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Background: The size and versatility of anterolateral thigh (ALT) flap enables a bi-paddle flap to cover
complex and extensive defects optimally. However, it is characterized by variations in the sources of blood
vessels and in the number of perforators, which increases the chances of failure of harvesting a bi-paddle
flap. We present our method to overcome such failure. This is the first study exploring the optimal salvaging
algorithm to overcome harvesting failure with the bi-paddle ALT flap.

Methods: From January 2014 to December 2020, in 9 patients to be treated with bi-paddle ALT flap for
soft-tissue defects (range, 48-288 cm”), there was failure of flap harvest because of perforator variations. We
redesigned and converted the flaps to other forms for harvest intraoperatively, based on the characteristics of
the defect, and the number and sources of perforators.

Results: Salvage of flap harvest was successfully performed in all 9 cases. In 4 cases the flap with a single
perforator was converted to widened-single-perforator flaps; in 2 cases, a single perforator was converted to
a de-epithelialized flap; in 2 cases of 2 perforators from different main branches, conversion was to sequential
chimeric flaps; in the remaining case of 2 perforators from the descending branch and transverse branch,
conversion was to a combined transverse-and-descending branches flap. Venous compromise occurred in
only 1 case, and the patient survived after revised surgery. Local infection in the receiving area occurred in 3
cases, and was cured by wound dressing. All flaps survived (follow-up 5-24 months).

Conclusions: Despite preoperative preparation, anatomic variations resulted in failure of bi-paddle ALT
flap harvesting. As shown by our results, it is feasible to redesign and convert the bi-paddle flap to other

forms based on the defect characteristics, and the number and sources of perforators.
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Introduction

The anterolateral thigh (ALT) flap is currently one of the
most popular workhorse flaps, due to its great versatility,
availability of free amounts of tissue, minimal morbidity to
the donor site, and preservation of the main artery (1,2).
The bi-paddle flap is a special form of ALT flap that is
defined as two or more perforator flaps harvested from
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the same donor area. Based on separate perforators, the
ALT flap with two or more perforators can be split into
two subunits, which in turn assists in the maintenance of
relatively independent rotation, enabling the repair of
irregular, large or complicated defects (3-5). Moreover,
turning the length to width of the bi-paddle flap enables
primary closure of the donor site. There are several reports
regarding the clinical application of the bi-paddle flap,
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such as the bi-paddle radial artery flap (6), the double skin
paddle ALT flap (7,8) and the bi-paddle thoracodorsal
artery flap (9). It provides bespoke cover for large soft-tissue
defects with improved morbidity and cosmesis of the donor
site; more tissue can be harvested because of the multiple
perforators (8).

Nonetheless, the ALT flap is characterized by variations
in the source of blood vessels [the lateral circumflex femoral
artery (LCFA) contained ascending branch, oblique branch,
descending branch and transverse branch] and in the
number of perforators (10,11), bringing great uncertainty
to bi-paddle ALT free flap harvest. Kubo ez 4/. reported that
the lobulated flap was successfully harvested in only 50%
of cases of through-and-through defects (12). In a study of
110 patients who underwent ALT flap operation, Lee ez al.
found that in 18.2% cases there was only one perforator,
suggesting that in almost 1 out of 5 cases the patient’s
anatomy is ineligible for a bi-paddle flap (13). Hence,
dealing with flap harvesting failure remains a big challenge
even for experienced micro-surgeons (3,12). This case series
retrospectively analyzed 9 cases in which harvesting a bi-
paddle flap failed because of patients’ anatomic variations,
but was salvaged intraoperatively by converting the
harvested free flap to another form immediately, according
to our salvaging algorithm. We present our experience
and explore the optimal algorithm to overcome harvesting
failure and difficulties with the bi-paddle ALT flap. We
present the following article in accordance with the AME
Case Series reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-1118/rc).

Methods
Patients

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This
retrospective study was a single-center consecutive case
series analysis approved by the Ethics Committee of the
920th Hospital of Joint Logistics Support Force of Chinese
PLA (the research registry No. E-R 2014-079-01). All
patients in this study were informed that their medical
information would be used for scientific purposes and
they or their guardians gave written informed consent for
publication of this study.

Surgical treatment with a bi-paddle ALT flap for soft-
tissue defects of extremities was performed in 36 patients
between 2014 and 2020 in 920th Hospital of Joint Logistics
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Support Force of Chinese PLA. However, in 9 cases there
were difficulties or failure to harvest the flap. Therefore,
inclusive criteria for this study were: (I) variations in the
perforators of the ALT flap and (II) difficulties or failure
to harvest the bi-paddle flap. All defects in the 9 patients
ranged from 48 to 288 cm’ and underwent debridement
and dressing change as stage I, and were repaired as stage
IT after 1-2 weeks of infection control. Preoperatively,
Doppler mapping of the perforators determined the
design of the bi-paddle ALT flap, but because of variations
in the sources of the blood vessels and in the number of
perforators discovered intraoperatively, the bi-paddle flap
could not be elevated. Our conversion method was based on
the characteristics of the defect, the number of perforators,
and the vascular sources to harvest a free flap in another
form for defect repair. The course of the primary disease
ranged from 2 to 4 months, with an average of 2.8 months.
The patients were informed by telephone to return to the
hospital for follow-up monthly.

Data collection and analysis

Age, sex, cause of injury/disease, localization, associated
injuries and type, size of defect, number of perforators, size
of flap, conversion method, complications and follow-up
(5-24 months, average period of 11.5 months) were
extracted from the medical charts. The curative effect
was evaluated according to clinical manifestations. Only
descriptive statistics were used (Table 1).

Surgical technique

The classic antegrade cutting method was used (1). The
medial incision is made first and the flap is elevated
suprafascially or subfascially. The deep fascia is stretched on
both sides to expose the vastus lateralis and rectus femoris
muscles. The septocutaneous perforator is well protected
during this process. The connection between the rectus
femoris and vastus intermedius muscles is separated, and
the rectus femoris is stretched inward and forward to expose
the branches of the LCFA. The perforator is especially
protected during separation. Finally, the position, number,
and the source of the flap perforators become clearly visible.

The conversion methods were as follows. A de-
epithelialized bi-paddle flap was used if there was a single
perforator to repair penetrating wounds with two adjacent
defects. The flap length was extended moderately. After
flap harvesting, the epidermis and the dermis were removed
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from the distal segment of the flap based on the size and
the distance between the defects, to convert to a de-
epithelialized flap with two paddles. The proximal and distal
flaps were wound through the tunnel between defects. The
donor site was sutured directly.

A widened-single-perforator flap was applied in cases of
one perforator to repair the single defects. Briefly, the flap
was redesigned based on the defect size. The flap width was
increased and the length was decreased. The whole defect
was repaired by widening the single-perforator flap with
skin grafting to the donor site.

A combined-branches flap was created when two
perforators were derived from the transverse and
descending branches of the LCFA respectively. The
incision was extended to the proximal and distal ends of the
LCFA system as far as possible for harvesting the LCFA
trunk containing the transverse-and-descending branches
with their perforators. A bi-paddle flap with combined
transverse-and-descending branches of the LCFA system
can also be split into two subunits, which in turn assists in
the maintenance of relatively independent rotation. During
the operation, the femoral nerve branch was protected, and
the blood supply of the rectus femoris was preserved. The
flap donor site was directly sutured.

A sequential chimeric flap was redesigned when two
perforators from different branches of the LCFA were far
apart. The flap containing the two perforators from the
descending and oblique branches respectively was elevated.
The distal end of the descending branch was preserved for
vascular anastomosis to the proximal end of the oblique
branch to create a sequential chimeric flap, which in turn
was used to cover large defects or two adjacent wounds.
Primary closure of the donor site was then performed.

Results

Of the 9 patients included (7 male, 2 female; age range,
14-53 years), there were 6 with a machinery injury, 2 with a
vehicular injury, and 1 was mauled by a bear. All defects in
the extremities of these patients were large and irregular.

In 4 cases of a single defect (range, 10-12x13-15 cm)
and a single perforator found intraoperatively, the bi-paddle
ALT flap was converted to a widened single-perforator
flap based on the characteristics of the defect. In 2 cases
of a penetrating wound (volar defect 3x4/2x5 cm; dorsal
defect 6x8/5x7 cm, respectively) and a single perforator
the flap was converted to a de-epithelialized flap. In 2
cases of a single defect (12x13 cm/13x14 cm, respectively)

© Annals of Translational Medicine. All rights reserved.

Yang et al. Salvaging of failure to harvest the bi-paddie ALT flap

and two perforators derived from different sources, the
flap was converted to a sequential chimeric flap based on
the number and source of the perforators. In the 1 case of
two defects in the left forearm (7x25 c¢m) and dorsal hand
(8x9 cm), the flap with two perforators derived from
transverse and descending branches was converted to a
combined transverse-and-descending branches flap. In
1 case of a venous crisis the lesion healed after revision
surgery without any graft loss. Two cases of localized
infections in the receiving area were cured by dressing
changes. One case of wound dehiscence and one case of
infection in the flap donor site were healed by debridement
and suturing. Follow-up for 5-24 months (average,
11.5 months) revealed that all flaps survived. The anesthesia
and operative extend the expected times.

Case reports

Case 1

A 25-year-old male with a machine avulsion injury to the left
foot had a 13x14 cm defect with extended tendon exposure
and fracture of the 2™-5" phalangeals. Preoperative design
was a bi-paddle ALT flap from the left thigh to recover
the large defect. A single perforator of the descending
branch of lateral circumflex femoral artery (d-LCFA) was
dissected intraoperatively, so the flap was harvested based
on the variation of the perforator and the sizable defect
and converted to a widened-single-perforator flap. The
d-LCFA was anastomosed to the dorsalis pedis artery, and
two concomitant veins to two recipient veins. The donor
site was closed with a split-thickness skin graft harvested
from the ipsilateral thigh. Fractures of the phalangeals
were fixed by Kirschner-wire. The flap survived 10 days of
hospitalization and at 5 months after transplantation, the
site had a good-looking appearance (Figure I).

Case 2

A 31-year-old female presented with a machinery
penetrating injury to the right hand that had two adjacent
defects: the dorsal defect was 5x7 cm with extended tendon
and bone exposure; the volar defect was 2x5 cm and the
index finger was absent. Preoperative design was a bi-paddle
ALT flap from the left thigh to cover the two adjacent
defects. Only one perforator of the d-LCFA was present
intraoperatively, so based on this and the characteristics
of the wound, salvage was performed by harvesting a de-
epithelialized flap (6x14 cm) for wound repair. End-to-
end anastomosis was performed between the d-LCFA and

Ann Transl Med 2022;10(8):451 | https://dx.doi.org/10.21037/atm-22-1118
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Figure 1 Case 1. A 25-year-old male with a machinery avulsion injury to the left foot. The defect was 13x14 c¢cm (A); preoperative design

of ALT bi-paddle flap, single perforator was found intraoperative (B); conversion to widened-single-perforator flap (C); donor site closed

with a split-thickness skin graft harvested from the ipsilateral thigh; postoperative result at 5 months after flap transplantation (D). ALT,

anterolateral thigh.

the right radial artery, and two concomitant veins with two
recipient veins. The donor site required primary closure.
The flap survived after 14 days of hospitalization, and at
1-year follow-up, it has a bulky appearance but the patient
is satisfied (Figure 2).

Case 3

A vehicular injury to the left foot of a 16-year-old male
was complicated by necrosis of the 1"-4™ toes and skin
of dorsal foot. The defect was 13x14 cm with exposure
of the 1" and 2" metatarsal bones and extended tendons
after debridement and amputation of phalanges in stage I
of treatment. A bi-paddle ALT flap from the right thigh
was planned to repair the large defect. Intraoperatively,
two perforators were derived from different source vessels
(one perforator arising from the oblique branch of LCFA,
another from the d-LCFA), making it impossible to harvest
the paddles of the flap as a unit of a bi-paddle flap. The flap
(7x28 cm) was harvested with an oblique branch paddle
and a d-LCFA paddle and was split into two subunits. The
distal run-off vessels of the d-LCFA were dissected for an
enough length to anastomose them to the oblique branch to
convert the flap to a sequential chimeric flap as a bi-paddle

© Annals of Translational Medicine. All rights reserved.

unit. The proximal d-LCFA were anastomosed in an end-
to-end fashion to the left dorsalis pedis artery, and the two
concomitant veins were anastomosed to the great saphenous
vein and a recipient vein. After covering the bones, the
residual wound was resurfaced using a split-thickness skin
graft harvested from the left medial thigh. The flap and the
skin graft survived with primary closure of the donor site
after 10 days of hospitalization. Thinning of the flap was
performed because of its bulky appearance after 4 months.
The patient was satisfied with the appearance and function
at final follow-up at 14 months (Figure 3).

Case 4

A 43-year-old male with a machinery crush injury presented
with several soft-tissue defects in the left forearm and
dorsal hand, defects of the extensor muscle group and radial
nerve, and wounds on the dorsal forearm and dorsal hand
(7x25 cm, 8x9 cm, respectively). The plan for a bi-paddle
flap was halted by the finding of two perforators arising
from the transverse and descending branches respectively,
which originated from the same main vessel of the LCFA.
The proximal end of the LCFA was dissected carefully to

incorporate the transverse-and-descending branches as one

Ann Transl Med 2022;10(8):451 | https://dx.doi.org/10.21037/atm-22-1118
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Figure 2 Case 2. A 31-year-old female with machinery penetrating injury to the right hand, exposing tendons and bone in the dorsum with

infection, and loss of the index finger. The dorsal defect was 5x7 cm and the volar defect was 2x5 cm (A1,A2); preoperative design of the

bi-paddle ALT flap with the two perforators form descending branch (B); single perforator found intraoperatively, and conversion to a de-

epithelialized bi-paddle flap (C); result at 1 year postoperatively (D1,D2). ALT; anterolateral thigh.

unit and the flap was split to obtain a bi-paddle combined
transverse-and-descending branches flap. The LCFA was
anastomosed in an end-to-end fashion to the left radial
artery. After covering the radius and finger extensor tendon,
the residual wound of the lateral arm was resurfaced using
a split-thickness skin graft harvested from the left medial
thigh. The donor site infection was healed by debridement
and suturing with primary closure. The flap survived
after 20 days of hospitalization and at 5 months after
transplantation, the bulky flap acquired a good-looking
appearance after thinning (Figure 4).

Of the other 5 cases, 3 patients presenting with a
single defect (ranging from 10-12x13-15 cm) and a single

© Annals of Translational Medicine. All rights reserved.

perforator found intraoperatively, the flaps were converted
to widened-single-perforator flaps as in Case 1 based on the
characteristics of defect. In 1 case of a penetrating wound
(volar defect 3x4 cm; dorsal defect 6x8 cm), the flap was
converted to a de-epithelialized flap as in Case 2. In the 5"
case, a single defect (12x13 cm) and two perforators derived
from different sources, led to the flap being converted to a
sequential chimeric flap as in Case 3 based on the number
and sources of the perforators.

Discussion

The most untoward aspect of the ALT flap is the well-
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Figure 3 Case 3. A 16-year-old male with vehicular injury to the left foot, complicated with necrosis of the 1*-4™ toes. The defect was

13x14 cm (A); design of bi-paddled ALT flap with the two perforators form descending branch preoperatively (B); two perforators derived

from different branches (oblique branch and descending branch) intraoperatively (C); the distal run-off vessels of the branches of the LCFA

in those subunits were anastomosed to convert the flap to a sequential chimeric flap (D); lateral dorsum of foot resurfaced using a split-

thickness skin graft; primary closure of the donor site; postoperative result at 1 year after flap transplantation (E). ALT, anterolateral thigh;

LCFA, lateral circumflex femoral artery.

documented complexity of the local vasculature, and clinical
understanding of this variability cannot be overstated, as
failure to do so can lead to vascular flap embarrassment
and tissue loss (14). There are several variations in both the
sources as well as the branches of the LCFA artery. The
traditional LCFA always originates from the deep femoral
artery, and the variations can originate from the common
femoral artery, superficial femoral artery, lateral iliac artery,
etc. The typical LCFA consists of ascending, transverse and
descending branches, with a 35% probability of an oblique
branch (10). Most of perforators originate from the d-LCFA.
However, when originating from the oblique or transverse
branch, the perforator vessels usually present as single
with a higher location and hence a thicker flap, reducing

© Annals of Translational Medicine. All rights reserved.

the feasibility of a bi-paddle flap harvest despite the easier
dissection. The location of the branches on the LCFA also
varies. For example, regarding the descending branches,
there are 17% descending branches that originate from
the beginning of the LCFA, 6-13% from the deep femoral
artery, and 1-6% from the common femoral artery (14).
These variations affect the conversion method for bi-paddle
flap harvest.

When harvest of a bi-paddle ALT flap according to
preoperative design fails because the intraoperative findings
vary from expected, we recommended that the conversion
method should be based on the characteristics of the
defects, the number of flap perforators and the vascular
sources (Figure 5).

Ann Transl Med 2022;10(8):451 | https://dx.doi.org/10.21037/atm-22-1118
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Figure 4 Case 4. A 43-year-old male after a machinery crush injury causing several soft-tissue defects in the left forearm and dorsal

hand, extensor muscle loss, radial nerve loss, and wounds on the dorsal forearm and dorsal hand (7x25 c¢m, 8x9 cm, respectively) (A); two

perforators derived from transverse and descending branches, originating from the same main vessel of the LCFA, and carefully separated to

enable splitting of the flap to create a combined transverse-and-descending branches flap; residual wound of the lateral arm covered using a

split-thickness skin graft (B-D); primary closure of the donor site; postoperative result at 1 year after flap transplantation (E). LCFA, lateral

circumflex femoral artery.

There are two conversion methods for a single-
perforator flap to cover irregular, three-dimensionally
large, or through-and-through defects (3,15). The de-
epithelialized flap is supplied by the perforator by removing
a piece of the epidermal flap (12,16). This is the preferred
approach to covering adjacent or through-and-through
defects. In Case 1, the bi-paddle flap was converted to a
single-perforator de-epithelialized flap to cover the defects
and eliminate lumen (7,17).

To cover only one large irregular defect, a bi-paddle
flap with two subunits could reduce donor-site morbidity
for primary closure. However, when variations of a single
perforator are encountered, a widened-single-perforator

© Annals of Translational Medicine. All rights reserved.

flap can be elevated for only one large defect with skin
grafting to the donor site, as in Case 3. The widened-single-
perforator flap is easy to harvest by converting the two
paddles into a single paddle, but this increases the need for
skin grafting and morbidity to the donor site. Moreover, it
is only suitable for a single large or irregular defect, not for
multiple defects. The residual wound should be repaired by
skin graft or by harvesting another flap from another donor
site.

For variations of two perforators, if they originate from
different vessels, the sequential chimeric flap is considered
appropriate, as in Case 2. This approach allows for
flexible design, a larger cutaneous area, and low donor site

Ann Transl Med 2022;10(8):451 | https://dx.doi.org/10.21037/atm-22-1118
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chimeric flap
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bi-paddle flap

Combined descending-transverse
branch bi-paddle flap

Figure 5 Conversion methods for difficulties in harvesting the bi-paddle ALT flap. AL'T, anterolateral thigh.

morbidity (7,17); primary closure can be achieved. However,
hemodynamic resistance may occur in the distal flap after
vascular anastomosis, thus increasing the possibility of
vascular compromise. In fact, the selection of conversion
method should take into account the characteristics of the
defects. In the case of large or irregular defects, the sequential
chimeric flap or widened-single-perforator flap are considered
appropriate. For two adjacent or through-and-through defects,
the sequential chimeric flap or de-epithelialized bi-paddle flap
are suitable, and for two large adjacent defects, the sequential
chimeric flap is the preferred one.

If both perforators originate from the LCFA, the combined
transverse-and-descending branches flap can be harvested,
as in Case 4. This flap is split into two subunits with the
transverse and descending branches respectively. The LCFA
is interlaced with femoral nerve branches, and is necessary to
avoid disturbance of the femoral nerve; otherwise, the muscle
force of the quadriceps can be lost. The donor site can undergo
primary closure and has less morbidity.

Study limitations

This series is a retrospective analysis of only 9 cases with
differences in the patients. Despite of this, we believe
that our techniques are a reliable option to overcome the
complexity of the vasculature of the ALT flap, increase
flap survival and minimize complications, when failure
and difficulties of bi-paddle ALT flap harvest present
intraoperatively. More cases and multi-center studies are
still needed to summarize and optimizing the flap transfer
in order to overcome such failure intraoperatively.

© Annals of Translational Medicine. All rights reserved.

Conclusions

The variation in the number and source of perforators
of the LCFA mostly affects bi-paddle ALT flap harvest.
To successfully harvest the flap when variations are
encountered intraoperatively, redesign and modification will
ensure intra-/postoperative success and reduce donor-site

morbidity.
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