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Background: In distal lower limb defects, the paucity of local tissues dictates a
free-flap (FF)-based reconstruction frequently. The propeller perforator flap
(PPF) offers a good alternative when the patient or the limb or both are not fit
for FF-based reconstruction. Also, in contexts of restricted healthcare resources,
armed conflict scenarios, or during pandemics like the ongoing COVID-19 pan-
demic, PPF is considered a valuable alternative to free-flap-based reconstruction.
Additionally, PPFs are less sacrificing in terms of major limb vessels and distal limb
vascularity. Yet, the distal lower limb vascular impact for PPF-based reconstruction
has not been studied before.

Methods: In total, 23 patients with distal lower limb defects were reconstructed
with PPFs. By using U/S arterial duplex, the peak arterial velocity (PA velocity) was
measured pre and postoperatively in 15 (65.2%) out of the 23 patients. This mea-
surement was done to the vessel segment distal to the used perforator.

Results: An estimated 21 out of 23 flaps succeeded to reconstruct the patients’
defects safely and to give all patients stable coverage without further surgeries.
Only two patients had flap failure, which was managed successfully through addi-
tional reconstruction sessions. The difference between pre- and postoperative PA
velocity was not statistically significant.

Conclusions: PPFs are a safe cost-effective reconstruction modality for distal lower
limb defects. Thisadvantage is veryvaluable in cases of restricted healthcare resources,
wars, and during pandemics. In terms of distal limb vascularity, PPFs have no signifi-
cant impact and can be used safely. (Plast Reconstr Surg Glob Open 2021;9:¢3993; doi:

10.1097/GOX.0000000000003993; Published online 17 December 2021.)

The lower third of leg and ankle soft tissue defects
represent a challenge for reconstructive plastic surgeons.
The high variability of the defects’ etiologies influences
the selection of reconstruction modality. Often, free
flaps (FFs) are preferred over other local reconstruction
options because of their better predictability, improved
functional outcome, and reduced donor site morbidity."?

However, the use of FFsis notideal in all circumstances—
specifically when significant comorbidities turn the patient’s
general condition unfit for major surgeries and prevent the
routine use of FFs.? Also, in contexts of restricted healthcare
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resources, armed conflict scenarios, or during pandem-
ics like the ongoing COVID-19 pandemic, alternatives to
FF-based reconstruction should be considered.

Perforator propeller flaps (PPFs) are accepted as a
reliable alternative technique to address defects of the
lower third of the leg and ankle."® The benefits of PPFs
are recognized as requiring less healthcare resources and
anesthetic support, as well as being associated with less sac-
rifice of major limb vessels.*®*

The utilization of only a small branch of a main artery
during PPF reconstruction should not affect the limb vas-
cularity regardless of how many vessels are still in the limb.”
Besides, no steal phenomenon was reported with PPFs as
happens with end-to-side anastomosis of FFs on a single
vessel limb.”!” Furthermore, in an initial experience study,
the PPFs were safely used in recently revascularized limbs
with grade IV peripheral arterial obstructive disease. Yet,
the impact of PPFs on distal lower limb vascularity was not
evaluated in the literature before.

In this study, we describe our surgical strategy and
highlight the safety of PPF-based reconstruction in distal
lower limb defects. We also evaluate the vascular impact of
this kind of reconstruction on distal lower limb vascularity.

Disclosure: The authors declare that they have no financial
inlerest in relation to the content of this article.
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In our series we have included twenty-three consecutive
patients who presented to Ain Shams University Hospitals
outpatient clinic with distal lower limb defects between
September 2016 and September 2020. All patients under-
went reconstruction with PPFs. The indication to perform
PPF reconstruction consisted of the presence of high risk
of complications or lack of resources to perform FF-based
reconstruction. The follow-up was performed in an out-
patient clinic and was between 7 and 13 months after the
reconstruction.

Preoperative Strategy and Planning of PPFs

Our preoperative strategy included clinical evaluation
of the lower limb defect and patient status, supported by
diagnostic evaluation. The hand-held Doppler (8 MHz)
was the mainstay reliable tool in detection of the most
suitable perforator vessels, as it increases the accuracy in
evaluating the limb vasculature.

By using the U/S arterial duplex, the distal lower limb
peak arterial velocity (PA velocity) was recorded in 15
patients (n = 15 = 65.2%) preoperatively. The PA velocity
measurement targeted the vessel which the flap was based
upon, distal to the used perforator. Therefore, in the
case of posterior tibial artery based PPFs, the PA velocity
of the posterior tibial artery distal to the used perforator
was measured preoperatively. Similarly, this was applied to
the peroneal artery vascular axis. The PA velocity measure-
ment was repeated after at least 6 months postoperatively
(Table 1). These measurements were used as an objective
tool to evaluate the impact of PPF-based reconstruction
on distal limb vascularity; the collected values were statisti-
cally analyzed.

Statistical Methods

The pre and postoperative PA velocity values were
analyzed using the MedCalc Statistical Software, version
18.11.3 (MedCalc Software bvba, Ostend, Belgium).
Normality of numerical data distribution was tested using

Table 1. Lower Limb Arterial Peak Velocity
Preoperative and at least 6 Months Postoperative Values
in the Vessels upon Which the Propeller Flaps Were Based

The Examined

Case  Lower Limb Preoperative Postoperative
(n=15) No. Vessel PAvM* (cm/s) PAVEIO_mY’Z< (cm/s)
2 PTA 52 50
2 4 PTA 47 44
3 6 PTA 60 60
4 10 PTA 44 40
5 11 PTA 42 44
6 12 Per. A 40 40
7 13 PTA 56 59
8 14 Per. A 48 47
9 15 Per. A 52 50
10 16 PTA 46 49
11 17 Per. A 49 46
12 18 PTA 55 53
13 20 PTA 43 40
14 21 Per. A 44 44
15 22 PTA 60 60
*PA . 18 the peak arterial velocity measured in centimeter per seconds; Per.

A, the Peroneal artery; PTA, the Posterior tibial artery.
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Question: Are perforator propeller flaps (PPFs) a safe
alternative to free flaps during distal lower limb recon-
struction? What is the impact of PPFs on distal lower limb
arterial flow?

Findings: In this case series study, distal lower limb defects
were reconstructed with PPFs. The impact on distal arte-
rial flow was evaluated by U/S arterial Duplex. The PPFs-
based reconstruction was found to be a safe, cost-effective
modality. The PPFs have no significant impact on distal
limb vascularity.

Meaning: The PPFs are a safe cost-effective reconstruction
modality for distal lower limb defects.

the D’Agostino-Pearson test. Normally distributed numer-
ical variables are presented as mean and SD. The paired-
samples ¢ test is used to compare PA velocity before and
after surgery. Two-sided Pvalue of less than 0.05 is consid-
ered statistically significant.

In a limited number of cases (n = 3), we consolidated
our decision to perform PPF after bilateral lower limbs
computerized tomography angiography. Such studies were
available in three old trauma patients and clearly defined
the patency of the lower limb vascular tree. Also, the review
of the previous surgical notes has assisted us in such old
cases in completing the preoperative assessment aimed to
identify any injury occurring to major vessels of the leg.

The combination of clinical and radiological findings
informed the decision for the appropriate surgical strat-
egy and safe choice of arterial axis to base the PPFs upon.
In our series, PPFs were based on peroneal artery in 12
patients, and were based on posterior tibial artery in 11
patients.

The Surgical Technique

The steps of performing a propeller flap for lower
leg reconstruction have been described in the litera-
ture. 75151 However we highlight specific relevant surgi-
cal details.

The Defect Preparation

The initial wound preparation began with meticulous
wound/scar excision, hemostasis, and copious irrigation,
which was followed by l-cm edge undermining. One or
two superficial veins were dissected for 1-2cm to be ready
for venous supercharging, if needed at the defect site.
After initial wound preparation, the defect size and shape
were measured, and a template was fashioned accordingly.

The Exploratory Incision

The exploratory incision is recommended to be at
the posterior edge of the planned flap, starting from the
defect to just above our target perforator. The benefit is
represented by the easier conversion to FF-based recon-
struction if no adequate perforator could be identified.
Such approach may be particularly useful in the absence
of comprehensive preoperative studies.
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The Perforator Choice

Preoperative and intraoperative efforts were all
directed to choose the nearest reliable perforator to the
defect outside the zone of injury. Preoperative hand-held
Doppler was used to detect an easily distinguishable high-
pitched sound (tri/bi-phasic) perforator on the surface
anatomy of the main leg vessel. This sound should be re-
detectable and consistent with patient’s heart rate.”*"

There were intraoperative clinical criteria which
we considered crucial for the perforator choice. First,
the perforator should have an adequate caliber (above
1.5mm), and should be pulsatile after tourniquet defla-
tion.'" Furthermore, the length of the chosen perforator
is preferred to be no less than 2cm to tolerate a degree of
twist.”” We also marked the flap width at the chosen perfo-
rator site as wide as both flap arms (minimum 2cm); this
width would allow the inclusion of most of subcutaneous
perforator’s branches, maximizing the “arborization” in
the flap territory.

Perforator Fascia and Neurovascular Bundle Fascia
Dissection

We dissect the perforator fascia to avoid any tethering
band, which may compress the perforator vein after the
flap rotation. Dissection proceeds until visualization of the
emergence point of the perforator from the main vessel
clearly. Although it may be challenging to reach the pero-
neal artery during dissection, it is worth dissecting the
perforator, as far and safe as possible, to gain an adequate
length. Yet, we do not advocate dissecting the perforator
vein from the artery.

The complete islanding of the flap may be attempted
once the perforator is identified and checked after tourni-
quet deflation. The initial perforator bundle dissection is
checked and completed from the opposite direction after
islanding the flap.

Flap Design and Dimensions

The PPFs consist of two limbs on both sides of a pivotal
point, which represents the landmark over the perforator
bundle. The design for the propeller flap is projected in a
recommended sequential manner (Fig. 1).

Flap Dissection

We raise our flaps in a subfascial plane until we find
the perforator. Afterward, we employ some supra-fascial
dissection to preserve the long saphenous vein and the
saphenous nerve in case of a posterior tibial vessel-based
PPF. Differently, the peroneal artery—based flap dissection
is always subfascial; therefore, sural nerve irritation symp-
toms are expected postoperatively, and such information
is clarified in our consent.

Flap Inset

The direction of the flap rotation influences the con-
gestion rate, as demonstrated in a recent study using ultra-
sound signals in the perforator.'® Generally, in propeller
flaps, the shorter the arch of rotation is, the lower the
venous congestion incidence will be witnessed. In case of
equal arches of rotation in both directions, a 10-minute
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Fig. 1. A diagram showing the sequential recommended steps to
design a perforator propeller flap in lower limb reconstruction.
1 = pivot point = perforator detected with preoperative Doppler/
confirmed intraoperative. 2 = distal/short limb of the propeller flap.
2" = distal portion of the proximal/long limb of the propeller flap. 3
= 1cm extension to relax area of perforator after flap rotation. 4 =
defect after initial preparation. 4’ = flap to cover the defect. 5=1cm
extension around the periphery of the designed flap to overcome
flap contraction after skin incision, to cover the defect without ten-
sion. 6 = 0.5-1cm of triangular extension to optimize partial direct
closure of the proximal flap donor site without dog ear formation.

trial in both directions intraoperatively would guide our
decision on the direction of the rotation. Commonly, in
PPFs for anterior aspect leg defects, the flap rotation takes
a trajectory over the chin of the tibia. The opposite will
happen in case of posterior leg defects.

Venous Supercharge

At the proximal zone of the designed flap, one or two
superficial veins are dissected and prepared for venous
supercharging if indicated. In case of intraoperative flap
congestion, 6x surgical loupes are used to anastomose
these veins with the defect veins using 9/0 nylon. This
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Table 2. Patients’ Demographic Data, Characteristics of Leg Defects, and Reconstruction Modality Used

2021

Defect
Size, cm
Age/ (width x
# Gender  length) Indications Reconstruction Modality
1 48/man 3x5  Postinflammatory exposed tendoachilles repair Peroneal perforator propeller flap
2 25/man 5x8  Posttraumatic exposed tibia at the fracture site Posterior tibial perforator propeller flap
3 56/man 10x6  Posttraumatic exposed tibia at the fracture site with Peroneal perforator propeller flap +
external fixator venous supercharging
4 50/man 5x12  Posttraumatic unstable scar over nonunion facture tibia ~ Posterior tibial perforator propeller flap
5  47/man 11x5  Posttraumatic exposed lateral aspect of heel Peroneal perforator propeller flap
6 39/man 12x9  Posttraumatic exposed medial distal tibia and ankle Posterior tibial perforator propeller flap
over fracture site
7  52/woman  10x4 Posttraumatic exposed lateral calcaneus with hardware ~ Peroneal perforator propeller flap
8  28/woman  11x6 Posttraumatic exposed tibia at the fracture site Peroneal perforator propeller flap
9  60/man 4x12  Exposed tibia at the fracture site Peroneal perforator propeller flap
10 43/woman 6x6  Posttumor excision exposed distal tibia Posterior tibial perforator propeller flap +
venous supercharging
11 59/man 7x12  Posttraumatic exposed tarsal and metatarsal bone Posterior tibial perforator propeller flap
12 62/man 10x8  Posttraumatic exposed distal tibial fracture site with Peroneal perforator propeller flap +
hardware venous supercharging
13 28/man 7x10  Posttraumatic unstable scar over nonunion fracture tibia Posterior tibial perforator propeller flap
14 35/man 8x6  Posttraumatic exposed tibia at the fracture site Peroneal perforator propeller flap
15 54/man 6x9  Posttraumatic exposed tibia at the fracture site Peroneal perforator propeller flap
16 49/man 6x11  Posttraumatic exposed medial distal tibia and ankle Posterior tibial perforator propeller flap
over fracture site
17 51/man 10x6  Posttraumatic exposed tibia at the fracture site Peroneal perforator propeller flap
18 40/man 6x12  Posttraumatic unstable scar over nonunion facture tibia Posterior tibial perforator propeller flap
19 53/man 11x14 Postinflammatory exposed tendoachilles and heel Peroneal perforator propeller flap + venous supercharging
20 35/man 6x10 Posttraumatic exposed medial distal tibia Posterior tibial perforator propeller flap
21 38/man 5x8  Posttraumatic exposed tendoachilles Peroneal perforator propeller flap
22  57/man 6x12  Posttraumatic exposed medial distal tibia over fracture site  Posterior tibial perforator propeller flap
23 39/man 7x10  Posttraumatic unstable scar over nonunion fracture tibia Posterior tibial perforator propeller flap +

intramedullary nail fixation

Table 3. Data Summary of Patients, Defects, and Reconstruction Modalities Used

Patients
Gender Man = 20 Woman = 3
Age Range 25-62y

Comorbidities No comorbidities

(average = 45.5 y)

D.M. + (one or more other

Other comorbidities COPD + HTN (n = 1)

(n=11) comorbidities) CRD, IHD,
HTN, obesity (n=11)
Defects
Site Lower third leg (n =13)  Leg and ankle (n = 4) Ankle (n=2) Ankle and foot (n =2) Heel (n=2)
Etiology Posttraumatic (n = 20) Postinflammatory (n = 2) Post tumor excision (n =1)

Reconstruction modality

Posterior tibial artery perforator propeller flap (n = 11)
Peroneal artery perforator propeller flap (n =12)

COPD, chronic obstructive pulmonary disease; CRD, chronic renal disease; DM, diabetes miletus; HTN, hypertension; IHD, ischemic heart disease.

Fig. 2. A 52-year-old diabetic female patient with history of a motor car accident. A, Exposed lateral aspect of the right calcaneus with
infected hardware. B, The orthopedic team exchanged the infected hardware with K-wire fixation. A peroneal artery perforator propeller flap
was used to cover the exposed bone. C, One-week postoperative result with complete wound healing and skin graft take.
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Fig. 3. A 62-year-old male patient with exposed distal tibial fracture site and exposed hardware. A, A

10x8 cm soft tissue defect over the right distal tibia. B, The same defect after surgical debridment of
necrotic tissues.

Fig. 4. A 62-year-old male patient with exposed distal tibial fracture site and exposed hard-
ware. A-C, A peroneal artery perforator propeller flap was used to cover the exposed bone
and hardware. The peroneal artery U/S duplex examination documented arterial peak
velocity 40 cm/s pre-operatively which was not changed 1 year postoperatively (C).



is not a rare occurrence in our experience; the neces-
sity of addressing venous supercharging occurred in 17%
of our cases (n = 4). Additionally, intraflap dissection
may be needed to achieve adequate length for venous
supercharge.

Donor Site Closure

We have a very low threshold to use meshed thin split
thickness skin graft in the donor site. In medium-size
defects, this is planned to avoid tension at the donor site,
which might lead to several complications. Skin graft is

PRS Global Open * 2021

harvested from the same limb with noncircumferential
dressing application to the donor site.

Postoperative Protocol

We advised all patients to keep the limb elevated until
complete wound healing. A light dressing was applied
with a window exposing the distal zone of the flap for
monitoring. Venous thromboembolism prophylaxis pro-
tocol was followed according to the Caprani score. We also
attempted first graft and leg dressing 1 week postopera-
tively. Dangling protocol started on the third postoperative

J

Fig. 5. A 28-year-old male patient with unstable scar over nonunited right tibial fracture fixed with
external fixator. A-B, On the day of trauma, operative surgical notes documented a high level injury
of the anterior tibial neurovascular bundle. C-D, The orthopedic team exchanged external fixator with
intramedullary nail fixation. The unstable scar was excised, and the exposed bone was covered with
posterior tibial artery perforator propeller flap. One-year postoperative with complete healing of the

tibial fracture and after stable soft tissue coverage.
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day; physiotherapy and weight bearing were generally tai-
lored according to patient’s status.

In our series, 87% (n = 20) of the patients were men.
Patient ages ranged from 25 to 62 years (average age: 45
years). The reconstructed defects were small to medium
in size: the minimum dimensions were 3x5cm, and the
maximum were 11x14cm.

The defects affected the lower third of the leg
(n = 13), leg and ankle (n = 4), ankle (n = 2), ankle and
foot (n=2), and heel (n =2). The etiologies of the defects
were posttraumatic exposed bone with/without hard-
ware (n = 15), unstable scar over nonunion fracture tibia
(n = 4), exposed Achilles tendon (n = 3) due to trauma,
and post tumor excision exposed tibia. Twelve patients
had posttraumatic compromised anterior or posterior
tibial vessels. Seven patients were diabetic with variable
degrees of vasculopathy. Four patients showed a combi-
nation of single major vessel injury and diabetic vascu-
lopathy. Patient characteristics and typology of defects are
summarized in Tables 2 and 3.

The average total operative tourniquet time was 100
mins, and 20-30 minutes were needed for the skin graft-
ing. The average inpatient stay was 10 days. The aver-
age follow up was 12 months (range: 7-13 month). The
PPF success rate in our series was 91.3% (21 out of 23),

PPFs during Distal LL. Reconstruction

achieving satisfactory coverage without further surgeries
(Figs. 2-5).

In our series, we have not observed postoperatively any
case of distal limb vascular compromise. Relevantly, The
PA velocity of distal lower limb arteries was measured in 15
(65.2%) out of the 23 patients. The PA velocity measure-
ment targeted the vessel which the flap was based upon, dis-
tal to the used perforator. The mean PA velocity (SD) was
49.20 (6.41) cm per second before surgery compared with
48.40 (7.00) cm per second after surgery. The difference
between preoperative and postoperative PA velocity was
not statistically significant (mean difference = -0.80cm/s,
95% CI =-2.02 to 0.42cm/s, P=0.183) (Fig. 6).

Overall, we observed two complications requiring sur-
gical re-intervention. In one obese female patient, the flap
was completely lost due to congestion 24 hours postop-
eratively. Immediate re-exploration of the already anas-
tomosed venous supercharge failed to salvage the flap.
Another session of reconstruction in the form of dermal
substitute and skin graft successfully managed the condi-
tion. In another patient, the flap showed distal congestive
necrosis, which was successfully treated with debridement
and skin grafting session. We also observed two minor
complications (8.7%), including delayed wound healing
and partial skin graft loss at the flap donor site (Figs. 7, 8).
Neither of them needed surgical intervention and
both were managed conservatively (Table 4).
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Fig. 6. Peak arterial velocity (PA velocity) before and after surgery. Rounded markers represent individ-
ual observations. Squared marker with dotted horizontal line represents the mean. Error bars represent
the 95% confidence limits (95% Cl). Difference between preoperative and postoperative value is not
statistically significant (mean difference = —0.80cm/s, 95% Cl = —2.02 to 0.42cm/s, P = 0.183).
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Fig. 7. A right leg distal third defect. A, A 50-year-old diabetic male patient with unstable scar over
non-united right distal tibial fracture. B-C, The unstable scar was excised, and the exposed tibial bone
was covered with posterior tibial artery perforator propeller flap. The orthopedic team deferred inter-
vention for later session. D, Delayed wound healing at the graft site was managed conservatively for 3
weeks until complete healing.

DISCUSSION

The PPF is a valuable option for distal lower limb defect
reconstruction. In our series, PPFs are characterized by an
extremely low failure rate and absence of vascular compli-
cations. In spite of the limited resources available, PPFs
proved to have outcomes comparable to those of the pub-
lished evidence.”*'?

Frequently, the nature of the lower third of the leg
integument hinders attempts of primary closure by under-
mining and/or random geometric flaps. Therefore, the
use of leg perforators is essential for coverage, in terms of
raising local flaps or even as recipient vessels in perfora-
tor-to-perforator anastomosis type of reconstruction.”*!®
Recently, an effective algorithm discussing coverage of
lower limb defects was proposed. This algorithm imple-
mented using local flaps hand in hand with FFs in a
cost-effective approach. Also, this algorithm justified the
selection between different types of perforators FFs.'”'*
However, the option of PPFs remained to match the oper-
ative and defect circumstances as well as the surgeon’s
experience and skills.

PPFs represent an efficient reconstructive technique
when compared with other local advancement perforator
flap designs. The advancement type designs of perforator
flaps such as V-Y" and Keystone® are safer in terms of per-
forator kink; however, they do not result in an adequate
advancement. This is attributed to the length of the perfo-
rator itself and the mobility of the main vessel. Therefore,
we reserve them for smallsize leg defects. On the other
hand, the propeller design is actually very useful and can
cover small- to moderate-size defects.

In terms of vascular safety, the PPF does not rep-
resent an increased risk to lower limb perfusion. It can
even be used in diabetic single vessel limbs successfully.”!
Relevantly, in our series we have not encountered any
ischemic signs or symptoms in the reconstructed limbs.
This was supported in our study through the maintenance
of the distal lower limb PA velocity measurements in the
postoperative period. This observation supports the fact
that using PPFs has no significant impact on distal lower
limb vascularity, and PPFs can be used with considerable
vascular safety.
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Fig. 8. Diabetic foot with soft tissue defect over the right ankle and
heel. A-B, A 53-year-old diabetic male patient with postinflamma-
tory exposed tendoachilles and heel of the right lower limb. C, The
defect was reconstructed with peroneal artery perforator propeller
flap. D, Eight-months postoperative photograph showed complete
healing of the wound despite initial delayed wound healing.

Also, in secondary case scenarios, PPFs have the advan-
tage of being safely re-raised in an axial pattern. This is
due to the fact of long-term proved patency of the perfora-
tors in the propeller flaps.” Hence, PPFs are comparable
with FFs in terms of safety during secondary surgeries.

The restricted resources available instructed our prac-
tice to identify the perforator vessels by hand-held Doppler

PPFs during Distal LL. Reconstruction

ultrasound. Hence, our series also suggests that PPFs can
be carried out safely with cheap accurate preoperative plan-
ning tools. Of course, this fact adds to the cost-effectiveness
and reproducibility of PPF-based reconstruction. Ultimately,
there would be more comprehensive preoperative planning
if more advanced technologies were used. Recently, the
measure of the size and the flow of the assessed vessels with
color duplex®** and/or CT angiography’”* is commonly
used. Intraoperatively, the flap territory vascularization can
be evaluated by indocyanine green fluorescence angiogra-
phy.* Such investigations have a great impact on the intra-
operative planning and outcomes, but such resources are
not available in all institutions. In our study, the evaluation
of the cases was conducted without requesting any of the
expensive imaging modalities.

Beyond the evaluation and assessment of the perfora-
tor vessels arterial side, a similarly relevant challenge is the
venous kink/ twist causing congestion in pedicled flaps.*!
The adoption of venous supercharging is therefore con-
templated to reduce the incidence of venous congestion
in PPFs.?*%

We do acknowledge that the main limitation of our study
is a relatively limited number of consecutive cases. However,
despite the size of our cohort, the findings of our series may
support the decision-making process and practice of many
reconstructive surgeons operating in environments with
limited resources like ours. It should also be mentioned
that PPF-based reconstruction for distal lower limb defects
is not the ideal reconstruction modality in certain scenarios
involving young and/or female patients. In fact, the resul-
tant scars may not be acceptable for young and/or female
patients. Moreover, PPFs can result in nearly circumferen-
tial limb scarring, which in turn may cause variable degrees
of distal limb edema. Scar management and limb edema
conservative protocols help improve both drawbacks. In
our study, this was clarified during patients’ counseling and
weighted against FF-based reconstruction.

A recent meta-analysis comparing the outcomes of FFs
with PPFs in lower limb reconstruction found no difference
in success of defect closure and rate of complications, apart
from partial flap necrosis, which was higher in the pedicled
perforator flap group.® However, our study does not suggest
that PPFs are a better option than FFs. We believe that both
techniques are complementary, and reconstructive sur-
geons should have them ready in their armamentarium to
be used with great wisdom. Practically, there is a gray zone
between the indications of local and FFs for distal lower
limb reconstruction. The learning curve and experience
with PPFs expands this gray zone further.

We believe in using FFs rather than PPFs in cases of
large-size defects, high energy trauma with progressive

Table 4. Incidence of Major and Minor Complications among Patients

Case No. Minor Complications (n = 2) Management

2 Partial graft loss at the flap donor site Dressing until healing with secondary intention

3 Delayed wound healing Dressing until healing with secondary intention

Case No. Major Complications (n = 2) Management

7 Partial flap loss Debridement + reconstruction with skin graft

10 Total flap loss Debridement + reconstruction with dermal substitute and skin graft

9



zone of injury, high functional reconstruction needs, and
trauma in venous compromised or lymphedematous limbs.
In virtue of that, our threshold for PPFs for management of
small to moderate defects is significantly lowered following
the observation of comparable outcomes with FFs, as well
as maintenance of safety, feasibility, and cost-effectiveness.
Considering the concurrent financial impact of
COVID-19 on healthcare in general, and on plastic recon-
structive surgery in particular, alternative cost-effective,
safe modalities should be considered, aiming to conduct
our medical services with lower cost compared with the
pre-pandemic period.* The appropriate use of PPFs rep-
resents such principles. The PPF is a safe and cost-effective
reconstruction technique for distal lower limb defects,
especially when the resources are limited and/or in the
presence of global crises such as wars and pandemics.

Khaled El-Gazzar, MD

Plastic and Reconstructive Surgery Department
Ain Shams University

Cairo, Egypt

E-mail: Khaled.elgazzar@gmail.com

REFERENCES

1. ReddyV, Stevenson TR. MOC-PS(SM) CME article: lower extrem-
ity reconstruction. Plast Reconstr Surg. 2008;121 (Suppl 4):1-7.

2. Heller L, Levin LS. Lower extremity microsurgical reconstruc-
tion. Plast Reconstr Surg. 2001;108:1029-1041; quiz 1042.

3. Hong JP. The use of supermicrosurgery in lower extremity
reconstruction: the next step in evolution. Plast Reconstr Surg.
2009;123:230-235.

4. D’Arpa S, Toia F, Pirrello R, et al. Propeller flaps: a review of indi-
cations, technique, and results. Biomed Res Int. 2014;2014:986829.

5. Bekara F, Herlin C, Mojallal A, et al. A systematic review and
meta-analysis of perforator-pedicled propeller flaps in lower
extremity defects: identification of risk factors for complications.
Plast Reconstr Surg. 2016;137:314-331.

6. Bekara F, Herlin C, Somda S, et al. Free versus perforator-pedi-
cled propeller flaps in lower extremity reconstruction: what is the
safest coverage? A meta-analysis. Microsurgery. 2018;38:109-119.

7. Geddes CR, Morris SF, Neligan PC. Perforator flaps: evolution,
classification, and applications. Ann Plast Surg. 2003;50:90-99.

8. Panse NS, Bhatt YC, Tandale MS. What is safe limit of the perfo-
rator flap in lower extremity reconstruction? Do we have answers
yet? Plast Surg Int. 2011;2011:349357.

9. ToSenovsky P, Zalesak B, Janousek L, et al. Microvascular steal
syndrome in the pedal bypass and free muscle transfer? Fur | Vasc
and Endovasc Surg 2006;26:562-564.

10. Phillip ER, Deleyiannis FW-B. Case report: head loss as an expla-
nation of the steal phenomenon in microvascular surgery. ePlasty.
2015;15:e45.

11. Jiga LP, Barac S, Taranu G, et al. The versatility of propeller
flaps for lower limb reconstruction in patients with peripheral
arterial obstructive disease: initial experience. Ann Plast Surg.
2010;64:193-197.

12. Hyakusoku H, Yamamoto T, Fumiiri M. The propeller flap
method. Br ] Plast Surg. 1991;44:53-54.

13. Teo TC. Perforator local flaps in lower limb reconstruction.
CirugiaPlasticaIbero-Latinoamericana.2006;32:15-16+287-292.

14. Krucoff KB, Zhoa RBS, Hollenbeck ST. Avoiding pitfalls and
troubleshooting. In: Jeong TK. ed. Evolution and Revolution of
Perforator Flaps. MEDICMEDICINE; 2017;630-631.

15. Mendieta M, Cabrera R, Siu A, et al. Perforator propeller flaps
for the coverage of middle and distal leg soft-tissue defects. Plast
Reconstr Surg Glob Open. 2018;6:¢1759.

10

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32,

33.

34.

PRS Global Open © 2021

Song S, Jeong HH, Lee Y, et al. Direction of flap rotation
in propeller flaps: does it really matter? | Reconstr Microsurg.
2019;35:549-556.

AlMugaren FM, Pak CJ, Suh HP, et al. Best local flaps for lower
extremity reconstruction. Plast Reconstr Surgery Glob Open.
2020;8:€2774.

Abdelfattah U, Power HA, Song S, et al. Algorithm for free per-
forator flap selection in lower extremity reconstruction based on
563 cases. Plast Reconstr Surg. 2019;144:1202-1213.

Yildirim S, Taylan G, Akoéz T. Freestyle perforator-based VY
advancement flap for reconstruction of soft tissue defects at vari-
ous anatomic regions. Ann Plast Surg. 2007;58:501-506.

Behan FC. The keystone design perforator island flap in recon-
structive surgery. ANZ J Surg. 2003;73:112—120.

Georgescu AV, Matei IR, Capota IM. The use of propeller perfo-
rator flaps for diabetic limb salvage: a retrospective review of 25
cases. Diabetic Foot & Ankle. 2012;3:18978.

Wong CH, Cui F, Tan BK, et al. Nonlinear finite element simu-
lations to elucidate the determinants of perforator patency in
propeller flaps. Ann Plast Surg. 2007;59:672-678.

Chang BW, Luethke R, Berg WA, et al. Two-dimensional color
Doppler imaging for precision preoperative mapping and size
determination of TRAM flap perforators. Plast Reconstr Surg.
1994;93:197-200.

Rand RP, Cramer MM, Strandness DE Jr. Color-flow duplex
scanning in the preoperative assessment of TRAM flap perfo-
rators: a report of 32 consecutive patients. Plast Reconstr Surg.
1994;93:453-459.

Dusseldorp JR, Pennington DG. Quantifying blood flow in the
DIEP flap: an ultrasonographic study. Plast Reconstr Surg Glob
Open. 2014;2:e228.

Schrogendorfer KF, Nickl S, Keck M, et al. Viability of five dif-
ferent pre- and intraoperative imaging methods for autologous
breast reconstruction. Eur Surg. 2016;48:326-333.

Higueras Suné MC, Lopez Ojeda A, Narvaez Garcia JA, et
al. Use of angioscanning in the surgical planning of perfora-
tor flaps in the lower extremities. | Plast Reconstr Aesthet Surg.
2011;64:1207-1213.

Lee JW, Kim HK, Kim SR, et al. Preoperative identification of a
perforator using computed tomography angiography and metal
clip marking in perforator flap reconstruction. Arch Plast Surg.
2015;42:78-83.

Jakubietz RG, Schmidt K, Bernuth S, et al. Evaluation of the
intraoperative blood flow of pedicled perforator flaps using
indocyanine green-fluorescence angiography. Plast Reconstr Surg
Glob Open. 2019;7:¢2462.

Salgarello M, Lahoud P, Selvaggi G, et al. The effect of twist-
ing on microanastomotic patency of arteries and veins in a rat
model. Ann Plast Surg. 2001;47:643—646.

. Jakubietz RG, Nickel A, Neshkova I, et al. Long-term patency

of twisted vascular pedicles in perforator-based propeller flaps.
Plast Reconstr Surg Glob Open. 2017;5:e1544.

Chiu DT, Hu G, Wu J, et al. Extended rat-ear flap model: a new
rodent model for studying the effects of vessel supercharging on
flap viability. | Reconstr Microsurg. 2002;18:503-508.

Chaput B, Bertheuil N, Grolleau JL, et al. Comparison of pro-
peller perforator flap and venous supercharged propeller per-
forator flap in reconstruction of lower limb soft tissue defect: a
prospective study. Microsurgery. 2018;38:177-184.

British Association of Plastic, Reconstructive and Aesthetic
Surgeons (BAPRAS), British Orthopedic Association (BOA).
Management of patients with traumatic injuries and urgent
orthopedic conditions requiring inpatient care during the
coronavirus pandemic. Available at http://www.bapras.org.uk/
docs/default-source/covid-19-docs/final-boast-doc—badged.
pdfzsfyrsn=2. Accessed June 7, 2021.


mailto:Khaled.elgazzar@gmail.com?subject=
https://doi.org/10.1097/01.prs.0000305928.98611.87
https://doi.org/10.1097/01.prs.0000305928.98611.87
https://doi.org/10.1097/00006534-200109150-00036
https://doi.org/10.1097/00006534-200109150-00036
https://doi.org/10.1097/PRS.0b013e3181904dc4
https://doi.org/10.1097/PRS.0b013e3181904dc4
https://doi.org/10.1097/PRS.0b013e3181904dc4
https://doi.org/10.1155/2014/986829
https://doi.org/10.1155/2014/986829
https://doi.org/10.1097/PRS.0000000000001891
https://doi.org/10.1097/PRS.0000000000001891
https://doi.org/10.1097/PRS.0000000000001891
https://doi.org/10.1097/PRS.0000000000001891
https://doi.org/10.1002/micr.30047
https://doi.org/10.1002/micr.30047
https://doi.org/10.1002/micr.30047
https://doi.org/10.1097/00000637-200301000-00016
https://doi.org/10.1097/00000637-200301000-00016
https://doi.org/10.1155/2011/349357
https://doi.org/10.1155/2011/349357
https://doi.org/10.1155/2011/349357
https://doi.org/10.1016/s1078-5884(03)00147-3
https://doi.org/10.1016/s1078-5884(03)00147-3
https://doi.org/10.1016/s1078-5884(03)00147-3
https://pubmed.ncbi.nlm.nih.gov/26491507
https://pubmed.ncbi.nlm.nih.gov/26491507
https://pubmed.ncbi.nlm.nih.gov/26491507
https://doi.org/10.1097/SAP.0b013e3181a72f8c
https://doi.org/10.1097/SAP.0b013e3181a72f8c
https://doi.org/10.1097/SAP.0b013e3181a72f8c
https://doi.org/10.1097/SAP.0b013e3181a72f8c
https://doi.org/10.1016/0007-1226(91)90179-n
https://doi.org/10.1016/0007-1226(91)90179-n
https://doi.org/10.1097/GOX.0000000000001759
https://doi.org/10.1097/GOX.0000000000001759
https://doi.org/10.1097/GOX.0000000000001759
https://doi.org/10.1055/s-0039-1688408
https://doi.org/10.1055/s-0039-1688408
https://doi.org/10.1055/s-0039-1688408
https://doi.org/10.1097/GOX.0000000000002774
https://doi.org/10.1097/GOX.0000000000002774
https://doi.org/10.1097/GOX.0000000000002774
https://doi.org/10.1097/PRS.0000000000006167
https://doi.org/10.1097/PRS.0000000000006167
https://doi.org/10.1097/PRS.0000000000006167
https://doi.org/10.1097/01.sap.0000247953.36082.f4
https://doi.org/10.1097/01.sap.0000247953.36082.f4
https://doi.org/10.1097/01.sap.0000247953.36082.f4
https://doi.org/10.1046/j.1445-2197.2003.02638.x
https://doi.org/10.1046/j.1445-2197.2003.02638.x
https://doi.org/10.3402/dfa.v3i0.18978
https://doi.org/10.3402/dfa.v3i0.18978
https://doi.org/10.3402/dfa.v3i0.18978
https://doi.org/10.1097/SAP.0b013e31803df4e9
https://doi.org/10.1097/SAP.0b013e31803df4e9
https://doi.org/10.1097/SAP.0b013e31803df4e9
https://doi.org/10.1097/00006534-199401000-00033
https://doi.org/10.1097/00006534-199401000-00033
https://doi.org/10.1097/00006534-199401000-00033
https://doi.org/10.1097/00006534-199401000-00033
https://pubmed.ncbi.nlm.nih.gov/8115499
https://pubmed.ncbi.nlm.nih.gov/8115499
https://pubmed.ncbi.nlm.nih.gov/8115499
https://pubmed.ncbi.nlm.nih.gov/8115499
https://doi.org/10.1097/GOX.0000000000000191
https://doi.org/10.1097/GOX.0000000000000191
https://doi.org/10.1097/GOX.0000000000000191
https://doi.org/10.1007/s10353-016-0449-6
https://doi.org/10.1007/s10353-016-0449-6
https://doi.org/10.1007/s10353-016-0449-6
https://doi.org/10.1016/j.bjps.2011.03.015
https://doi.org/10.1016/j.bjps.2011.03.015
https://doi.org/10.1016/j.bjps.2011.03.015
https://doi.org/10.1016/j.bjps.2011.03.015
https://doi.org/10.5999/aps.2015.42.1.78
https://doi.org/10.5999/aps.2015.42.1.78
https://doi.org/10.5999/aps.2015.42.1.78
https://doi.org/10.5999/aps.2015.42.1.78
https://doi.org/10.1097/GOX.0000000000002462
https://doi.org/10.1097/GOX.0000000000002462
https://doi.org/10.1097/GOX.0000000000002462
https://doi.org/10.1097/GOX.0000000000002462
https://doi.org/10.1097/00000637-200112000-00011
https://doi.org/10.1097/00000637-200112000-00011
https://doi.org/10.1097/00000637-200112000-00011
https://doi.org/10.1097/GOX.0000000000001544
https://doi.org/10.1097/GOX.0000000000001544
https://doi.org/10.1097/GOX.0000000000001544
https://doi.org/10.1055/s-2002-33322
https://doi.org/10.1055/s-2002-33322
https://doi.org/10.1055/s-2002-33322
https://doi.org/10.1002/micr.30162
https://doi.org/10.1002/micr.30162
https://doi.org/10.1002/micr.30162
https://doi.org/10.1002/micr.30162
http://www.bapras.org.uk/docs/default-source/covid-19-docs/final-boast-doc---badged.pdf?sfvrsn=2
http://www.bapras.org.uk/docs/default-source/covid-19-docs/final-boast-doc---badged.pdf?sfvrsn=2
http://www.bapras.org.uk/docs/default-source/covid-19-docs/final-boast-doc---badged.pdf?sfvrsn=2

