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ABSTRACT

Advances in endoscopic skull base (SB) surgery have led to the resection of increasingly larger cranial base lesions, resulting
in large SB defects. These defects have initially led to increased postoperative cerebrospinal fluid (CSF) leaks. The development
of the vascularized pedicled nasoseptal flap (PNSF) has successfully reduced postoperative CSF leaks. Mucocele formation,
however, has been reported as a complication of this technique. In this study, we analyze the incidence of mucocele formation
after repair of SB defects using a PNSF. A retrospective review was performed from December 2008 to December 2011 to
identify patients who underwent PNSF reconstruction for large ventral SB defects. Demographic data, defect site, incidence of
postoperative CSF leaks, and rate of mucocele formation were collected. Seventy patients undergoing PNSF repair of SB defects
were identified. No postoperative mucocele formation was noted at an average radiological follow-up of 11.7 months (range,
3–36.9 months) and clinical follow-up of 13.8 months (range, 3–38.9 months), making the overall mucocele rate 0%. The
postoperative CSF leak rate was 2.9%. Proper closure of SB defects is crucial to prevent CSF leaks. The PNSF is an efficient
technique for these repairs. Although this flap may carry an inherent risk of mucocele formation when placed over mucosalized
bone during repair, we found that meticulous and strategic removal of mucosa from the site of flap placement resulted in a 0%
incidence of postoperative mucocele formation in our cohort.

(Allergy Rhinol 4:e27–e31, 2013; doi: 10.2500/ar.2013.4.0050)

With the advent of advanced endoscopic tech-
niques, there has been an upsurge in the min-

imally invasive approaches for resection of ventral
skull base (SB) tumors.1–8 Although highly effective,
these procedures often result in large SB defects that
can lead to high-flow cerebrospinal fluid (CSF) leaks.
These defects typically necessitate meticulous multi-
layer reconstruction to prevent postoperative failure.
The vascularized pedicled nasoseptal flap (PNSF) used
in a multilayered fashion is currently the workhorse for
closure of these high-flow CSF leaks in many major
academic centers, and has been shown to decrease
postoperative CSF leaks.9–24

A potential risk after reconstruction of SB defects is
mucocele formation.25–28 A sinonasal mucocele is a
mucus-containing sac lined with epithelium that forms
secondary to obstructed sinus drainage after previous

sinus surgeries, posttraumatic lesions, chronic sinus-
itis, tumors, and infectious and inflammatory pro-
cesses.29 Although benign, mucoceles may produce a
growing mass with the potential to erode bone and
adjacent orbital and neural structures, making their
removal imperative.30

Postoperative mucocele formation after endoscopic
SB reconstruction has previously been reported.35,26

Bleier et al.31 reported a 3.6% mucocele rate after SB
defect repair using the vascularized PNSF. Vaezeafshar
et al.32 also reported a mucocele 4 months after SB
reconstruction with a vascularized PNSF. Although the
exact pathogenesis of the mucocele remains controver-
sial, techniques to decrease the incidence of postoper-
ative mucocele formation after SB defect repairs have
been described.27,33 The fundamental principle in pre-
venting postoperative mucocele formation after PNSF
reconstruction of SB defects involves denuding of the
mucosa at the site of flap inset.14,15,28,34 In this study we
evaluate our experience with judicious demucosaliza-
tion of the site of flap placement to prevent postoper-
ative mucocele formation in 70 patients who under-
went PNSF reconstruction of large ventral SB defects.

MATERIALS AND METHODS

Experimental Design
The protocol for this study was reviewed and ap-

proved by the Institutional Review Board of the Uni-
versity of Medicine and Dentistry of New Jersey–New

From the Departments of 1Otolaryngology– Head and Neck Surgery and 2Neurolog-
ical Surgery and 3Center for Skull Base and Pituitary Surgery, Neurological Institute
of New Jersey, University of Medicine and Dentistry of New Jersey–New Jersey
Medical School, Newark, New Jersey
Presented at the 58th annual meeting of the American Rhinologic Society, Washing-
ton, D.C., September 8, 2012
The authors have no conflicts of interest to declare pertaining to this article
Address correspondence and reprint requests to Jean Anderson Eloy, M.D., F.A.C.S.,
Department of Otolaryngology–Head and Neck Surgery, University of Medicine and
Dentistry of New Jersey –New Jersey Medical School, 90 Bergen Street, Suite 8100,
Newark, NJ 07103
E-mail address: jean.anderson.eloy@gmail.com
Published online May 14, 2013
Copyright © 2013, OceanSide Publications, Inc., U.S.A.

Allergy & Rhinology e27



Jersey Medical School, Newark, NJ. A retrospective
chart review was performed to identify patients under-
going endoscopic endonasal reconstruction of large
ventral SB defects from December 2008 to December
2011. Demographic data, diagnosis, surgical proce-
dure, rate of mucocele formation, and postoperative
CSF leak were collected. Exclusion criteria included
patients with �3 months (90 days) of radiological and
clinical follow-up, patients with spontaneous low-flow
CSF leaks because their defect sizes did not need PNSF
for closure, and patients who underwent combined
cranionasal approaches. Therefore, all patients in this
study had high-flow CSF leak. For sellar defects, only
grade 3, large diaphragmatic/dural defects were in-
cluded in this analysis.35

Surgical Technique
The PNSF is harvested at the beginning of the opera-

tion when we anticipate a high-flow CSF leak (as for
intradural lesions). We prepare the site of repair by de-
nuding �1 cm of mucosa around the defect site. If a
lateral sphenoid recess, sellar, or tuberculum sellae/pla-
num sphenoidale repair is planned, the sphenoid sinus is
also demucosalized. In cases of a deep lateral sphenoid
recess, angled endoscopes and curved instruments are
used to access this area for demucosalization after ex-
tended sphenoid sinusotomies. The area under the pedi-
cle is also denuded of any mucosa. In cases of cribriform
and other defects distant from the pedicle vascular sup-
ply site (sphenopalatine foramen), the area of SB along
the course of the pedicle is also demucosalized to prevent
any trapping of mucosa under the entire course of the
PNSF. The CSF leak is then repaired in a multilayer
fashion by initially reducing a high-flow CSF leak to a
low-flow leak and rotating the PNSF into place as the last
layer of the repair. The PNSF is meticulously positioned
over the SB defect, and a single layer of Surgicel (Ethicon,
Somerville, NJ) is then placed over the flap margin to
improve bone apposition. In some instances (early in our
series) a dural sealant was placed over the PNSF, which
is subsequently bolstered in place by several large units
(1–2 cm in diameter) of Gelfoam (Pharmacia, Kalamazoo,
Michigan) soaked in gentamicin. We have stopped using
dural sealants since we found no benefits to their use in a
recent retrospective analysis.21 A Merocel nasal tampon
(Medtronic Xomed, Jacksonville, FL) covered with baci-
tracin is then used to further support the closure (Fig. 1).

Postoperative Management
Routine postsurgical head and sinus computed tomog-

raphy is obtained within 24 hours. Magnetic resonance
imaging of the brain and sinuses is performed within 48
hours of surgery. Patients are started and kept on a
�-lactamase–inhibiting penicillin or third-generation
cephalosporin until removal of the nasal packing �10

days after surgery. Postoperative CSF leak precautions
and stool softeners are initiated. Outpatient follow-up
was performed using rigid nasal endoscopy for conser-
vative and careful debridement and flap surveillance.

RESULTS
Seventy patients undergoing PNSF reconstruction of

ventral SB defects are included in this analysis. The mean
age was 47.9 years (range, 14–81 years). There were
37.1% men and 62.9% women in this study. Average
radiological and clinical follow-up was 11.7 months
(range, 3–36.9 months) and 13.8 months (range, 3–38.9
months), respectively. Defect sites included sellar (34),
cribriform (15), tuberculum sellae/planum sphenoidale
(18), lateral sphenoid recess (2), and clival (1). Postoper-
ative CSF leak rate was 2.9%. No mucoceles were encoun-
tered in any patients in this study at latest follow-up,
leading to a 0% mucocele formation rate.

DISCUSSION
Advancements in surgical technology have led to

minimally invasive routes for access and resection of
ventral SB lesions. Despite the improved access for
tumor resection allowed through these approaches, the
resulting large SB defects create the potential for post-
operative CSF leaks. The creation of the PNSF has
significantly improved the rate of postoperative CSF
leakage after large SB defect repairs.36 However, the
use of the PNSF has been associated with postoperative
mucocele formation.31,32

Mucocele formation can appear as a late consequence
of SB defect reconstruction. These slow-growing, benign
lesions are most often found in the frontal and ethmoid
sinuses.30 The frontal sinus is the most common location,
because the nasofrontal outflow pathway can become
obstructed by polyps, bony tumors, adhesions from prior
surgery, sinusitis, trauma, or anatomic/congenital varia-
tion.37 The mechanism underlying the formation of a
mucocele involves the gradual accumulation of mucous
material in an obstructed sinus leading to compromised
ventilation.26 The enlarging mass produces a progressive
distension of the bony walls until there is compression of
orbital and neural structures.30 Such patients typically
present with headache, proptosis, diplopia, nasal conges-
tion, and fluid leakage.38–40 Although mucocele forma-
tion is considered a late complication, its timing may be
variable depending on the underlying etiology. Postop-
erative mucocele formation after endoscopic sinus sur-
gery has been reported with average time lapse between
2 and 6 years.26,39,41–43 Nonetheless, prior reports of mu-
cocele formation after vascularized PNSF repair have
been reported at 46 days31 and at 4 months.32

Different ideologies exist for the pathogenesis of mu-
cocele formation, because there are a variety of etiolo-
gies that lead to sinus obstruction. For traumatic cases
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it has been postulated that the implantation of respira-
tory epithelium after fracture or iatrogenic exposure is
responsible for the formation of these mucoceles.29

Lund et al.44 suggested the role of inflammation in the
pathophysiology of mucocele enlargement by indicat-
ing that the release of proinflammatory cytokines from
the mucocele wall can result in osteoclastic bone re-
sorption and destruction of adjacent tissue.44,45 Endo-
scopic endonasal surgery increases the risk of naso-
frontal outflow pathway stenosis and subsequent
mucocele formation as evidenced by the clear increase
in incidence of mucocele formation since the 1990s
paralleling the increasing number of sinus surgery pro-
cedures.41,43 Inaccurate patch grafting between bone
and mucosa during closure of SB defects is thought to
be another iatrogenic cause of mucocele formation.27,28

Postsurgically, entrapment of mucosa, meatal adhe-
sions, and improper flap placement have been reported
as potential causes for mucocele formation.27,28,41 In
light of these risks, endoscopic SB surgeons have used
different techniques to reduce the incidence of postop-

erative mucocele formation. Denuding the sinonasal
mucosa adjacent to the SB defect has been reported as
a means for reducing this risk.14,15,27,34 Entrapped mu-
cosal glands aberrantly produce mucous that increases
the chances of eventual mucocele formation.27,46 In
addition, avoiding trauma of the healthy mucosa sur-
rounding the middle meatus and extensive cleansing
of the ethmoid cavity might decrease the risk of adhe-
sions and development of mucocele.26 Another recom-
mendation is to avoid the overlapping of flaps when
using bilateral PNSF, because it may predispose to
mucocele formation due to the mucosal entrapment
mechanism.34

Verilaud et al.26 evaluated the formation of mucoce-
les after endoscopic repair of CSF fistulas in children
with autologous free grafts, most commonly with the
middle turbinate. Mucocele development occurred in
50% of their cases in their 12 patient series suggesting that
the frequency may be higher in the pediatric population.
This idea of increased mucocele formation in the pediat-
ric population is consistent with McLaughlin et al.,47 who

Figure 1. T1-weighted gadolinium-enhanced (A) sagittal and (B) coronal magnetic resonance imaging (MRI) of a patient with a suprasellar
retrochiasmatic skull base (SB) tumor resected via an endoscopic transplanum transtuberculum approach. (C) Intraoperative view after bone
removal. Please note the removal of the sphenoid sinus mucosa. (D) Intraoperative view after dural and arachnoid opening depicting early tumor
dissection. (E) Stepwise repair of the SB dural defect with initial conversion of high-flow to low-flow cerebral spinal fluid (CSF) leak using autologous
fascia lata placed over the transplanum SB defect; and (F) rotation and positioning of pedicled nasoseptal flap (PNSF) over the defect.
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attributed this rise to the fontal sinus, which does not
fully form until age 19 years. Di Rocco et al.25 showed that
in 28 pediatric patients undergoing repair of SB defects,
14% developed mucocele at a mean of 26.7 months fol-
low-up. Both studies used bony and mucosal fragments
of the middle turbinate, as well as cartilage from the nasal
septum and auricle.25

Other authors have commented on mucocele forma-
tion after SB reconstruction. Bleier et al.31 discussed
their results of 28 patients undergoing SB reconstruc-
tion with a vascularized PNSF. Partial removal of the
sinus mucosa surrounding the cranial base defect was
used in the procedure resulting in a 3.6% incidence of
postoperative mucocele formation (1 out of 28, with the
lone mucocele detected at postoperative day 46). The
authors used partial mucosal denuding to prevent ad-
jacent neurovascular injury, prolonged postoperative
crust formation, and increased scar formation.31

Vaezeafshar et al.32 reported on a case of sphenoid
sinus mucocele under a vascularized PNSF detected 4
months postoperatively. Nyquist et al.34 reported no
mucocele formation in five patients who underwent SB
reconstruction using bilateral PNSFs.

In our series, we judiciously denude 1 cm of mucosa
surrounding the ASB defect before PNSF placement.
We also denude the sphenoid sinus during repair of
large lateral sphenoid recess defects, large sellar de-
fects, and all tuberculum sellae/planum sphenoidale
defects. This technique resulted in a 0% incidence of
mucocele formation at latest follow-up in our series of
70 patients who underwent ventral SB defect repair
and a 2.9% postoperative CSF leak rate. Reported mu-
cocele rates in previous studies after endoscopic endo-
nasal SB surgery in the pediatric literature was esti-
mated to be at 50 and 14%.25,26 However, these studies
did not use the PNSF, but instead, used autologous free
flaps from the middle turbinate to reconstruct the de-
fect.25,26 It may be important to note that the indication
for surgery in this population was for posttraumatic
and congenital defects. Therefore, it is possible that the
etiology of the defect as well as the pediatric popula-
tion may have increased susceptibility to mucocele
formation.

We believe that the prevention of mucocele is facili-
tated by meticulous care of the mucosa surrounding
the cranial base defect. Judicious removal of the mu-
cosa surrounding the SB defect and meticulous place-
ment of the PNSF are techniques we use to reduce the
incidence of mucocele formation.26–28,34 This may in
part explain the 0% incidence of mucocele formation in
this cohort.

Although these results are quite promising and
showed a 0% incidence of postoperative mucocele for-
mation, there are several limitations to this study. Be-
cause mucocele formation can occur as a late compli-
cation, our relatively short follow-up period should be

acknowledged. Nonetheless, mucocele formation has
been reported as early as 46 days and 4 months after
PNSF repair of SB defects, making our findings accept-
able. Mucoceles are slow-growing processes that often
are diagnosed incidentally and may be present for
years before becoming symptomatic. Consequently,
our current radiographic follow-up, which is consider-
ably longer than the existing literature examining mu-
cocele formation after PNSF repair of SB defects, is
reasonable. Additionally, this study is subject to the
limitations found in all retrospective studies and can
benefit from validation through multi-institutional ef-
forts as well as prospective randomized controlled
double-blind analyses.

CONCLUSION
Successful endoscopic reconstruction of large ventral

SB defects is frequently performed with the vascular-
ized PNSF. Although previous studies have reported
postoperative mucocele formation with this technique,
we found a 0% incidence of this complication in our
cohort. Judicious mucosal denuding around the SB
defect and meticulous closure can minimize this poten-
tial risk of mucocele formation after PNSF repair of
ventral SB defects.
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