbes, encontra-se a ocorréncia de necrose parcial de 10,5
a 11% e total de 1 a 5%. Outras complicacées descritas sdo epidermoélise (3,5%) e
congestao venosa transitéria (3%). Nos casos descritos, evoluiram sem complicagoes.
Classicamente, os defeitos de membro inferior, principalmente no terco distal, tém
indicacdo de reconstrugido com retalhos microcirirgicos. Conclusao: Os retalhos
propeller podem ser uma alternativa nestes casos, principalmente em defeitos
pequenos e moderados. Ainda néao existem trabalhos comparando diretamente
estas duas técnicas, mas algumas informacées importantes ja estdo disponiveis,
como a semelhanca entre os percentuais de necrose total entre as técnicas.

Descritores: Retalho perfurante; Extremidade inferior; Ferimentos e lesées;
Procedimentos cirturgicos reconstrutivos; Cicatriz.
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Helix flap in lower limbs

INTRODUCTION

The helical flap, or propeller flap, is a type of
local flap based on perforating vessels, defined by the
Tokyo Consensus (2011) as “a perforating flap with an
island of skin composed of two parts, one larger and one
smaller, separated by a nourishing perforating vessel
that corresponds to its axis of rotation”’.

It was first described in 1991 by Hyakusoku et
al.2, who used an island flap vascularized by perforating
vessels with a rotation axis in the vascular pedicle to
treat burn sequelae.

This was only possible due to abetter understanding
of the anatomy and the importance of myocutaneous or
septocutaneous perforators. Authors like Donski &
Fogdestam?® described that fasciocutaneous flaps that
maintained vascularization through perforators could be
larger than previously used randomized local flaps. Over
time, flaps started to be made with increasingly smaller
skin bridges (also known as Keystone flaps) until some
surgeons chose to perform island flaps without the skin
connection of the pedicle and with rotation arcs each
times bigger?.

Since then, propeller-type flaps have become
increasingly popular and have several advantages.
They are reconstructed with tissues similar to the
original defect using neighboring tissues. In general,
they present less morbidity in the donor area, often
allowing the primary closure of the same. They also
allow a large arc of rotation (up to 1800) 55, Another
advantage is that, especially in reconstructing defects
in the distal third of the leg, they can be alternatives
to microsurgical flaps, with lower cost, shorter surgical
time and without the need for vascular anastomosis’.
Despite these advantages, there are still no large clinical
trials comparing the two techniques.

Propeller-type flaps are also subject to
complications, the most worrisome being partial or
total flap necrosis. Other complications described
are epidermolysis, transient venous congestion,
infection, hematoma, and dehiscence. Risk factors for
complications have not yet been fully defined®®3.

OBJECTIVE

To present a series of three cases in which the
helix flap was used to treat trauma sequelae in the
lower limbs.

METHODS

This is a retrospective and descriptive study
of patients undergoing reconstruction of lower limb
sequelae using a helix flap. The cases were operated
on between September 2016 and September 2018 and

were subsequently monitored by the Plastic Surgery
Department of Escola Paulista de Medicina. Approval
was issued by the Research Ethics Committee of
the Federal University of Sao Paulo, under number
0675/2019, and written consent was obtained from all
patients.

RESULTS

Case 1

Male patient, 35 years old, a victim of a run-
over in 2002, associated with the exposed left tibia and
fibula fracture. Initially treated at another service and
submitted to external fixation to stabilize the fractures.
He underwent a change of fixator for plate and screw
in 2003. He evolved in the postoperative period with
chronic osteomyelitis, requiring debridement in 2004.
After resolving the infectious process, he was also
submitted to bone lengthening.

He was referred in 2016 for evaluation by the
Plastic Surgery Service of UNIFESP due to an ulcerated
lesion in the transition from the middle to the distal third
of the anterior face of the left leg, which was difficult to
heal (Figure 1). The lesion had granulation tissue, and
there were no phlogistic signs. An incisional lesion biopsy
was performed, with a negative result for malignancy.
He denied smoking, was treated for hypothyroidism and
had no other comorbidities.

It was then decided to resect the ulcer and scar
area and cover it with a propeller flap. The surgery
was performed on 07/06/2016, with the previous
mapping of the perforating vessels close to the lesion
with a portable Doppler (Figure 1). Planned helical
flap based on perforator vessels of the posterior tibial
artery, measuring 16x6cm. The flap dissection was in
the subfascial plane until the identification of the most
caliber perforator close to the lesion.

After careful dissection of the artery, the flap
was rotated 180° to cover the defect. The donor area
was closed primarily after a negative pressure suction
drain was placed. The patient had a good postoperative
evolution and was discharged the day after the surgery
(Figure 2). There were no complications during follow-
up (Figure 2).

Case 2

Male patient, 36 years old, without previous
comorbidities, non-smoker, a victim of a hit-and-
run in 2010. He was attended at another service
with severe traumatic brain injury, thoracic trauma,
comminuted fracture of the left femur, tibia fracture
and extensive soft tissue injury from upper thigh
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Figure 1. Initial assessment of the ulcerated lesion at the transition of the
anterior surface of the left leg (on the left) and marking of the resection area
of the lesion on the left leg and nearby perforating vessels (on the right).

Figure 2. Immediate postoperative period after performing a propeller flap (on
the left). And a 12-month postoperative period of Case 1 (right).

to ankle. He underwent external fixation and two
surgical debridements during the same hospital stay.
No grafting or flaps were performed to cover the defect,
which healed by the second intention.

He was referred in 2016 to the outpatient clinic
of the Plastic Surgery Service of UNIFESPE On initial

examination, he had extensive scars on the anterior and
medial aspect of the thigh, popliteal fossa and medial
aspect of the leg. There was also shortening of the left
lower limb with genu varum deformity, and restriction
in knee movement, in addition to an area of difficult
healing in the popliteal fossa (Figure 3).

Figure 3. Initial evaluation of the scar showed shortening of the left lower limb,
with evidence of a difficult-to-heal lesion in the left popliteal fossa. Marking of
the flap in the left posterior thigh and perforator vessels (on the right).

It was decided to resect the ulcerated area and
cover it with a propeller flap, in addition to correcting
an unsightly scar on the thigh. The surgery was
performed on 07/22/2016, with a portable Doppler
device mapping the perforators close to the lesion
(Figure 3). Two perforators of the deep femoral artery
were chosen, with a planned flap measuring 27x6cm.
Surgery started with an incision on the lateral face
of the flap and subfascial dissection until the two
previously mapped vessels were identified. It was
decided to keep the larger caliber closer to the defect.
After carefully dissecting the pedicle, the remainder
of the flap was released and rotated 180° to cover the
defect. The donor area was closed primarily after a
negative pressure suction drain was placed.

The patient presented partial dehiscence of
the operative wound (Figure 4). Debridement and
resuture were performed on 08/02/2016. There was a
good evolution, with no other complications during
follow-up (Figure 5).

Case 3

Male patient, 47 years old, with arterial hyperten-
sion, smoker, a victim of a car-motorcycle collision in 2017.
He was attended at another service with an exposed frac-
ture of the tibia and fibula and degloving of the anterior
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Figure 4. Surgical wound dehiscence.

Figure 5. Late postoperative period of Case 2.

region of the middle third of the left leg. He underwent
external fixation and, during the same hospitalization,
surgical debridement and primary synthesis of the
skin defect by the orthopedic team. He evolved with
a chronic ulcer.

He was referred in 2018 to the outpatient clinic
of the Plastic Surgery Service of UNIFESP On initial
examination, he had a chronic ulcerated lesion on the
middle third of the anterior face of the left leg (Figure 6).
The lesion had granulation tissue, and there were
no phlogistic signs. An incisional lesion biopsy was
performed, with a negative result for malignancy.

It was decided to resect the ulcerated area
and cover it with a propeller flap. The surgery was
performed on 09/28/2018, with the previous mapping of
the posterior tibial perforators close to the lesion using
a portable Doppler device (Figure 7). After carefully

Figure 6. Chronic ulcerated lesion on the anterior aspect of the left leg.

dissecting the pedicle, the helical flap was released and
rotated 90° to cover the defect (Figure 7). The donor
area was closed primarily after the placement of a
negative pressure suction drain (Figure 7).

The patient evolved without complications
during follow-up (Figure 8).

Figure 7. Marking of the resection area of the lesion on the left leg, with mapping
of the perforator in the territory of the posterior tibial vessel (on the left). Defect
area and dissected flap in the left leg (middle). Immediate postoperative period
Case 3 (right).

DISCUSSION

Helix flaps are a relatively recent and very
promising concept, especially in challenging areas
such as lower limb reconstruction, as demonstrated
in the cases described here. These are flaps capable
of reconstructing defects with similar tissues and low
morbidity in the donor area, preserving the region’s
main vessels and reducing surgical and hospitalization
time.

Despite these advantages, they are not without
complications. In a literature review performed by Gir et
al.’?, the occurrence of partial necrosis was 11%, and total
necrosis was 1%. Nelson et al.t found 11% partial and 5%
total necrosis. In this same study, 82.9% of the flaps had
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Figure 8. First postoperative day of Case 3 (left). Postoperative period of 6
months (right).

no complications. A meta-analysis and systematic review,
published in 2016 by Bekara et al.?, also reached similar
results: 10.5% for partial and 3.5% for total necrosis.
Other complications described were epidermolysis
(3.5%) and transient venous congestion (3%).

In these studies, the flap rotation arc and
the dissection plane (sub or suprafascial) were not
associated with the occurrence of complications. In
the cases reported here, there was no partial or total
necrosis of the flaps, but one of them evolved with
partial dehiscence of the surgical wound. Nevertheless,
the case evolved very well in the postoperative period,
allowing the patient to undergo femoral bone stretching
by the orthopedic team without compromising the skin
island of the flap.

Classically, lower limb defects, especially in
the distal third, are indicated for reconstruction with
microsurgical flaps. Propeller flaps can be a less
complex alternative in these cases, especially in minor
and moderate defects. There are still no works directly
comparing these two techniques, but some important
information is already available. Wu et al.® reported a
series of 2019 free flaps, with 3.8% of total necrosis and
10% of cases requiring revision procedures or major
surgeries. These rates are very similar to those found
in the large studies on helix flaps described to date.

One of this surgical technique’s main pillars
concerns the pedicle’s rotation up to 180° without
compromising its patency. Some experimental
studies were conducted to investigate this fact,
with contradictory results. Wong et al.’® studied the
factors that affect vessel patency in a virtual model.
It was observed that the angle of rotation should be a

maximum of 180°, the blood pressure should be kept
constant during the surgery, and the pedicle diameter
should be approximately 1 mm and its length greater
than 30 mm. Demir et al.!! and Izquierdo et al.!? also
reported that torsion of up to 180° in the pedicle does
not affect its patency. On the other hand, Tos et al.’?,
in an experimental study, demonstrated that rotations
of up to 90° could compromise the flow of vessels with
microsurgical anastomoses.

Another point still under discussion is the
maximum size of the flap. Saint-Cyr et al.!* described
the “perforasome” theory, suggesting that perforating
flaps may increase their vascularization area by
opening communicating vessels with adjacent
territories. According to this study, it is not easy to
define the safe size for a flap in cadaveric studies, as
this compensatory mechanism would only occur in
vivos. In the meta-analysis and systematic review of
Bekara et al.8, flap size >100cm2 was not a risk factor
for complications. Innocenti et al.'® analyzed 74 cases
and found no difference in the number of complications
between 5-14cm and 15-25¢m flaps.

In the reported series, two cases had the
maximum possible rotation of the pedicle (180°) without
impairment of vascularization or venous congestion,
and one with 90° rotation without vascular damage.
The largest flap, measuring 27x6¢cm, may have evolved
with partial dehiscence due to tension in the region
and because it was a flexor area in the popliteal region.

As a diagnostic method, most studies use portable
acoustic Doppler to map the perforators8. This method
successfully identifies vessels in up to 80% of cases?.
Its main advantages are practicality, low cost and the
possibility of intraoperative use. As a limitation, we can
mention the impossibility of mapping perforators at
depths greater than 20 mm, not determining the caliber
of vessels and their flow, and confusing the perforators
with other vessels.

Another available imaging test is color Doppler
ultrasound, whose main convenience is obtaining vessel
diameter and flow information. However, it depends on
an experienced examiner and takes longer than other
alternatives.

Computed tomography angiography is a method
that has advanced a lot in recent years, which makes
it possible to identify perforators from 0.3 to 0.5 mm,
in addition to evaluating their size, location and three-
dimensional path with high sensitivity and specificity.
The main disadvantages are contrast, ionizing radiation
and higher cost. Magnetic resonance imaging can also be
used, although some studies point to reduced accuracy
in diagnosing perforators with a diameter smaller than
1 mm?'". This study used only portable acoustic Doppler
without difficulty identifying the perforators.
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In addition to factors related to technique and
surgical planning, the patient’s clinical factors can
influence the final result. In the study published by
Bekara et al.®, age over 60 years (RR=1.61; p=0.03),
arteriopathy (RR=3.12; p=0.01) and diabetes (RR=2,
0; p=0.02) were associated with a higher risk of adverse
events. On the other hand, smoking did not reach
statistical significance as a risk factor, with a relative
risk of 1.96 (0.99 to 3.90 in the 95% confidence interval)
and p=0.068. The patients in this study were non-
smokers, and two had comorbidities (hypothyroidism
and arterial hypertension).

CONCLUSION

Helix flaps are a good option for covering defects
in the lower limbs. The cases described here had good
postoperative results without serious complications.
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