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Endoscopic Endonasal Approach for Suprasellar Lesions
in Children : Complications and Prevention
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The endoscopic endonasal approach (EEA) has been popularized in adults and has been applied to an expanding range of surgical
modules and indications in this population. However, its clinical application in pediatric neurosurgery has been impeded by the
differences in anatomical features and the relatively low incidence of diseases to which it is applicable. In this review article, we
mainly discuss the surgical indications, feasibility, and complications of EEA for suprasellar lesions in children based on a review of
the literature, focusing especially on the age-related anatomical features of the nasal cavity, various pathologic entities, and the

impact of EEA on long-term craniofacial growth.
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INTRODUCTION

The ancient Egyptians were the pioneers and built the foun-
dation of natural science, including the field of neurosurgery.
The radiological evidence of skull base perforations in mum-
mies implies that they regarded the nasal cavity as the corridor
to the brain”. In his book “Histories”, Herodotus wrote out
procedures for brain extraction excerebration that are very
similar to those of modern endonasal skull base surgery®.
However, the concept of approaching the brain via the nasal
cavity could not been highlighted, as brain surgery itself was
not established until 1900. The trans-nasal skull base ap-

proach came into the spotlight of modern medical practice
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with the contributions of Harvey Cushing and Oskar Hirsch
in the early 1900s, although Cushing completely abandoned
the trans-sphenoidal approach (TSA) in 1929 due to high sur-
gical mortality*”. Oskar Hirsch, a Viennese otolaryngologist,
introduced the endonasal route to the pituitary in 1909”.
Since then, surgical techniques have progressed toward sim-
ple, safe and minimally invasive approaches thanks to techni-
cal developments such as microscopy and fluoroscopy. Fol-
lowing the introduction of the endoscope as an adjunct to
microscopy for extrasellar tumors in the 1970s, pure endo-
scopic TSA was described in the 1990s™"*"”. With these docu-
mented experiences, the development of various surgical in-

struments and technical improvements, pure endoscopic
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pituitary surgery has become increasingly popular and the
concept of expanded TSA was introduced'®"™".

The advantages of endoscopic surgery include visualization
of blind spots via panoramic and angled views, with the ca-
pacity for close-up magnification. The wide visualization of
surrounding anatomical landmarks helps to orient surgeons
to the location of critical structures while avoiding irradiation
from fluoroscopy”. This feature is extremely useful in revision
surgery for recurrent or residual tumor with distorted surgical
corridors'”. Moreover, the retractor does not restrict the space
available for instrument movement, although it plays a benefi-
cial role in protecting the nasal mucosa and as a protective
barrier or compressor for bloody mucosal oozing. However,
surgical manipulation under the endoscopic view is not famil-
iar to neurosurgeons trained with microscopy, and there is a
steep learning curve. The 2D images provided by the static en-
doscope and the consequent loss of depth perception, in con-
trast to the 3D images provided by microscopy, are trouble-
some for novices, although the loss of 3D visual perception
could be overcome by the dynamic movement of endoscopic
views. These features have driven changes in surgical ap-
proach trends, and favorable results have been published over
the last 10 years. However, the majority of published studies
on the endoscopic endonasal approach (EEA) have comprised
adult cohorts, and studies of young patients are rare. This ar-
ticle focuses on the surgical indications, outcomes and char-
acteristic complications of EEA in childhood, including pre-

operative considerations and prevention of complications.

INDICATIONS

The most common surgical indication for EEA in adults has
been lesions in the sella turcica, such as pituitary adenomas
and Rathke’s cleft cysts, because the procedure originated
from traditional TSA and the concavity of the sellar fossa is
difficult to reach by transcranial methods. With the general-
ization of extended TSA, the sagittal extent of a tumor (i.e.,
whether it is located within the sella or beyond the sellar fossa)
does not affect the decision regarding surgical approach, and
the coronal extent of tumor has become the major concern.
Kassam previously identified the medial orbital wall as the
lateral anatomical boundary of EEA for the anterior fossa, in

addition to the optic canal and cavernous internal carotid ar-
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tery (ICA) protuberance in the area of the planum sphenoida-
le, tuberculum sellae and sella itself'. The paraclinoid ICA
and jugular foramen limit the lateral extension of EEA in the
posterior fossa'”. In other words, we could directly access the
bony and dural window between the bilateral critical neuro-
vascular structures via midline EEA, and intracranial lesions
located between the bilateral cranial nerves, ICAs, and poste-
rior communicating arteries could be operated on regardless
of the pathologic entities. Considering the differences in dis-
ease prevalence with age, fibrous dysplasia, craniopharyngio-
mas, pituitary adenomas, sarcomas, dermoid/epidermoid
cysts, chordomas, and chondrosarcomas could be selected as
pathological entities for which EEA is indicated in young pa-
tients”?,

With the comprehensive investigation of ventral skull base
anatomy and technical advances in the accuracy of surgical
navigation systems, the surgical field for EEA has been ex-
tended laterally from the midline to the paramedian skull
base, and several surgical corridors have been introduced and
used in practice, such as the so-called coronal module”.
These techniques are often performed via the pterygopalatine
fossa, which is bounded by the maxilla anterolaterally, the
pterygoid process posteriorly, and the palatine bone antero-
medially. In contrast, EEA for midline lesions uses the air
cells and sinuses made by the lateral lamella structures of the
nasal cavity, such as the uncinate process, bulla ethmoidalis,
basal lamella of the middle turbinate, and superior turbinate.
The transpterygoid route can be created by a wide antrostomy
of the medial maxillary wall and removal of the posterior
maxillary sinus wall. The dissection of contents in the ptery-
gopalatine fossa and identification of the vidian canal provide
the key landmarks for anatomical orientation and following

. 22)
surgical procedures

. A transpterygoid approach with addi-
tional procedures provides a surgical corridor to the medial
petrous apex, infrapetrous area, suprapetrous area, lateral
cavernous sinus, infratemporal fossa, occipital condyle and
jugular foramen®. Paramedian EEA is usually indicated in
cases with wide anterior tumors occupying space in the ven-
tral skull base and is rarely used for purely intracranial tu-
mors. Fortunately, tumors in the paramedian skull base are
rare in childhood and the most common tumor pathologies
for which EEA is indicated are juvenile nasopharyngeal an-
giofibromas, fibrous dysplasia, fibro-osseous tumors, sarco-

mas, and chondrosarcomas.
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Fig. 1. A case of craniopharyngioma located in the suprasellar area and
posterior fossa (A, B). The wide sphenoidotomy was performed to
exposure the midline skull base bone from the tuberculum sellae to lower
clivus (C). The dura was exposed after the bony work between bilateral
optic canal at the level of tuberculum and bilateral internal carotid artery
at the level of sella and clivus (D). The post-operative 6-months MR
showed no residual tumora and parenchymal damage of normal brain.
The compressed pons by the tumor showed the normal contour (E, F). TS :
tuberculum sellae, ICA : internal carotid artery, MR : magnetic resonance.

In summary, EEA is indicated for central skull base tumors
located between the bilateral orbital walls and optic canals in
the anterior cranial fossa. The bilateral ICAs are the lateral
boundaries of EEA for centrally located skull base tumors in
the middle and posterior fossa (Fig. 1). The coronal modules
of EEA could be useful approaches for paramedian skull base
tumors, as they allow for a wide bony window at the skull
base. The cases indicated for EEA are illustrated in Fig. 2.
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Fig. 2. Two cases of olfactory neuroblastoma with diffident extent of
tumor (A, B). Endoscopic endonasal approach is indicated for the tumor
within the bilateral medial orbital wall (A); however, craniofacial
resection is inevitable in tumors extending beyond this region (B). In
cases of craniopharyngioma, the lateral extent of tumor is the critical
point in determining the surgical approach. A tumor between the
bilateral internal carotid arteries is eligible for endoscopic endonasal
approach even if combined with obstructive hydrocephalus (C), but, a
tumor extending beyond the internal carotid artery bifurcation would
be better treated via transcranial approaches (D). Fibrous dysplasia
involving the optic canal could be managed via Endoscopic endonasal
approach. Pre- (E) and postoperative (F) coronal computed tomography
images show the decompressed bilateral optic canals.

PRACTICAL CONSIDERATIONS FOR EEA IN
CHILDHOOD

Developing nasal structures and skull base

EEA in pediatric patients requires entry into the immature
nasal cavity and sphenoid sinus through the developing

splanchnocranium. Therefore, anatomical boundaries based
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on the exact age-related differences in midline skull base anat-
omy play a critical role. Tatreau et al.”” measured important
anatomical data about key structures in EEA based on com-
puted tomography (CT) scans. First, the anterior nasal cavity
is the point of entry for EEA and the distance between the bi-
lateral piriform apertures, which are the most superficial bony
structures, is the determining factor of the width of the ante-
rior aperture of the nose because the surrounding soft tissue
such as the nasal ala can be retracted to facilitate the entrance
of the endoscope and instruments. The pyriform aperture
width was significantly narrower in patients up to 6 to 7 years
of age (17.2+0.5 mm) compared to adults (22.2+1.3 mm).
However, there was no significant difference in pyriform ap-
erture width among patients 9 to 10 years of age and older.
The second concern is sphenoid sinus pneumatization, al-
though the accuracy of neurosurgical navigation and advances
in drill technology have made this concern less clinically sig-
nificant. Pneumatization of the anterior wall of the sphenoid
sinus is not fully completed until 6 to 7 years of age, and it
then progresses posteriorly to the planum sphenoidale and
anterior sellar wall. At 6 to 7 years old, pneumatization of the
anterior sellar wall and the sellar floor was complete in 77%
and 32% of patients, respectively. Pneumatization did not oc-
cur before 10 years of age in the clival recess but it reached the
anterior clivus at 15 years of age. The last concern is the inter-
carotid distance, which determines the width of the skull base
corridor for transtubercular and sellar approaches. The cav-
ernous intercarotid distance was not significantly different
between patients 9 to 10 years of age and adults (12.6+0.9), al-
though it was significantly shorter in patients <24 months old
(8.8%1.2 mm) than in those up to 6 to 7 years old (10.2+1.0
mm). Interestingly, intercarotid distance at the level of the su-
perior clivus did not change after 24 months of age, although
bony prominences of the clival carotid arteries are clearly as-
sociated with age. This report showed that, compared to
adults, the development of critical nasal structures affecting
EEA was 80-90% completed by the age of 8 years and that
caution should be taken in patients under 3 to 4 years old due
to the narrow aperture and intercarotid distance.

Knowledge of the anatomic location of sinonasal and skull
base growth centers is important because disturbance of these
centers can impair long-term craniofacial growth®’. Com-
pared with transcranial approaches, EEA does not require

surgical manipulation of cranial vaults, but it is necessary to

318 https://doi.org/10.3340/jkns.2017.0101.012

perform a relatively wide resection of the skull base some-
times. The growth of the calvaria and skull base is quite dif-
ferent. The growth of the cranial vault grows is rapid and
driven primarily by the volume of neural tissue, whereas
growth of the skull base is slow and partially independent of
neural tissue. For example, frontal lobe growth slows between
5 and 6 years of age, but the anterior fossa and nasomaxillary
complex continue to be drawn anteriorly for 3—4 more years
because of middle fossa expansion'”. Sgouros et al.”¥ showed
that skull base growth is uniform until the age of 5 years and a
change in the growth rate typically occurs after that age. Gru-
ber and Brockmeyer'” showed that the skull base of children
remains underdeveloped for at least 10 years after birth and
the spheno-occipital synchondrosis, one of the primary skull
base growth centers, closes at the completion of skull base os-
sification, around age 12 to 16 years **".

Therefore, it is the policy of the authors’ institution that
EEA be recommended to patients 8 years or older, keeping in
mind the surgical space and long-term impact on craniofacial

growth such as underdevelopment of central facial bones.

Skillful surgical technique

The learning curve of EEA, attributable to differences in
surgical visualization, long surgical corridor, complex anato-
my and different instrumentation, is well known. A stepwise
progression, starting with mastering the more straightforward
procedures before attempting more complicated approaches,
has been recommended for surgical teams’”. Extensive prac-
tice and experience are required to execute these types of sur-
geries and it has been well established that the rates of favor-
able outcomes and complications in EEA are largely
dependent on surgical skill and experience. However, the rep-
resentative tumors for which EEA is indicated in pediatric pa-
tients, such as craniopharyngiomas and pituitary adenomas,
are relatively infrequent; this is one of the main causes of the
prolonged learning curve, similar to transcranial skull base
surgeries”. Epidemiologic studies have shown that the age-ad-
justed incidence rate of tumors in the sellar region varies from
3.68 per 100000 to 0.78 per 100000 between ages 0 to 19°.
Zhan et al.” recently described a surgical retrospective cohort
of 11 pediatric sellar tumors over 2 years and Chivukula et al.
published an EEA series of only 133 patients (including 21
skull base bony lesions) who underwent surgery at the Univer-

sity of Pittsburgh Medical Center over 13 years". A multidisci-



plinary team approach including various specialists with dif-
ferent backgrounds in a collaborative environment has been
recommended to establish the safety and feasibility of surgery
and shorten the duration of the learning curve™. Stepwise
progression, starting and mastering the more simple proce-
dures before attempting more complicated procedures, has

31
been recommended””.

Surgical instruments for EEA

Several instruments are required for the endoscopic skull
base surgery, which are unique for transnasal approach or dif-
ferent design with those for transcranial approach. The endo-
scope of 4 mm diameter and 18 ¢cm length is the most popu-
larly adopted optic devices in the endoscopic skull base
surgery, regardless of the age. The endoscope of 2 mm diame-
ter could be used in young patients with the very narrow nasal
cavity, however, its quality of visualization is not as high as it
from larger one. In the nasal cavity manipulation, the micro-
debrider is the useful device to remove the unnecessary mu-
cosa in the sphenoid sinus. The deliate bony work around the
carotid protuberance and optic canal is performed with the
diamond burrs with long and fine handpiece. The microsurgi-
cal instruments are modified to be suitable for the long and
narrow surgical corridor of nasal cavity. The microdissectors
with long shaft and the gun type of scissor, microforceps and
bipolar forceps are popularly adopted. In addition, the angled
suction are valuable devices in order to manipulate the skull

base bony window.

COMPLICATIONS AND PREVENTION

Potential complications of EEA vary, including those related
to sinonasal dysfunction, neurovascular injury, cerebrospinal
fluid (CSF) leak, central nervous system (CNS) infection, and

20 .
) The causes and recommendations

damage to CNS tissue
for prevention of neurovascular complications such as hemor-
rhagic accident, infarction, and cranial neuropathy or direct
CNS damage (e.g., hypothalamic damage in craniopharyngio-
ma) are not so different between EEA and transcranial sur-
gery. A comprehensive understanding of distorted anatomy
and tumor characteristics, securing a wide and clean surgical
tield, proper fine microsurgical dissection and manipulation,

and meticulous bleeding control are the keys to avoiding and
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preventing these surgical complications.

Sinonasal complications

Short-term sinonasal dysfunction includes epistaxis, sensa-
tion of nasal blockage due to mucosal swelling and crusting in
the nasal cavity. One study showed that patients treated with
the endoscopic technique were more likely to have postoperative
nasal debridement compared with those who underwent mi-
croscopic surgery™”. Sinonasal function worsened substantially
for both groups at 2 weeks after surgery, but then returned to
baseline at 3 months. At 3 months after surgery, patients treated
with EEA reported statistically better sinonasal quality of life
compared with patients treated by microscopic techniques. Ex-
periences from the Massachusetts General Hospital show that
chronic rhinosinusitis was the most common delayed complica-
tion™”. Synechiae, septal perforation, and altered olfaction are
also possible long-term complications. These can be prevented
and managed by minimally invasive surgical manipulation of
nasal structures, preservation of the upper septal mucosa,
scheduled debridement and saline irrigation, and modification

. 12,21)
of surgical approach ™.

Hemostasis and bleeding control

Clear surgical visualization with proper control of bleeding
is essential to achieve surgical goals and prevent avoidable
complications. The robust vascularity created by the tight vas-
cular network of the nasal cavity leads to diffuse oozing over
the course of the operation. Low-pressure bleeding can be eas-
ily controlled by lowering blood pressure, gentle compression,
hemostatic agents, electrocautery, and warm saline irriga-

. 17
tion"”

. However, high-flow arterial bleeding often requires di-
rect electrocautery or ligation with surgical clips and demands
dynamic movement of the endoscope for the direct visualiza-
tion of the bleeding focus and a team approach to control it”.
ICA injury is the most catastrophic complication of EEA and
in-depth anatomic knowledge and proper surgical technique
are paramount to prevent it. The most commonly injured ICA
segment was the cavernous, followed by the ophthalmic; this
could occur at various surgical steps”. ICA injuries can some-
times be repaired but often require nasal packing and endo-
vascular sacrifice*”. Valentine et al. performed animal mod-
el experiments to compare the efficacy of packed material in
ICA injury. They randomized sheep to receive 1 of 5 hemo-

static techniques (Floseal, oxidized regenerated cellulose, Chi-
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tosan gel, muscle patch, or the U-Clip anastomotic device)
and measured the time to hemostasis, time of sustained prop-
er blood pressure, amount of blood loss, and survival time.
This study revealed that the muscle patch and U-Clip anasto-
motic device significantly improve survival, reduce blood loss,
and achieve primary hemostasis while maintaining vascular

patency33).

CSF leakage and infection

CSF leakage and the associated infections are the Achilles’
heel of EEA and affected by various factors such as body-mass
index, tumor characteristics, extent of exposure and the re-
constructive techniques used. The skull base reconstruction
techniques required in EEA are quite different from those
used in trans-sellar approaches due to the degree of CSF leak-
age flow. Among the various surgical techniques, the nasosep-
tal flap (NSF) has become the workhorse for skull base recon-
struction after endoscopic endonasal surgery, after it was first
described by Hadad in 2006'". The maximal possible size of
an NSF depends on the size of the nasal septum, and it should
be an important consideration with pediatric patients. A study
with CT scans suggests that, although the width of the NSF is
likely sufficient at any age, the length may be insufficient for a
trans-sellar/transplanar defect until age 6 to 7 years, a tran-
scribriform defect until age 9 to 10 years, and insufficient for a
clival defect at all pediatric ages™”. Therefore, adjuvant solu-
tions including a free graft, turbinate flap, galeal flap, or tem-
poralis rotation flap should be considered in young patients or

revision surgery.

CONCLUSION

EEA has expanded its surgical modules and indications
based on documented evidence during the last two decades.
Recent favorable results have made EEA popular in pediatric
patients, although its introduction was later than in adulthood
due to differences in prevalence of pathologies, a narrow sur-
gical corridor, and concerns regarding the growing features of
the skull base. However, several points, including long-term
tumor control and impact on craniofacial growth, should be
elucidated in studies with larger samples and longer follow-up

periods.
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