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ABSTRACT

The anterolateral thigh (ALT) flap is currently the main choice as a free flap for head and neck
reconstruction, including intraoral and facial defects and it is gaining popularity in abdominal, orthopedic
and pelvis reconstruction [1]. It can also be used as a pedicled flap in abdominal or perineum reconstruction.
One of the most important property of the ALT flap is the low donor site morbidity, both functionally and
aesthetically, compared to other workhorse flaps, thanks to the possibility to reach a direct suture in 80% of
the cases. Many possibilities are currently available to cover the defect when direct suture is not achievable.
A split thickness skin graft has traditionally been used to address the remaining skin defect. Due to the
alteration of the thigh skin sensitivity and poor aesthetic outcomes, loco-regional flaps are gaining
tremendous momentum in the field. In fact, they allow surgeons to get the donor site closure in one stage
surgery, with a good tissue quality, with a like-with-like tissue. A systematic review according to the

PRISMA guidelines was performed concerning the issue of donor site closure after ALT harvesting.

© 2023 Glenda G Caputo. Published by International Journal of Surgery

1. Introduction

The anterolateral thigh (ALT) flap is currently the main choice as a free
flap for head and neck reconstruction, including intraoral and facial
defects and it is gaining popularity in abdominal, orthopedic and pelvis
reconstruction [1]. It can also be used as a pedicled flap in abdominal or
perineum reconstruction [2].

This flap presents many advantages: it has a long and anatomically
constant pedicle, it is pliable and allows flexible contouring, it can be
harvested at different thicknesses [3]. Although the anterolateral thigh
flap was originally developed as a free flap, the position of the pedicle
and its wide caliber [4] allow the raising of this flap as a proximally
pedicled flap for perineal for abdominal reconstruction or as a distally
based pedicled flap with reverse flow for knee abnormalities or to
optimize amputation stumps [5].

In addition, the anterolateral thigh flap can be raised both as a compound
myocutaneous flap with simple en bloc elevation of the skin and the
underlying muscle or as a muscle-sparing perforator flap by dissecting

only the skin paddle [6]. Multiple tissues can be harvested on individual
perforators and dissected separately but based on the same source vessel
[7]; alternatively, a double-paddled flap may be raised [8] or multiple
anterolateral thigh flaps harvested from a single thigh [9].

One of the most important property of the ALT flap is the low donor site
morbidity, both functionally and aesthetically, compared to other
workhorse flaps, thanks to the possibility to reach a direct suture in 80%
of the cases [10, 11].

Different studies describe the dimension of the ALT flap that allows the
donor site direct closure (i.e., flap width <7-8 cm, flap width <16% of
the thigh circumference [12]), but due to the excessive skin tension and
the possible outbreak of a compartmental syndrome or muscle necrosis
this chance is avoided in 20% [13]. Many possibilities are currently
available to cover the defect when direct suture is not achievable.

A split thickness skin graft has traditionally been used to address the
remaining skin defect [14, 15] of ALT flap donor site. Skin graft is site
on one of the lowest steps of the reconstructive ladder, it is easy and fast
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to harvest and well-known. Nonetheless, Kimata et al. [16] suggested
the absence of the reducing of the range of motion (ROM) of both hip
and knee joints; the alteration of the thigh skin sensitivity and poor
aesthetic outcomes are likely to be complications [17]. Furthermore,
there is the tendency to get a depressed scar [3].

For all these reasons, reconstructive alternatives have been described
over the years, including i) tissue expanders [18], and ii) local or free
flaps [19].

i) Tissue expansion could be an interesting way to reach adirect closure,
but it requires time to expand the skin and sometimes, due to patient
disease, that time is not available [20].

Alternatively, ii) free flaps can be used but they are difficult to
implement. Loco-regional flaps are gaining tremendous momentum in
the field. In fact, they allow surgeons to get the donor site closure in one
stage surgery, with a good tissue quality, with a like-with-like tissue and
with an easier surgical procedure compared to closing the ALT flap
donor site by free flaps [17].

The interest in the abovementioned advantages and the publication of
different surgical techniques (Figure 1) led us to conduct a systematic
review about the loco-regional flaps reconstruction of the ALT flap
donor site closure proposal, to depict the state of art of these procedures,
to compare them and analyze their outcomes and feasibility. To our
knowledge, this is the first systematic review about this topic.

2. Materials and Methods

A systematic review according to the PRISMA guidelines was
performed. We made a literature search via PubMed using the following
terms: “ALT flap donor site closure”, “ALT flap donor site closure with
local flap”, ALT flap donor site direct closure”. Two Authors
independently conducted the literature screening and data extraction.

2.1. Inclusion Criteria

Studies describing ALT flap donor site closure with local perforator flap,
studies describing ALT flap donor site closure with random flap and
studies in english.

2.2. Exclusion Criteria

Studies describing ALT flap donor site closure with free flap, studies
describing ALT flap donor site closure with skin graft, studies describing
ALT flap donor site direct primary closure (even if achieved with local
tissue dissection), and studies describing ALT flap donor site closure by
two stages surgical techniques.

2.3. Extracted Data
Number of patients, follow up (months), ALT thickness harvesting,
radiological pre-operation exams, flap design, source vessel of the

perforator flap, hospitalization time, number and kind of complications,
defect dimension, defect width, and functional outcome.
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3. Results

A total 43 manuscripts were found; hence two different authors analyzed
all the 43 abstracts to identify eligible papers. The inclusion/exclusion
criteria were then applied, and 10 works were selected and included in
this review. The articles were all published between 2000 and 2022. All
the studies selected were retrospective case-series about authors’
surgical technique proposal.

The number of patients of these series goes from 2 to 30. We considered
a total of 105 ALT flap (Table 1). The main indications of the ALT flap
were head and neck reconstructions (85 patients), then post-traumatic
lower limb reconstructions (9 patients), post-oncological lower limb
reconstructions (5 patients), and, finally, chronic wounds or necrotizing
fasciitis (4 patient) or scalp defects (2 patients).

In five manuscripts the ALT flap harvesting technique is reported [17,
21-23] and only in two of these cases, both by the same author, it is
supra-fascial [17, 21]. Three studies [17, 24, 25] report the supra-fascial
dissection of the local flap used to close the ALT donor site, three studies
describe the sub-fascial dissection [22, 26, 27], whereas in the others the
technique was not specified.

Two studies [17, 25] identify the perforators by the doppler-ultrasound
(color-doppler in only one [17]) and the indocyanine green (ICG)
angiography. In one work a pencil-doppler is used [22], in one is
specified the use of no radiological pre-operation examination [28] and
in the other studies no radiological examination is mentioned.

Only 3 studies report the average time of the surgery [17, 24, 25]; in
detail, just one specifies the average operation time of donor site closure
harvesting the local flap [25], one includes the ALT flap harvesting [24]
and the last one considers all the surgery time [28].

Only one Author describes the surgical technique of a random flap [23];
in all the other cases a perforator flap is proposed [17, 22, 24-26, 28, 29].
The majority of the authors prefer a VV-Y advancement design flap [21,
22, 24, 28, 29], one describes the bipedicle flap [23] and the remaining
ones use a propeller flaps (Table 2) [17, 25-28].

Only one study specifies the hospitalization time (24.5 days [28]) and
the follow up is mentioned in only 4 series [17, 22, 26, 27]. The overall
complication rate is 10.4% and a great variability between the studies
was identified ranging from no complication [17, 25, 26] to a maximum
of 6 complication in a 21 patients’ series [28]. We consider “major
complication” when a surgical revision of the flap is required, whereas
every complication solved by local wound care is considered as “minor
complication”. All the Authors report only minor complication about
their experience. In particular, only one case of infection [28] and only
one case of partial flap necrosis are described [24], whereas all the other
complications are represented by wound dehiscence [22, 23, 28]. No
extended flap necrosis was found. No one flap required a surgical
revision (Table 3).
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TABLE 1: Studies features, flap dimension, size and design, clinical evaluation and patient follow up.

NPZ  ALT RADIOLOGY AVERAGE RANDOM/ FLAP
DISSECTI TIME PERFORATO DESIGN
ON (MIN) R
Yamada et 10 - - 120 (including  Perforator V-Y
al. [24] ALT flap advancem
elevation) ent
Salgarello et 2 Suprafascia = - - Perforator V-Y
al. | advancem
ent
Jeng etal. 13 - - - Perforator V-Y
advancem
ent
Koshima et 7 - 53min Perforator Propeller
al. Doppler
ultrasound  +
ICG
angiography
7 - - - Perforator Propeller /
Wang et al. Groin Flap
Leeetal. 21 - None 350.9min Perforator V-Y
(including advancem
demolition ent /
time) Propeller
Ellis et al. 6 Subfascial Pencil doppler - Perforator Key-Stone
[22]
Salgarello et 30 Suprafasci = Color Doppler - Perforator Propeller
al. [21] al sonography,
ICG-
angiography
Kovach et 6 Subfascial - - Random Bipedicle
al. [23] Flap
Andrew T. 3 Subfascial - Perforator Propeller
Huang
“N”: number; ’-”: the article does not specify the item; ALT: antero lateral thigh; ICG: indocyanine green.
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DONOR SITE
CLOUSURE
FLAP
DISSECTION

Supra-fascial

Supra-fascial

Supra-fascial

Sub-fascial

Sub-fascial

Supra-fascial

Subfascial

HOSPEDALIZA
TION  TIME
(DAYS)

245

DEFECT
AREA
(CM)

22x8

9x12

50x225

15x17

15x5 to
17x6cm

136cm2

9.5x17.8

9.5x11.5

13x10

11.3x14

DEFEC

WIDTH
(CM)

11to 16

>7

79

7.8

9.5

113

FUNCTIONA
L OUTCOME

No impairment

No impairment

No impairment

No
impairment

No impairment

AVERAG
E FU
TIME

(MONTHS

)

16.75

12

24
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TABLE 2: Preferred perforator source vessels

Ko Marzia Seng Isao Dali Yao- Marco F. Marzia Andrew
Hosokawa, Salgarello, Feng Koshima, Wang, Chou Ellis, Salgarello, T. Huang,
2000 2013 Jeng, 2017 2018 Lee, 2018 2018 2020 2020
2014

Branches 10 13 - 4 13 - 5 1

Of LCFA

SFA/PFA - - - - - 6 - 2

Perforator

AMT - 2 - - - 8 - 10

Perforator

TFL - - - - - - 15

Perfortor

SCIA - - - 3 - - -

TABLE 3: Complication rate.
Wound Dehiscence Partial Flap Necrosis Infection Extended Flap Necrosis

Ko Hosokawa, 2000 - 1
Salgarello, 2013 - -
Seng Feng Jeng, 2014 - -
Isao Koshima, 2017 - -
Dali Wang, 2018 - -
Yao-Chou Lee, 2018
Marco F. Ellis, 2018
Marzia Salgarello, 2020 - -
Stephen J. Kovach, 2020 1 -
Andrew T. Huang 1 -

Finally, five authors underline the absence of lower limb functional
impairment closing the ALT donor site by loco-regional flaps as long
term complication, in the other manuscripts this is not highlighted [17,
21,22, 26, 27].

4. Discussion

Thanks to its unique characteristics, ALT flap is an actual workhorse in
reconstructive surgery. The primary donor site closure is considered the
best surgical option to close the donor site, but it is difficult to achieve
when the defect exceeds 8 cm in width or 16% of thigh circumference
[12]. The high-tension closure is related to increasing rate of
compartment syndrome and muscle necrosis [13]. Although the repair
with skin grafts is an easy, quick and widely used solution; the scar
contractures, increased rate of hip and knee range of motion (ROM) and
poor aesthetic outcomes are inevitable consequences [17].

Hosokawa et al. first introduced the ALT flap donor site defect closure
by a loco-regional flap describing their technique in a 10 patients series.
They harvested the flap basing its vascularization on the profunda artery
or on the descending branch of lateral circumflex artery [24]. Jeng et al.
[29] achieved a V-Y antegrade or retrograde advancement flap to close
the donor site when direct closure is not available. To the best of our
knowledge, this is the first time an author describes the use of the
transverse branch of the lateral circumflex femoral artery (LCFA) to
cover the central portion of the ALT flap donor site.

International Journal of Surgery doi: 10.60122/j.13S.2023.20.11
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Despite the use of retrograde flap having the highest risk of venous
congestion due to poor flow through the venous valves, no venous
congestion has been reported [30, 31]. In this field, the use of propeller
flaps occurred only in 2017, described first by Koshima et al. [25]. This
technique was then adopted by Wang et al. [26], Salgarello et al. [17],
Lee et al. [28]. As clarified by the authors, the use of the propeller flaps
allows a maximal mobility of the flap up to 180° rotation, which
facilitates the closure of an ALT defect with minimal flap size.
Additionally, they decrease dogear [25] deformity and do not add scars
to the thigh [17].

Propeller flaps are a solution increasingly mentioned in literature; in fact
the possibility to have more stable and aesthetically better donor site
covers, unchanged surgical times and no additional scars represents an
undoubted advantage [32].

Lee et al. describe the possibility to close the ALT flap donor site with
the anteromedial thigh (AMT) V-Y advancement flap or an AMT
propeller flap. They use the AMT flaps whenever there are no residual
vessels in the antero-lateral tight surface. In particular, a propeller flap is
harvest when a great flap mobilization is necessary to close the defect.
Pagliara et al. [17] similarly propose a propeller flap from the medial
thigh with a 90° rotation whenever a medial thigh perforator close to the
defect is found. It should be underlined that the AMT perforator flap,
both harvest as advancement and as propeller, involves the presence of
an additional scar on the medial thigh [17].
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Wang et al. describe the use of groin flap to close the defect. Although
this technique seems tempting and the possibility to set up large skin
paddle with minimal visible scars is possible, the author himself clarifies
how the groin flap used as a local flap is limited by the lack of a long
vascular pedicle. Consequently, repairing thigh skin defects by using a
groin flap is limited to defects position on the upper-to-mid third of the
thigh [19]. Random flaps, such as the keystone flap [21, 22] or the
bipedicle flap [23], are constant, safe, and easily to setup; however, they
left multiple and longer scars.

Koshima et al. [25] propose the supercharge propeller flap by
anastomosing the ligated vessels to the nearby small muscle ones [25].
This procedure reduces the risk of venous congestion, but excellent
microsurgical skills are required. Regarding the pre-operation
radiological exams, three works describe the use of a doppler to localize
the perforators; moreover, two of these add the verification of the
perforosome vascularization by the ICG. In our experience, when
harvesting an ALT flap both an angio-TC and a handle-doppler
examination are performed, but we do not verify the perforosome
vascularization by the ICG. Even though both the works with the ICG
angiography use report no donor site complications, there are not enough
cases to establish if there is a real advantage in using this exam. Despite
the confirmation of flaps vascularization pattern by using ICG being well
described in literature [33, 34], in our opinion, in this field, the dimension
of the flap to harvest and the cost of the procedure do not allow to
introduce it as an every-day resource. It is to note that the complication
rate reported in the other works is low, indeed.

The dissection plane was described in five articles: three authors prefer
the supra-fascial dissection, two authors perform the sub-fascial one,
whilst in the other works it is not declared. Wound healing and infections
represent the most common complications. Other complications like
hematoma and seroma are not recorded. Hung et al. [28] reported 8.8%
of complications, all represented by wound dehiscence. When
complications occur, ALT donor site is usually treated with local
debridement, dressing, and eventually with skin graft [28].

The necrosis of rectus femoris muscle and compartment syndrome are
dramatic although rare complications by closing the ALT donor site
defect by direct suture [10, 28]. Harvesting a local flap allows exploiting
the excess of the thigh skin tissue sharing the traction forces on the thig
and reducing the risk of the compartment syndrome outbreak. No cases
of compartment syndrome or rectus femoris muscle have been reported
in the studies we analyzed, indeed.

Our review shows how the V-Y advancement perforator flap is the
preferred design, and the branches of the lateral circumflex femoral
artery are the most chosen source vessels. This kind of flap has several
advantages, including the constant presence of a perforator close to the
defect and the possibility to cover wide surface without exert excessive
traction on the pedicle, thanks the laxity of the medial thigh tissue.

Unfortunately, we found only few information about the specific
surgical time to harvest and inset these loco-regional flaps, about the
hospitalization time of patient or patient mobilization time (Table 1). In
fact, none of the published studies declare if the proposed technique

International Journal of Surgery doi: 10.60122/j.13S.2023.20.11

improves or lengthens the overall surgical time. Figure 1 summarizes the
various local flaps through which an ALT donor-site may be closed.

FIGURE 1:

It would be interesting to compare the surgical and the hospitalization
time of the various donor site closure techniques to highlight the best
choice in these terms. Finally, in all the studies examined, the number of
patients is relatively small. The use of local flaps to close the ALT donor
site is not the treatment of choice for most surgeons. Good anatomical
knowledge and microsurgery training are essential elements.

5. Conclusion

ALT flap is one of the most used flaps in various reconstructive surgery
fields. There are many possibilities to close this flap donor site when
direct suture is not available, such as skin grafting, tissue pre-expansion,
local or free flaps. Thisreview, the first in literature, collects the different
loco-regional pedicled flaps used to close the ALT flap donor site.
According to our review, the loco-regional flaps should be likely
considered to closure the ALT flap donor site when a primary closure is
not achievable, bringing into the defect high quality and like-with-like
tissues, reaching good outcomes and without suffering a high rate of
complication. Future studies should deepen in the average surgery time
and comparing these flaps each other to establish the best one.
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