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OBJECTIVE: Data from several centers worldwide have demonstrated that
transnasal endoscopic surgery performed with or without a transcranial
approach is capable of achieving radical resection of selected sinonasal
malignancies. We report our experience with endoscopic management of
sinonasal cancers, with emphasis on naso-ethmoidal malignancies encroaching

Skull base surgery

Abbreviations and Acronyms
ASB: Anterior skull base

CER: Cranio-endoscopic resection
CSF: Cerebrospinal fluid
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MRI: Magnetic resonance imaging

i From the Departments of "Otorhinolaryngology
and 2Neurosurgery, Ospedale di Circolo e
Fondazione Macchi, University of Insubria, Varese;
3Department of Neurosurgery, Civic Hospital of Legnano,
Legnano, Italy; and *Department of Otorhinolaryngology,
Spedali Civili di Brescia, University of Brescia, Brescia, ltaly

To whom correspondence should be addressed:
Paolo Battaglia, M.D.
[E-mail: mail paolobattaglia@gmail.com]

Citation: World Neurosurg. (2014) 82, 65:522-S31.
http://dx.doi.org/10.1016/j.wneu.2014.07.021

Journal homepage: www.WORLDNEUROSURGERY.org
Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2014 Elsevier Inc.
All rights reserved.

INTRODUCTION

The introduction of craniofacial resection
by Ketcham et al. in the 1960s (13) was a
major advance in the management of
sinonasal malignancies. By including the
anterior skull base in the surgical spec-
imen, this intervention has dramatically
improved local control of tumors invading
the roof of the ethmoid (15). However, this
approach has been associated with
morbidity and perioperative mortality that
are not negligible (8, 12).

The growing expertise of skull base
teams (neurosurgeons and otorhinolaryn-
gologists) in endoscopic procedures,
improved imaging diagnostic systems, and
technologic refinement of endoscopic
equipment all have contributed to gradual
expansion of the indications for an endo-
scopic approach to resection of selected
cases of malignant tumors. The first

on the anterior skull base.

METHODS: Major series reporting results concerning the endoscopic endo-
nasal approach with or without craniectomy for treatment of sinonasal and
anterior skull base cancers were reviewed. Preoperative work-up, indications
and exclusion criteria, surgical techniques, postoperative management, and

adjuvant therapy are reported.

RESULTS: In the 2 largest series analyzed, the most common malignancies
were adenocarcinoma (28%), olfactory neuroblastoma (14.5%), and squamous
cell carcinoma (13.5%). The 5-year disease-specific survival rate ranged from
81.9%—87%, with no major differences in the mean follow-up time (34.1 months

vs. 37 months).

CONCLUSIONS: Endoscopic endonasal resection performed with or without a
transcranial approach, when properly planned and in expert hands, has an
accepted role with precise indications in the surgeon’s armamentarium for the
treatment of sinonasal and skull base malignancies.

endoscopic experiences in sinonasal ma-
lignancy treatment were published in the
late 1990s and were limited to lesions
involving the naso-ethmoidal box but not
invading the anterior skull base (ASB) (20).

Over the past decade, data from several
centers worldwide have demonstrated that
the endoscopic resection of malignant
sinonasal tumors can be extended to
include the dura mater of the ASB (endo-
scopic resection with transnasal craniec-
tomy), from the posterior wall of the
frontal sinus back to the planum sphe-
noidale and between the orbits (6). The
extent of the endoscopic resection can be
tailored to specific tumor characteristics
(histologic type, site of origin, and prox-
imity to critical areas) preserving unin-
volved structures, with reduced functional
sequelae as a consequence (16). When the
endoscopic endonasal approach is not
feasible, owing to an intracranial exten-
sion of the tumor, it can be combined with
a transcranial approach to obtain better

control of the upper margins (4). The
present study accurately describes the
surgical techniques and emphasizes the
evolution of the indications for the endo-
scopic endonasal approach throughout the
years by reviewing the largest series
reporting the oncologic outcomes of pa-
tients treated for sinonasal and skull base
cancer with endoscopic resection or cranio-
endoscopic resection (CER).

MATERIALS AND METHODS

Preoperative Work-up

The preoperative diagnostic work-up in-
cludes magnetic resonance imaging (MRI)
with gadolinium enhancement in all
cases. In patients with claustrophobia,
MRI can be replaced by a computed
tomography scan with contrast medium.
In very aggressive histologic types (i.e.,
malignant melanoma), a positron emis-
sion tomography scan is performed to rule
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out systemic dissemination of the disease.
All patients scheduled for a purely endo-
scopic approach must be informed about
the possibility of switching to a combined
CER intraoperatively, if required.

Indications and Exclusion Criteria
The endoscopic endonasal approach al-
lows the resection of small-sized to inter-
mediate-sized sinonasal tumors (stage
T1—T3) as well as selected T4a—T4b le-
sions. Based on the site of origin, exten-
sion, and histologic type of the tumor, the
endoscopic resection can be performed
unilaterally (resection extended ante-
roposteriorly from the posterior wall of the
frontal sinus to the planum sphenoidale
and laterolaterally from the nasal septum
to the lamina papyracea) or bilaterally
(resection extended from one lamina
papyracea to the opposite one).
Contraindications for an exclusively
endoscopic endonasal approach include
infiltration of nasal bones and palate,
massive involvement of the frontal sinus,
massive involvement of the lacrimal
pathway or of the bony walls of the maxil-
lary sinus (with the exception of the medial
one), extension into the infratemporal
fossa, and involvement of the orbit con-
tent. Focal contact or suspected infiltration
of the tumor with “high-risk” areas, such as
the lamina papyracea, the cribriform plate
or the roof of the ethmoid, and the dural
layer of the anterior cranial fossa, is not
considered a contraindication. Concerning
ASB involvement and intracranial exten-
sion, massive infiltration of the dura mater
over the orbital roof or brain parenchyma
infiltration, detected in the preoperative or
the intraoperative settings, requires
combining an endoscopic approach with
an external one (CER). At the present time,
the only intradural structures that can un-
dergo endoscopic resection are the olfac-
tory bulb and tract.

Surgical Technique

Although the surgical technique varied
slightly among patients according to the
site of origin and extent of the lesion,
endoscopic endonasal resection (ER)
comprised 6 main surgical steps
(Figure 1), as follows:

1. Tumor origin identification. The surgi-
cal procedure wusually starts with

disassembling the tumor with powered
instrumentation or cutting instruments.
The lesion is gradually debulked start-
ing from the core to identify clearly its
site of origin. In this phase, it is crucial
to preserve the surrounding anatomic
structures because these are useful
landmarks for orientating the subse-
quent surgical steps.

. Surgical target setting. Removal of the

posterior two thirds of the nasal septum
is performed to gain better exposure of
the surgical field and to optimize the
endonasal maneuverability of the dedi-
cated instruments, using the 2-nostrils,
4-hands technique (7). In this step, the
removal of the rostrum sphenoidale is
crucial to expose the posteroinferior
margin of the dissection. The septal
branches of sphenopalatine arteries are
isolated and coagulated to reduce
bleeding and improve visibility. The
frontal sinus is approached by Draf type
IIb sinusotomy in the case of mono-
lateral ER; Draf type III median sinus-
otomy is performed if the ER involves
both sides. The frontal sinusotomy
represents the anterosuperior margin of
the dissection, allowing precise identi-
fication of the beginning of the anterior
cranial fossa.

. Centripetal removal. After the poster-

oinferior and anterosuperior margins
of the resection are exposed, a
subperiosteal ~ dissection  of  the
naso-ethmoidal-sphenoidal complex is
performed unilaterally or bilaterally
(according to the extension of disease)
to expose the lateral margins (3). The
lamina papyracea is included in the
dissection when the tumor is in close
proximity or frankly involved in it. When
required by the extension of disease,
endoscopic medial maxillectomy type III
can be performed to obtain good control
of the whole maxillary sinus. Nasolacri-
mal duct exposure and resection, just
below the lacrimal sac (Figure 2), is
performed during this surgical phase.
Superiorly, the dissection is continued
in the anteroposterior direction by
resecting the olfactory fibers and the
basal lamella of the ethmoidal turbinate
to mobilize the monoblock. The entire
naso-ethmoidal-sphenoidal complex is
now isolated and pushed toward the
central part of the nasal fossa (centripetal

technique) to extract it transorally or
through the nasal vestibule. The surgi-
cal margins are checked by frozen sec-
tion, and the dissection is continued if
necessary until free margins are
obtained.

. Skull base removal. According to the

extension of the disease, endoscopic
resection can be extended to include the
ASB as well (endoscopic resection with
transnasal craniectomy). The ethmoid
roof exposure with removal of bony par-
titions is completed using a drill with a
diamond burr. The skull base resection
can be performed monolaterally or bilat-
erally according to the extension of dis-
ease and to the particular histologic type
of the tumor (Figure 3). The anterior and
posterior ethmoidal arteries are exposed,
cauterized with bipolar electric forceps,
and dissected. The crista galli is carefully
detached from the dura mater and
removed with blunt instruments, avoid-
ing iatrogenic lesions in the dura mater.

. Intracranial work. The key point for

subsequently performing an optimal
skull base reconstruction is to dissect
the epidural space properly over the
orbital roof laterally, the planum
sphenoidale posteriorly, and the pos-
terior wall of the frontal sinus anteriorly
before starting resection of the dura
mater itself. The dura mater is incised
and circumferentially cut with angled
scissors or a dedicated scalpel at a safe
distance from the suspected area of
tumor spread. The falx cerebri is clip-
ped in the anterior portion before its
resection to avoid sagittal sinus
bleeding; then its posterior portion at
the level of the spheno-ethmoidal pla-
num is resected. The arachnoid plane
over the intracranial portion of the tu-
mor is dissected and separated from
the brain parenchyma. The specimen,
including the residual tumor, the ASB,
and the overlying dura mater together
with one or both of the olfactory bulbs,
is removed through the transnasal
route. The dural margins are sent for
frozen sections (Figure 4).

. Reconstruction time. The resulting

skull base defect is reconstructed by the
endoscopic endonasal multilayer tech-
nique. Reconstruction is performed
preferably using autologous materials.
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Figure 1. Surgical steps of endoscopic endonasal resection.

(A) Subperiosteal dissection (dotted lines) to remove the ethmoidal box.
(B) Drilling out of the bony ethmoidal roof and removal of the crista galli.
(C) Transnasal resection of dura mater and olfactory bulb.

(D) Schematization of the endoscopic endonasal skull base reconstruction
according to the multilayer technique. (E) Endoscopic view of anterior skull
base defect, extended from the posterior wall of the frontal sinus back to

ITT, iliotibial tract.

the sphenoidal planum and between the orbits. (F) Endonasal skull base
reconstruction using layers of autologous materials. TM, middle turbinate;
SS, sphenoidal sinus; FS, frontal sinus; RoE, roof of ethmoid; CG, crista
galli; dm, dura mater; FL, frontal lobe; OB, olfactory bulb; 1, intradural layer;
2, intracranial extradural layer; 3, extracranial layer placed overlay; O, orbit;

In our experience, the fascia lata or the
iliotibial tract has the best characteris-
tics in terms of thickness, pliability,
and strength (22). For the first intra-
dural layer of duraplasty, the graft has
to be at least 30% larger than the dural
defect and split anteriorly on the
midline to adjust to the falx cerebri in
the case of bilateral resection. The
second layer, intracranial and extra-
dural, needs to be precisely sized and
tacked between the previously under-
mined dura mater and the residual ASB
bone. Pieces of fatty tissue are placed to
eliminate the dead space between the
second and third layers and to flatten
the residual denuded ASB. The third
extracranial layer has to cover all the
exposed ASB but must not overlap the
frontal sinusotomy. The borders of the

second and third layers are properly
fixed with fibrin glue. In the case of a
tumor sparing the nasal septum and
without multifocal localizations (e.g.,
not in the case of intestinal type
adenocarcinoma), for the third layer of
the skull base reconstruction, it is also
possible to use a mucoperiosteum or
mucoperichondrium pedicled naso-
septal flap (Hadad-Bassagasteguy flap)
(9). Use of this flap facilitates rapid
healing of the surgical cavity, especially
in patients who require adjuvant irra-
diation, and results in a sharp decrease
in the incidence of postoperative cere-
brospinal fluid (CSF) leaks.

At the end of the procedure, in selected
cases, a rolled Silastic sheath can be
inserted as a stent in the frontal

sinusotomy to allow subsequent frontal
sinus débridement with no risks for the
duraplasty. The surgical cavity is packed for
about 48 hours.

For lesions filling the frontal sinus or
invading the ASB with intradural extension
over the orbital roof or with infiltration of
brain parenchyma, the endoscopic endo-
nasal procedure has to be combined with an
external approach (CER) (4). This technique
makes it possible to surround the lesion
completely and remove it as a monoblock,
without any interruption in the facial skel-
eton. The procedure is performed by a
surgical team composed of a neurosurgeon
and an otorhinolaryngologist and includes 2
simultaneous phases (Figure 5), as follows:

1. Endoscopic phase. The procedure
starts with disassembling of the
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Figure 2. Exclusively endoscopic endonasal resection of left maxillary
squamous cell carcinoma, arising from inverted papilloma (stage TINOMO).
Preoperative and postoperative contrast-enhanced T1-weighted magnetic

(C and F) views.

resonance imaging scan in axial (A and D), coronal (B and E), and sagittal

endonasal portion of the tumor plus
removal of the nasal septum. Next,
dissection of the sphenoidal sinuses,
anteroinferior wall, and rostrum is
performed, and both sphenopalatine
arteries (septal branches) are cauter-
ized. The lateral sections require iden-
tification of the lamina papyracea,
detached from the periorbit, starting
with the anterior margin up to the
orbital apex, and then mobilized in a
monoblock with the ethmoidal laby-
rinth. During all this time, correct
interaction between the neurosurgeon
and otorhinolaryngologist is important
as the neurosurgeon cauterizes the
ethmoidal arteries from above and
helps the otorhinolaryngologist to
medialize the lamina papyracea with
malleable spatulas. Depending on the
size of the tumor, this surgical step may
be associated with a medial max-
illectomy with nasolacrimal duct expo-
sure and dissection below the lacrimal
sac. At the end of the procedure, the
endonasal endoscopic approach is

especially useful for completing the
skull base reconstruction. The endo-
scope makes it possible to verify the
tightness of the pericranium flap and to
apply connective tissue in overlay
fashion (temporal fascia or fascia lata)
to reinforce the ASB reconstruction.

2. Transcranial phase. This phase consists
of a subfrontal (or frontal) craniotomy,
the size and shape of which depend on
the surgical requirements. The crani-
otomy is carried out a few millimeters
above the orbital upper arches to obtain
an approach to the frontal skull base as
broad and as tangential as possible to
reduce as much as possible any exces-
sive retraction of the cerebral paren-
chyma and avoid excessive kinking of
the pericranium flap during the ASB
reconstruction. A bony “volet” including
the anterior and posterior wall of the
frontal sinus is removed. After detach-
ing the bony flap from the dural layer
and clipping the sagittal sinus emis-
saries to control the bleeding, the

exposed dura mater is incised, the ce-
rebral falx is dissected, and the intra-
cranial portion of the tumor is carefully
resected from the brain parenchyma.
With a diamond burr, the superior portion
of the frontal-ethmoidal-sphenoidal bony
complex is isolated. Finally, the intra-
cranial dissected lesions, together with
the ethmoidal box, are extracted trans-
cranially by the 2-physician surgical
team cooperating through the different
approaches.

The dural defect is rebuilt by suturing
the dura mater with the temporal fascia or
fascia lata. The ASB defect is recon-
structed using a galeoperiosteum flap that
is folded over and fixed via button sutures
to the remaining sphenoidal border and to
the orbital process of the frontal bone
(medial edge). In this phase, the simulta-
neous endoscopic endonasal approach is
useful to ensure that the duraplasty grafts
are correctly placed, without any dehis-
cence. The bony flap is put back into place
and fixed with titanium plaques and
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Figure 3. Endoscopic resection with transnasal craniectomy of ethmoidal
intestinal type adenocarcinoma (stage TBNOMO) in a patient with
occupational exposure to wood dusts. Preoperative contrast-enhanced
T1-weighted (A) and T2-weighted (B) magnetic resonance imaging (MRI)
scan in coronal view and contrast-enhanced T1-weighted MRI scan in
sagittal view (C) showed a monolateral lesion without evident skull base
involvement. However, the bilateral carcinogenic exposure of the patient

and the multifocal spread that characterized the disease forced the
endoscopic surgeons to remove the ethmoidal box bilaterally and to
perform a transnasal craniectomy to check the dural layer with frozen
sections. The patient received adjuvant radiotherapy at the site of the
tumor (54 Gy). MRI scan performed 1 year after surgery in coronal

(D and E) and sagittal (F) views confirmed radical resection of the disease.

screws. The galeal-skin flap is relocated
and fixed with a button suture (Figure 6).

Postoperative Management and Adjuvant
Therapy

All patients who undergo skull base
reconstruction must undergo a brain
computed tomography scan on the first
postoperative day to rule out complica-
tions and to evaluate the extent of pneu-
mocephalus. Patients must maintain full
bed rest in a 3o0-degree upright position
until the third postoperative day. Nasal
packing is gradually removed within 48
hours. Intravenous third-generation ceph-
alosporin therapy is started the day before
surgery and continued for at least 5 days.

Nasal irrigation with saline solution and
application of mupirocin ointment twice
daily is recommended for at least 1 month.

Postoperative radiotherapy is planned in
cases of significant skull base involvement
(pT3), intracranial extension and dural
infiltration (pT4a-b), close margins to the
orbital content or the frontal sinus, and
unresectable residual disease (16). All pa-
tients with olfactory neuroblastoma
received adjuvant radiotherapy (5). Post-
operative radiotherapy is indicated in all
patients receiving CER as a primary treat-
ment except for patients with mucosal
melanoma, in which the role of radio-
therapy is unproven (14). Chemotherapy is
added to radiotherapy in histologic types

with a high risk of systemic dissemination
of the disease. All patients have to be
followed according to a protocol that in-
cludes monthly endoscopic examinations
and MRI every 4 months during the first
year; endoscopic examination and MRI
every 2 and 6 months, respectively, during
the second year; and both examinations at
6-month intervals thereafter.

RESULTS

Most publications analyzing the efficacy of
endoscopic surgery in the management of
sinonasal cancers have concentrated on a
small homogeneous cohort of patients
with a specific histology. For this reason,
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Figure 4. A young patient was referred to our tertiary care center for
histopathologic diagnosis of olfactory neuroblastoma after endoscopic
removal of inflammatory-like ethmoidal neoformations. Contrast-enhanced
fat-saturated T1-weighted magnetic resonance imaging scan in coronal (A),
axial (B), and sagittal (C) views clearly showed the intracranial persistence
of the lesion. The tumor invaded the anterior skull base, passing through

the dural layer and compressing the brain without infiltrating it (stage
T4bNOMO). Endoscopic resection with transnasal craniectomy was
performed, and the olfactory bulbs were resected bilaterally. The patient
received adjuvant radiotherapy at the site of the tumor (58 Gy). Magnetic
resonance imaging scan performed 1 year after surgery in coronal (D), axial
(E), and sagittal (F) views showed radical resection of the lesion.

it seems difficult to analyze results of
endoscopic sinus surgery in the manage-
ment of large cohorts of patients. The 2
largest series, reporting on 184 and 120
patients, respectively, who underwent an
endoscopic approach to resect sinonasal
and ASB cancer, were published almost
concomitantly. The former series collected
the data acquired during our 10-year
experience in 2 tertiary care Italian centers
(17), and the latter summarized the onco-
logic results in a cohort of patients treated
at the M.D. Anderson Cancer Center in
Houston, Texas, over a 16-year period (10).

In the Italian experience of 184 patients
(17), an ER was performed in 134 (72.8%)
cases, and the remaining 50 (27.2%)
patients underwent a CER. Overall, 52
(28.3%) patients had failed some form of
previous treatment. Definitive histology

showed a wide spectrum of histologic
types, the most frequent being adenocar-
cinoma (37%), followed by squamous cell
carcinoma (13.6%) and olfactory neuro-
blastoma (12%). The distribution of tu-
mors in relation to T category was as
follows: 52 (28.2%) T1 (49 and 3 in the ER
and CER groups, respectively), 26 (14.2%)
T2 (25 ER and 1 CER), 32 (17.4%) T3 (20
ER and 12 CER), 17 (9.2%) T4a (9 ER and 8
CER), and 35 (19%) T4b (12 ER and 23
CER). Overall, postoperative complica-
tions occurred in 16 (8.7%) patients; the
most frequent was CSF leak (8 cases;
4.3%), which required surgical repair in 6
cases, with the remaining 2 controlled by
lumbar drainage that was maintained for 5
days. Adjuvant treatment was delivered in
86 (46.7%) patients: 72 patients received
radiotherapy alone, 8 patients received

chemotherapy, and 6 patients received
chemoradiation (5 patients receiving ER
and 1 patient receiving CER). Follow-up
ranged from 2—123 months (mean, 34.1
months) for the entire patient population.
The s5-year disease-specific survival was
81.9% £ 3.9% for the entire patient
cohort, varying from 91.4% = 3.9% for the
ER group to 58.8% =+ 8.6% for the CER
group (P = 0.0004). No statistically sig-
nificant difference in g5-year disease-
specific survival was found when
comparing patients who had been previ-
ously untreated with patients with recur-
rent tumors (P = 0.36).

We assessed more recently the health-
related quality of life in a large homoge-
neous cohort of patients affected by ASB
cancers who underwent endoscopic ER
(data not published). The data emerging
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Figure 5. Surgical steps of cranio-endoscopic resection. (A) Transcranial
approach with harvesting of the bony “volet.” (B) Endoscopic endonasal
perspective of the cooperation between the 2-physician surgical team,
through the different approaches, during dissection of the tumor.

(C) Transcranial extraction of the lesion together with the ethmoidal box.
(D) Schematization of the galeoperiosteum flap rotation to repair the
anterior skull base defect. (E) The galeoperiosteum flap is fixed by means
of sutures to the remaining sphenoidal border and to the orbital process of

the frontal bone. The simultaneous endoscopic endonasal perspective is
useful in this phase to check the effective seal of the reconstruction.

(F) Trimming of the border of the bony flap with a diamond burr to put it
back in place correctly. BV, bony volet; B, brain; NS, instruments through
the transcranial window maneuvered by neurosurgeons; ENT, instruments
through the endonasal corridor maneuvered by otolaryngologists; EB,
ethmoidal box; esp, spheno-ethmoidal planum; PF, periosteal flap.

from this study are encouraging, showing
that patients affected by skull base cancers
who undergo endoscopic endonasal sur-
gery report a complete recovery of overall
quality of life 1 year after surgery. The var-
iables associated with a worse quality of life
were age > 60 years, expanded endoscopic
resection associated with transnasal cra-
niectomy, and postoperative radiotherapy.

In the M.D. Anderson Cancer Center
experience with 120 patients (10), an ER
was performed in 134 (72.8%) patients,
and the remaining 50 (27.2%) patients
underwent CER. Overall, 52 (28.3%) pa-
tients had failed some form of previous
treatment. The most common tumor
types were olfactory neuroblastoma (17%),

sarcoma (15%), adenocarcinoma (14%),
melanoma (14%), and squamous cell
carcinoma (13%). The primary T stage was
evenly distributed across all patients as
follows: T1, 25%; T2, 25%; T3, 22%; and
T4, 28%. However, T-stage distribution
differed significantly between the CER and
the ER groups (P = 0.001). Approximately
two thirds (63%) of patients treated with
ER had a lower (T1—T2) disease stage,
whereas 95% of patients treated with CER
had a higher (T3—T4) disease stage.

The overall surgical complication rate
was 11% for the whole group. Post-
operative CSF leak occurred in 4 of 120
patients (3.3%) and was not significantly
different between the CER (1 of 27) and ER

(3 of 93) groups. Of 120 patients, 60 pa-
tients (50%) were treated with surgery
alone, whereas the other 50% received
some form of adjuvant treatment. The
5-year and 1o-year disease-specific survival
rates were 87% and 80%, respectively. The
5-year and 1o0-year overall survival rates
were 76% and 50%, respectively. There was
no statistically significant difference in
disease-specific (P = 0.92) or overall
(P = 0.79) survival between the ER and
CER groups. Survival was statistically and
significantly better for patients who pre-
sented with a previously untreated disease
than for patients who presented with
persistent disease after incomplete surgi-
cal resection.
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Figure 6. Cranio-endoscopic resection of olfactory neuroblastoma (stage
T4bNOMO). Contrast-enhanced fat-saturated T1-weighted magnetic
resonance imaging (MRI) scan in coronal (A) and sagittal (C) views showed
intracranial extension of the lesion, with perilesional edema in the
T2-weighted MRI scan in coronal view (B), suggesting infiltration of the

brain parenchyma. The patient received postoperative radiotherapy at the
site of the tumor (62 Gy). MRI scan performed 1 year after surgery in
coronal (D and E) and sagittal (F) views confirmed the radical resection with
the multimodal treatment.

DISCUSSION

Treatment of sinonasal malignancies has
significantly evolved in recent decades and
requires the contribution of a multidisci-
plinary team. Surgery, which plays a pivotal
role in the management of most patients,
comprises a large spectrum of different
techniques ranging from traditional
external approaches to modern endoscopic
procedures. The absence of facial incisions
and osteotomies, less postoperative pain,

decreased hospitalization time, improved
visualization of tumor borders, and
reduced morbidity and mortality rates are
commonly cited as the major advantages of
endoscopic resection compared with the
external approach (2). When resection of
the skull base is performed transnasally,
retraction of the frontal lobes with the
ensuing possible complications is avoided.
However, as shown in the present series,
transnasal resection of the dura mater,

with consequent endoscopic duraplasty,
increases the likelihood of CSF leak. In the
Italian series, the CSF leak rate was 4.3%,
and CSF leak represented the most
frequent major complication, similar to the
M.D. Anderson Cancer Center experience,
which reported a CSF leak rate of 3.3%
(4 of 120) (10, 17). However, a previous
report by the Italian group focusing on
skull base reconstruction after endoscopic
surgery for malignancies of the sinonasal
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tract demonstrated that the occurrence of
CSF leak is clearly related to the learning
curve of the surgical team and to the
refinement of the surgical technique, with
progressive decrease of this complication
over time (23).

Both of these large series analyzed
included patients in whom endoscopic
surgery was used either alone (72.8% vs.
77.5%) or in combination with frontal or
subfrontal craniotomy (27.2% vs. 22.5%).
The distribution of patients in relation to
histology reflected the variable prevalence
of histologic types found in various
geographic areas. In the Italian series,
adenocarcinoma was the most frequent
lesion (37%), whereas olfactory neuro-
blastoma was prevalent (17%) in the U.S.
experience. With no major differences in
the mean follow-up time (34.1 months vs.
37 months), the s5-year disease-specific
survival in the 2 series for the entire patient
cohort was also quite similar: 81.9% vs.
87%. Nicolai et al. (17) found a statistically
significant difference in s5-year disease-
specific survival between patients treated
with endoscopic surgery alone compared
with patients treated with CER (91.4% vs.
58.8%; P < 0.001), although this observa-
tion was not confirmed by Hanna et al.
(10). As pointed out by these authors, this
variability can reflect the different criteria
used for patient selection for the different
approaches, with the U.S. group being
more inclined to reserve an endoscopic
approach for patients with relatively earlier
disease stage and no or limited skull base
invasion.

Overall, the “gold standard” for skull
base procedures is to choose the best sur-
gical corridor to the pathology. It is of
paramount importance that the chosen
route to the target allow safe and adequate
management of the pathology without
crossing nerves or other vital structures.
The endoscopic endonasal corridor is
preferred when it provides the most direct
access to the tumor with the least manip-
ulation of neural and vascular structures; if
nerves or vessels need to be mobilized to
reach the tumor, an alternative approach
should be considered. Based on this state-
ment, we believe that every surgical option
should be available to the management
team and that the surgical choice should be
made without any dogmatism.

The choice of a surgical approach de-
pends on patient comorbidities, tumor

characteristics, and the level of skill and
confidence of the surgeons. The need for
an external or combined procedure may be
suggested by preoperative imaging studies,
but a definite decision can be made only
during the surgical procedure itselfin a few
cases. Consequently, the possibility of
switching from an endoscopic to an
external procedure must always be dis-
cussed with the patient before surgery (19).
The surgical team, which for tumors
involving the ASB necessarily includes both
otolaryngologists and neurosurgeons,
should be experienced in all these tech-
niques to be able to perform “multiportal”
surgical approaches. To optimize out-
comes, endoscopic resections of sinonasal
and skull base tumors should be performed
only by teams of surgeons with long-
standing experience in the endoscopic
management of inflammatory diseases and
CSF leak repair and a thorough knowledge
of the surgical oncologic principles for the
management of malignancies.

Although our series as well the other
experiences reported in the literature has
some limitations (i.e., histologic heteroge-
neity and limited cohort of cases secondary
to the rarity of these lesions), the 5-year
overall and disease-specific survival rates
seem to indicate that endoscopic surgery,
when properly planned and performed by
experienced surgeons, may be an effective
alternative to standard approaches in the
management of selected malignancies of
the sinonasal tract. In the surgeon’s avail-
able armamentarium for the treatment of
sinonasal and skull base malignancies, the
endoscopic approach has acquired an
accepted role with precise indications and
should be considered one of the therapeutic
options, together with the other surgical
approaches and radiochemotherapy, in an
oncologic multimodal therapy approach
capable of achieving radical and complete
treatment of the pathology, while mini-
mizing the morbidity for the patient (11).

However, changes in clinical practice
should be rooted in methodologically
sound evidence. At the present time, the
levels of evidence in endoscopic tumor
surgery are mainly level 3 (case series) and
level 4 (expert opinion). We will have to
reach higher levels of evidence within the
next decade. For this purpose, the first step
has been setting up a large database of
cases with malignant sinonasal and skull
base tumors to collect the clinical history of

the patient, imaging data, pathologic
findings, different types of surgical man-
agement, and postoperative treatment (10).
A website permits the collection of large
series of patients, particularly of rare neo-
plasms, which would increase our knowl-
edge of the biologic behavior of the
tumors. The next step to validate the
endoscopic endonasal approach in the
management of sinonasal and skull base
malignancies will be to perform a collabo-
rative, multicenter, randomized controlled
trial with a large cohort of patients, with a
precise stratification of the study popula-
tion in homogeneous groups according to
the stage of disease and histologic type. A
collaborative multicenter trial is a unique
opportunity for an international and inter-
disciplinary collaboration that would result
in benefits for a wide range of patients
affected by sinonasal and skull base
tumors.

There are still open issues and ques-
tions to be answered (18). Longer follow-
up times are needed to collect meaningful
information on the outcome of tumors
that can relapse well beyond the usual
5-year follow-up period. Stratification of
survival data by histology and stage is
required to gain a better understanding of
the impact that these variables have on
outcome. The role of adjuvant therapies
(radiotherapy, chemotherapy, biologic
modifiers) also needs to be explored with
the intent of identifying patients who can
benefit from these therapies, avoiding
overtreatment in patients with less
aggressive disease. Tailoring target treat-
ment can be aided by expanding the study
of specific biologic markers (21). Pro-
spective quality-of-life evaluation should
also be included in the assessment of
patients before and after treatment (1).

CONCLUSIONS

Endoscopic resection of sinonasal malig-
nancies is a technique that is expanding.
The role of transnasal endoscopic resection
for low-stage (T1-T2 or Kadish A-B) sino-
nasal malignancies is becoming well
established; for advanced-stage lesions
with skull base involvement or focal dural
infiltration, longer follow-up times and
larger case series are needed to validate this
approach. In these latter cases, when
extensive involvement of the intracranial
structures is present, the endoscopic
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endonasal corridor can be safely combined
with a transcranial approach. The encour-
aging overall and disease-specific survival
rates reported in more recently published
studies suggest that for well-selected cases
and with appropriate use of adjuvant or

neoadjuvant therapies,

endoscopic ER

could produce acceptable oncologic out-
comes in the management of sinonasal and
ASB cancers.
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