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Background Groin dissections result in large wounds with exposed femoral vessels requiring
soft tissue coverage, and the reconstructive options are diverse. In this study we reviewed our
experience with the use of the pedicled anterolateral thigh and vertical rectus abdominis
musculocutaneous flaps in the reconstruction of large groin wounds.
Methods Groin reconstructions performed over a period of 10 years were evaluated, with a
mean follow up of two years. We included all cases with large or complex (involving perineum)
defects, which were reconstructed with the pedicled anterolateral thigh musculocutaneous or
the vertical rectus abdominis musculocutaneous (VRAM) flaps. Smaller wounds which were
covered with skin grafts, locally based flaps and pedicled muscle flaps were excluded.
Results Twenty-three reconstructions were performed for large or complex groin defects,
utilising the anterolateral thigh (n = 10) and the vertical rectus abdominis (n = 13) pedicled
musculocutaneous flaps. Femoral vein reconstruction with a prosthetic graft was required in
one patient, and a combination flap (VRAM and gracilis muscle flap) was performed in
another. Satisfactory coverage was achieved in all cases without major complications. No free
flaps were used in our series.
Conclusions The anterolateral thigh and vertical rectus abdominis pedicled musculocutaneous
flaps yielded consistent results with little morbidity in the reconstruction of large and complex
groin defects. A combination of flaps can be used in cases requiring extensive cover.
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INTRODUCTION
Groin dissections performed for metastatic disease to the inguinal nodes from malignancies of the urogenitalia or lower limbs
can leave wounds that are difficult to close by primary intention.
The extent of the wound defect is dependent on the volume of

the nodal metastases, with bulky disease requiring extensive resection. The femoral vessels are exposed following inguinal
lymphadenectomy, leaving the area liable to complications such
as femoral blowouts. To prevent this, a good soft tissue cover is
essential.
Groin dissections are performed either as part of curative sur-
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gery, or in palliative resection where the nodes are fungating or
ulcerating. In patients with bulky nodal disease, prognosis is
poor even in the setting of curative surgery. For example, the
5-year survival rate for stage 3 squamous cell carcinoma of the
penis is 30% [1]. Thus, the role of the reconstructive surgeon is
to choose the most suitable coverage with the least impairment
to quality of life, with a good balance between functional outcome and minimal donor morbidity. Furthermore, the wound
needs to heal fast to reduce the delay in adjuvant therapy. Various options are available for the reconstruction of small defects,
including locally-based fasciocutaneous or regional muscle flaps
[2-4]. The use of skin grafts is not suitable when the femoral
vessels are exposed. Large defects require a greater amount of
soft tissue cover, which is available with the use of musculocutaneous flaps. We review our experience in the coverage of large
and complex groin defects utilising the anterolateral thigh and
vertical rectus abdominis pedicled musculocutaneous flaps as
our main workhorses, and advocate their routine use.

2012, were evaluated. We excluded cases with small groin defects which were covered with skin grafts, locally based cutaneous flaps and pedicled muscle flaps. Twenty-three cases with
groin dissections resulting in large or complex groin defects
were included in our series (Table 1), and were all reconstructed
with either the pedicled anterolateral thigh musculocutaneous
flap or vertical rectus abdominis pedicled musculocutaneous
flap. The underlying pathological conditions for this group included: squamous cell carcinoma of the penis (n = 10), vulva
(n = 6), scrotum (n = 1), groin (n = 1), lower limb (n = 2); transitional cell carcinoma of bladder (n = 1); invasive extramammary Paget’s disease (n = 1) and lower limb melanoma (n = 1).
No free flap was used in our series.
All groin defects in the 23 cases were greater than 15 cm × 10
cm, and categorised as large (n = 20) or complex (involving
perineum or requiring vascular reconstruction, n = 3). Of these,
10 cases (43.5%) were reconstructed with the anterolateral
thigh flap, and the remaining 13 (56.5%) were resurfaced with
the vertical rectus abdominis flap: contralateral (n = 6) and ipsilateral (n = 7). A few factors were considered when choosing between the two. In patients with previous lower abdominal surgery and in obese patients, where harvesting the rectus abdominis flap would be challenging, the anterolateral thigh flap was

METHODS
All groin reconstruction cases performed by our senior author
(B.K.T.) over a 10 year period from January 2002 to December
Table 1. Patient characteristics and methods of wound coverage
Patient
no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Age (yr)/Sex
73/Male
66/Male
70/Female
63/Female
57/Female
65/Male
48/Male
67/Male
50/Male
78/Male
78/Male
65/Male
67/Female
77/Female
74/Male
64/Female
66/Male
51/Male
53/Male
47/Male
59/Female
71/Female
49/Male

Underlying diagnosis
SCC penis
SCC penis, groin recurrence
Melanoma heel
Paget’s perineum invasive
SCC vulva
SCC scrotum
SCC penis
TCC bladder
SCC penis
SCC penis
SCC penis, groin recurrence
SCC penis
SCC vulva
SCC vulva
SCC groin adherent to femoral vein
SCC vulva
SCC penis
SCC penis
SCC penis
SCC ankle
SCC vulva
SCC vulva
SCC foot

Wound defect (cm)

Coverage

Donor closure

Complications

Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Complex
Complex
Complex
Large
Large
Large
Large
Large
Large
Large

ALT MC
ALT MC
ALT MC
ALT MC
ALT MC
ALT MC
ALT MC
ALT MC
ALT MC
ALT MC
VRAM MC -c
VRAM MC -c
VRAM MC -c
VRAM MC -c
VRAM MC -c
VRAM MC -c
VRAM MC -i
VRAM MC -i
VRAM MC -i
VRAM MC -i
VRAM MC -i
VRAM MC -i
VRAM MC -i

Primary
SSG
SSG
SSG
SSG
SSG
SSG
SSG
SSG
SSG
Bridging mesh
Bridging mesh
Bridging mesh
Bridging mesh
Bridging mesh
Bridging mesh
Bridging mesh
Primary
Primary
Bridging mesh
Bridging mesh
Primary
Primary

Deep vein thrombosis
Flap cellulitis
Donor wound edge necrosis
-

SCC, squamous cell carcinoma; ALT, anterolateral thigh; MC, musculocutaneous; SSG, split skin graft; TCC, transitional cell carcinoma; VRAM, vertical rectus abdominis; c,
contralateral; i, ipsilateral.
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Fig. 1. ALT pedicled flap
(A) Large groin defect post resection of a penile squamous cell carcinoma with bulky inguinal lymphadenopathy. (B) Pedicled anterolateral thigh
(ALT) flap was raised and inset over the groin wound. (C) Postoperative results at two months.

A

B

C

B

C

Fig. 2. Ipsilateral VRAM pedicled flap
(A) Post resection defects for penile squamous cell carcinoma with fungating lymphadenopathy. (B) An ipsilateral vertical rectus
abdominis (VRAM) flap was raised and inset
over the groin wound. (C) Postoperative results at four months.

A

used (Fig. 1). The vertical rectus abdominis flap was used for
complex defects (Fig. 2) and for patients in whom deep vein
thrombosis was of particular concern.
All flaps were raised in the standard fashion. The skin paddle
for the anterolateral thigh flap was designed with the aid of
handheld Doppler ultrasound, and centred over the loudest audible signal. The anterolateral thigh flap donor sites were skin
grafted in all but one patient. Abdominal wall fascial defects resulting from raising the vertical rectus abdominis flap were
558

closed by primary fascial repair (n = 4) or by placing bridging
meshes (n = 9). In cases with scrotal defects, primary closure of
the scrotum was achieved using the scrotal advancement flap
technique [5]. Two illustrative cases in the group with the vertical rectus abdominis flap are described as follows:
The patient of case 14 (Fig. 3) with a squamous cell carcinoma
of the vulva had a complex groin defect extending to the perineum after tumour resection. The groin defect was covered with a
contralateral pedicled vertical rectus abdominis flap, in combi-
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Fig. 3. Contralateral VRAM pedicled flap with gracilis muscle flap
(A) Complex groin defects extending to the perineum after clearance of a vulvar squamous cell carcinoma with bulky lymphadenopathy. A right
subcostal scar from previous surgery was noted. (B, C) A contralateral vertical rectus abdominis (VRAM) flap raised and inset over the groin defect.
(D, E) The vulva/perineum defect was reconstructed with a pedicled gracilis muscle flap and skin grafted. (F) Postoperative results at four months.

A

B

C

D

E

F

Fig. 4. Contralateral VRAM pedicled flap over vascular prosthesis
(A) Complex groin defect post en-bloc resection of a fungating groin squamous cell carcinoma adherent to the femoral vein. The femoral vein
was reconstructed using a polytetrafluroethylene (PTFE) vascular graft. (B) A contralateral vertical rectus abdominis (VRAM) flap was inset in a
manner that afforded total muscle wrap of the PTFE graft. (C) Postoperative results at two months.

A

nation with a locally based transposition flap over the superior
aspect of the wound. A second stage surgery was performed to
reconstruct the vulva using a pedicled gracilis muscle, which
was skin grafted. The patient recovered well.

B

C

In case 15 (Fig. 4), the patient had en-bloc resection of a squamous cell carcinoma of the groin which was adherent to the
femoral vein. The femoral vein was reconstructed with a polytetrafluroethylene (PTFE) vascular graft. A contralateral vertical
559
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rectus abdominis flap was used to cover the groin defect, and inset with the muscle belly completely wrapping the prosthesis.
The vascular conduit remained patent postoperatively.

RESULTS
No long-term or major complications such as flap loss or significant donor morbidities were encountered during an average follow-up period of two years; in particular there was no flap compromise in those patients receiving postoperative radiotherapy.
Functional and cosmetic results were good.
In the group with the anterolateral thigh flap, the patient of
case 5 had thrombosis in the femoral vein ipsilateral to the flap.
The patient presented a few days postoperatively with a swollen
leg and congested flap, with the Duplex scan confirming an
acute femoral vein thrombosis. Anticoagulation therapy was instituted with low molecular weight heparin and the flap was
closely monitored. The venous thrombosis resolved after a few
weeks and the flap survived.
Two minor complications were observed in the group with
the vertical rectus abdominis flap. One patient had wound edge
necrosis of the donor site, which was debrided and later skin
grafted successfully. Another patient with flap cellulitis was
treated with antibiotics, and the infection resolved uneventfully.

DISCUSSION
In the reconstruction of large and complex groin defects, the use
of musculocutaneous flaps is advantageous as they provide a
large amount of soft tissue and tolerate radiotherapy well. By
providing durable coverage they prevent scar contractures,
which tend to form in flexural regions such as the groin. While
primary closure of large groin defects is possible using local advancement flaps [6], the risk of wound breakdown is high as
branches of the external iliac and femoral arteries supplying the
region are divided during groin dissection, rendering the surrounding tissue relatively ischaemic. These branches include the
superficial circumflex iliac artery, the superficial epigastric artery, and the superficial and deep external pudendal arteries.
We raised the musculocutaneous flaps as pedicled flaps in this
series. The use of free flaps is an option in cases with extensive
defects, but the main drawback to this method is the long operating time. Various options exist for the choice of pedicled musculocutaneous flaps, including the sartorious, rectus femoris,
tensor fascia lata, anterolateral thigh and rectus abdominis flaps
[4,7-10]. Although the use of the sartorious flap is associated
with minimal donor morbidiy, it is too thin and has a limited arc
of rotation owing to its segmental blood supply. The bulkier rec560

tus femoris muscle provides better coverage but can cause weakness in knee extension [4,8]. A reliable flap to use is the tensor
fascia lata flap which is based on the ascending branch of the lateral circumflex femoral artery. Because of its proximity to the
groin, it is a workhorse flap for the region and has been used
successfully for large defects [11,12]. It is associated with minimal functional morbidity, and the donor site can be skin grafted.
We did not use the tensor fascia lata flap in this series. The anterolateral thigh and vertical rectus abdominis musculocutaneous flaps are versatile and reliable, and they are our first choice
for groin reconstruction.
The anterolateral thigh flap comprises a large skin paddle with
a cuff of vastus lateralis muscle. The advantages of this flap include its large skin paddle and its relatively problem-free donor
site. For groin wounds extending medially, the reach of the flap
can be extended by tunnelling it under the rectus femoris for a
more direct route. The disadvantages of the anterolateral thigh
flap include its downstream location to the groin defect, where
its venous circulation may be compromised in cases of femoral
vein compression by tumour. Since its blood supply arises distal
to the groin, it could potentially be damaged or be prone to
thrombosis if there is excessive manipulation of the femoral vessels during tumour clearance. Thrombosis of the femoral vein itself, as was the case in one patient (case 5), could also compromise flap survival. Hence we advise against using the anterolateral thigh flap in patients with bulky lymphadenopathy or in those
predisposed to deep vein thrombosis. Primary closure of the donor site, being near the groin wound, results in a mutually opposing tension across adjacent defects. This may compromise flap
survival or worse, thigh circulation. In our series we were able to
close the donor site primarily only in one obese patient because
of skin laxity. We used the handheld Doppler for our skin paddle
design preoperatively. Significant variability in the perforator
anatomy of the anterolateral thigh flap has been reported, and
there is a recent move towards performing preoperative computed tomography angiography in aid of perforator selection [13].
The vertical rectus abdominis flap is used for the coverage of
complex groin defects, or as an alternative to the anterolateral
thigh flap in situations where femoral vein thrombosis was of
concern. The advantages of this flap include: its upstream location in relation to the groin, the option of using a contralateral
flap, and the ability to close the donor site primarily. Its blood
supply originates proximal to the groin, and is at lower risk of
damage during tumour clearance compared to downstream
flaps. If the inferior epigastric vessels are divided during radical
groin dissection, a contralateral flap can still be used. In case 15
where the patient required prosthetic grafting of the femoral
vein, the choice for the contralateral flap was made so as to avoid
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flap compromise secondary to infection or thrombosis with
proximal clot propagation. The disadvantages of this flap relate
to donor morbidity, which include: abdominal bulge, hernia at
the pivot point, and mesh infection. None of these complications occurred in our series. We routinely used bridging meshes
to repair wide fascial defects to achieve tension-free repair.
Perforator-based flaps are increasingly popular in the reconstruction of the perineum [14,15]. Both the perforator-based
anterolateral thigh flap and the deep inferior epigastric perforator
flap are suitable options for groin reconstruction with less muscle damage. However, we still prefer musculocutaneous flaps in
contaminated wounds, or if a vascular prosthesis is used. Unlike
free flaps, a cuff of muscle must still be cut for the flap to move.
For complex wounds necessitating a large amount of soft tissue cover, a combination of flaps can be used. The only case in
our series (case 14) utilised a contralateral vertical rectus abdominis flap in combination with a pedicled gracilis muscle flap
to reconstruct the groin and vulvar/perineal wounds. Other
forms of combination flaps have been described in the literature,
including the chimeric flap such as the tensor fascia lata-sartorious and the tensor fascia lata-rectus femoris musculocutaneous
flaps [7,16].
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