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Abstract The evolution of expanded endoscopic skull
base surgery has enabled development of minimally inva-
sive approaches for resection of large skull base tumors
with the nasoseptal flap proving to be an indispensable tool
in skull base reconstruction. We here present our experi-
ence of sphenoid mucocele development after skull base
reconstruction with the nasoseptal flap along with a com-
prehensive review of the limited literature on the same.
With the expanding scope of endoscopic skull base sur-
gery, the nasoseptal flap is increasingly being used for
reconstruction. Despite adherence to standard recommen-
dations and use of meticulous technique during flap
placement, the potential risk of mucocele formation under
the flap should always be borne in mind. In our experience,
displacement of the flap pedicle could lead to ostial
obstruction and mucocele formation. Hence, in addition to
meticulous technique, a close follow up of such patients via
nasal endoscopy or imaging is important to further our
knowledge and understanding of the long-term effects and
complications of this flap.
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Introduction

The evolution of expanded endoscopic skull base surgery
has enabled development of minimally invasive approa-
ches for resection of large skull base tumors. The
nasoseptal flap has proved to be an indispensable tool in
skull base reconstruction. This versatile vascularized
pedicled flap significantly reduces the rate of post-opera-
tive CSF leaks and thus is the standard of care in repair of
skull base defects [1-3]. The nasoseptal flap however is
associated with the potential risk of development of
mucocele in the late post-operative period [4, 5]. Entrap-
ment of mucosa, meatal adhesions, and improper flap
placement are a few etiological factors implicated in for-
mation of mucocele after skull base surgeries [6, 7]. Sev-
eral guidelines have been put forth in an attempt to
minimize the development of mucocele under nasoseptal
flaps, particularly in the sphenoid sinus. We here present
our experience of sphenoid mucocele development after
skull base reconstruction with the nasoseptal flap along
with a comprehensive review of literature on the same.

Our Experience

A 48 year old male was referred to our institution with CSF
leak from the right side that developed after endoscopic
sinus surgery that was performed 8 months back for
chronic rhinosinusitis with bilateral nasal polyposis. On
nasal examination, clear fluid discharge was observed from
the right nostril in addition to post-operative changes with
mucosal adhesions. CT and MRI imaging of paranasal
sinuses demonstrated a skull base defect in the posterior
foveal region on the right side.
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Endoscopic closure of CSF leak was performed. Poly-
poidal mucosa in the ethmoidal gallery on the right side
was debrided. The frontal sinus was identified and frontal
recess widened. The defect was identified in the right
posterior fovea just lateral to the attachment of middle
turbinate just posterior to the course of anterior ethmoidal
artery. A wide sphenoidotomy was performed by drilling
the neo-osteogenic bone surrounding the sphenoid ostium.

The pseudoencephalocele was identified and bipolarized
(Fig. 1). All margins of the defect were delineated. The
remnant middle turbinate was excised. Mucosa was
removed from the anterior fovea, posterior fovea and
sphenoid sinus. Mucosa near the margins and middle tur-
binate was removed using coblation. The dura was raised
from superior surface of the bone to create space for
underlay. The defect was approximately 2 cm x 1.5 cm in
size. Tensor fascia lata was used for underlay and
nasoseptal flap was placed (Fig. 2). The flap was then
coated with a layer of fibrin sealant (Tisseel; Baxter
Healthcare corporation, Deerfield, IL) and supported by
several pieces of absorbable gelatin sponge and merocele
nasal tampon (Medtronic Xomed, Jacksonville, FL).

Patient had an unremarkable post-operative course and
subsequent postoperative follow up showed adequate
mucosalization as observed by nasal endoscopy. Five
months post operatively patient developed complaints of
headache and sensation of heaviness despite healthy
appearing nasal endoscopy with the septal flap adherent to
the sphenoid wall and skull base. An MRI imaging
revealed a well-defined T1/T2 hyperintense cystic lesion of
size 35 x 27 mm in the sphenoid sinus suggestive of
sphenoid mucocele (Fig. 3).

Fig. 1 Intraoperative view of posterior foveal defect on right. Frontal
recess visualized beyond anterior edge of skull base defect
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Fig. 2 Intraoperative view depicting positioning of nasoseptal flap
over defect

Fig. 3 MRI imaging revealed a well-defined T2 hyperintense cystic
lesion in the sphenoid sinus

Patient was planned for endoscopic trans-nasal explo-
ration and marsuplization of mucocele. Intraoperatively,
occlusion of the right sphenoid sinus ostium was observed
by the displaced pedicle of the nasoseptal flap along with
neo-osteogenesis in left sphenoid ostium as a sequela of
Functional Endoscopic Sinus Surgery (FESS) (Fig. 4). The
mucosa over the anterior wall of the sphenoid was debrided
and mucocele was marsupialized. Erosion of the sella
causing exposure of the dura was noted (Fig.5). The
patient was asymptomatic and endoscopic examination
showed complete healing of the mucosa inside the sphe-
noid sinus for a period of 7 months.
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Fig. 4 Intraoperative visualization of sphenoid mucocele. Obstruc-
tion of sphenoid sinus ostium bilaterally caused by the displaced
pedicle of the nasoseptal flap (a) and neo-osteogenesis on left as a
sequela of FESS surgery (b)

Discussion and Critical Review

Mucocele is defined as benign cystic collection of mucus
within paranasal sinuses with bony destruction caused by
distension. The frontal and ethmoidal sinuses are more
commonly involved. Mucocele of the sphenoid sinus is
observed in 1-8% of cases [8—10]. Diverse theories have
been proposed to elucidate the mechanism of mucocele
formation. Etiological factors implicated include chronic
rhinosinusitis, cystic degeneration of nasal polyps and

Fig. 5 Intraoperative view after sphenoid mucocele marsipulization.
Bony erosion of sella with exposure of dura visualized

inflammatory obstruction of mucous drainage. Mucoceles
may also arise secondary to entrapment of mucosa after
trauma, surgery (e.g. trans-sphenoidal hypophysectomy) or
due to obstruction sinus outflow caused by fibrosis or
adhesions in the post-operative period [6, 7, 9, 11-13].
Radiotherapy to the head and neck is associated with
development of sphenoid sinus mucocele as a late com-
plication caused by scarring and stenosis of the ostium
[14]. Lund et al. [15] suggested that release of proinflam-
matory cytokines from the mucocele wall leads to osteo-
clastic bone resorption and destruction of adjacent tissue
[15, 16].

In the past, mucocele formation after skull base surgery
was reported predominantly in pediatric age group and
with use of free mucosal grafts from middle or inferior
turbinate for defect reconstruction [17]. This was attributed
to incomplete removal of frontal sinus mucosa and
obstruction of the frontonasal outflow particularly in
anterior defects. Intracranial mucocele formation caused by
mucosal entrapment and abnormal proliferation of trau-
matized sequestered mucosa has also been reported with
the use of free mucosal patch grafts [6, 7]. Post-operative
mucocele formation after trans-sphenoidal pituitary surgery
has been reported in a number of cases, wherein mucosal
scarring, stenosis or synechiae formation lead to obstruc-
tion of the sphenoid sinus ostium [18-20].

The Hadad-Bassagasteguy flap, a pedicled vascular flap
has, since its description in 2006, become the workhorse in
reconstruction of large skull base defects [2, 21-31].
Although the harvest and inset of this flap is relatively safe,
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it carries a potential risk of mucocele formation that may
be caused by inadvertent mucosal overlap, mucosal
entrapping, and sinus ostium obstruction. In view of this,
extirpation of sphenoid sinus mucosa prior to flap place-
ment was recommended by the originators of the flap [21].

The first report of mucocele formation with the use of
nasoseptal flap for skull base reconstruction was published
by Bleier et al. [4] in 2011. The study reviewed 28 cases
that used unilateral or bilateral nasoseptal flaps for skull
base reconstruction with mucosal denudation being per-
formed solely around the defect site. They reported a 3.6%
(1 case) mucocele rate. This was attributed to the inad-
vertent flap inset over a concavity with circumferential
injury that led to complete obstruction of the lateral sellar
recess. Partial mucosal denudation solely at cranial base
defect was carried out in an attempt to avoid adjacent
neurovascular injury, prolonged post- operative crusting,
and increased scarring.

Conversely, Vaezeafshar et al. [5] reported a sphenoid
mucocele 4 months after repair of a skull base defect using
nasoseptal flap. The complication developed despite
extirpation of mucosa over the sphenoid sinus and clival
recess prior to flap placement. Demucosalization of the
area of skull base along the course of the pedicle in addi-
tion to mucosal stripping at the primary defect site is
advocated by some authors. This prevents trapping of
mucosa under the course of the nasoseptal flap and helps
achieve a 0% mucocele rate as demonstrated by Husain
et al. [32]. No mucocele formation was observed by
Nyquist et al. [33] in their review of five patients who
underwent skull base reconstruction using bilateral
nasoseptal flaps. They advocated complete removal of
sphenoid sinus mucosa, a wide lateral sphenoidotomy to
help the flap adhere to the bony walls of the sphenoid and
meticulous technique to avoid overlap of the flaps in case
of bilateral flap reconstruction. A 2% risk of postoperative
mucocele formation reported by McCoul et al. [34] was
ascribed to incomplete removal of sphenoid sinus mucosa
with persistent secretion of mucus beneath the flap.

A retrospective analysis by Soudry et al. [35] on the use
of nasoseptal flap, demonstrated only a single case of
sphenoid mucocele (0.8%). Additional steps undertaken by
the authors during flap inset included removal of bony
septations in the vicinity of the defect and circumferential
stripping of mucosa around the defect to aid direct contact
of the flap with bone. Care was taken to prevent torsion of
the pedicle and flap misorientation. Dolci et al. [36]
reported 0% mucocele rate in a mean follow-up period of
12.2 months and strongly encouraged a complete removal
of all mucosa and bony septae within sphenoid sinus along
with mucosal denudation at the defect site prior to flap
inset. Furthermore, creating a wide sphenoidotomy was
also recommended to avoid obstruction of ventilation. A
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systematic review on complications of nasoseptal flap
reconstruction by Lavigne et al. [37] concluded that
mucocele formation in the sphenoid sinus does not appear
to be a complication of the neoseptal flap; rather it arises
from incomplete removal of sinus mucosa on the recipient
bed.

Clinical presentation of sphenoid mucocele may be
variable with headache being the most common symptom
[38, 39]. Progressive enlargement with osteoclastic bone
resorption leads to erosion of the walls of the sphenoid,
causing compression of adjacent neurovascular structures.
The compression of optic nerve, III, IV, VI cranial nerves
lying within the cavernous sinus can result in visual dis-
turbance or III, IV, VI cranial nerve palsies [39—41].
Endocrine disorders and hypopituitarism have also been
reported in association with sphenoid mucoceles [42].

Surgery is considered the mainstay of treatment of
sphenoid mucocele [43]. Endoscopic trans-nasal sphe-
noidotomy with wide removal of anterior and inferior
sphenoid wall is considered the gold standard approach,
offering excellent visualization of the sphenoid sinus intra-
operatively and facilitates adequate drainage in the post-
operative period thus minimizing recurrence [44—46].

Our patient presented with an iatrogenic posterior foveal
defect with CSF rhinorrhoea on the right-side following
FESS performed for the management of chronic sinusitis
with nasal polyposis. Nasoseptal flap was harvested on the
right side and employed for reconstruction of the skull base
defect. A wide sphenoidotomy was performed on the right
and sinus mucosa stripped. The sphenoid ostium on the left
though narrow, appeared to be patent and hence was not
manipulated with.

The formation of sphenoid mucocele 5 months post
operatively in this patient could be attributed to displace-
ment of the nasoseptal flap pedicle causing occlusion of the
right sphenoid ostium and neo-osteogenesis causing
obstruction of the sinus drainage on the left side.

A recent study by Benkhatar et al. [47] also observed an
increased risk of post-operative mucocele in patients with a
high preoperative Lund-Mackay score (> 19). Thus, post-
operative ostial narrowing leading to mucocele formation
may occur in patients showing a strong tendency to cica-
trization, adhesions and bone hyperplasia [39]. These finer
aspects need to be considered during surgical planning and
undertaking appropriate steps prior to reconstruction of
skull base defects will help avoid complications.

This comprehensive review of the existing literature on
mucocele formation after nasoseptal flap reconstruction of
skull base defects helps establish that despite meticulous
technique the possibility of mucocele formation in late
post-operative period cannot be overlooked. However,
prevention is facilitated by judicious removal of mucosa
around the defect site and complete removal of mucosa
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from the sphenoid sinus to ensure adherence of the flap to
the bone. A bilateral wide sphenoidotomy that aids in
maintaining adequate sinus ventilation is advisable espe-
cially in patients with history of prior FESS surgery or
those undergoing revision surgery with postoperative
adhesions or fibrotic changes. Furthermore, as observed in
this case report, displacement of the flap pedicle is another
potential hazard that can result in sphenoid sinus ostium
obstruction and development of post-operative mucocele.
Hence, it is essential to also create a predetermined path for
the pedicel of the nasoseptal flap that does not obstruct any
sinus ostia along its course.

Further, larger studies elucidating the extent of mucosal
denudation to be performed along the skull base and
pedicle are necessary as mucosal preservation during flap
inset avoids extensive tissue scarring and as shown by
Bleier et al is associated with only a 3.6% risk of mucocele
formation [4].

Conclusion

With substantial advancements ensuing in the field of skull
base surgery, the nasoseptal flap has become an invaluable
tool to surgeons faced with the arduous task of repairing
large skull base defects with minimal failure rates.
Adherence to standard recommendations and use of
meticulous technique during flap placement, avoiding
ostial obstruction along its course is imperative in reducing
post-operative complications. However, the potential risk
of mucocele formation under the flap despite surgical
proficiency should always be borne in mind. Hence a close
follow up of patients undergoing skull base reconstruction
via nasal endoscopy or imaging is advisable.
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