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Abstract Objective: There has been a significant shift from open craniofacial resection of
the anterior skull base to endoscopic approaches that accomplish the same outcomes in tumor
ablation. However, when open resection is required, free flap reconstruction is often necessary
to provide sufficient well-vascularized tissue for optimal wound healing as well as providing
adequate tissue bulk for cosmesis. This articleaims to providea focused review of free flaps
most commonly used in anterior skull base reconstruction.
Methods: This is a state-of-the-art review based on expert opinion and previously published re-
views and journal articles, queried using PubMed and Google Scholar.
Results & conclusion: Anterior skull base reconstruction via free tissue transfer is imperative in
limiting complications and promoting healing, particularly with large defects, post-radiation,
and in at-risk patients. The type of free flap utilized for a particular anterior skull base recon-
struction should be tailored to the patient and nature of the disease. This review offers insight
into the numerous reconstructive options for the free flap surgeon.
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Introduction

In 1907 Dr. Hermann Schloffer described the first trans-
nasal transsphenoidal approach to the pituitary utilizing a
transfacial lateral rhinotomy incision.1 Nearly one century
later Casiano et al published their experience and out-
comes of endoscopic anterior skull base resection in a
series of esthesioneuroblastoma patients demonstrating
that the endoscopic approach was safe and effective.2

Additionally, endoscopic resection has been demon-
strated to have fewer complications and shorter hospital
stays.3,4 Popularity of this approach over open craniofa-
cial resection coupled with technological advances over
the past twenty years has lead to the now widespread use
of this technique to resect both benign and malignant
tumors of the skull base. Frequently endoscopic ablations
still often require some form of skull base reconstruction
based on the defect created.5 The majority of these re-
constructions lie in the middle of the reconstructive lad-
der including free mucosal grafts and pedicled
vascularized flaps such as the nasoseptal flap, middle
turbinate and inferior turbinate flaps.6,7 There have been
a number of papers that have comprehensively reviewed
the endoscopic reconstruction algorithm of the anterior
skull base.6,8e10 Unfortunately some tumors based on size,
unfavorable location, or invasion of surrounding structures
require a larger open craniofacial approach for adequate
extirpation necessitating the use of free tissue transfer
for reconstruction. In this paper, we seek to provide a
review of free tissue reconstructive options for anterior
craniofacial resection and the subsequent defects
created.

The most crucial aspect in skull base reconstruction,
whether the defect was created endoscopically or from an
open approach, is to adequately separate the intracranial
contents from the sinonasal cavity. This is critical to control
cerebrospinal fluid leak as well as create a physical barrier
to deter mucous and air from tracking intracranially.11 If an
adequate seal is not created the complications can be
disastrous including intracranial infection or even death.12

In addition to this consideration, the free tissue recon-
struction should also attempt to recreate the volume and
projection lost in the resection for best possible functional
outcome and cosmesis.13,14 The considerations in selecting
a free tissue donor site are many. It is important to think
about whether the patient has had prior radiation, prior
surgery and the location and distance of recipient vessels.
The reconstructive surgeon needs to evaluate the size of
the defect and determine how much skin, muscle or fat will
need to be harvested to sufficiently restore soft tissue loss.
This assessment of volume will likely affect which donor
site the surgeon selects. An additional question is whether
there is a need for osseous reconstruction to assist with
projection or orbital support.13 Acceptable projection can
be accomplished without the use of an osseous flap when
there is satisfactory soft tissue bulk present; however, this
may not be in line with the patient’s ultimate goals i.e. if
the patient has the expectation for future osseointegrated
implants. This highlights the fact that each reconstruction
is unique and has its own patient centered considerations
that must be taken into account.
Discussion

Rectus abdominis free flap

In earlier reviews of skull base reconstruction, the rectus
abdominis was the most frequently utilized flap due to the
large amount of soft tissue bulk that it provides, allowing
for better dead space obliteration.15,16 Benefits of the
rectus include consistent landmarks when elevating the
flap, reliable vascular anatomy with long vascular pedicle
of up to 15 cm with the deep inferior epigastric artery and
primary closure of the donor site with an up to 8e10 cm
wide skin paddle.17 This flap also allows for simultaneous
harvesting in a two team setting. The large volume of tissue
that can be harvested is a benefit but in the obese patient
may be a drawback. A careful history should be taken
regarding prior abdominal surgery to determine if the
vascular supply may be compromised. There is a risk of
accidently entering the peritoneal cavity during flap ele-
vationand eventual development of ventral hernias after
healing of the donor site.18 Currently at our institution, the
anterolateral thigh flap has largely replaced use of the
rectus abdominis as it has many of the benefits of the rectus
without the donor site morbidity.
Anterolateral thigh free flap

As mentioned above, the anterolateral thigh flap is now
used more frequently than the rectus when a free flap with
both muscle and adipose bulk is desired.19 The antero-
lateral thigh flaphas reliable landmarks for flap skin paddle
design including the anterior superior iliac spine and lateral
patella. These are typically palpable even in the obese
patient. The flap site allows for a two-team approach. A
large skin paddle up to 10 cm wide by 20e25 cm in length
can be taken with primary closure of the donor site. The
pedicle length can be up to 8e12 cm in length which is
another benefit of the flap making it similar to the rectus.20

One pitfall when raising the anterolateral thigh flap is the
variability in vascular supply to the vastus lateralis and skin
paddle. The flap has been described to have both septo-
cutaneous and musculocutaneous perforators. In addition,
the flap is supplied by the lateral circumflex femoral arte-
rial system with 75% of perforators branching from the
descending branch and 25% of perforators branching from
the transverse branch.21 Being aware of these potential
variations can prevent damage to the vascular system
during flap elevation.

Another benefit of this flap is that it does offer versa-
tility in the components taken when harvesting the flap as
well as creative inset options (Fig. 1). It can be raised as
either a fasciocutaneous flap or as a myofasciocutaneous
flap when more bulk is required.20 The tensor fascia lata is
divided when harvesting the vastus lateralis in a myo-
fasciocutaneous flap elevation. The fascial strip can either
be left attached to the vastus lateralis or a free fascial graft
can be taken. In skull base reconstruction the attached
fascia can be used to suspend a bulky flap to the remaining
bony construct using non-resorbable suture to help prevent
flap sag. The attached vascularized fascia is valuable as a



Figure 1 Anterolateral Thigh Free Flap Harvest. When
harvested as a myofasciocutaneous flap, the volume of muscle
harvested can be tailored to the defect size, with the attached
fascia providing added support and versatility support for
complex reconstructions.

Figure 2 Radial Forearm Free Flap Harvest. The length of
the pedicle can be up to 15 cm, with a thin, pliable skin paddle.

Figure 3 Reconstruction of Anterior Skull Base Defect with

Radial Forearm Free Flap. The flap is ideal for small volume
defects necessitating reliable skull base or dural closure.
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second layer repair for dural defects as well.22 The flap can
also be used in a chimeric fashion. The perforators can be
traced separately to the skin paddle and to the vastus
lateral is muscle, separating the two components and
allowing for separate arcs of rotation when needed for
more complex defects.23

Radial forearm free flap

The radial forearm free flap was first described in 1978 and
has been shown to be a dependable free flap when used for
both head and neck as well as skull base reconstruction.24 It
has reliable landmarks and the flap harvest is straightfor-
ward. It can be raised in a two-team approach and can have
up to a 15 cm long pedicle depending on the forearm length
(Fig. 2). The size of the skin paddle can be limited by
forearm surface area, but large skin paddles can be
designed, up to 10 by 14 cm. The flap is raised as a fas-
ciocutaneous flap making it thin and pliable. This makes it
the ideal choice of flap when the defect is small from a
volume perspective, but reliable skull base or dural closure
is required (Fig. 3).25 It can also be folded back on itself to
create more volume where needed.26 There are some
drawbacks to this flap. A pre-operative Allen test must be
performed to ensure collateral flow from the ulnar system
to the radial surface of the hand. Unfortunately, the donor
site requires reconstruction with a split thickness skin graft
to cover exposed tendons and nerves. This creates a second
donor site, typically on the thigh in our practice, which can
be a secondary source of pain and skin discoloration on
healing. When this flap is used for skull base reconstruction
it typically requires de-epithelialization so that epithelium
is not buried. In this case the split thickness skin graft can
be taken from the forearm skin paddle after the tourniquet
has been placed. This is left attached distal at the wrist
crease and then can be re-draped over the flap donor site
for closure. This has been described by Boahene et al and
we have had good results using this technique in our
practice.27 Regardless of where the split thickness skin
graft is taken from, the forearm site can still be cosmeti-
cally unappealing after healing which is important to
counsel the patient on pre-operatively.28

Fibula free flap

As mentioned above, restoring the facial contour based on
the concept of facial buttress reconstruction can improve
cosmetic outcome.13 This can often be accomplished with
soft tissue bulk alone, but when the orbit and frontal bone
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are resected osseous reconstruction may be required.29 The
fibula free flap was first described in 1986 and since that
time has become the primary workhorse flap for osseous
reconstruction of the head and neck.30 This flap has the
benefit of a large skin paddle, reported up to 14 cm by
24 cm, that is usually thin with minimal subcutaneous fat
and a long bone segment up to 25 cm depending on calf
length.31 It is important to ensure three vessel patency in
the lower extremity prior to free flap harvest. It is our
practice to order lower extremity CT angiography to eval-
uate this, but Doppler ultrasonography can also be used. If
there is a viable facial skin flap present, then the fibula skin
paddle can be de-epithelialized and buried to close a skull
base defect with bone overlying to reconstruct the frontal
bar or orbital rim. The skin paddle can also be used to close
an external skin defect overlying the osseous reconstruc-
tion. Cervical facial vessels can be routinely used for
vascular anastomosis due to the long fibula pedicle length
without need for vein grafting.32

Subscapular system flaps: scapula, lateral border,
scapula tip, and latissimus dorsi flaps

The primary benefit of the scapula free flap over the fibula
free flap is that it provides healthy bone stock as well as
greater tissue bulk. The flap can also be harvested as a
chimeric flap with bone, muscle and skin all harvested on
separate branches from the subscapular system. Addition-
ally the bone stock can be taken as a longer lateral border
section based on the circumflex artery or as the scapular tip
based on the angular artery.33 The flap is robust and the
subscapular arterial system is usually protected from
atherosclerotic disease as compared to the fibular free flap,
which is another advantage.34 The lateral border can be
used to reconstruct the frontal and orbital bar with the skin
paddle either de-epithelialized to line the skull base defect
or externalized. The scapular tip has been demonstrated to
work well for both mandibular and anterior maxillary wall
reconstruction.35 In addition to the fascio cutaneous
component the latissimus dorsi muscle can also be har-
vested based on the thoracodorsal pedicle. This can be
rotated as additional soft tissue where needed to line the
skull base, fill a maxillectomy defect, or externalized with
coverage of a split thickness skin graft for cutaneous de-
fects.36 In rare cases a patient may not be a candidate for
other fasciocutaneous or myofascio cutaneous donor sites
due to prior surgery or extremity trauma. A fasciocutaneous
skin paddle can be raised from the subscapular system
without taking vascularized bone. This can then be used
and inset like any other soft tissue flap. The primary
drawback to this flap is the positioning required which
typically necessitates a single team approach. This also
adds to the total ischemia time as the donor site is closed
prior to repositioning for microvascular anastomosis and
inset.

Conclusion

Open craniofacial resection has become less common over
the past twenty years; however, the art of anterior skull
base reconstruction using free tissue is a critical skill for a
reconstructive surgeon. Free tissue reconstruction is key to
decrease the number of associated complications with skull
base resection.25 As reviewed there are multiple free flaps
that can be used for anterior skull base reconstruction.
Each has its own benefits and drawbacks that are both
defect and patient dependent. Regardless of the donor site
selected all of the flaps reviewed in this article have been
successfully utilized for skull base reconstruction, and it is
imperative for the reconstructive surgeon to be familiar
with them.
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