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he versatile extended pericranial flap for closure of skull
ase defects
ESSE E. SMITH, MD, and YADRANKO DUCIC, MD, Dallas and Fort Worth, Texas
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BJECTIVE: We sought to demonstrate the techni-
al aspects of the extended pericranial flap and its
ersatility in reconstruction of a variety of skull base
efects.
TUDY DESIGN: We conducted a retrospective chart
eview of 32 patients who underwent reconstruction
f skull-base defects with an extended pericranial
ap by the senior author (Y.D.) from September
997 to July 2003.
ETHODS: Patients with skull base defects after

rauma or extirpative surgery were reconstructed
ith either a lateral- or an anterior-based vascular-

zed extended pericranial flap. Variables and out-
omes measured included: the size and anatomi-
al location of the defect, need for other flaps,
reoperative and/or postoperative radiation ther-
py and/or chemotherapy, bone flap necrosis,
ardware exposure, wound dehiscence, postoper-
tive cerebrospinal fluid (CSF) leak, and meningitis.
ESULTS: There was no evidence of flap failure, 2
ases of transient (3 to 4 days) CSF leak without

esultant meningitis, 3 patients with hardware expo-
ure, and 2 patients with hydroxyapatite infection.
he 2 transient cases of CSF leak both resolved
ithout further surgical intervention or the place-
ent of a lumbar drain.
ONCLUSION: Both the lateral and anteriorly based
xtended pericranial flaps are reliable and versa-

ile flaps associated with minimal morbidity and a
ow rate of complications when used to reconstruct
efects of the anterolateral skull base.
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nterolateral skull base surgery for benign and
alignant lesions often results in significant de-

ects of the craniofacial skeleton and surrounding
oft tissues, allowing for potential free communi-
ation between the extracranial and intracranial
ompartments. Tumor resection and trauma can
esult in bone and dural defects, with subsequent
ontamination of the intracranial compartment
ith bacterial flora from the upper aerodigestive

ract. It is necessary to separate these compart-
ents in order to prevent the potential complica-

ions of cerebrospinal fluid (CSF) leak, meningitis,
one flap necrosis, hemorrhage, and exposure of
ardware. Successful outcomes in skull base sur-
ery are dependent on primary healing at the sur-
ical site; therefore, many surgeons believe that
econstruction of the skull base is most appropri-
tely accomplished with vascularized tissue. Sev-
ral authors have previously written about the
ascularized pericranial flap as a reliable and ver-
atile flap that is used to solve many difficult
econstructive dilemmas in the head and neck.1-8

he pericranial flap has been used as a sling to
upport the brain, as a dural seal to prevent CSF
eakage, as vascularized tissue to eliminate empty
ead space, and as a barrier to separate the nasal,
iddle ear, and skin flora from the brain.1,5,6 Bri-

nt et al2 used an extensive, unilateral pericranial
ap in 4 patients to repair craniofacial defects.
haller and Donald3 used an anterior-based peri-
ranial flap in fourteen trauma patients to obliter-
te the frontal sinus. In this article, we present our
xperience with the extended pericranial flap in 32
atients with a wide range of craniofacial defects
nd describe a simple, reliable, and efficient tech-
ique for harvesting such an extended flap.

ATIENTS AND METHODS
A retrospective chart review was conducted at a

ertiary referral medical system on a consecutive
et of patients who underwent reconstruction of a
kull base defect by the senior author (Y.D) with
n extended pericranial flap from September 1997
o July 2003. Patient demographics, outcomes,
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ollow-up, and complications were recorded. Thir-
y-five patients met the criteria for this study;
owever, only 32 charts were complete and avail-
ble for review. Each patient was noted to have
ne of the following indications for surgery and
econstruction: an extensive frontal sinus injury
rom trauma (n � 8), a large mucocele with ante-
ior cranial fossa erosion (n � 4), or skull base
esion (n � 20). Each of the above was treated
ith surgery and reconstructed with a vascularized

xtended pericranial flap.

natomy
The soft tissue of the scalp can be divided into
distinct layers: skin, subcutaneous tissue, galea

poneurotica, subgaleal loose areolar tissue, and
eriosteum. The subcutaneous layer is composed
f dense connective tissue, through which the ma-
or sensory nerves of the scalp travel. The subcu-
aneous layer is firmly adherent to the overlying
kin and the underlying galea.

The galea aponeurotica is a layer of dense fi-
rous tissue that fuses with the frontalis muscle
nteriorly and the occipitalis muscle posteriorly
nd is contiguous with the temporoparietal fascia
t the superior temporal line.5 The temporoparietal
ascia, also referred to as the superficial temporal
ascia, then continues inferiorly, where it merges
ith the superficial musculoaponeurotic system of

he face.9,10

Beneath the galena aponeurotica is a layer of
ubaponeurotic connective tissue referred to as the
ubgaleal fascia that has a central dense, collage-
ous core surrounded by vascularized loose areo-
ar tissue.9 This layer allows for movement of the
alea over the underlying, fixed periosteum.10

The “pericranium” is usually defined as the
ombination of the subgaleal fascia and the adher-
nt periosteum overlying the skull.1,5,6,11,12 The
eriosteum has an outer fibrous layer with numer-
us blood vessels and nerves and an inner layer
omposed of numerous dense, and, more cellular,
lastic fibers.6 The pericranium has low osteo-
enic potential and will usually not regenerate
ew bone over defects.1 The pericranium is con-
iguous with the deep temporal fascia in the tem-
oral region.6,10,11

The blood supply to the pericranium is derived
rom several sources that are located anteriorly,
aterally, and posteriorly.10 The supraorbital, su-
ratrochlear, superficial temporal, greater auricu-
ar, and occipital arteries and veins all contribute a
ignificant supply to the pericranium.3 The major
lood vessels of the scalp travel within the galea
nd the fibrofatty layer just superficial to the galea.
ultiple perforating vessels pass from the galea to

he pericranium.5,6,9 Within the pericranium, there
s extensive interconnection of axial vessels as
ell as communication with perforators arising

rom the calvarium.9 The pericranium is vascular-
zed anteriorly by the deep divisions of the su-
raorbital and supratrochlear vessels. Soon after
merging from the bony foramina at the superior
rbital rims, both vessels divide into a larger su-
erficial vessel, which traverses the galea, and
maller, deeper vessels, which run cephalad to the
ericranium in an axial orientation.5,6,9

Laterally, multiple axial vessels have also been
emonstrated by Latex injection arising from the
uperficial temporal artery, which divides approx-
mately 2 cm superior to the zygomatic arch into
nterior and posterior branches. The anterior
ranch of the superficial temporal artery (STA)
rovides blood supply to temporoparietal fascial,
aleal, and galeopericranial flaps.10 A temporalis
ascia–pericranium free flap based on the superfi-
ial temporal artery and vein has been used for
econstruction and reconfirms this source as a vi-
ble blood supply to the lateral pericranial flap.13

he middle temporal artery is a branch of the
uperficial temporal artery that usually originates

to 2 cm below the zygomatic arch and runs
lightly posterior to the STA. The middle temporal
rtery then enters the deep temporal fascia imme-
iately superior to the zygomatic arch.10 It contin-
es its course superiorly and sends some perfora-
ors deep, into the temporalis muscle, where it
nastomoses with the deep temporal artery
branch of the internal maxillary). This arcade of
rterial supply continues superiorly and is respon-
ible for a significant portion of the lateral axial
essels supplying the pericranium as well.6

Posteriorly, the occipital artery and the greater
uricular artery supply similar axial patterned ves-
els to the pericranium. Within the pericranium,
his multitude of vessels form an extensive anas-
omotic network that ensures the viability of an-
eriorly and laterally based flaps.11 This network
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lso provides the surgeon with the ability to har-
est a larger vascularized flap that has multiple
rcs of rotation with which the flap can be oriented
o fill various defects in both the anterior and
ateral skull base.6

urgical Technique
A standard bicoronal incision is used to harvest

he pericranial flap and to give access to most of
he skull base approaches used in this study. The
ncision is made 1 to 1.5 cm posterior to the
nterior hairline, depending on the patient’s hair
ensity and distribution. Care should be observed
aterally in the preauricular area to preserve the
uperficial temporal vessels. Dissection then pro-
eeds in a suprapericranial fashion posteriorly to
he occiput. Next, the flap is incised sharply at this
evel and elevated to the superior orbital rims in a
ubpericranial fashion with blunt elevators. It is
eft attached to the anterior scalp to prevent des-
ccation until it is required. The supraorbital and
upratrochlear vessels are freed from their fora-
en if necessary by using a 2-mm osteotome. This
aneuver allows for extended inferior reflection

f the bicoronal flap without placing traction on
he vessels and nerves. Once the defect is critically
xamined, the extended pericranial flap is raised
rom the overlying scalp tissue as a laterally or
nteriorly based flap, depending on the side and
ize of the defect. The pericranium is then incised
nd elevated off the scalp; however, it remains
edicled to either an anterior (between the space
ccupied by the supraorbital foramina) or lateral
lateral to the supraorbital rims) source to allow
roper vascularization.
After tumor removal, or reparative brain sur-

ery in the case of posttraumatic skull base de-
ects, the extended pericranial flap may be used to
over defects of the cribriform plate, ethmoids,
phenoid sinuses, and the superior, inferior lateral,
nd medial orbital walls. The extended flaps may
lso cover calvarial bone grafts and seal the ante-
ior and middle cranial fossa from the nasal and
haryngeal cavity by being sutured as far posteri-
rly as the middle cranial fossa. Typically, the flap
s secured with resorbable sutures to the osseous
argin of the defect through small 2-mm tunnels

ashioned in the bone. Next, basting sutures are
pplied to affix it to the underlying dura or dural
onstruct. Finally, if there is significant dural
rafting or repair that is required, tissue glue (Tis-
eal; Baxter Corporation, Glendale, CA) is applied
o the margins of the flap to seal it. The senior
uthor does not believe that skin grafting of the
asal aspect of these flaps is necessary or helpful,
nd thus, none of our series of patients had skin
raft placement.
Indications for frontal sinus obliteration or cra-

ialization in our study included 1) a significant
asofrontal duct injury, 2) a displaced posterior
all injury of greater than 50%, or 3) a posterior

able fracture associated with a large dural tear or
CSF leak. During frontal sinus cranialization or

bliteration, an anterior- or a lateral-based pericra-
ial flap is introduced into the frontal sinus cavity
nd folded upon itself in an accordion fashion to
bliterate the dead space within the sinus or that
reated by cranialization, thereby further reinforc-
ng the separation of the intracranial from ex-
racranial compartments.

Before flap insertion into the anterior or middle
ranial fossa, a 3-mm opening is made between
he 2 bone edges to allow proper blood supply and
o prevent flap compression. Flaps may be sewn to
reas in the anterior and middle cranial fossa as
ecessary to hold them in proper position, and to
inimize the chance of CSF leakage. Bone flaps

re then rigidly fixed in place with miniplates (Fig
to 3). The coronal flap is closed over suction

rainage, which is removed on either the first or
econd postoperative day.

ESULT
Thirty-two patients had complete data that were

etrospectively analyzed. Each of these patients
ad 1 of the following indications for surgery and
econstruction: an extensive frontal sinus injury
rom trauma (n � 8), a large mucocele with ante-
ior cranial fossa erosion (n � 4), or a skull base
esion (n � 20) (Table 1). Each of the above was
reated with surgery and reconstructed with an
xtended pericranial flap. Fourteen of the skull
ase lesions were benign and 6 were malignant in
ature. The average patient age was 42.3 years
range, 18 to 88 years), and there were 18 men and
4 women. The mean follow-up period for this
tudy was 15.8 months (range, 3.0 to 57.8
onths). When trauma patients are removed from
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his equation, the mean follow-up was 20.4 � 14.9
onths.
For the purposes of this study, width was mea-

ured in a medial to lateral dimension, and length
as measured in an anterior-to-posterior dimen-

ion. The average defect width was 4.5 � 1.8 cm,
nd the average defect length was 3.4 � 1.6 cm.
f the 32 extended pericranial flaps, 9 were ante-

iorly based, 16 were pedicled from the right lat-
ral blood supply, and 7 were pedicled from the
eft lateral blood supply. Two patients received
reoperative radiation therapy, and 6 patients re-
eived postoperative radiation therapy. Two pa-
ients had received preoperative chemotherapy,
nd 1 patient received postoperative concomitant
hemotherapy and radiation therapy. Nineteen pa-
ients received 30 g (range, 5 to 80 g) of hydroxy-
patite cement for a cranioplasty as part of their
rocedure. Six patients had a temporalis flap in
ombination with their extended pericranial flap.

Throughout the follow-up period there were no
ndications of flap failure. Fiberoptic endoscopy
as completed at 2-week follow-up, revealing a
ell-healed and mucosalizing nasal surface of the
ascularized extended pericranial flap without ev-
dence of cerebral herniation or CSF leakage.

ig 1. Extended pericranial flap harvested to the level of
he occiput via a standard bicoronal incision.
hese findings were reconfirmed by fiberoptic en-
oscopy and radiographic imaging (computed to-
ography scanning and magnetic resonance im-

ging) during subsequent follow-up.
Two patients were noted to have a transient
inor CSF leak, lasting only 3 to 4 days. These

atients were observed, with spontaneous resolu-
ion of the leak without the need for further sur-
ical procedures or a lumbar drain. One of these
atients has been followed for more than 1 year
nd the other for nearly 3 years, and there has been
o recurrent leakage or meningitis.
Three patients were found to have hardware

xposure during the first 24 months of follow-up.
wo of these patients had postoperative radiation

reatment, one of whom also had acquired immu-
odeficiency syndrome and continued to abuse
obacco products throughout his treatment course.
he third patient also used tobacco products perio-
eratively, as well as vigorous early postoperative
ose blowing despite our recommendations to the
ontrary and failed to heal his glabellar area until
ocal flaps were used to alleviate the problem. Two
atients were found to have an infection of the
ydroxyapatite material used for cranioplasty and
rbitoplasty. One of these patients had docu-
ented pathologic foreign body reaction noted to

he hydroxyapatite cement on specimen removal.
ne other patient had minor lateral orbital rim

xposure in an area well away from the pericranial
ap. This area was closed with a local flap in this
atient with a history of both irradiation and 3
revious skull base surgeries performed elsewhere
n the past.

Overall, 7 (21.9%) of 32 patients had minor
omplications. Four of these 7 patients had com-
ined modality treatment for their disease, likely
ompromising blood flow to the scalp and orbital
nd maxillary regions. There were no major com-
lications and no deaths as a result of the proce-
ures performed.

ISCUSSION
Excision of neoplasms from the anterolateral

ranial base often results in communication be-
ween the intracranial and extracranial compart-
ents. CSF leakage is the most common compli-

ation of skull base surgery.14 Other common
omplications include hemorrhage, flap necrosis,
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nd bone graft and hardware extrusion. Recon-
truction of such resulting defects with vascular-
zed flaps remains the preferred method.1,2,5,7,8,14

he use of vascularized tissue for reconstruction
lso offers the benefit of a timely and safe delivery
f postoperative radiation therapy when patients
equire combined modalities.5

In reconstructing skull base defects, the surgical
bjectives should be to 1) obtain a leak-proof dural
eal, 2) obliterate dead space and provide vascular-
zed tissue for coverage, 3) cover exposed vascula-
ure and nonvascularized grafts with vascularized
issue, 4) suspend or support neural structures, pre-

ig 2. Laterally based pericranial flap (coming in to view
arge anterior skull base defect following subcranial app

ig 3. Extended pericranial flap has been inset and bon
omatic approach for a multiply recurrent cavernous si
rilled from the margins of the defect at the level of the pe
ompression.
enting prolapse, 5) reconstruct bony and soft tissue
efects, (6) maintain function, and 7) optimize aes-
hetic outcomes.14 The extended pericranial flap is
deally suited to either directly or indirectly accom-
lish all of these goals because of the ease with
hich it can be harvested, its predictable vascular

natomy, and its anatomic versatility. Harvesting the
ap in an extended fashion as described in this article
llows for an extra 10 to 14 cm of flap length, which
ill increase the surface area that may be covered
ith this flap. It also allows for folding of the flap on

tself, providing for multilayer coverage of even
arge skull base defects.

the left side of the patient) sewn into position to cover a
for neoplasm.

replaced in patient undergoing an extended orbitozy-
d orbital apex neoplasm. An extra 3 mm of bone was

ial flap to decrease the chance of postoperative pedicle
from
e flaps
nus an
ricran
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One of the first reported uses of the pericranial
ap was by Wolfe,15 who elevated the pericra-
ium and used the vascularized tissue to cover
one paste and rib grafts for cranial reconstruction
n 3 patients. This method was believed to provide
table coverage and to prevent graft migration.
ohns et al1 used the anteriorly based pericranial
ap in 4 previously irradiated patients to recon-
truct craniofacial deformities from malignancies
nvolving the nose, ethmoid sinuses, maxilla, and
rbits extending into the anterior cranial fossa.
he anterior cranial fossa floor was reconstructed
ith the pericranial flap, which was sutured to the
eepest portion of the resection, acting as both a
ling and dural seal. A split-thickness skin graft
as placed on the nasal surface of the flap. None
f the patients had brain herniation or complica-
ions from their flap. In our experience, we do not
elieve that skin graft application to pericranial
aps is required or helpful in accomplishing our
utlined goals.
Argenta et al6 presented the cases of 6 patients

ith various defects from benign lesions between
he cranium and sinuses that were reconstructed
ith either anterior or lateral vascularized pericra-
ial flaps. They reported a successful dural seal
nd separation of the sinuses from the anterior
ranial fossa in each patient, although the length of
ollow-up was not noted.

ABLE 1. Pathologic distribution of patients

Pathology No. of Patients

Skull base trauma 8
Mucocele 4
Meningioma 4
Squamous cell carcinoma 2
Rhabdomyosarcoma 1
Invasive fungal sinusitis 1
Cemento-ossifying fibroma 1
Fibrous dysplasia 1
Esthesioneuroblastoma 1
Cranial nerve III Schwannoma 1
Neurofibroma 1
Hemangioma 1
Giant cell tumor 1
Hemangiopericytoma 1
Inverting papilloma 1
Pituitary adenoma 1
Sinonasal undifferentiated carcinoma 1
Osteoma 1
Price et al12 used a pericranial flap in 14 pa-
ients with a variety of tumors, 6 of whom required

combination of surgery with either chemother-
py or radiation therapy. Five other patients had
revious treatment with either chemotherapy or
adiation before surgical excision. The pericra-
ium in this study was incised transversely 10 to
5 cm superior to the supraorbital rims, and the
uthors found the length to be sufficient to extend
o the anterior clinoid processes, to allow closure
nd separation of the anterior cranial fossa and
inonasal cavity. A skin graft was used to the nasal
urface of each of these flaps and survival was
oted in each. No patients were noted to have CSF
eakage or meningitis. The only compromised flap
eported in this study occurred in a patient who
as treated with preoperative cisplatin and 5-flu-
rouracil and postoperative radiation therapy
6400 rad). The patient continued to use tobacco
hroughout his treatment. During his radiation
herapy course, the patient’s pericranial flap
loughed and resulted in dural exposure. In the
nd, reconstruction of the defect was successful
ith a latissimus dorsi free flap.12 It is important

o note that the authors theorized that the pericra-
ial flap could be compromised by the close prox-
mity of the reapplied bone flaps and progressive
ostoperative edema. We believe that leaving a
-mm defect in the bone edges on the side that the
ericranial flap enters into the skull base defect
revents this potential problem. We have noted no
vidence of pericranial flap compromise. In addi-
ion, such a small 3-mm defect is not aesthetically
mportant and seems to result in no significant
ong-term deformity.

Snyderman et al5 reconstructed 30 patients with
efects in the anterior cranial base using lateral
nd anteriorly based pericranial, galeopericranial,
nd galeal scalp flaps. Nineteen of these patients
ere reconstructed with pericranial flaps alone. Of

he 30 patients, 57% received prior therapy of
urgery and/or radiation therapy. The median fol-
ow-up time was 13 months. The authors experi-
nced only 3 transient (2 to 3 days) CSF leaks, all
esolving without surgical intervention. They re-
orted no cases of postoperative meningitis. The
asal surfaces of all flaps mucosalized unevent-
ully without the use of skin grafts. In contrast to
nyderman et al’s5 low complication rate, Neligan



e
b
a
u
f
1
9
t
u
s
a
t
c
p
t
p
t
v
g

p
a
o
a
n
w
a
p
f
e
T
e
t
l
n

b
t
p
i
a
A
y
e
t
b
1
T
e

p
l

C

c
b
B
r
s
e
a
p
e
n
e
w
p
s
i
e
p
n
i

R

1

1

Otolaryngology–
Head and Neck Surgery

710 SMITH and DUCIC June 2004
t al14 reported on a series of 90 patients with skull
ase defects reconstructed with local, pedicled,
nd free tissue transfers. Pericranial flaps were
sed in 25% of the patients. The complication rate
or local flaps was reported as 20.4%, including
4.8% with CSF leak, 3.7% with meningitis, and
.3% with abscess formation.14 Unfortunately,
here was no description of which patients had
ndergone previous treatment with modalities
uch as surgery, radiation, or chemotherapy. The
uthors concluded that microvascular free tissue
ransfer was the safest and most economical pro-
edure when faced with moderate to large com-
osite defects in the cranial base.14 We believe
hat our present data support the use of local and
edicled flaps in skull base reconstruction and that
he use of free tissue transfer is unnecessary in the
ast majority of extirpative skull base sur-
ery.1,2,5,6,12

Briant et al2 described a contralaterally based
ericranial flap that was “more extensive than the
nteriorly based flaps.” These authors used a myo-
sseous flap based on the temporalis muscle for
ccess and a contralateral laterally based pericra-
ial flap for reconstruction of 4 patients. Access
as gained through a standard bicoronal incision

nd dissection was carried out in a subgaleal
lane. The pericranium was then incised, except
or its lateral pedicle at the temporalis muscle, and
levated from the supraorbital rims to the occiput.
hey noted bleeding from the incised edges of the
xtended pericranial flap. No long-term complica-
ion (including CSF leakage and meningitis) re-
ated to the use of these pericranial flaps was
oted.
Thaller and Donald3 began using an anteriorly

ased pericranial flap to obliterate traumatized fron-
al sinuses. They raised flaps up to 14 cm anterior to
osterior and as wide as 10 cm. They folded the flaps
n an accordion-type fashion within the frontal sinus
fter adequate removal of the frontal sinus mucosa.
lthough the range of follow-up was 6 months to 3
ears, the authors described no complications. Ducic
t al4 used a similar procedure to obliterate trauma-
ized frontal sinuses; however, they used a laterally
ased extended pericranial flap. Mean follow-up was

year, and no complications were encountered.
haller and Donald3 and Price et al12 stated that they
asily achieved flaps of 14 to 15 cm in length. In the
resent study, patients achieved flaps that were at
east 10 � 20 cm, regardless of the pedicle location.

ONCLUSIONS
Both lateral- and anterior-based extended peri-

ranial flaps may be raised from the superior or-
ital rims to the occiput without complication.
oth flaps were reliable and successfully used to

econstruct a wide variety of anterior and lateral
kull base defects. Both lateral and anterior based
xtended pericranial flaps were successfully used
s a sling to support the brain, as a dural seal to
revent CSF leakage, as vascularized tissue to
liminate empty space, and as a barrier to separate
asal and skin flora from the brain. While minimal
xtracranial wound complications did occur, there
ere no reports of meningitis, or bone loss. Two
atients experienced a transient CSF leak that re-
olved without lumbar drain placement or surgical
ntervention. When examined by fiberoptic nasal
ndoscopy, all nasal surfaces of the vascularized
ericranial flaps had mucosalized, and there was
o herniation of cerebral contents noted by phys-
cal or radiographic examination.
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