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Abstract Background Abdominal wall vascularized composite allotransplantation (AW-VCA) is a novel
reconstructive technique used for large abdominal wall defects in combination with intestinal
transplantation (ITx) or multivisceral abdominal transplantation (MVTXx). Since the introduction
of this procedure, several studies have been published reporting their experience. This study
aims to present a scoping review looking at all available evidence-based medicine information
to understand the most current surgical techniques and clinical outcomes.

Methods This scoping review followed the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) extension for scoping reviews checklist. A
comprehensive research strategy of several databases was conducted.

Results A total of 31 studies were included in this review, which comprised animal,
cadaveric, and human studies. In human studies, four surgical techniques with high flap
survival rates and low complication rates were found. In cadaveric studies, it was shown that
the use of iliofemoral cuff-based flaps provided adequate tissue perfusion to the abdominal
wall graft. Also, the use of thoracolumbar nerves have been described to provide functionality
to the AW-VCA and prevent long-term muscle atrophy.

Conclusion AW-VCA is a safe and efficient alternative for patients with large and complex
abdominal wall defects. The future holds a promising evolution of a functional AW-VCA, though
surgeons must face and overcome the challenge of distorted anatomy frequently present in this
population. Forthcoming studies with a better level of evidence are required to evaluate
functionality and differences between surgical techniques.
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Large abdominal wall defects after an intestinal transplanta-
tion (ITx) or multivisceral transplantation (MVTx) are diffi-
cult to repair with primary closure in 20 to 39.5% of the
cases."? These defects can arise also from tumor resection,
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intestinal failure, multiple laparotomies, enterocutaneous
fistulas, trauma, infection, and radiation damage, leading
to extensive scarring and significant loss of abdominal
domain.>* This complication can significantly jeopardize
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the abdominal wall function such as viscera protection,
postural stabilization, respiration, and intra-abdominal
pressure maintenance.” Therefore, when an ideal tension-
free primary closure is not possible, surgeons must identify
the best abdominal wall reconstruction technique to provide
a functional and integral abdominal wall cover.

Several strategies have been proposed depending on the
abdominal wall defects and contamination status.” The use
of skin grafts, tissue expansion, locoregional and free flaps,
and component separation with or  without
synthetic/biological meshes has been described.” However,
when the exhaustion of all these strategies occurs, an
abdominal wall vascularized composite allotransplantation
(AW-VCA) has been proposed as a feasible solution to this
problem. Since the inception and introduction of AW-VCA in
2003, all surgical approaches for abdominal wall coverage
have been reported in conjunction with ITx or MVTx.>®
Nowadays, experts have not been able to arrive at a consen-
sus on which AW-VCA should be chosen as the gold standard
(i.e., based on the lowest risk-to-benefit ratio). The reason
being that all the above pose major operative and patient-
related challenges (i.e., ischemia time, overall operative time,
and variability in the anatomy of recipient and donor, among
others).>” However, the truth is that since the introduction
of this novel solution, surgeons and researchers are avid to
explore the ideal AW-VCA technique reflected in various
cadaveric, animal, and human studies reported so far.

To understand the AW-VCA approaches, it is essential to
have a thorough understanding of the basic science behind
each proposal, as well as the harvesting techniques and
anatomical considerations to ultimately comprehend the
revascularization approaches performed in these patients. To
the best of our knowledge, there is no systematic review or
scoping review that recompiles medical literature from vari-
ous sources regarding AW-VCA in cadaveric, animal, and
human studies. Hence, we performed a scoping review to
present the synthesis of all the available evidence on AW-VCA.

Methods

Search Methodology

This scoping review followed the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) exten-
sion for scoping reviews checklist.® A comprehensive re-
search strategy of several databases was conducted through
November 2020. The electronic databases were the follow-
ing: PubMed—1976 to 2020; EBM Reviews—Cochrane Cen-
tral Register of Controlled Trials October 2020; EBM Reviews
—Database of Abstracts of reviews of Effects, 1st Quarter
2016; Ovid MEDLINE(R) ALL—1946 to November 2,2020; and
Embase—1974 to 2020. The citation index databases were
Scopus and Web of Science (2001-2020). Finally, a manual
search of relevant citations was performed from the refer-
ence lists of included studies identified through the elec-
tronic search strategy, and duplicates were eliminated. The
research strategy was designed and conducted with con-
trolled vocabulary and keywords. The actual strategy is
available in the =~Supplemental Data S1 (online only).

Study Selection

Atwo-screening process was conducted by two reviewers (V.P.
B. and J.M.E.). The first and second screening processes con-
sisted of reviewing titles and abstracts, and the full-text form,
respectively. If discordance were present during this process, a
third reviewer (0.J.M.) moderated the discussion and a final
decision was made. Inclusion criteria were all articles that
discussed patients who underwent AW-VCA and that reported
surgical techniques, animal, cadaveric, human studies, and
observational or interventional studies in English, Dutch, and
Spanish. Exclusion criteria were letter to editors, online
abstracts, review articles, and social media observations.

Data Extraction and Synthesis

The same procedure as the aforementioned was performed
for data extraction. Extraction of the following information
was performed: first author’s name, year of publication,
country of origin, number of participants, age, and follow-
up periods. For surgical technique, we identified donor and
receptor vessels, flap anatomy, flap design, ischemia time,
overall surgical time, and neurorrhaphy performance. Also,
postoperative immunosuppressive medications, flap surviv-
al rate, and complications were identified.

Quality Assessment and Grading

Case reports and case series, cadaveric dissection studies,
and animal studies were included in this review. Therefore to
evaluate the quality assessment of a case report and case
series, the Methodological Quality and Synthesis of case
series and case reports proposed by Murad et al in 2018
was used.® For cadaveric dissection studies and animal
studies, the Quality Appraisal for Cadaveric Studies (QUACS
scale) and Risk of Bias (RoB) tool for animal intervention
studies (Systematic Review Centre for Laboratory animal
Experimentation (SYRCLE) RoB tool) were used.'01

Aims

Our primary aim was to explore the AW-VCA surgical tech-
niques by considering the advances in history reported in
cadaveric, animal, and human studies. Our secondary aim
was to explore the total surgical time, survival rate, compli-
cation rate, performance of neurorrhaphy, and postoperative
immunosuppressive medications.

Results

Included Studies and Quality Assessment

Atotal of 1,640 studies were identified in the search strategy.
Of these, 31 articles were included in this study (=Fig. 1). For
cadaveric, animal, and human studies, a total of 7, 4, and 20
articles were identified, respectively. In ~Supplemental Data
S2 (online only), quality assessment is presented.

Cadaveric Studies

Study characteristics are shown in =Table 1.'2~'° Dissection
techniques were similar among studies. The anatomic land-
marks were as follows: superiorly, the costal margin and
xiphoid process; laterally, the anterior axillary or midaxillary
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Fig. 1 The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flow diagram.®’

Table 1 Cadaveric study descriptions and flap characteristics

Study Country No. of Flap components Flap pedicle Flap Mean flap
Cadavers innervation | dimensions
(cm?+SD)
Hollenbeck et al'? | United States | 5 Skin, SCT, superior lliofemoral pedicle* | N NS
portion of the RAM,
EOM, and TAM
Singh et al'? United States | 2 Skin, SCT, fascia, TLN | DIEVs YP 845 + 205
and vertebrocostal ribs
Broyles et al'® United States | 3 Skin, SCT, TAM, fascia, | DIEVs Yb 6154120
TLN, and peritoneum
Light et al'# United States | 20 Skin, SCT, RAM, EOM, | lliofemoral pedicle* | N 868 + NS
IOM, TAM, fascia, and
peritoneum

Abbreviations: DIEVs, deep inferior epigastric vessels; EOM, external oblique muscle; IOM, internal oblique muscle; N, no; NS, not specified; RAM,
rectus abdominis muscle; SCT, subcutaneous tissue; SD, standard deviation; TAM, transversus abdominis muscle; TLN, thoracolumbar nerves; Y, yes.

?Deep circumflex inferior artery (DCIA), deep inferior epigastric artery (DIEA), superficial inferior epigastric artery (SIEA), and superficial circumflex
inferior artery (SCIA).

®Flaps innervated by the thoracolumbar nerves.
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lines; and inferiorly, the anterior superior iliac spine, ingui-
nal ligament (0-10 cm below), and the pubic tubercle.

Tissue perfusion was evaluated in two cadaveric studies.
In 2011, Hollenbeck et al assessed the maximal abdominal
skin surface obtainable through an iliofemoral cuff-based
pedicle.'? The iliofemoral cuff-based pedicle contained deep
circumflex iliac vessels (DCIVs), deep inferior epigastric
vessels (DIEVs), superficial inferior epigastric vessels (SIEVs),
and superficial circumflex iliac vessels (SCIVs).'? They iden-
tified that the mean hemiabdominal area perfused was
significantly greater in the iliofemoral cuff compared with
the DIEA vessel alone with a difference of 19.3%.'% Also,
limited perfusion in both scenarios to the upper lateral
portion of the abdominal wall perfusion was found.'? In
2017, Light et al evaluated the tissue perfusion including the
deep circumflex system and identified an obvious difference
between flaps with and without the system.'® Also, the
authors evidenced an improvement in perfusion on the
lateral muscles with the inclusion of the DCIVs.'#

Later, in 2014 Singh et al' and Broyles et al'® evaluated
the feasibility of harvesting a possible functional AW-VCA.
Both studies presented a similar surgical technique for rapid
isolation of the thoracolumbar nerve with a two-layered
component separation. They performed an incision 2cm
lateral to the linea semilunaris to enter the plane between
the internal oblique and transversus abdominis muscle to
identify and skeletonize the thoracolumbar nerves. Broyles
et al found a total of 5+ 1.4 of thoracolumbar nerves with a
skeletonized length of 7.8 +1.7cm and a cross-sectional
diameter of more than 2 mm."” Singh et al in their model
added a 6-cm segment of the three inferior vertebrochondral
ribs to the flap.'® They identified four thoracolumbar nerves
bilaterally, with an average length of the skeletonized nerve
of 5.7+1.2cm."3

Finally, Light et al also presented a detailed dissection
technique for a total AW-VCA.'* The dissection technique is
presented and described in detail in =Fig. 2.

Animal Studies

Study characteristics are shown in ~Tables 2 and 3.'°722 The
majority of the animal studies were performed to evaluate
the immunosuppression regimen and feasibility of AW-VCA.
The anatomic landmarks were similar among studies; supe-
riorly, the xiphoid process and costal margin, laterally the
anterior axillary lines, and inferiorly the inguinal ligament
(0-1 cm) below and the pubic tubercle.

Four studies assessed the immunosuppressive regimens
and response.'®17:2021 A]] of the studies used cyclosporine A
or FK506 immunosuppressive drugs showing tissue integra-
tion and prolonged survival length compared with the
studies in which these were not used.'®17:2%21 particular
situations were evaluated among studies to assess the im-
munogenic status. The addition of vascularized bone marrow
transplantation (VBMT) to an AW-VCA was proposed by
Ramirez et al in 2014.'® They found that the VBMT group
had a better long-term survival rate and allograft tolerance
compared with the other groups.'® Interestingly, the study’s
findings suggest that allograft mass is a critical factor that

Fig. 2 Light et al’s dissection technique. The incision began over the
xiphoid process and extended bilaterally on top of the fusion of the
false ribs and the edge of the ribs. Then, the dissection continued to
the abdominal wall along the midaxillary line and 2 to 3 cm lateral to
the anterior superior iliac spine (ASIS). Once past the ASIS, the
dissection was then carried 7 to 10 cm inferior and medial below the
inguinal ligament, to later be carried medial and superior toward the
pubic tubercle. Dissection from lateral to medial was performed to
identify the superficial circumflex iliac vessels (SCIVs) and deep
circumflex iliac vessels (DCIVs).

has an impact on long-term survival.'® Moreover, in 2008,
Nasir et al evaluated the immunologic response generated to
skin antigenic load by comparing a large AW-VCA with
different anatomical allografts.!” Total AW-VCA had a higher
chimerism level compared with the groin flaps, and a lower
level compared with the full face and hemiface allografts.!”
Quigley et al in 2013 evaluated the ideal immunosuppressive
dosage to prevent rejection with three groups receiving
FK506 monotherapy at a dose of 0.25, 0.50, or 0.75 mg/kg/
d?0 (~Table 2). They found that the use of FK506 at a dose of
>0.50 mg/kg/d resulted in survival of all the grafts.

In 2010, Jin et al assessed the rejection and denervation of
muscle evolution of a nonfunctional AW-VCA and identified
a significant reduction of gross thickness with a significantly
lower tensile strength of the transplanted muscle flap com-
pared with the native muscle.'® Moreover, the authors
evidenced a significantly decreased muscle fiber diameter
of 0.06 mm."8

Human Studies

AW-VCA was performed in five groups (Miami,??3-2° Bolo-
g;na,us"29 Oxford,3%3¢  Duke,®37 and Groningen3‘8'39
groups). An overlap of sample population was found among
studies that made overall outcome estimations challenging.
Hence, we group the series of studies according to the
institution.
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Table 3 Surgical and flap characteristics in animal studies
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Abbreviations: Ao, aorta; CFVs, common femoral vessels; CIVs, common iliac vessels; EIVs, external iliac vessels; FVs, femoral vessels; HAW, hemiabdominal wall; HLOM, hindlimb osteomyocutaneous; IL, inguinal
ligament; IVC, inferior vena cava; MMF, mycophenolate mofetil; NS, not specified; RAM, rectus abdominis muscle; b, flap harvest time; SADSC, syngeneic adipocyte-derived stem cells; SCT, subcutaneous tissue.

“From skin to parietal peritoneum.

bFlap harvest time.

~Tables 4 and 5 depict the surgical techniques consid-
ered, flap anatomy/design, and outcomes. The Miami group,
in 2003, published the first AW-VCA combined with ITx and
MVTx.? The authors presented an end-to-side macrovascular
anastomosis of donor inferior epigastric vessels (IEVs) in
continuity with the iliac vessels and femoral vessels (FVs) to
recipient CIVs.? They designed a vascularized myocutaneous
free flap based on skin, subcutaneous tissue, and one or both
rectus abdominis muscles with their investing fascia.” This
technique added extra 2 hours to the surgical time.? They
presented low rates of graft rejection with this regimen.? In
2004, Bejarano et al found no suggestive correlation of
rejection between ITx and MVTx and AW-VCA rejection.?
Notably, the abdominal wall and intestine were from differ-
ent donors in two patients.

The second surgical technique was proposed in 2007 by
Cipriani et al, the Bologna group.26 This procedure was also
combined with ITx with different donor origin with respect
to AW-VCA.?® The authors presented the first microsurgical
approach by performing an end-to-end microvascular anas-
tomosis between the donor and recipient IEVs or DCIVs.2®
The flap components were based on bilateral rectus abdom-
inis muscles, a small portion of the oblique muscles with the
deep muscular fascia, and the parietal layer of the peritone-
um.?® The mean operative time was 2 hours and 15 minutes.
The authors evidenced only one mild rejection at postopera-
tive day 83.2°

The Oxford group presented the third surgical technique
published by Giele et al in 2014.3? They presented a remote
revascularization model using the forearm vessels as a
temporary bank to decrease cold ischemia time, for a later
transfer and anastomosis of the donor and recipient IEVs or
internal mammary arteries (IMAs) with an end-to-end ap-
proach.>? The flap components were both rectus abdominis
muscles with the rectus sheath, the lateral sheaths of the
transversus, internal and external oblique muscles, and the
peritoneum.3? They used the same donor for ITx and AW-VCA
and found in their five-case series two occasions of early
recognition of skin rejection before intestinal rejection.?
The rejections were attributed to poor compliance with
tacrolimus.3? Also, Mannu et al in 2013 and 2014°"33 and
Gerlach et al in 2016 corroborated that AC'VCA may be
useful for “lead time” to rejection in the visceral organ and to
distinguish rejection from infection.

Additionally, Mannu et al reported another case report in
2014 of thermal trauma to the AW-VCA, demonstrating the
major pitfall until now of all the AW-VCA procedures: lack of
nerve supply and, therefore, revascularization of nonfunc-
tional grafts.>* Interestingly, Gerlach et al found no hernia
development after AW-VCA with a mean follow-up period of
24 months.>

More recently, in 2019, Erdmann et al*’ from Duke
reported a new AW-VCA approach. They presented the
creation of an arteriovenous loop with the saphenous vein
by performing an end-to-side anastomosis with the recipient
common femoral artery to later transect the loop and
perform an end-to-end anastomosis with the donor IEVs.>’
The surgical procedure lasted 14 hours.” Finally, the surgical
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IEVs
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Combined University of Miami School of
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Abbreviations: Ao, aorta; CFVs, common femoral vessels; CIVs, common iliac vessels; DCIVs, deep circumflexiliac vessels; FVs, femoral vessels; IEVs, inferior epigastric vessels; IMA, internal mammary arteries; ITx,

isolated intestinal transplant; IVC, inferior vena cava; MMVTx, modified multivisceral transplant; MVTx, multivisceral transplant; N, no; Y, yes.

?Data extracted from Bejarano et al,%> Cipriani et al,2® Weissenbacher et al,3® and Atia et al.®

bData extracted from Levi et aI,2 Cipriani et aI,26 and Gerlach et al.3°
“In two children who received MVTx arterial blood supply was from the donor distal Ao and the venous drainage from the infrahepatic vena cava. Infrarenal Ao and IVC were used in one child.

dCombined University of Groningen Group used the same surgical technique.

Table 4 Surgery characteristics from the human studies
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approaches of the last two groups (Duke and Oxford) provid-
ed the possibility of performing a synchronous revasculari-
zation of the intestinal and abdominal wall graft.3’

Discussion

AW-VCA has significantly impacted the outcomes of abdom-
inal wall reconstruction, providing the surgeons with a new
perspective of reconstruction previously considered unat-
tainable or impossible. This scoping review presents the
chronological advances in medicine-based evidence in this
emerging field of cadaveric, animal, and human studies.

The cadaveric studies demonstrate that a large AW-VCA
should preserve the iliofemoral cuff for adequate tissue
perfusion and more importantly that the addition of DIEVs
and DCIVs can significantly improve tissue perfusion of the
flap.>% In fact, all the reported human studies used donor
IEVs and/or DCIVs accomplishing AW graft survival rates of
>90% in at least one year.

To achieve a better immunological tolerance in organ
transplant, bone marrow transplantation has been applied
concomitantly, which has been shown to prevent graft
rejection and to help prolong graft survival.'®41=%3 [t is
hypothesized that this beneficial effect is due to the suppres-
sion of alloantibody production.'® In 2014, Singh et al pro-
posed an osteomyofasciocutaneous flap by using
vertebrochondral ribs; however, the authors discussed the
possibility of using iliac crest as a bone marrow source to
achieve better chimeric tolerance.'> This novel concept
opens AW-VCA to a new perspective for future surgical
designs; however, important considerations such as increase
in operative time and risk of ischemia complications should
be taken into account.

The goal of abdominal wall reconstruction is to achieve a
functional abdominal wall defect cover. For this, several
considerations must be taken into account. Some of them
are the general state of health, operative time, location and
dimensions of the abdominal wall defect, components of the
defect and its extension, and concomitant ITx or MVTX,
among others. In this review, all patients had concomitant
ITx or MVTX, and therefore, no ethical considerations regard-
ing immunosuppressive therapy are considered. It is impor-
tant to highlight that combination of transplants does not
affect the immunosuppressive regimen.>®

The abdominal wall flap dimensions ranged from 150 to
500 cm?. Interestingly, these dimensions could be covered
with the traditional local, pedicled, and free flaps.** Addi-
tionally, local flaps can be used in combination with free or
regional flaps if a massive abdominal wall defect is found.**
However, these approaches have some important pitfalls
such as donor site morbidity and poor aesthetic out-
comes.***8 The use of a free anterolateral thigh flap with
vascularized fascia lata can cover defects of 112 to 504 cm?;
however, it was found that the quadriceps femoris muscle
contraction forces might be decreased after the flap har-
vest.*> Moreover, 25.9% of wound dehiscence/healing prob-
lems have been described to be present in gracilis
myocutaneous flaps and 31.2% in flaps with a skin grafted
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Table 5 Abdominal wall graft survival estimations from the human studies

Combined research n Follow-up (mo) Immunosuppressive medications AW graft
groups Induction Maintenance el (2]
Miami® 10 5.9 Alemtuzumab Tacrolimus + steroids 90
Bologna® 3 12 Alemtuzumab Tacrolimus 100
Oxford? 18 12,36 Alemtuzumab Tacrolimus 94, 57
Duke? 1 12 Thymoglobulin Tacrolimus + MMF 100
+ corticosteroid

Groningen® 1 12 Methylprednisolone and Tacrolimus, mycophenolate 100

antithymocyte globulin mofetil + prednisolone

Abbreviations: AW, abdominal wall; MMF, mycophenolate mofetil; n, number of AW transplants; NS, not specified.

?Data extracted from Bejarano et al, > Cipriani et al,?® and Selvaggi et al>*

donor site.*® Therefore, the prevention of these complica-
tions plus the immunosuppressive requirement secondary to
ITx and MVTx makes AW-VCA a feasible alternative for
abdominal wall reconstruction.

Four surgical approaches have been described until
now.>2%3237 From Levi et al® in 2003 to Erdmann et al in
2019%7 and Atia et al in 2020, the surgical techniques had
passed from macrovascular to microvascular approaches,
from nonsynchronous to synchronous revascularization,
and from two anastomoses to four anastomoses. The major
goal behind all these changes is to reduce ischemia time and
the overall surgical time to improve patient outcomes.
Indeed, a long period of ischemia has been shown to increase
the risk of graft rejection and failure.#%->

The first approach was presented in 2003 by the Miami
group, which described an end-to-side macrovascular anas-
tomosis of donor IEVs in continuity with the iliac vessels and
FVs to recipient CIVs.2 The major advantages in this tech-
nique are that it avoids microsurgery and it is a familiar
technique performed by transplant surgeons.” The major
disadvantage is the inability to perform synchronous revas-
cularization, which resulted increased cold ischemia and
operative times.’

Later, in 2007 the Bologna group presented an end-to-end
microvascular anastomosis of donor IEVs with recipient IEVs
or DCIVs.?® This technique requires the use of microsurgery,
sparing the use of CIVs and FVs; however, as in the Miami
group, this procedure cannot provide synchronous revascu-
larization. Then, in 2014 the Oxford group presented a new
surgical approach that allowed synchronous revasculariza-
tion, which consisted of a remote revascularization model
using the forearm vessels as a temporary bank for a later
transfer and anastomosis of the donor IEVs with the recipient
IEVs or IMAs with an end-to-end approach.>? The major
advantage of this procedure is the decrease of ischemia time,
but with the limitation of a prolonged surgical time, addi-
tional forearm-site morbidity, and possibility of a second
procedure depending on the patient’s physiological status.’
Finally, in 2019 the Duke group presented the creation of an
arteriovenous loop with the saphenous vein by performing
an end-to-side anastomosis with the recipient common

, Weissenbacher et al, 36 Erdmann et al,37, Atia et al.® and Trentadue et a

|38

femoral artery.®3” With this technique, synchronous revas-
cularization is possible, which consequently reduces ische-
mia time and total operative time. However, it creates donor-
site morbidity in the thigh, which can lead to seroma
formation.’

All of these techniques seem to be feasible and safe;
however, it is important to recognize that clinical candidates
usually have a significant surgical history with extensive
scarring, enterocutaneous fistulas, and distortion of the
anatomic repairs that make the surgical technique challeng-
ing. Hence, a previous assessment of the vascular anatomy
with imaging should be performed.

Forthcoming

All AW-VCA performed until now are nonfunctional grafts, as
they do not count with nerve supply. Neurotization of the
abdominal wall graft is essential for patients to recover this
organ’s function and prevent atrophy. The future holds a
promising evolution of a functional AW-VCA; however, the
major challenge surgeons might face is distorted anatomy
due to extensive scarring secondary to past surgical history.
This approach might help balance the decision of surgery in
an end-stage abdominal wall failure generated by large
debilitating hernias, since it might justify the long-term
use of immunosuppressive therapy.'®

Limitations

Limitations are attributed to the significant heterogeneity
among studies and inconsistent reported clinical outcomes.
Case reports or case series were also included in this review,
which are observational studies that come with the inherited
nature of nonrandomization and, consequently, susceptibil-
ity of presenting cofounding bias. Also, there was a sample
size overlap for human studies, which made a quantitative
analysis unfeasible.

Conclusion

AW-VCA is a safe and efficient alternative for patients with
large and complex abdominal wall defects. Its use is recom-
mended in patients undergoing concomitant ITx and MVTX,
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due to the immunosuppressive requirements. Currently, four
surgical techniques with specific advantages and disadvan-
tages are available. The future of functional and osteomyo-
cutaneous AW-VCA is promising, even though surgeons must
face and overcome the challenge of a distorted anatomy.
Future studies with a better level of evidence should be
directed toward the assessment of the functionality of the
graft, short- and long-term outcomes, and the differences
between various surgical techniques.
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