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Abstract: Introduction: Sarcoma resection often leaves patients with big defects only amenable
through microsurgical reconstruction. In such cases, it is hard for the surgeon to uphold low donor-
site morbidity with an aesthetic result. The purpose of this study was to investigate the clinical
outcome and the patient’s perception regarding the donor site in a cohort of patients undergoing
microsurgical reconstruction with lateral thigh and lower abdominal perforator flaps. Methods:
A retrospective evaluation of all patients who underwent sarcoma reconstruction with flaps harvested
from the lower abdominal region (deep inferior epigastric artery perforator flap, superficial circumflex
iliac artery perforator flap) or lateral thigh region (anterolateral thigh perforator flap and its variations)
was performed. Only patients with defects greater than 100 cm2 were included. Patient demographics
and operative variables were recorded, together with complications. Patient satisfaction and quality
of life with the donor site were registered using the SCAR-Q questionnaire, which was administered
at least six months post-operatively. Results: Eighteen anterolateral thigh (ALT) perforator flaps and
twenty-two deep inferior epigastric artery perforator (DIEP) and superficial circumflex iliac artery
perforator (SCIP) flap procedures were performed. The two groups were homogeneous for major
post-operative complications (p > 0.999). Patient satisfaction with the donor site measured using the
SCAR-Q questionnaire showed significantly higher scores in the DIEP/SCIP group when compared
with the thigh group (p < 0.001), indicating a superiority of the lower abdominal area as an aesthetic
donor site. Conclusions: The DIEP and SCIP flaps are a versatile option for reconstructing large
soft-tissue defects following sarcoma resection. Therefore, flaps harvested from the lower abdomen
yield a higher patient satisfaction with the donor site, which is a feature worth considering when
planning a reconstructive procedure.
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1. Introduction

The conventional surgical approach for sarcomas involves a wide excision aimed
at achieving negative margins (R0 status, indicating the absence of residual microscopic
disease). To ensure R0 resection, the incision should traverse grossly normal tissue planes
uncontaminated by the tumor. Wide excision results in huge soft-tissue defects, eventually
leading to a significant impairment in function and body appearance. In the last 20 years,
a paradigm shift in the surgical management of soft-tissue sarcomas (STSs) has been
observed, with the introduction in clinical practice of advanced reconstructive procedures,
allowing us to reduce the need for amputation and to preserve as much form and function
as possible [1,2].
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Local and locoregional flaps are often not an option, particularly for larger defects
or in cases of previous radiotherapy, which causes tissue fibrosis and yields a higher risk
of complications [3]. Microsurgical flaps offer the opportunity to reconstruct large and
deep soft-tissue defects bringing healthy and well-vascularized tissue within a challenging
environment, hence enabling the acceleration of healing and lowering the occurrence of
wound complications [4]. This mitigates the risk of delays in commencing or continuing
life-saving oncological therapies.

The body’s repertoire of viable flaps diminishes significantly when faced with the
need for exceptionally large reconstructions. Among the array of available options to treat
extensive defects, several significant approaches stand out. The most common solution
employed is the latissimus dorsi flap, either muscular and covered with a skin graft
or myocutaneous harvested as a “kiss” flap [5–7], which provides a reliable amount of
tissue for coverage, albeit with limitations regarding donor site morbidity and aesthetic
outcomes. Another workhorse to reconstruct medium to large-sized defects after sarcoma
resection (Figure 1A) is the anterolateral thigh (ALT) flap, which, despite its widespread
use, unfortunately, may entail higher morbidity at the donor site for flaps exceeding
the possibility of primary closure (Figure 1B), eventually leading to less aesthetically
pleasing outcomes.
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Figure 1. (A) Flap selection for a lower limb reconstruction with an extensive defect expected
(13 × 13 cm). (B) A free ALT flap is one of the most common reconstructive options employed in
sarcoma patients, but its donor site will require skin grafting for defects exceeding 8–9 cm in width.
(C) The lower abdominal region (DIEP flap) allows the harvesting of larger flaps (10–17 cm in width)
while achieving primary closure of the donor site in an aesthetic abdominoplasty fashion.
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Conversely, advancements in microsurgical techniques have popularized alternatives
such as the deep inferior epigastric perforator (DIEP) flap, initially acclaimed for breast
reconstruction but now recognized for its versatility in addressing various tissue deficits
(Figure 1C). Similarly, the superficial circumflex iliac artery (SCIP) flap, frequently described
as a pedicled flap, has emerged as a viable option as a free flap, offering distinct advantages
in certain clinical scenarios.

Consideration of donor site morbidity is paramount when undertaking extensive
reconstructions required in sarcoma surgery. It is essential to also consider the impact of
these procedures on patients utilizing validated assessment tools such as Patient-Reported
Outcome Measures (PROMs) [8]. Specifically, the choice of the ideal flap should also be
guided by the flap whose donor site restoration implies good patient satisfaction, which
can be investigated using the SCAR-Q questionnaire [9,10].

This paper reports our institutional experience in treating extensive soft-tissue defects
consequent to sarcoma resection using free perforator flaps harvested from the lower
abdomen and the lateral thigh regions. These two groups of patients were compared in
terms of clinical results and patient satisfaction with the donor site using the SCAR-Q
questionnaire. By creating a decision-making schema, we sought to streamline the process
of flap selection, taking into account not only the reconstructive needs of the recipient site
but also the aesthetic impact that surgery may have on the patient’s overall appearance
and quality of life according to the different donor sites.

2. Materials and Methods

A retrospective evaluation of all patients who underwent oncological sarcoma resec-
tion and microsurgical reconstruction with either lower abdominal perforator flaps (DIEP,
SCIP) or lateral thigh perforator flaps (ALT and its perforator variations, such as AMT
and TFL) at Fondazione Policlinico Universitario Campus Bio-Medico of Rome (Rome,
Italy) between 2019 and 2023 was performed. All cases were scheduled for pre-operative
evaluation at the institutional multidisciplinary team (MDT) meetings held weekly for
patients affected by soft-tissue sarcomas (STS).

The inclusion criteria were as follows: patients with diagnoses of STS requiring
malignancy-wide excision and immediate reconstruction with a flap; defects greater than
100 cm2; flaps wide at least 8 cm; follow-up ≥ 6 months.

Defects amenable to primary closure and/or skin grafting, defects smaller than
100 cm2, and patients with a follow-up < 6 months were excluded from this study.

The collected information included patients’ baseline characteristics and morbidities,
data about the location and size of the defects, and details about the surgical procedure
(duration, flap type and dimensions, source vessels, and recipient vessels for free flaps).

After a minimum of 6 months post-operatively, patients were administered the SCAR-
Q questionnaire investigating their satisfaction and quality of life with the donor site.

The normality of the study sample was checked using a Shapiro–Wilk test. Variables
following a Gaussian distribution in the two groups were compared using Student’s t-test
with 95% confidence intervals and two-tailed p-values, whereas variables not following a
Gaussian distribution in the two groups were compared using a Mann–Whitney U test with
95% confidence intervals and two-tailed p-values. Nominal variables were analyzed using
Fisher’s exact test with two-tailed p-values. Prism GraphPad (version 9.3.1, San Diego,
California) and Microsoft Excel (Microsoft Corp., Redmond, Washington) were used for
statistical analysis.

3. Results

Forty microsurgical reconstructions were evaluated in this study. The defects were
located in the lower extremity, trunk, upper extremity, and head and neck region in 14, 13,
11, and 2 cases, respectively. Fifteen ALT flaps, two TFL flaps, one AMT flap, seven SCIP
flaps, and 15 DIEP flaps were performed. Bipedicled DIEP flaps were used in five cases.
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The mean age, BMI, defect and flap dimensions, donor site complications, and need for a
skin graft for donor site closure are listed in Table 1.

Table 1. Patient demographic characteristics and operative variables. The bold numbers indicate
statistically significant values.

Abdominal flaps (DIEP, SCIP)
(%) n = 22

Thigh flaps (ALT, TFL, AMT)
(%) n = 18 p-Value

Patient demographics
Gender

Male 6 (27.3%) 14 (77.8%) 0.013
Female 16 (72.7%) 4 (22.2%) 0.013

Mean age, y (range) 58.9 (range 33–88) 58.9 (range 19–81) 0.994
Body Mass Index, kg/cm2 (range) 24.9 (range 17.6–34) 26 (range 20.5–36.3) 0.355

Active smoker
Yes 4 (18.2%) 4 (22.2%) >0.999
No 18 (81.8%) 14 (77.8%) >0.999

Mean length of follow-up, months (range) 15.3 (range 6–36) 21.3 (range 6–41) 0.079
Perioperative treatments

Neoadjuvant RT
Yes 7 (31.8%) 4 (22.2%) >0.999
No 15 (68.2%) 14 (77.8%) >0.999

Neoadjuvant CT
Yes 7 (31.8%) 2 (11.1%) 0.789
No 15 (68.2%) 16 (88.9%) 0.789

Adjuvant RT
Yes 3 (13.6%) 9 (50%) 0.146
No 19 (86.4%) 9 (50%) 0.146

Adjuvant CT
Yes 0 (0%) 3 (16.7%) 0.946
No 22 (100%) 15 (83.3%) 0.946

Operative variables

Type of flap SCIP = 7 (31.8%)
DIEP = 15 (68.2%)

ALT = 15 (83.3%)
TFL = 2 (11.1%)
AMT = 1 (5.6%)

-

Defect size cm2 (range) 292 (range 150–540) 247 (range 108–600) 0.123
Flap size cm2, (range) 282 (range 150–540) 264 (range 165–600) 0.607

Operative time, min (range) 655.2 (range 330–918) 527 (range 318–706) 0.003
Skin grafting of donor site 0 (0%) 10 (55.5%) 0.002
Healing time, days (range) 31.3 (range 15–75) 80 (range 21–160) 0.0005

Recipient site complications
No 17 (77.3%) 15 (83.3%) >0.999
Yes 5 (22.7%) 3 (16.7%) >0.999

Partial flap loss 1 (20%) 0 (0%)
Total flap loss 1 (20%) 1 (33.3%)

Seroma 3 (60%) 2 (66.7%)
Donor site complications

No 19 (86.4%) 9 (50%) 0.017
Yes (infection, seroma) 3 (13.6%) 9 (50%) 0.017

No differences were observed between the abdomen donor site group and the thigh
donor site group concerning patients’ age (p = 0.994) and BMI (p = 0.355). The mean defect
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size was 292 cm2 (range 150–540 cm2) in the abdominal flap group and 247 cm2 (range
108–600 cm2) in the thigh flap group (p = 0.123). The mean flap sizes were 282 cm2 (range
150–540 cm2) and 264 cm2 (range 165–600 cm2) in the abdominal and thigh flap groups,
respectively (p = 0.607).

The mean operative times were 655.2 min (range 330–918 min) and 527 min (range
318–706 min) in the abdominal and thigh flap groups, respectively (p = 0.003).

The donor site required a skin graft for closure in 10 cases belonging to the thigh flap
group and none belonging to the abdominal flap group (p = 0.002).

Two cases of flap loss were registered (one ALT and one SCIP), which were reoperated
with a free LD flap and a pedicled LICAP flap, respectively. Complications at the recipient
site were not significantly different between the two groups (p > 0.999), while donor site
complications were significantly higher in the thigh flap group (p = 0.017).

The mean healing times were 31.3 days and 80 days in the abdominal and thigh
flap groups, respectively, equating to a statistically significant difference with p = 0.0005
(Table 1).

Patient satisfaction with the donor site measured using the SCAR-Q questionnaire
showed significantly higher scores in the abdominal flap group when compared with the
thigh flap group in every domain: appearance scale (p < 0.001), symptoms scale (p < 0.001),
and psychosocial well-being (p = 0.007), indicating the superiority of the lower abdominal
area as an aesthetic donor site (Table 2).

Table 2. Post-operative SCAR-Q scores.

Abdominal Flaps n = 22 Thigh Flaps n = 18 Paired t-Test
(p-Value)

Appearance scale 63.3 ± 12.5 46.6 ± 9.82 <0.0001
Symptom scale 60.5 ± 9.46 42.9 ± 9.17 <0.0001

Psychosocial impact 57.2 ± 12.1 45.0 ± 8.57 0.007

4. Discussion

Choosing the appropriate free flap is essential to restore both function and aesthetics
effectively after extensive sarcoma resection. This is particularly significant for patients who
may face significant changes in body image post-surgery. Thus, utilizing flaps harvested
from donor sites that can be closed in an aesthetically pleasing manner becomes paramount.

In our initial experience with sarcoma patients, we addressed such complex defects
with workhorse flaps such as the ALT flap [11], because of its relatively constant anatomy,
reliable vascularization, long vascular pedicle, and extreme variability in design due to the
abundance of perforators and possibility to vary the flap thickness according to the defect.
This flap can be raised as a thin flap, which is useful for the reconstruction of regions in
which the restoration of the normal range of motion is paramount, like the axilla (Figure 2)
or the foot [12], or, in cases where the is a need to fill a deep dead space. Moreover, as
recently described [13], the ALT flap skin island can be combined with the harvest of the
vastus lateralis or rectus femoris muscles to provide functional reconstruction in cases
of quadriceps or calf compartments resections [14]. Generally, the maximum width for
primary closure of the ALT donor site is 8 to 10 cm [15,16], which is achievable only in cases
of significant skin laxity.

However, the morbidity of the donor site will increase since primary closure will not
be possible, requiring a skin graft and thus worsening the aesthetic and functional impact
(Figure 3). This was reflected in our series, where 55% of the ALT donor sites were skin
grafted (Table 1), delaying in a statistically significant manner the final healing and leading
to poorer aesthetic outcomes, as shown by the SCAR-Q results (Table 2).

This drawback pushed us to find alternative solutions, leading us to increasingly use
lower abdominal free perforator flaps, such as the SCIP flap for moderate-to-wide-sized
defects (Figures 4 and 5) and the DIEP flap for extensive soft-tissue defects (Figure 6).
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reconstruction was performed with a 26 × 15 cm free ALT flap anastomosed to subclavian vessels.
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resection. (B,C) Intra-operative view of the transplanted SCIP flap after revascularization. The
left superficial circumflex iliac artery perforator was anastomosed to its contralateral counterpart
in a perforator-to-perforator fashion. The flap vein (SCIV) was of a bigger caliber and required
anastomosis to a saphenous vein branch of adequate size.
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Figure 5. (A) Pre-operative frontal view with SCIP flap planning. (B) Six-month post-operative view
showing a well-integrated flap allowing a like-for-like reconstruction with tissues of a similar color
and texture from the contralateral side. The contour was restored, and the donor site was closed
primarily in an aesthetic fashion. (C) Pre-operative frontal view with patient wearing underwear.
(D) Six-month post-operative view with underwear, showing how the aesthetic approach employed
allowed to us hide both the donor and recipient sites in well-concealed anatomical regions. The
patient was very satisfied with the aesthetic result of the reconstruction.
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Figure 6. (A) a case of chondrosarcoma involving the sternal manubrium and the first 2 ribs bilaterally
in a 60-year-old female patient. The extensive defect measured 13 × 13 cm. The patient was scheduled
for DIEP flap reconstruction, which was the only available donor site to allow primary closure in
an aesthetically acceptable fashion in the supine operative position. (B) Intra-operative view of the
extensive defect with exposure of both the lungs and aortic arch. The left internal mammary vessels
were prepared for anastomoses. (C) Six-month post-operative view showing a well-settled flap
with aesthetic improvement of the abdominal contour after closure in an abdominoplasty fashion.
(D) Excised tumor. (E) Pre-operative CT showing the degree of local infiltration.

The DIEP flap, first described by Koshima and Soeda in 1989 [17], has become the
gold standard in autologous breast reconstruction [18] due to its ability to provide a good
amount of tissue while preserving the rectus abdominis muscle. Meanwhile, its employment
for reconstructing other anatomical regions is infrequent [19] and typically not prioritized
as a primary option in alternative reconstructive scenarios. One of its main advantages is
the possibility to harvest it as an extended, pre-expanded, bipedicled flap (Figures 7–9),
making it one of—if not the—largest flap in the human body [20–22]. The DIEP flap
also offers advantages considering its vascular anatomy. Particularly, when dealing with
reconstructions in regions with suboptimal vascularity, such as in lower limb cases, the
perfusion of this flap can be augmented through supercharging and/or superdraining
techniques via the superficial circumflex iliac system [23]. Unlike other skin paddle designs
that have been described in the literature (oblique [24], vertical [25], “kiss design” [26]),
this flap is normally harvested in a horizontal fashion, allowing for a more aesthetic
closure of the donor site. In a retrospective analysis conducted by Abdelfattah et al. [27],
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encompassing 563 flaps utilized in lower limb reconstruction, the findings revealed that the
DIEP flap stands out for its considerable size (836.2 ± 210.3 cm2), longest pedicle length
(11.7 ± 1.4 cm), and notable thickness (11.1 ± 3.9 mm) compared to other flap options.
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Figure 7. (A) a young female patient presented with an irradiated recurrent undifferentiated sarcoma
involving the proximal right upper arm. The defect was almost completely circumferential, measuring
16 × 14 cm. The patient was scheduled for DIEP flap reconstruction, which was the only available
donor site to allow primary closure in an aesthetically acceptable fashion in the supine operative
position. (B) Intra-operative view of the extensive defect with exposure of the major neuro-vascular
structures. (C) The patient was very thin and narrow waisted and the defect quite extensive. To safely
cover the entire defect, all the lower abdominal tissue was required. Therefore, a bipedicled bilateral
DIEP flap was harvested.
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Figure 8. Intra-operative view of the flap after revascularization. Two sets of end-to-end anastomoses
were performed, with one pedicle anastomosed to the thoracoacromial vessels, which were rerouted
from the upper trunk to the proximal part of the defect, and the other pedicle was anastomosed
with a brachial artery recurrent branch, located in the distal part of the defect. The use of both DIEP
pedicles allowed us to transfer the entire abdominal pannus with 100% flap survival.
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Figure 9. (A) Pre-operative frontal view. (B) Six-month post-operative frontal view showing a well-
settled flap with aesthetic improvement of the abdominal contour after closure in an abdominoplasty
fashion. The patient was very happy with the aesthetic strategy adopted for reconstructing such a
complex defect. (C) Pre-operative three-quarters view. (D) Six-month post-operative three-quarters
view. Noteworthy is the improvement of the abdominal silhouette.

Several other extra-mammary applications of the DIEP flap have been described in
the literature, including its use for thigh reconstructions, where it can be maintained as
a pedicled [28,29] flap or set up as a free flap [30], and for upper limb reconstructions
when traditional local flaps are insufficient for the reconstruction of large defects [31,32].
Regarding the upper limbs, the DIEP flap is a good indication for the reconstruction of
large and proximal defects, while thinner and more pliable flaps are preferred for more
distal reconstructions [33].

A second alternative “aesthetic” option to treat moderate-to-wide-sized defects in our
experience was the SCIP flap [34], which offered a viable alternative for defects in the lower
extremities [35], perineum, and abdomen. This is the thinnest skin flap presently available
and can be used for moderate-sized defects [36]. It can be harvested in a chimeric fashion
including the sartorius muscle [37] and/or the iliac bone [38,39]. According to Yoshimatsu
and colleagues [40], the SCIP flap has a high success rate in sarcoma reconstruction when
compared to other flaps such as the ALT and latissimus dorsi (LD) because of its higher
degree of freedom with which the recipient vessel can be chosen. Because the diameter
of the SCIA is relatively small (usually around 1.0 mm), it can be anastomosed in an end-
to-end or an end-to-side fashion to the source arteries in any chosen region, especially
for upper and lower extremity defects, where finding an adequate recipient vessel can
sometimes be challenging.

Moreover, the SCIP flap harvest, like the DIEP flap, offers the advantages of low
donor-site morbidity, an inconspicuous scar that can be easily hidden in the inguinal crease,
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and minimal functional morbidity, thereby reducing the impact of surgery on patients
undergoing this kind of reconstruction.

Unlike other perforator flaps such as the ALT flap, the thoracodorsal artery perforator
flap, the profunda femoris artery perforator flap, and the medial sural artery perforator flap,
the SCIP donor site can still be closed directly even with a skin paddle width exceeding
10–12 cm, and up to 14 cm with the hip flexed [40].

In comparison to larger flaps such as the DIEP and LD flaps, the SCIP flap has dimen-
sional limitations. However, in cases of large defects, the literature describes the possibility
of combining the SCIP flap with either the superficial inferior epigastric artery flap or
the deep inferior epigastric artery perforator flap to cover extensive soft-tissue defects,
especially in the extremities and trunk [41]. However, the SCIP flap’s main limitation lies
in its anatomical variations, relatively short pedicle length, and thinness. As a result, it is
not advisable for inexperienced microsurgeons, especially if dealing with deep wounds or
cases where a longer pedicle is necessary.

Having said the above, our study was not aimed at demonstrating the superiority of
one flap over another in an absolute sense. Our goal was to define a process for choosing
the most appropriate flap considering both the defect to be reconstructed and the donor site.

Generally speaking, the dimensional criterion is the first to be considered; indeed,
ALT, SCIP, and DIEP flaps can be used for defects of progressively increasing size (8–10 cm,
10–14 cm, 14–16 cm, and more), always trying to reduce donor site morbidity and achieve
its primary closure. In this scenario, the DIEP flap represents the most versatile option,
allowing us to resurface big and extremely extensive defects in its single pedicle or bilateral
pedicle conjoined versions, respectively. Moreover, as previously stated, the DIEP flap can
be combined with other adjacent pedicles (SCIA/v-, SIEA/v, DCIA/v, LAPs) to extend the
possibility of coverage to the most complex defect scenarios.

Nevertheless, the dimensional criterion should be weighed against other factors, such
as the need to operate in a certain anatomical position: for example, SCIP and DIEP flaps
can only be harvested in the supine position and are better indicated for defects located
on the anterior body surface. Meanwhile, for forced lateral or prone position resections,
other flaps should be used to reduce operative times and maintain surgical efficiency, such
as LD/TDAP flaps [5,6] and ALT/PAP [42] flaps for large and moderate-sized defects,
respectively.

The depth of the defect is another factor to take into account; the ALT flap and its thin
variants described in the literature, along with the SCIP flap, are generally preferable for
reconstructing shallow substance losses, such as those at the extremities or at joint junctions,
where a thick flap would result in inappropriate aesthetic outcomes and limited mobility.
When facing defects involving deep structures and leading to big cavities, especially in irra-
diated fields, the reconstructive surgeon will need a thicker flap, such as the myocutaneous
ALT flap harvested with the underlying vastus lateralis muscle, or the DIEP flap.

In our opinion, in the realm of reconstructive surgery for sarcomas, the selection
of a free flap must extend beyond considerations solely focused on the recipient site and
surrounding recipient vessels [43]. Indeed, the consequences at the donor site warrant equal
attention, as the resulting scar can significantly influence the patient’s overall well-being
and recovery journey. Opting for flaps sourced from regions where aesthetic restoration is
feasible not only improves the patient’s quality of life but also promotes their physical and
psychological rehabilitation. In this context, the utilization of Patient-Reported Outcome
Measures (PROMs) emerges as a pivotal tool. These measures provide invaluable insights
into the patient experience, allowing us to comprehensively evaluate the impact of a chosen
reconstructive approach. Specifically, instruments like the SCAR-Q questionnaire enable a
thorough assessment of various facets, including scar appearance, associated symptoms,
and its psychosocial impact.

Primary closure of the thigh, if performed carefully, can result in an aesthetically
acceptable appearance, but often does not meet the standards of aesthetic and scar soft-
ness achieved with closure of donor sites from abdominal flaps such as the DIEP and
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SCIP/SIEA [44,45]. Even less aesthetically acceptable are ALT closures whose dimensions
do not allow for primary closure, thus requiring the use of skin grafts. Conversely, scars
resulting from the closure of abdominal flap donor sites are typically hidden beneath
clothing lines and may be thinner, softer, and less prominent.

In patients with comparable BMIs, and therefore similar subcutaneous thicknesses,
allowing for free selection between ALT, SCIP, and DIEP flaps, our study focused on
the preference for abdominal flaps over ALT. This preference was based on the aesthetic
restoration of the donor site, which we assessed using the SCAR-Q questionnaire for
patient satisfaction. The results show that patient satisfaction with the donor site measured
using the SCAR-Q questionnaire was significantly higher in the DIEP/SCIP group when
compared with the ALT group (p < 0.001), especially in the appearance scale, indicating a
superiority of the lower abdominal area as an aesthetic donor site.

5. Conclusions

Lower abdominal perforator free flaps, like DIEP and SCIP flaps, are a versatile option
for use to reconstruct large soft-tissue defects following sarcoma resection in the supine
position, allowing for a higher patient satisfaction with the donor site, which is a feature
worth considering when planning a reconstructive procedure.
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