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Introduction

Clival chordomas are rare, aggressive, notochord-derived
tumorswith an incidence of approximately 8 per 10million.1

Management commonly includes surgical resection via an
endoscopic endonasal approach (EEA) with consideration for
adjuvant proton beam radiotherapy.2,3 After resection of
clival chordoma, vascularized coverage of the ventral skull
base is paramount to avoid complications such as cerebro-
spinal fluid (CSF) leak and meningitis, and this is typically
achieved using a nasoseptal flap (NSF) at the time of initial
surgery.4 While the NSF is a popular initial reconstructive

option, failure rates increase in the setting of skull base
radiation; a study by Thorp and colleagues found that in
37 patients with anterior skull base defects reconstructed
with NSF who underwent radiation, 10.8% developed osteor-
adionecrosis (ORN), 8.1% developed a CSF leak, 8.1% devel-
oped pneumocephalus, and 2.7% developed meninigitis.5

This exceeds the previously reported 2% necrosis rate among
all NSFs, and highlights the importance of identifying alter-
native tissue coverage sources for the anterior skull base
including the lateral nasal wall, inferior or middle turbinates,
temporoparietal fascia (TPF) flaps, or anterolateral thigh
(ALT) free tissue transfer.6–9
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Abstract Clival chordoma is a rare, aggressive, notochord-derived tumor primarily managed with
surgery via an endoscopic endonasal approach (EEA) and adjuvant proton beam
radiotherapy. Reconstruction is commonly performed with a nasoseptal flap (NSF)
at the time of initial surgery. While failures of the NSF are rare, they can occur following
the initial surgery or in the setting of osteoradionecrosis. Salvage repair typically
requires transfer of alternative vascularized tissues outside of the previously radiated
field including regional scalp flaps such as pericranial or temporoparietal fascial flaps, or
free vascularized tissue transfer. Here we describe the case of a 29-year-old woman with
a history of clival chordoma with widespread skull base osteomyelitis secondary to NSF
necrosis after proton beam radiotherapy. We describe successful skull base reconstruc-
tion with intranasal bilateral inferior turbinate flaps based on the sphenopalatine artery
with lateral nasal wall extension, despite prior proton beam therapy and a failed prior
vascularized intranasal reconstruction.
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In this case, we employed bilateral inferior turbinateflaps
(ITFs) to reconstruct a persistent clival defect in the setting of
acute osteomyelitis, meningitis, and chronic wound dehis-
cence after prior proton therapy to the ventral skull base.
This case highlights the utility of ITFs in reconstructing the
ventral skull base for patients in whom skull base recon-
struction with an NSF has undergone late failure after
radiation therapy.

Case Report

We present the case of a 29-year-old female patient with a
history of methamphetamine abuse and chronic rhinosinu-
sitis who presented to our institution with neurological
decline in the setting of purulent meningitis 6 years after
management of clival chordoma at an outside hospital.

At the time of initial diagnosis, magnetic resonance
imaging (MRI) demonstrated a 6.7-cm anteroposterior by
5-cm craniocaudal�5.2-cm transverse heterogeneously en-
hancingmasswith displacement of the left cavernous carotid
artery and bilateral vertebral arteries (►Fig. 1). The patient
underwent subtotal resection via EEA and reconstruction
with an abdominal fat graft and bilateral NSFs given the size
of the dural defect. She underwent a second-stage EEA for
debulking 2 months later. This was performed jointly by
neurosurgery and head and neck surgery. Five months later,
she was found to have residual chordoma and underwent a
right far-lateral approach with intact canal wall mastoidec-
tomy and decompression of the sigmoid sinus, jugular bulb,
andposterior fossa dura. Adjuvant proton beam radiotherapy
was then completed at an outside hospital 5 months post-
operatively with an isodose of 7,920 cGy to the clivus
(►Fig. 2). The patient did well posttreatment and remained
neurologically intact with Karnofsky Performance Status

(KPS) of 90%, although she developed chronic sinusitis after
treatment.

On admission to our institution, the patient was found to
have widespread skull base dehiscence and osteomyelitis
secondary to NSF necrosis in the context of postoperative
proton therapy and insufflation of recreational drugs. Given
that all blood and CSF cultures showedno growth, the patient
was started on broad-spectrum intravenous antibiotics and
demonstrated significant neurological improvement except
for persistent right cranial nerve (CN) VII palsy, House–
Brackmann (HB) grade 4 as well as right tongue deviation,
fasciculations, and atrophy. She required revision EEA for
anterior skull base debridement and reconstruction of the
ventral skull base defect. Given the extent of the expected
defect following debridement and history of proton therapy
to the skull base, initial reconstruction options considered
included temporoparietal facial flaps and free tissue transfer
with radial forearm or, alternatively, an ALT flap. However,
after a careful reviewof the proton fields, it became apparent
that there was relative sparing of the bilateral pterygopala-
tine fossa (PPF) (2,600–4,200 cGy), which prompted us to
select staged EEAwith inferior turbinate reconstruction. This
allowed us to preserve additional options for salvage if
necessary and spare the morbidity of regional and free flap
reconstruction.

Description of Surgical Procedure

General endotracheal anesthesia was initiated, and the head
was placed into fixation with Mayfield pins. Intraoperative
image guidance was registered to a thin-slice computed
tomography (CT) angiogram that was co-registered to a T1
postcontrast MRI. A binarial EEA was initiated with a 0-
degree endoscope. Greenish yellow phlegmon was

Fig. 1 Magnetic resonance imaging (MRI) demonstrating large clival chordoma at the time of initial diagnosis. (A) Axial T2-weighted sequence
demonstrates a hyperintense mass extensively involving the clivus and extending inferiorly to C2. (B) Sagittal T1-weighted sequence
demonstrating obliteration of the nasopharynx with dorsal extension causing marked mass effect and displacement of the cervicomedullary
junction.
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immediately noted at the site of prior clival resection
(►Fig. 3A). Egress of CSF was also noted from the site of
skull base dehiscence. On closer inspection, several areas of
dehiscence of the prior NSF were noted, with fistulous tracks
along the right side of the clival resection and extending
along the clival dura. Osteonecrosis was noted just inferior
and posterior to the foramen lacerum and paraclival carotid,
just anterior to the takeoff of the occipital condyle. On the left
side, a large portion of residual clivus medial and inferior to
the foramen lacerum remained. Given the initial goal was
exploration and repair of the CSF leak with vascularized
tissue, a high-speed drill was used to debride the necrotic
petrous temporal bone on the right until bleeding tissue was
encountered.

To reconstruct the skull base defect, a right-sided, vascu-
larized, posteriorly based inferior turbinate mucoperiosteal
flap based on the sphenopalatine artery (SPA) with an
extended lateral wall was rotated posteriorly over the defect.
Local anesthesia and vasoconstrictionwere achievedwith 1%
lidocaine with 1:100,000 epinephrine. Monopolar cautery
with an extended needle tip and a suction Freer elevator

were used to lift a large area ofmucosa over the right inferior
turbinate with extension superiorly onto the lateral nasal
wall. This flap was then rotated posteriorly over the clival
defect and secured with a combination of Gelfoam and
Merocel spacer.

There was no postoperative CSF leak and the patient
continued to improve in hospital with antibiotic treatment.
Flap viability was monitored closely in the outpatient set-
ting. She completed a course of prolonged broad-spectrum
intravenous (IV) antibiotics under the care of the Infectious
Disease service and underwent second-stage surgical de-
bridement 8 weeks later. During debridement, the right ITF
was found to be well healed; however, there was a small
region of persistently exposed bone over the left petrous
apex (►Fig. 3B). This was drilled widely, and a left-sided ITF
was elevated, rotated posteriorly, and secured as described
earlier during stage 1. At the 6-month post-op follow-up,
nasal endoscopy revealed full mucosalization without infec-
tion, dehiscence, or CSF leak (►Fig. 3C). Postoperative MRI
demonstrating bilateral inferior turbinate grafts and closure
of the CSF fistula can be found in ►Fig. 4. The patient’s
leukocytosis and inflammatorymarkers had normalized, and
she had returned to her prior neurological baseline with
trace CN VII weakness and long-standing mild unilateral CN
XII weakness. She subsequently developed right hemifacial
spasm that was treated with Botox and facial physical
therapy.

Discussion

Clival reconstruction is commonly achieved with a pedicled
NSF, as this is easily accessible and adds minimal morbidity
to an expanded endoscopic approach.10 While the increased
use of the NSFs for reconstruction has significantly improved
clival reconstruction outcomes such as CSF leak rates since its
initial description in 2006, a systematic review by Lavigne
reports a flap necrosis rate of at least 1.3%, with other studies
demonstrating higher rates ranging from 5.7 to 8.1% in the
setting of adjuvant radiation.4,5,10–14 The mucosal area from
which the NSF is lifted is also left with a large, denuded area
that can take up to 3 months to heal, leaving this area with a

Fig. 3 (A) Intraoperative image of the skull base osteoradionecrosis (ORN) prior to debridement. (B) Right inferior turbinate flap in place with
persistent skull base dehiscence. (C) Left inferior turbinate flap with well-healed defect.

Fig. 2 Proton beam radiation fields demonstrating 7,920 cGy
delivered to the clivus at the site of flap dehiscence. Careful review
also demonstrates relative sparing of the pterygopalatine fossa (PPF)
(2,600–4,200 cGy), which prompted consideration of intranasal
reconstructive options.
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lack of functional mucosa that can cause crusting and anos-
mia.15 In cases requiring secondary resection, or for patients
who undergo septectomy, the NSFmay not provide adequate
coverage of the skull base defect.6 Additional complications
including necrosis, prolonged crusting, nasal deformity such
as saddle nose, nasal perforation, and persistent CSF leakage
and/or meningitis may necessitate the use of vascularized
mucosal flaps, such as the ITF.6,13,15

Prior studies have demonstrated that the posterior ITF has
a success rate of approximately 60%, with greater success as
surgical experience increased.16 As surgical manipulation of
the inferior turbinates is often avoided during primary
resection of clival chordoma, this flap is an available and
durable option that has a robust blood supply. However, due
to its smaller pedicle, the flap utilizes a more limited arc of
rotation and is more technically difficult to place, causing it
to be reserved primarily for salvage cases.6 Unilateral ITFs
also may not adequately cover a large petroclival defect, and
thus, complete reconstruction may require an additional
contralateral ITF to achieve complete coverage. Inclusion of
the contralateral inferior turbinate, while carrying low mor-
bidity rates, requires more time and increased mucosa
removal.12 Anterior and posterior ITFs have been described
successfully in the literature, proving adequate blood flow in
all studied cases.6,17 Thus, the ITF represents a viable inter-
mediary option, allowing salvage reconstructionwithout the
need for regional or free tissue transfer.

Reconstruction of the skull base in a salvage setting can be a
challenging technical problem and often requires extranasal
tissue from sources such as TPF or ALT flaps, particularly in the

setting of adjuvant radiation and infection.18,19 While these
flaps have the advantage of bringing in robust vascularized
tissue fromoutside thefield of radiation, they have significantly
higher morbidity than intranasal flaps. Given that our patient
presented with chronic dehiscence, meningitis, and osteomye-
litis, an initial low morbidity procedure with ITFs was made to
reservecomplexsalvagereconstructionoptionsfromextranasal
donor sites if poor tissue quality and acute infection impeded
wound healing. Importantly, this patient’s PPF was spared
during proton radiation therapy.Webelieve that this contribut-
ed to the robustnessof thisflapas thevascular supply to the ITFs
was less compromised. Despite the limitations of reporting a
single case, we demonstrate proof of concept that bilateral ITFs
representaviableoption for reconstructionof largeventral skull
base defects for patients inwhomNSF reconstructionhas failed.
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