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Akao et al34 2003 4 CR 1 A case of a 11-year-old female with cementifying fibroma
in the ethmoidal sinus extending to the anterior cranial
base was presented. Although a tumor reduction
surgery was attempted through a transnasal approach,
tumor size increased gradually and right exophthalmos
subsequently appeared

Al-Mefty et al35 2008 2b RC 4 A complete anterior clivectomy via a simple extension of
the transsphenoidal approach allows the surgeon access
to different lesions involving the clivus or situated
anterior to the brainstem

Ali et al6 2013 2b RC 7 Complete radiographic resection of pediatric cranio-
pharyngioma can be achieved via a purely endoscopic
endonasal approach. In particular, this approach can be
performed safely using the “two-nostrils-four-hands”
technique with intraoperative neuronavigation. This
approach should be highly considered in patients with
progressive visual dysfunction

Alimohamadi et al36 2015 2b RC 1 We recommend selecting the pure endonasal trans-
maxillary approach for lesions within the pterygopala-
tine fossa that do not have major lateral extensions and
combining it with the sublabial transmaxillary approach
when larger viewing angles are needed or a more lateral
exposure is required

AlQahtani et al37 2012 2b RC 7 In selected cases, endoscopic endonasal approach of
pediatric sinonasal and skull base malignancies could be
an alternative approach. Despite our few cases, it
showed a feasibility of this technique with satisfactory
oncological control

Anik et al38 2012 4 CS 1 Histopathological sampling provided by surgical
approach should be obtained to establish the final
diagnosis. Endoscopic approaches are convenient for
skull base lesions even for biopsy or curative resections
providing panoramic view and avoid brain retraction

Arndt et al 39 2007 4 CR 1 The present case demonstrates that preoperative MRI
and CT imaging is important for differential diagnosis to
exclude intracranial connections of the tumor

Bae et al 40 2015 4 CR 1 Acute optic neuropathy can be elicited by Langerhans
cell histiocytosis arising in the sphenoid-ethmoid bone.
Early decompression is the key to vision salvage. An
endoscopic endonasal approach may be a good thera-
peutic option in this situation

Banu et al 41 2014 2b RC 28 Endonasal endoscopic skull base approaches are viable
in the pediatric population, they are not impeded by
sphenoid sinus aeration, and they have minimal risk of
cerebrospinal fluid leak and meningitis. Outcomes and
complications can be predicted based on specific radio
anatomical skull base measurements rather than age

Battaglia et al42 2016 4 CS 1 The septal flip flap is a safe and effective technique for
anterior skull base reconstruction with high success
rates similar to those obtained using other pedicled
flaps. This flap also ensures greater speed in the healing
process, with a reduction in nasal crusting and
corresponding patient discomfort

Bilginer et al43 2015 2b RC 6 Clival chordomas are challenging tumors in neurosur-
gical practice. A multidisciplinary approach is warranted
in each patient. Today, the best management strategy
seems to be surgical resection followed by radiotherapy
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Bohnstedt et al44 2012 4 CR 1 This 14-year-old girl with a history of myoepithelial
carcinoma originating in the soft tissues of the left hip
and metastatic to the lung presented with left lateral
gaze palsy. Microscopic transsphenoidal resection with
endoscopic assistance was performed

Cavallo et al 45 2014 2b RC 20 The endoscopic endonasal approach has become a valid
surgical technique for the management of craniophar-
yngiomas. It provides an excellent corridor to infra- and
supradiaphragmatic midline craniopharyngiomas,
including the management of lesions extending into the
third ventricle chamber

Cavallo et al17 2009 2b RC 4 Extended endoscopic endonasal technique can also be
safely used in patients who originally underwent trans-
sphenoidal surgery. The endoscopic endonasal techni-
que should be considered as a therapeutic option in
selected cases of recurrent or symptomatic residual
craniopharyngiomas

Chiu et al46 2005 4 CR 1 As technology and instrumentation continue to
improve, endoscopic surgery has extended beyond its
traditional role of strictly sinus surgery. Compared with
the more traditional open procedures, endoscopic or
endoscopic-assisted procedures in these delicate areas
has the potential to spare a patient considerable mor-
bidity and decrease postoperative recovery time and
inpatient hospital stays

Chivukula et al9 2012 2b RC 112 Endoscopic endonasal surgery has proved to be a safe
and feasible approach for the management of a variety
of pediatric skull base pathologies. When appropriately
indicated, it may achieve optimal outcomes in the
pediatric population

Chou et al47 2015 4 CR 1 Schwannoma should be considered in the differential
diagnosis for pediatric patients with intranasal masses.
Depending on the location and extent of the tumor,
endonasal endoscopic excision could be a suitable
management strategy.

Ciniglio Appiani et al48 2016 2b RC 2 Complete surgical removal is the only curative treat-
ment for ossifying fibroma and should be performed
through an endoscopic approach as a first-choice option

Cobb et al49 2015 4 CR 1 By integrating current techniques commonly used in
open aneurysm surgeries and in endovascular proce-
dures, we developed a rapid, safe technique to repair an
endoscopic endonasal approach-associated iatrogenic
internal carotid artery injury

de Minteguiagaet al50 2001 4 CR 1 This is the first published case in which minimally
invasive surgery was used to completely remove an
aneurysmal bone cyst of the sphenoid bone

Dziedzic et al51 2015 4 CR 1 The authors present the case of a 4-year-old girl with
recurrent rhabdomyosarcoma attached to the lateral
rectus muscle located lateral and inferior to the optic
nerve in the orbital apex. The tumor was totally resected
through an endoscopic endonasal transmaxillary trans-
pterygoidal approach

Eloy et al52 2012 2b RC 2 Rigid structural repair may not be necessary for anterior
skull base defect repair after endoscopic endonasal
resection of the cribriform plate. Our technique for
multilayer cranial base reconstruction appears to be
satisfactory in preventing delayed frontal lobe sagging.
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Eloy et al53 2007 4 CR 1 Endonasal surgery combined with a preoperative
embolization of the arterial supply is indicated for small
and middle size JNAs but also for large tumors extended
to the pterygopalatine fossa and medial aspect of the
infratemporal fossa

Fagan et al54 1997 2b RC 2 In young patients, the approach should minimize the
potential for facial growth retardation. Tumors confined
to the nasopharynx, nasal cavity, and paranasal sinuses
may be removed endoscopically. Medial maxillectomy is
recommended for tumors that extend to the medial
intratemporal fossa or medial cavernous sinus

Fyrmpas et al55 2011 2b RC 7 The infratemporal fossa or clival extension of juvenile
nasopharyngeal angiofibroma may be managed with
endoscopic surgery alone or in combination with limited
external approaches

Galassi et al56 2008 4 CR 1 The authors report on a case of solitary myofibroma
involving the ethmoid, mesial orbits, and anterior skull
base with intracranial intradural expansion in a 17-
month-old girl. The tumor was successfully excised via
an endoscopy-assisted cranionasal approach in which a
transcranial microsurgical exposure was combined with
endonasal endoscopic access to ensure a radical resec-
tion and optimize skull base reconstruction

Gonçalves et al57 2010 4 CR 1 Fibrous dysplasia of the clivus without expansion to the
condylus can be removed with a transsphenoidal
endonasal endoscopic approach. Preoperative imaging
reveals the individual patient's anatomy and improves
the intraoperative orientation

Goyal et al58 2012 4 CR 1 We present the case of a 14-year-old girl who presented
with nasal obstruction and a swelling of the right cheek.
The mass was excised via a lateral rhinotomy approach
and was identified as an aneurysmal bone cyst. The
patient experienced a recurrence in the right sphenoid
sinus within 3 months

Hackman et al8 2009 2b RC 12 Most juvenile nasopharyngeal angiofibroma regardless
of tumor extent may be completely excised using
expanded endonasal approach alone or in combination
with minor sublabial incisions avoiding the morbidity
associated with larger open approaches or postopera-
tive radiation therapy

Hofstetter et al19 2009 4 CS 2 An endoscopic transpterygoid approach is a minimally
invasive endoscopic approach for lesions located or
extending to the pterygopalatine fossa, infratemporal
fossa, petrous apex, Meckel cave, and other regions of
the paramedian skull base

Holzmann et al59 2012 4 CS 3 Based on our experience on this small series, we suggest
that a transnasal endoscopic approach to the anterior and
central skull base can be applied even in small children

Hong Jiang et al60 2008 2b RC 1 The endoscope has recently been applied in patients
with chordomas, but rare studies report the various
endoscopic approaches in the treatment of chordomas
in the different regions of clivus. In this study, the
authors present their experience with these techniques
in patients with chordomas

Inoue et al61 2016 4 CR 1 This is the first report to describe beneficial effects of
denosumab in the treatment of giant cell tumors of the
skull base
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Jalessi et al62 2014 4 CR 1 We herein describe a unique case of Rathke's cleft cyst,
which presented with severe visual loss owing to mas-
sive herniation of the optic chiasm and third ventricle
down into the sphenoid. We describe a reconstruction
method via endonasal transsphenoidal approach in this
case and suggest prophylactic reconstruction of the
sellar floor in sellar lesions

Jeffrey et al63 1995 2b RC 1 The authors propose that these tumors be classified as
“hyalinized chordomas,” rather than “chondroid chor-
doma,” to clarify their histogenesis and avoid confusion
with chondrosarcomas of the base of the skull

Josephson et al64 2010 4 CR 1 The following is a report on a 7-month-old male diag-
nosed with an infantile myofibromawithin his right nasal
cavity originating from the anterior skull base. This case
is unusual in both its symptom presentation and loca-
tion of origin of this tumor

Kanaan et al65 2008 4 CR 1 The authors report the case of a 14-year-old boy with an
olfactory schwannoma that extended inferiorly through
the cranial base and superiorly into the frontal lobe.
Because of the growth characteristics of the tumor and
the significant overlying frontal lobe edema, the lesion
was approached via an endonasal endoscopic route, as a
strategy to minimize brain retraction

Kassam et al66 2009 2b RC 2 In selected patients, the expanded endoscopic endo-
nasal approach to the quadrangular space provides
adequate exposure of Meckel's cave and its vicinity, with
low morbidity

Kassam, et al67 2007 2b RC 8 In well-selected patients, the expanded endonasal
approach represents a safe, effective, and minimally
invasive technique for the treatment of skull base lesions
in children. Incremental experience is needed for
acquiring the skills with endoscopic techniques to pro-
gress to the more complex modular approaches

Khalifa and Ragab et al68 2008 2b PC 32 Endoscopic-assisted antral window approach provides a
safe, reliable, effective and minimally invasive technique
in the management of type III juvenile nasopharyngeal
angiofibroma with infratemporal fossa extension

Kumar et al69 2014 2b CR 3 With the use of modern skull base surgical techniques,
coordinated interdisciplinary care, and safe, near-total
removal of the tumor mass, adolescent males with
advanced juvenile nasopharyngeal angiofibromas may be
spared the long-term morbidities associated with using
radiation to treat these benign but aggressive lesions

Linsler et al70 2016 4 CR 1 The use of intraoperative CT/MRI-guided neuronaviga-
tion for transsphenoidal surgery is a time-effective, safe,
and technically beneficial technique for special cases

Little et al71 2012 4 CS 1 The endoscopic sublabial transmaxillary and endoscopic
endonasal middle meatal transmaxillary approaches are
complementary corridors to the anterior skull base that
can be used independently or in combination

Liu et al72 2015 2b RC 2 Combining the endoscopic endonasal approach with a
transcranial approach via an orbitozygomatic, extra-
dural, transcavernous approach may be considered in
giant extensive juvenile nasopharyngeal angiofibromas
that have intracranial extension and intimate involve-
ment of the cavernous sinus
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Liu et al73 2016 4 CS 1 The authors review standard cranial base techniques
applied to craniopharyngioma surgery, using both the
endoscopic endonasal approach and traditional open
microsurgical approaches, and analyze factors involved
in approach selection

Locatelli et al74 2001 2b RC 8 Endoscopic treatment for fistulas, most benign tumors of
the cranial base, intrasellar adenomas, cystic intrasellar
lesions, residual or cystic craniopharyngiomas, and
selected cases of small chordomas,mucoceles andmycosis
with intracranial extension, and optic nerve decompres-
sion, could be a realistic target if adequate skills have been
attained through interdisciplinary collaboration

Locatelli et al75 2010 2b RC 27 Endoscopic endonasal transsphenoidal surgery is a safe
and effective surgical option also in children. As for
adults, it allows to manage most of the tumor lesions of
the sellar region with stable long-term results.

López et al76 2012 4 RC 48 Juvenile angiofibromas should be treated at centers with
expertise in skull base surgery to achieve complete
surgical resections with low morbidity. Radiosurgery
after surgery seems to be a valuable option in the long-
term control of some extended tumors

Mair et al77 2003 4 CR 1 Laser-assisted image-guided endoscopic excision of
juvenile nasopharyngeal angiofibromas is a safe and
effective minimally invasive surgical treatment. Its dis-
tinct advantages include (1) diminished blood loss, (2)
superior cosmesis without observed altered facial
growth, (3) direct access of skull base with minimal
morbidity, and (4) ease of endoscopic follow-up

Manjila et al78 2013 4 CR 1 The efficacy of endonasal endoscopic resection for
fibrous dysplasia, particularly with a secondary aneur-
ysmal bone cyst, is dependent largely on the superior
and lateral extent of the disease, aggressiveness of the
lesion, and completeness of the initial operation

Marglani et al79 2014 4 CR 1 A 11-year-old female patient presented with left-sided
nasal obstruction and upward displacement of the left
eye. Histopathological examination revealed trabecular
juvenile ossifying fibroma, which was removed via a
transnasal endoscopic surgery

Massimi et al80 2011 2b RC 13 Endoscopic endonasal surgery can improve the quality
of the postoperative course in children regardless of the
type of lesions treated and the surgical complications

Mattei et al81 2011 2b RC 20 Radical removal of large juvenile nasopharyngeal
angiofibroma may be difficult because of its extreme
vascularity and extension to the cavernous sinus, orbit,
middle, and anterior fossa Nevertheless, most with
intracranial extension can be resected in the first
operation with minimal morbidity through a facial
degloving and further combination of expanded endo-
scopic endonasal approaches

McLaughlinet al82 2016 2b RC 29 There were no significant differences between radio-
frequency ablation-assisted resection and traditional
endoscopic resection in intraoperative or postoperative
outcome parameters

Meccariello et al83 2012 4 CR 1 We propose that endoscopic skull base surgery can be
used, within the Moulage Brachytherapy and Recon-
struction framework, without compromising overall
cure rates, while at the same time, reducing morbidity
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Mendelson et al84 2014 2b RC 1 A nonaggressive strategy of partial cyst wall removal and
simple drainage of cyst contents via endoscopic endonasal
transsphenoidal approach is a viable approach for surgical
treatment of Rathke's cleft cyst with a low rate of post-
operative endocrine and visual complications

Moreddu et al85 2015 4 CR 8 Large nasopharyngeal teratomas of infancy with sino-
nasal and intracranial extension may be managed using
a combined endoscopic-assisted endonasal and neuro-
surgical procedure

Nakaya et al86 2015 4 CR 1 Infratemporal fossa hemangioma exceeding 6 cm were
extracted completely using endoscopy from the trans-
maxillary and transoral approach without facial incisions
or surgical complications. Our system is a useful tool for
the endoscopic excision

Naraghi et al87 2015 2b RC 4 Management of intracranial intradural juvenile naso-
pharyngeal angiofibroma requires a multidisciplinary
approach of combined open and endoscopic-assisted
rhinosurgery and neurosurgery, because of greater risk
for complications during the dissection. Carotid rupture
and brain damage remain two catastrophic complica-
tions that should always be kept in mind

Palejwala et al88 2016 2b RC 4 Multifaceted approaches to intracranial lesions can be
both safe and efficacious for patients with intracranial
extension via perineural spread. In carefully selected
patients, a combination of approaches has the added
benefit of more direct approaches along the pathways of
perineural spread and intracranial involvement

Patel et al89 2012 4 CR 1 Our patient presented with an extensive osteoblastoma
that was resected purely endoscopically. These tumors,
despite their histopathologic features and size, can be
successfully removed using endoscopic endonasal skull
basetechniqueswithout themorbidityofanopenapproach

Pirris et al90 2007 4 CR 1 We present this case to illustrate a new paradigm of skull
base surgical approaches for large clival lesions in
pediatric patients that allows aggressive resection with
minimal morbidity

Prevedello et al91 2007 4 CR 1 The authors describe a case of a giant epignathus
teratoma originating in the skull base of a neonate,
extending bilaterally via two pedicles throughout the
hard palate and protruding through the oral cavity. The
tumor was completely resected using a transpalatal
endoscopic endonasal approach

Rahmani et al92 2015 2b PC 1 Endoscopic surgery for palliation in this cohort has the
potential for improvement in sinonasal symptoms with
minimal perioperative morbidity.

Rastatter et al93 2015 4 CR 1 A 9-year-old female patient underwent extensive clival
chordoma resection via both the endoscopic and open
approaches, which ultimately exhausted the bilateral
nasoseptal flaps and other intranasal reconstructive
options. Following proton beam radiation and initiation
of chemotherapy, tumor recurrence was managed with
further endoscopic resection, which was complicated by
a recalcitrant cerebrospinal fluid leak

Raza et al94 2012 2b RC 1 The transconjunctival medial orbital craniectomy pro-
vides a minimally invasive keyhole approach to lesions
located anteriorly along the anterior cranial fossa that is
in the midline with lateral extension over the orbital roof
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Journal of Neurological Surgery—Part B

Pediatric Skull Base Tumors and Endoscopic Surgery Shenouda et al.



Supplemental Table S1 (Continued)

Authors Study
year

Level of
evidence
(1a-5)

Study
design

Subjects Conclusions

Re et al95 2012 4 CS 2 Despite many authors think that an external approach is
necessary if the dermoid extends to the anterior cranial
fossa, we can state that, in expert hands, the endoscopic
endonasal approach is an effective technique for the
resection of nasal dermoids with intracranial extension

Revenaugh et al96 2010 2b RC 1 These preliminary data suggest a potential role for
minimally invasive endoscopic resection in the com-
prehensive management algorithm of sinonasal undif-
ferentiated carcinoma in appropriately selected
patients. Patient outcomes including local and regional
recurrence, distant metastases, and overall and disease-
free survival were comparable to a treatment strategy
using traditional craniofacial resection

Rigante et al97 2011 2b RC 10 The endoscopic endonasal approach to the sellar and
parasellar region has proved its reliability and effec-
tiveness in the adults. Theminimal invasiveness makes it
ideal for the treatment of pediatric lesion of this region,
in which it is essential to preserve the integrity of the
hypothalamic–pituitary axis and of the nasofacial struc-
tures to assure the correct growth of the child

Rowan et al98 2017 2b RC 34 The University of Pittsburgh Medical Center staging
system accounts for both route of skull base extension
and tumor vascularity, which are two important tumor
attributes in the age of preoperative embolization and
endoscopic endonasal surgery

Rowland et al99 2013 4 CR 1 The authors present a case of skull base juvenile psam-
momatoid ossifying fibroma that underwent cystic
expansion in a young girl, produced a focal neurological
deficit, and was resolved using a staged surgical approach

Ruiz et al100 2012 4 CS 2 Coblation-assisted transnasal endoscopic resection of
JNA is feasible. This device can dissect through and
debulk JNA tumor, despite its extreme vascularity. It can
be performed with minimal morbidity and low intrao-
perative blood loss, even with nonembolized tumors up
to Radkowski IIC

Salazar Guilarte et al101 2011 4 CR 1 We present a case of primarily extraosseous chordoma
in pediatric age, involving the nasopharynx, to improve
preoperative diagnosis and postoperative management
of this rare tumor

Salmasi et al102 2012 4 CR 1 Our current case highlights a pediatric patient with
extensive cranial fibrous dysplasia who developed rapid
visual deterioration due to a secondary sphenoid sinus
aneurysmal bone cyst. He underwent a staged
expanded endonasal endoscopic approach and resec-
tion with excellent return of his vision

Salmasi et al103 2011 4 CR 1 Our current case highlights a skull base low-grade
smooth muscle neoplasm localized in the pterygopala-
tine fossa that presented as unilateral facial pain invol-
ving the V1 and V2 distributions. He underwent an
expanded endonasal endoscopic approach for complete
resection of this tumor resulting in resolution of his
presenting symptoms

Sankhla et al104 2015 2b RC 15 Our early experience suggests that the extended
endonasal endoscopic approach is a reasonable option
for removal of the retrochiasmal craniopharyngiomas.
Compared with other surgical approaches, it provides
better opportunities for greater tumor removal and
visual improvement without any increase in risks
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Senior et al105 1997 2b CS 1 Freehand three-dimensional CT, while still with limita-
tions, offers the advantage of increased surgical safety,
aiding anatomic understanding in distorted surgical
fields for resection of benign sinonasal tumors with
orbital and skull-base extension

Shek et al106 1999 4 CR 1 We have documented an uncommon case of chondro-
myxoid fibroma of the skull base in a teenage girl. The
tumor showed multiple recurrences over a period of
10 years after the initial operation

Shin et al107 2011 2b RC 1 An endoscopic endonasal approach provides adequate
access for nonvestibular schwannomas invading the
skull base, allowing a high degree of resection with a low
rate of complications

Simal-Julián n et al108 2013 4 CR 1 For lesions with mediolateral growth patterns, the
authors consider the extreme far-medial approach to be
superior to the pure transmaxillary approach

Stapleton et al109 2015 2b RC 14 Endoscopic endonasal surgery for benign fibro-osseous
tumors of the skull base is a safe and effective treatment
for excision of these lesions in the pediatric population

Stippler et al110 2009 2b RC 2 Endoscopic endonasal resection of cranial base chor-
domas is safe once adequate experience is gained with
the technique

Tabaee et al21 2010 2b RC 1 Endoscopic surgery may allow for palliation in advanced
sinonasal and skull base neoplasms. The indications for
this procedure are individualized on the basis of disease
demographics and overall prognosis

Taylor et al111 2014 4 CS 3 Endoscopic endonasal approach to infratemporal fossa
tumors is technically feasible with low risk of complica-
tions for well-selected patients. The proposed classifi-
cation system is useful for anticipating potential
sequelae for each approach

Van Den Abbeele et al112 1999 2b RC 3 The transnasal endoscopic repair of congenital menin-
goceles is a reliable technique in select pediatric patients

Vellutini et al113 2014 2b RC 4 Endoscopic transnasal surgery is an alternative approach
for the treatment of clivus lesions, and, in expert hands,
this technique can obtain good results

Weiss et al114 1998 4 CS 2 We recommend that every patient with a midline nasal
dermoid be evaluated preoperatively by fine-cut CT
scan, in the axial and coronal planes, using both bone
and soft-tissue algorithms. Transnasal endoscopic exci-
sion of midline nasal dermoid should be used if the
dermoid is located within the nasal cavity, and there is
minimal or no cutaneous involvement

Yano et al115 2017 2b RC 2 This study indicates that endoscopic endonasal skull base
surgery protects hypothalamus function and improves
tumor removal rate, and that it will become the first choice
of surgical procedure for managing craniopharyngiomas.

Yu et al116 2011 4 CS 4 Radical resection or partial resection plus external beam
radiation therapy produces better prognosis in infra-
sellar craniopharyngioma than intracranial
craniopharyngioma

Zada et al117 2010 4 CS 1 Although the ability to approach and resect complex
tumors using endonasal skull base techniques has
evolved dramatically in recent years, several inherent
tumor characteristics mandate extensive preoperative
consideration
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Journal of Neurological Surgery—Part B

Pediatric Skull Base Tumors and Endoscopic Surgery Shenouda et al.



Supplemental Table S1 (Continued)

Authors Study
year

Level of
evidence
(1a-5)

Study
design

Subjects Conclusions

Zhan et al118 2015 2b RC 11 Endoscopic endonasal (transnasal) transsphenoidal
approach provides a safe and effective surgical option
with low morbidity and mortality in pediatric patients

Zhang et al119 2008 2b PC 1 The use of nasoendoscopy to perform clival chordoma
and chondrosarcoma surgery is not limited to merely
the minimally invasive aspects. It provides better
visualization of the deeper anatomical structures in the
skull base and affords a means to “look around corners.”
This approach promises a simple and rapid access to the
clivus. It is both a safe and efficient procedure

Zhang et al120 2011 4 CS 1 Dumbbell-shaped hypoglossal schwannomas tend to
cause lower cranial nerve deficits, facial paralysis, and
hearing loss. With appropriate preoperative evaluation
and careful planning of the perioperative period, com-
plete tumor resection can be achieved via the purely
endoscopic transoral approach

Abbreviations: CC, case–control; CR, case report; CS, case series; CT, computed tomography; JNA, juvenile nasopharyngeal angiofibroma; PC,
prospective cohort; MRI, magnetic resonance imaging; RC, retrospective cohort
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