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ABSTRACT

Skull base cephalocdes (SBCs) are defined as hemiation of intracranial content through the skull
base and are classified based on composition, etiology, and topographic location. Anterior SBCs
frequently protrude in the sinonasal cavity, and consequently are at potential risk of infection.
Therefore, the current recommendation is to treat SBCs with the primary intent of preventing
meningitis, and surgery represents the mainstay of treatment. Anterior SBCs may display a wide
spectrum of severity and complexity, and in each case the risks and benefits of surgical approaches
are to be carefully weighted based on thorough assessment of symptoms, age, genera conditions,
location and size of the lesion, as wdll as expertise of the surgeon. In the last 30 years, the evolution
and diffusion of transnasal endoscopic surgery have substantially changed the surgical management
of the mgjority of SBC. In the past, they were treated exclusivdy with open transcranial approaches
that may be burdened by rdevant morbidity and risk for severe complications. The transnasa
endoscopic corridor now provides easy access to the lesion and different reconstructive strategies
using endonasal pedicled flaps, without any externa incision, cranioplasty or brain manipulation.
However, there are still scenarios in which an exclusive transnasal endoscopic route is
contraindicated. The aim of the present review is to provide an overview on the comprehensive
management of anterior SBC, with a particular focus on lesions suitable for endoscopic surgery.
Furthermore, special aspects of SBC management in children and adults will be highlighted.

KEY WORDS
Skull base, cephalocde, CSF leak.
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INTRODUCTION

The prevalence of intracranial content hemiation through the skull is estimated to range
between 1:10,000 and 1:2500, with an unexplained higher rate in Southeast Asia compared to other
geographical aress.’ Hemiations are classified according to topographic location, histological
composition in terms of brain and meningeal tissue, and congenital versus acquired onset, but
univocal consensus s lacking. In the present review, any hemiation of theintracranial content through
the skull will be defined as “cephalocele” (“cephalo-" referring to the skull and “-cele” to herniation).
Although from a theoretical standpoint cephalocdes could be further classified in ether
encephalocdes, meningocdes, or meningoencephaocdes if, respectivay, mede up by only brain,
only meninges, or both neural and meningeal tissues, this distinction would be irdevant in terms of
practical implications in most cases, sincethe treatment of the vast mgjority of skull base cepha ocdes
(SBC) is independent of its content.

Cephalocdes devdoping through certain aress of the skull base have the chance to reach a
mucosa-lined air cavity early, which can be @ther the sinonasal tract, nasopharynx, or middle ear.
This anatomical reationship can lead cephal ocd es to manifest through nasal and/or ear cerebrospinal
fluid (CSF) leak, provided that the mucoperiosteal layer and meningeal sac spontaneously dehisce at
some point. Otherwise, the hamiated tissue can become clinically appreciable through a mass effect
or because of transmission of brain pul sation towards a hon-air-containing area such as the orbit. The
main concern when a cephalocde is diagnosed nearby a mucosa area is the risk for infectious
meningitis, which can occur through ascending infection of the intracranial cavity by microbesin a
mucosal cavity. Inaseries cumulatively analyzing 111 CSF leaks with different causes, theincidence
of meningitis was 0.3 episodes/year, with most occurring within 1 year from leak onset. Specifically
focusing on CSF-leaking ethmoidal meningoencephaocdes, Ziade et al. found that 30% of patients
present with infectious meningitis.* Therisk of meningitisin patients bearing nonleaking, incidental ly
found cephalocdes is unknown. However, episodes of meningitis in patients with a nonleaking
cephalocele lined by intact mucosa have been reported.”

Based on the aforesaid evidence, the current recommendation is to manage SBCs with the
primary intent of preventing ascending meningitis, with surgery representing the mainstay of
treatment.

Traditionally, SBC were treated with open transcranial approaches,® € which are burdened by
rdevant morbidity and/or complications, such as significant blood loss, injury to the olfactory
apparatus and supraorbital /supratrochl ear nerves, brain manipul ation, aesthetic impai rment, and, with
special reference to children, damage of bone growth centers.’
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In the last 30 years, the evolution and popularization of transnasal endoscopic surgery (TES)
have dramatically changed the surgical management of anterior and middle SBC, taking advantage
from the enhanced collaborati on between neurosurgeons and otolaryngol ogists.

Theamof the present paper is to provide an overview on the comprehensive management of
anterior SBC, with a particular focus on those suitable for TES. Furthermore, even if formally
belonging to middle skull base, SBCs hemiating through the lateral wall of the sphenoid sinus will
also be discussed. Aspects of SBC management in children and adults will be highlighted.
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CLASSIFICATION AND ETIOLOGY

SBC can be dassified based on timing of development as congenital or acquired. Congenital
cephaocdes result from incomplete closure of the neural tube during gestation and occur in
approximately 1:3000-5000 live births.? Those encroaching on the sinonasal tract are especially
sincipital (further divided in nasofrontal, nasoethmoidal, and naso-orbital) and basal (further divided
in transethmoidal, sphenoethmoidal, trans-sphenoidal, and frontosphenoidal) cephaloceles.™®

Congenital cephalocdes can be found ether aone or in the context of malformation
syndromes, ! whose discussion is beyond the aim of the present review. The causes of congenital
cephaocdes are unknown. Familiar and geographical clustering would suggest a genetic
predisposition, whereas association with low socioeconomic status, advanced matemal age, and long
interpregnancy period hint unfavorable intrauterine environment as a potential cause.>!!

Acquired cephalocdes can occur through two main mechanisims (or via their combination):
1) increased intracranid pressure, and 2) newly-onset defect (or weakening) of the skull base.
Idiopathic intracranial hypertension (I1H) perfectly fits this pathogenetic modd, as it embraces both
mechanisns by increasing CSF pressure while rdentlessly enfeebling the weakest areas of the skulll
base through chronic pathological CSF pulsation. Acquired cephaloceles might represent a late
menifestation of IIH causing an initidly nonlesking hemiation, as withessed by the significant
association between I1H and meningoceles.? On the other hand, patients with CSF early leaking
through the skull base dueto intracranial hypertension might represent an earlier manifestation of 11H
with no frank herniation of intracranial tissues. An intermediate scenario is the “excavaling
meningoencephalocele”, a recently described entity consisting of a tunnel-like meningeal protrusion
through the skull base, which possibly represent an early-lesking meningeal hemniation.® Association
between |1H and cephalocdes is also corroborated by the overlap in terms of risk factors, high body
mess index (BM1), and fermal e gender being the most relevant.*14%> The prevalence of cephalocdein
[IH patients treated for spontaneous CSF leak ranges from 69% to 97%.16Y

Less frequently, increased intracranial pressure or weakening of the skull base might result
from other causes such as an intracranial mass,*®%? previous surgery, and trauma,?® 2 respectively.
Finally, some cephal ocdes diagnosed in adult pati ents might also represent congenital herniation that
remain unnoticed until adulthood. In fact, series on patients treated for a congenital cephalocde
include subjects aged 18 or older.>’

Classification of SBC according to subsite of hemiation includes the cribriform plate,
ethmoidal roof, posterior frontal plate, and sphenoidal walls. Distribution throughout these subsites
is as follows: 40-100%, 6-40%, 9-71%, and 16-38%, respectively (Figure 1).#67232* A remarkable
difference in topographical distribution can be observed when comparing pediatric and adult series,
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with the former being more frequently associated with frontal cephalocdes. Sphenoidal cephalocdes
most frequently develop through the lateral wall, wheress other sphenoidal subsites (eg. planum
sphenoidale, tuberculum sdlae, divus) are involved with exceeding rarity .2 %/
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CLINICAL PRESENTATION

SBCs manifest across adiverseclinical spectrum, which can vary fromepisodic rhinorrhea to
large sinonasal or nasopharyngeal masses that can cause obstruction or craniofacial deformities.
Etiology, size and site of the cephalocd e, along with the age of the patient, largdy dictate the dlinical
picture.

Overal, nasal obstruction, CSF rhinorrhea, and headache are the leading symptons. In
generd, SBC menifest as pulsating, cystic messes protruding in the face (covered by skin), in
sinonasal cavities and nasopharynx (covered by mucosa), or in the orbit. Furstenberg sign (i.e.
increased swelling and pul satility in association with V alsal va maneuver or jugular vein compression)
is a simple but effective clinical finding to guide differential diagnosis.?®

Congenital cephalocdes are usually large and can display a rdevant mass effect leading to
deformities of thenasal bones, maxillofacial skeleton and sinonasal structures (severe septal deviation
and turbinates dislodgement). Sincipital cephaocdes are often more obvious, since they can be
associated with extemd, visible pulsating masses and other craniofacial deformities, such as
telecanthus.” Conversdy, basal cephaloceles may be more insidious, and diagnosed at a later age.
They usually present with nasal obstruction, but can be also associated with other conditions,
including hypetdorism, facial defts, and Moming Glory Syndrome (congenital optic disc
dysplasia).29'3°

In a recent study analyzing 15 congenital cephalocees, the average age at diagnosis was six
years, ranging from 2 months to 22 years, and the most frequent symptom was nasal obstruction.
Associated anomelies werefound in almost half of cases, with craniofacial deformities being the most
frequent (30%). The mgjority of cephaocdes occurred at the foramen cecum and presented rdevant
dimension in view of the limited size of the craniofacial skeleton (mean diameter, 2.44 cm).” Fronto-
orbital cephal ocdes are almost exclusively congenital, and can cause proptosis, orbital displacement,
pain, and interfere with eye-ball mobility (diplopia) and venous drainage (chemosis).’

Acquired cephalocdes more frequently occur in adults. In general, nasal obstruction has a
margina rdevance, since cephaocdes tend to be smaller and do not impact nasal flow. The most
important symptom is CSF rhinorrhes, followed by previous (or present) episodes of meningitis and
persistent headache. ™

Traumetic and iatrogenic cephalocdes can be essily ruled out with careful anamnesis.
Spontaneous or idiopathic CSF legks are dmost invariably associated with increased intracranial
pressure. |IH typically occurs in overweight women in their 5M-6" decade of life3! This
epidemiological trait, together with aclinica history consistent for CSF leak, is highly suggestive for
cephalocdes and warrants further clinical and radiological examinations. The diagnosis of 11H is
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defined by the modified Dandy criteria (Table 1);3>3* in particular, indirect radiological signs of
intracrania hypertension (i.e. empty sdla, enlargement of the space between the optic nerveand optic
sheath) can strongly support the diagnosis before other invasi ve procedures are carried out (i.e., CSF
opening pressure at lumbar puncture).

Noteworthy, I1H-induced CSF-leaks may show a val ve mechanism, which translates into an
intermittent leak that can delay correct diagnosis.

Meningitis may complicate the dlinica condition in a non-negligible group of patients.
Focusing on CSF-leaking ethmoidal meningoencephaocdes, Ziade et al. reported that 30% of
patients present with infectious meningitis.* Furthemore, episodes of meningitis in patients with a
nonleaking cephal ocele lined by intact mucosa have been reported.®
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DIAGNOSTIC WORK-UP
The diagnostic work-up is aimed at: a) confirming the diagnosis of cephalocele; b) defining its size
and site; ¢) establishing the etiology.

Clinical ecamination

Careful inspection of the face and palpation are adequate to evaluate external cephalocees
and possible abnormalities of the maxillofacial skeleton.

In case of fronto-ethmoidal and basal cephalocees, endoscopic endonasal evauation has a
pivotal rolein confirming diagnosis and localizing the cephal ocele. Congenital cephal ocde are often
nmore obvious and their location is easier to define. Conversdy, acquired cephalocdes can be more
subtle, and they can be so small that they can be hidden beneath the mucosa and be impossible to
visualize

The presence of CSF leak is a hdpful hint to confirm diagnosis. Froma clinical perspective,
CSF is indistinguishable from serous nasal secretion unless an evident and high-flow legk is clearly
detectable. Therefore, [aboratory tests on fluid collection (i.e. identification of beta-2-transferrin or
beta-trace protein) areinvaluable tools to confirm CSF-leak.

| dentification of the site of the meningoencephal ocde can be challenging in case of very small
defects.

In I1H induced cephalocdes, an important clue is provided by a non-random distribution of
these defects in the ASB. In fact, they mostly occur at the level of the posterior portion of the
cribriform plate, probably because the presence of olfactory foramina combined with the larger width
of the olfactory cleft makes the bony skull base more susceptible to dehiscence.®

An interesting method to increase the efficacy of nasal endoscopy is intradura injection of
fluorescain. In a retrospective series on 103 CSF-leak repairs, fluorescein was used in 47 patients,
and showed 73.8% sensitivity and 100% specificity for detection of the leak site.3 Sensitivity can be
even higher with the use of a blue light filter, which allows for visual detection of fluorescein at 1
partin 10 million.>” Being an off-labd indication, proper patient consent is needed. Safety of lumbar
fluorescein injection has been debated in the literature; however, authors’ personal experience and
other published evidence suggest that the speific risks rlated to fluorescein injection are minimal .3

Overdl, clinica and endoscopic evaluations are useful to address diagnostic suspicion, but
arerardy conclusive It is of utmost importanceto avoid any interventional procedure such as biopsy
before a complete radiol ogical workup has been concluded.

Radidlogical diagnosis
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Radiological examinations are imperative to confirm diagnosis and define the content of the
cephalocde, detect its location, and suggest a possible etiology. Furthermore, a combination of
different radiological techniques is usually required.

High-resolution computed tomography (HRCT) and megnetic resonance (MR) with or
without contrast medium are the mainstay in the diagnostic workup.

HRCT is highly effective in the study of the bony skull base, and can detect even millimetric
bony defects. In a retrospective study on 42 CSF |eaks, the site of the skull base defect was identified
preoperatively by HRCT in all cases, with successful intraoperative detection via intraoperative
image guidance.3® Conversdy, the drawbacks are exposureto ionizing radiation, and theimpossibility
to distinguish between skull base dehiscence and skull base defect with cephalocdes, as a
consequence of its low capability of soft tissue discrimination (risk of false positive). Thelatter issue
is brilliantly resolved by combining HRCT with MR.

The great advantage of MR is the power to discriminate between brain tissue, CSF, and nasal
secretion by combining T2-we ghted, three-dimensional (3D) constructiveinterferencein steady state
(CISS) and fluid attenuated inversion recovery (FLAIR) sequences. In particular, image contrast in
3D-CISS is characterized by ahigh T2-T1 ratio, i.e. tissues (like fat and water) with both long T2 and
short T1 rdaxation times have increased signd intensity. This allows for an excdlent contrast
between CSF (hyperintense) and other structures; other rd evant advantages of this sequence are high
signal-to-noise ratio, high contrast-to-noise ratio, and intrinsic insensitivity to motion.3# In FLAIR,
the signal of CSF is suppressed and will appear completely black, while the brain is predominanty
gray and the mucosa hyperintense. Therefore, the combination of 3D-CISS and FLAIR is extremdy
useful to detect the site of the cephalocde and to defineits content.

Other rdevant advantages of MR are the absence of radiation (important in young patients or
in case of repeated examinations) and the ability to rule out possible causes of cephalocde (brain
tumors, I1H, thrombosis of the dural sinuses, etc.). Overdl, the combination of HRCT and MR can
resolve the vast mgjority of suspected cephalocdes.

Accordingly, CT and MR cisternography should be considered as second-line examinations
for very selected cases, in view of the need for an intrathecal injection of contrast medium via a
lumbar puncture. CT cisternography is 85% sensitive for active legks, but this can decrease to 48%
in case of intermittent |eskage. Performance of MR cisternography are better, with 100% detection
rate for continuous lesks, and 70% for intermittent ones.*** A common drawback of these two tests
is the dependence on contrast medium diffusion in CSF, with arisk of false negativity in case of poor
distribution.
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As previously stated, the most critical scenario in terms of diagnosis is intermittent CSF leak.
To increase diagnostic accuracy, radionuclide cisternography has been proposed and investigated.
This examination is based on the intrathecal injection of technetium-99; the detection of a possible
leak may last severd days, and theordtically this should allow capturing even intermittent or low
volume leakage. However, preliminary results are discouraging. First, spatial resolution is very poor,
which limits an effective locaization of the defect. In addition, sensitivity is quite low, ranging
between 62% and 76%, while the false positive rate is not negligible (33%).3

This document is protected by infemational copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one fle and print only one
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. Ifis not pemitted to distibute
the electronic copy of the article through online intemet and/or intranet file sharing systems, electronic mailing or any other means which may dlow access fo the Article. The use of all or any
part of the Arficle for any Commercial Use is not pemmitted. The creation of derivative works from the Arficle is not permitted. The production of reprints for personal or commercial use is not
pemitted. It is not permifted to remove, cover, overlay, obscure, block, or change any copyright nofices or terms of use which the Publisher may post on the Aricle. It is not pemitted fo
frarme or use frarming technicues to enclose any rademark, logo, or other proprietary information of the Publisher.



COPYRIGHT®© EDIZIONI MINERVA MEDICA

SURGICAL TREATMENT

Surgery is the mainstay of treatment of SBC. To date, TES is the prefared surgical strategy
to address basal and sincipital cephal ocdes that are not associ ated with craniofacial deformity and do
not show far lateral extension.* In a systermeatic review of 1178 patients from 71 studies, K omotar et
al. reported no significant difference in the rate of successful repair of skull base defects when
comparing open and endoscopic cohorts.** Complications and mortality were significantly lower in
the endoscopic group, most probably because brain retraction is avoided and neurovascular
manipulation minimized.** Moreover, skin incision and large craniotomies are avoided, resulting in
negligible cosmetic alterations.®** TES has also been associated with lower costs compared to open
surgery.

Despite theseindisputable advantages, some perils of TES haveto be highlighted, with specia
reference to pediatric patients. In contrast to adults, pediatric sinonasal anatomy can substantialy
restrict the working space for surgical instrumentation. Children may also lack key anatomical
landmarks as a consequence of early-stage pneumetization of craniofacia bones, and peforming
surgery requires a thorough understanding of age-dependent structural pattemns.®® For instance,
sphenoid sinus pneunatization usually occurs 7 years after birth, thus invariably presenting a non-
pneumeatized sphenoid body if surgery is performed earlier. % Furthermore, surgeons must be
mindful of potential damage to facia and skull growth centers, and in particular the sphenodorsal
zone, which extends from the sphenoid septum to the nasal dorsum, being consequently at risk of
impai ment during TES.547* Finally, endonasal pedicled flaps are smaller and possibly inadequate
to reconstruct large, congenital defects. Despite these concerns, a number of studies have validated
the feasibility of TES in children, showing satisfactory outcomes with low complication
H6.6’7'45'47’48

Whilethe paradigm conti nues to shift towards endoscopic approaches, therearestill situations
which contraindicate an exclusive TES. Sincipital congenital cephalocees with extenal mass
involving facial and nasal bones and traumatic encephalocdes accompanied with skull bese
multifracture and orbital/intracerebral complications require extend approaches, yet frequently in
combination with TES.*#° Furthermore, selected defects of the posterior frontal plate located nearby
frontal recess can be addressed through TES, but an osteoplastic flap approach is needed for laterally
and/or cranialy located defects (Figure 2).%

Theoptimal surgical strategy has to be chosen based on extension, size, location of thelesion,
and expertise of the surgical team (Table 2). The possibility to rdy on different surgical approaches
is pivotal, as well as being flexible and prepared to switch or add another approach when forced by
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unexpected intraoperative findings. In this view, adequate preoperative counsding is of paramount
importance.

Surgical timing

Because of the rarity of SBCs and consequent paucity of sound data, the optimal timing for
surgical intervention still needs to be fully defined.’

In children, presence of airway obstruction, CSF leak, meningitis, and pronounced facial
deformities require prompt intervention.®” On the other hand, in the absence of these risk factors, and
in particular in case of newlboms with limited blood reservoir, surgery can be ddlayed and the patient
carefully followed.

In adults, active CSF lesk and/or history of meningitis suggest the need for intervention, even
if in the setting of nonurgent care.

Patients with small and asymptometic SBCs, in the absence of any mgjor contraindication to
the surgica procedure, should undergo dective surgery, as the risk of devedoping infectious
meningitis cannot be excluded.

Endoscopic surgical technicue

Resection phase

TES takes advantage of the corridor offered by the nasal cavities and paranasal sinuses to
reach the skull base.>® Cephalocdes can present in several areas of the skull base and the endoscopic
corridor to expose the area of interest accordingly varies from caseto case (Table 2). However, there
are some surgical principles that are essential regardless of the endoscopic corridor employed.

The first phase of any procedure consists of a careful exploration of olfactory fissures, nasal
mesti, and nasopharynx, taking advantage of intrathecal fluorescein use in non-obvious cases, since
multiple or hidden sources of CSF leak can be present simultaneously.®

A wide exposure of the area of the defect is pivotal. The base of the cephaocde(i.e thearea
where the hemniated tissue crosses the skull base) needs to be adequatdy exposed, which is achieved
by removing the surrounding structures. The lesion should then be reduced or cauterized flush with
the skull base, as hemniated brain tissue is typically nonfunctional .33

Cephaocdes originating from the cauda aspect of the posterior frontal plate or through a
patent and widened foramen cecumn can be addressed endoscopically via a transfrontal approach,®->2
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provided that |ateral extension over the orbital cavity is limited (Figure 3). However, the surgeon
needs to be prepared to switch to an open approach in far anteriorly located cephalocdes, with the
frontal osteoplastic flap approach best addressing this anatomical area.

As illustrated above, the cribriform plate is the typical localization of SBCs in adults, most
frequently in the posterior third, likely because of the lack of significantly thick bone buttress,®
Herniations in the olfactory cleft can be addressed by sparing the ethmoidal complex. Wide SBCs of
this area may force the need to perform a partial septectomy by removing the perpendicular plate of
the ethmoid bone to expose the entire circumference of their base.3® When the skull base defect
includes the vertical portion of the cribriform plate and/or the ethmoidal roof, a more lateral access
through the ethmoidal complex is required. For defects of the cribriform plate and ethmoidal roof,
the middle and superior turbinate can be spared (and possibly used as source of vascularized flap)>*-
> if their insertion on the skull base is sufficiently far from the bone defect. Otherwise, middle and
superior turbinectomy is necessary to adequatdy expose the skull base defect.

SBCs of the sphenoid sinus are managed through transsphenoidal approaches. The removal
of the rostrum allows to gain exposure and working volume, both for lesions of the planum
sphenoidalis (Figure 4), cranialy, and the dlivus, caudaly,”>>">® while simple paraseptal
sphenoidotomy usually does not provide proper crania-caudal exposure. However, it is worth
remembering that most sphenoidal SBCs hemiate through the lateral wall, whose exposure is
achieved by drilling the pterygoid root through a transethmoidal, transpterygoid approach,33°2°7:5%-61

For uncommon cases of SBC involving the pterygopalatine or infratemporal fossa, the
necessary wider exposure can be reached through a combined transsphenoidal-transmexillary
approach.>

Preservation of vascular pedicles is aways highly recommended during the resection phase
even though their use is not in the surgical plan, since they can be hepful to provide a back-up
reconstruction in a possible revision setting. In particular, the septal branch of the sphenopalatine
artery needs to be spared, possibly through a rescue flap.??

Reconstructive phase

Reconstruction usually represents the most critical phase of the entire surgical procedure, as
its failure would imply a postoperative CSF leak.

In every case, when preparing the reconstruction bed, the mucosa around the bone defect
needs to be removed. In fact, there should be no overlap between the in-situ skull-base mucosa and
the graft applied, which could result in suboptimal adhesion between reconstructive layers and
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subsequent deve opment of a mucocd e.*® The surrounding bone surfaceis to be flattened in order to
improve adhesion of overlay covering meterials.

The bone defect is usually widened beyond the limits of the dural opening to allow proper
positioning of grafts for reconstruction. Grafting may be performed with underlay or overlay
techniques, or through a combination of both.3* Placement of an underlay graft for defects smaller
than 4 mmmay bedifficult, but for larger defects multilayer reconstruction is recommended in most
circurmstances to opti mize the chances of success, %

Options for graft meterials are numerous. lleotibial tract, fascia lata, tempordis fascia,
collagen matrix, cadaveric fascia, dermis, and pericardium are valuable materials as intradural and
epidural layers. Fat can be used as transcranial plug in case of small defects,® as well as afiller for
bone depression to flatten the surface where the extracranial layer is positioned (typically for SBC of
the lateral wall of the sphenoid, with highly pneumetized lateral recess). A rigid graft may be
indicated in a gasket-seal closure for large, high-flow, high-pressure defects.

Small SBCs no longer leaking after cauterization can be covered by a single overlay graft of
fascia or mucoperiosteum. Bedrosian et al. proposed the interposition of a fat graft between these
small defects and mucosal graft.®

There are many pedicled options for extracranial coverage. Nasoseptal flap (NSF) is the most
frequently used, based on easy harvesting, rdiability, and vast surface cover provided. It alows
proper reconstruction of cribriform plate, fovea ethmoidalis, and sphenoidal walls. However, it is
poorly adequate to cover defects of the posterior frontal plate. In the pediatric population, the
application of NSF may be technically difficult due to the narrow nasal corridor. As such, it may be
best reserved for older children, large defects, significant intreoperative CSF leak, or other high-risk
Situations.®

In addition to NSF, other nasal mucoperiosteal flaps pedicled on the maxillary or ethmoidal
artery systens can be taken into consideration. These are primearily represented by the ethmoidal
arteries pedicled septal flap (i.e septal flip-flap),® and middle turbinate (MTF), inferior turbinate
(ITF), turbinal, and lateral nasa wall flaps.>3 5% Given their anteriorly located pivot, septal flip-flap
and turbinal flaps perfectly suit defects of the cribriform plate and fovea ethmoidalis.>*® Sphenoidal
wall defects are best covered with posteriorly pedicled flaps, such as NSF, MTF, ITF, and |atera
nasal wall flap.>3 Of note, flaps based on branches of the sphenopal atine artery might be technically
difficult to harvest, but represent a val uable option when NSF is unavailable, as is frequently the case
in revision surgery.

Post-operative management
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Careful post-operative management is imperative for a successful post-operative course
Outpati ent repeated meti cul ous debridement of nasal crusting and fibrin, as well as check of the status
of the skull base reconstruction should be peformed until complete healing. Non-collaborative
pediatric patients can be scheduled for endoscopic second look with sedation at 15-20 days after
surgery.

Maneuvers increasing intracranial pressure, such as lifting anything heavy, blowing the nose,
air travel, and doing physical and sexual activity, should be discouraged.*® Obese patients should be
sent for nutritional counsdling and weight |oss should be accordingly planned.

In the literature on adult patients, the indications for a lumbar drain (LD) lacks univocal
consensus and, with special reference to anterior skull base defects, is usually deemed unnecessary
given the unfavorable risk-benefit ratio. In fact, complications of LD may be more frequent than
postoperative CSF lesk in these circumstances.**®” In our opinion, LD should be positioned in case
of large high-flow dural defects, especialy in the presence of significant risk factors for postoperative
CSF leak such as intracranial hypertension and/or reapsing leak. Furthemore, in patients with
significant 1IH, reduction of intracrania pressure can be obtained with oral acetazolamide
administration, 1% remarkably incressing the success rate of reconstruction as highlighted in the
systerretic review by Teachey et al.%°

Surgical outcomes and complications

Severd studies dearly showed that the transnasal endoscopic route is efficient and safe to
approach SBCs, irrespective of the patient’s age.%74070

A recent systemetic review by Lee et al. on 110 pediatric patients treated endoscopically for
cephal oceles found that the recurrence rate was 5.2% after an average follow up of 25.3 months.® In
the same paper, failure of reconstruction with post-operative CSF leak occurred in 6.0% of cases
across a| studies analyzed.® These results are in line with what observed in the literature after the
introduction of endonasal vascularized pedicled flaps, which have dramatically decressed the
incidence of post-operative CSF lesk from 15% to about 5% to 6%.”%7? The post-operative CSF leak
rate reported by Nation et al. on a cohort of 39 pediatric patients was 0% using a reconstruction
strategy including an underlay-overlay allograft alone for low-flow or nonlesking defects, with NSF
being indicated to line the reconstruction only in case of high-flow intraoperative lesks.* Of note,
NSF has been demonstrated to also be effective in children, while not leading to craniofacial growth
abnormelities.” In patients with no NSF available, other vascularized flaps are likely to provide

comparable results in terms of postoperative CSF leak rate.”* However, a single-institution study on
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pediatric patients did not show a significant difference in termns of postoperative CSF |egk rate when
comparing vascularized flap-including reconstruction to purdly graft-based ones.”

Meningitis occurred in 3.7% of cases andyzed in the review by Lee at a.,® being associated
with post-operative CSF leak, especially when persisting for morethan 7 days after surgery.676 Other
complications include alar collapse, nasal stenosis, transient diabetes insipidus, pneunonia, and
neurologic injury, cumulatively occurred in 7.0% of cases.® Mucocele formation was observed in
14% of cases treated by Di Rocco et al., highlighting the risk of skull base reconstruction to obstruct
the mucous drainage pathways, especially when the defect is located anteriorly, near the frontal sinus
drainage pathway.”®

Degthis exceedingly rarein studies on pediatric SBC treated with TES. The systematic review
by Leeet al. revedled a single case of death occurred post-operatively following a convul sive episode
and attributed to compression of the respiratory center near the site of repair.® This low rate of fatl
complications is consistent with findings in the adult endoscopic literature.® In fact, in the systematic
review by Komotar et al. on endoscopic skull base surgery in adults, meningitis and perioperative
mortality occurred in 0-1% of cases.*3
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CONCLUSIONS

The comprehensive management of SBC requires a multidisciplinary approach, with
assessment of the general conditions of the patient and specific characteristics of the lesion to select
the best treatment strategy.

Two distinct pathological scenarios are usually encountered when dealing with SBC: on one
hand malformeative pathology in the child, on the other acquired pathology dueto traumes or |1H in
adults.

The current recommendation is to manage SBC with the primary intent of preventing
ascending meningitis, with surgery representing the mainstay of treatment. The choice of the surgical
approach (endoscopic, open or combined) is usually dictated by size and location of thelesion. When
feasible, endoscopic surgery represents the first choice in virtue of its efficacy and more favorable
complication profile compared to open techniques.

Reconstruction usually represents the most critical phase of the entiresurgical procedure, with
the choice of the reconstruction technique relying on the size, site and pressure/flow of the legk, and
always favoring use of autologous material.
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TABLES

Table 1 Modified Dandy criteria.

1. Symptoms and signs of augmented intracranial pressure.

2. No localizing signs at the neurological examination (except abducens nerve palsy).

3. Normel imeging (except for empty sdla).

4. Opening pressure of [umbar puncture greater than 250 mm of water, with normal CSF
5. Alert and awake patient

6. No other cause of augmented intracranial pressure

Table2 Sdection of the surgica approach based on location and speifics of anterior skull base

cephalocde.

Cephalocdelocation and spedifics Surgical approach

Ethmoidal roof Endoscopic transethmoidal

Cribriform plate Endoscopic transnasal +/- transethmoidal

Planum sphenoidalis Endoscopic transplanum

Lateral wall of the sphenoid sinus Endoscopic transsphenoidal +/- transpterygoid

Caudal aspect of the posterior frontal plate and foramen | Endoscopic transfrontal

cecum

Lateral and cranial aspects of the posterior frontal plate | External osteoplastic flap +/- combined
endoscopic

Externa mess involving facial and nasal bones External transfacial /- combined endoscopic

Traumetic cephal ocees accompanied with skull base External transfacial/transcranial +/- combined

multifracture and orbital/intracerebral complications endoscopic
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FIGURES

Figure L Main sites of anterior SBCs distribution: Cribriform Plate (CrP) (40-100%), Ethmoidal
Roof (ER) (6-40%), Posterior Fronta Plate (PFP) (9-71%), sphenoidal walls (16-38%).467:2324
AEA - Anterior Ethmoidal Artery; LP — Lamina Papiracea; LW — Lateral Wall of the sphenoid
sinus; MS — Maxillary sinus; SpS — Sphenoid Sinus.

Figure 2 Case of a 36-year-old male complaining of chronic left frontal headache, with onset of
intermittent left CSF leak. Imaging showed the presence of a meningoencephalocde of the cranial
portion of the posterior frontal plate occupying the frontal recess and reaching the middle meatus
(black asterisk in figure A and B, sagittal and coronal MRI T2 weighted sequences, respectively).
The caudal aspect of the lesion (black asterisk in figure C) was visible at endoscopic examination by
means of |aterd displacement of themiddleturbinate (M T). Surgical strategy consisted in endoscopic
removal of the caudal portion, cleaning the frontal recess from below, combined with pericranium
and extema osteopl astic flap harvesting. Thelesion was removed and its baseisol ated and coagul ated
(black asterisk infigure D). Pericraniumflap (P infigure E and F) was distended along theleft anterior
skull base (figure E). Osteoplastic flap was then repositioned and fixed with plates (figure F). FR-
Frontal Recess; SpS — Sphenoid Sinus.

Figure 3. Case of a 48-year-old female complaining about headache treated for years as it was
atypical migraine, without CSF legk. Sagittal cone-beam CT showed an enlarged foramen cecum
(black asterisk in figure A). MRI confinmed the suspect of meningoencephalocde: in sagittal T2
wel ghted sequences (figure B) an extension of tissue with mixed hyperintense (CSF) and intermediate
(brain) signal protrudes on the midline beow and anteriorly to the normal boundary of the anterior
skull base; the FLAIR sagittal sequence (figure C) is characterized by the fal of signal in the fluid
component between the carebra parenchyma. The lesion was treated with endoscopic transfrontal
approach. The meningoencephaocele (black asterisks in figure D) was isolated and resected after
performing a Draf |11 procedure. M ultilayer reconstruction consisted in positioning inlay epidural fat,
inlay septal cartilage (C infigureE), fat fixed with fibrin glue, and lateral nasal wall pedicled mucosa
(FI infigure F). NS — Nasal Septum.

Figure 4. Case of a 28-year-old mele with CSF leak consequent to facial trauma. Imeging showed
the presence of a meningoce e of the right planum sphenoidalis (asterisks in figure A and B, coronal
CT scan and sagittal CISS weighted MRI, respectively. Arrows indicate the point of fracture of the
skull base). Transsphenoida approach allowed exposure of the meningoce e (black asterisk infigure
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C), covered by mucosa. It was coagulated with bipolar forceps (Figure D) and, in view of CSF leak
ceasing, covered with fat and mucosal graft. SpS — Sphenoid Sinus.
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ABSTRACT

Skull base cephaloceles (SBCs) are defined as herniation of intracranial content through the skull
base and are classified based on composition, etiology, and topographic location. Anterior SBCs
frequently protrude in the sinonasal cavity, and consequently are al potential risk of infection.
Therefore, the current recommendation is 1o treast SBCs with the primary intent of preventing
meningilis, and surgery represents the mainstay of treatment. Anterior SBCs may display a wide
specirum of severity and complexity, and in each case the risks and benefits of surgical approaches
are 10 be carefully weighted based on thorough assessment of symploms, age, general conditions,
location and size ol the lesion, as well as expertise of the surgeon. In the last 30 years, the evolution
and diffusion of transnasal endoscopic surgery have substantially changed the surgical management
of the majority of SBC. In the past, they were ireated exclusively with open transcranial approaches
that may be burdened by relevant morbidity and risk for severe complications. The transnasal
endoscopic corridor now provides éasy access to the lesion and different reconstructive stralegies
using endonasal pedicled flaps, without any exiernal incision, cranioplasty or brain manipulation.
However, there are stll scenarios in which an exclusive transnasal endoscopic route is
contraindicated. The aim of the present review is to provide an overview on the comprehensive
management of anterior SBC, with a particular focus on lesions suitable for endoscopic surgery.

Furthermore, special aspects of SBC management in children and adults will be highlighted.

KEY WORDS
Skull base, cephalocele, CSF leak.
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INTRODUCTION

The prevalence of intracranial content herniation through the skull is estimated to range
between 1: 10,000 and 1:2500." with an unexplained higher rate in Southeast Asia compared 10 other
geographical areas.® Herniations are classified according to topographic location, histological
composition in terms of brain and meningeal tissue, and congenital versus acquired onset, bul
univocal consensus is lacking. In the present re view, any herniation of the intracranial content through
the skull will be defined as “cephalocele” (“cephalo-" referring to the skull and “~cele” 1o herniation).
Although from a theoretical standpoint cephaloceles could be further classified in either
encephaloceles, meningoceles, or meningoence phaloceles if, respectively, made up by only brain,
only meninges, or both neural and meningeal tissues, this distinction would be irrelevant in terms of
practical implications in most cases, since the treatment of the vast majority of skull base cephaloceles
(SBC) is independent of its content.

Cephaloceles developing through certain areas of the skull base have the chance 1o reach a
mucosa-lined air cavity early, which can be either the sinonasal tract, nasopharynx, or middle ear.
This anatomical relationship can lead cephaloceles to manifest through nasal and/or ear cerebrospinal
fuid {CSF) leak, provided that the mucoperiosteal layer and meningeal sac spontaneously dehisce at
some point. Otherwise, the herniated tissue can become clinically appreciable through a mass effect
or because of transmission of brain pulsation towards a non-air-containing area such as the orbit. The
main concern when a cephalocele is diagnosed nearby a mucosal area is the risk for infectious
meningitis, which can occur through ascending infection of the intracranial cavity by microbes in a
mucosal cavity. Ina series cumulatively analyzing 111 CSF leaks with different causes, the incidence
of meningitis was 0.3 episodes/year, with most occurring within | year from leak onset.” Specifically
focusing on CSF-leaking ethmoidal meningoencephaloceles, Ziade ef al. found that 30% of patients
present with infectious meningitis. The risk of meningitisin patients bearing nonleaking, incidentally
found cephaloceles is unknown. However, episodes of meningitis in patients with a nonleaking
cephalocele lined by intact mucosa have been repored.®

Based on the aforesaid evidence, the current recommendation is to manage SBCs with the
primary intent of preventing ascending meningitis, with surgery representing the mainstay of
treatment.

Traditionally, SBC were treated with open transcranial approaches,** which are burdened by
relevant morbidity and/or complications, such as significant blood loss, injury 1o the olfactory
apparatus and supraorbital/supratrochlear nerves, brain manipulation, sesthetic impairment, and, with
special reference to children, damage of bone growth centers.’
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In the last 30 years, the evolution and populanzation of transnasal endoscopic surgery (TES)
have dramatically changed the surgical management of anterior and middle SBC, 1aking advantage
from the enhanced collaboration between neurosurgeons and otolaryngologists.

The aim of the present paper is o provide an overview on the comprehensive imanagement of
anterior SBC, with a particular focus on those suitable for TES. Furthermore, even if formally
belonging 1o middle skull base, SBCs hernisting through the lateral wall of the sphenoid sinus will
also be discussed. Aspects of SBC management in children and adults will be highlighted.
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CLASSIFICATION AND ETIOLOGY

SBC can be classified based on timing of development as congenital or acquired. Congenital
cephaloceles result from incomplete closure of the neural twbe during gestation and occur in
approximately 1:3000-5000 live births.” Those encroaching on the sinonasal tract are especially
sincipital {further divided in nasofrontal, nasoethmoidal, and naso-orbital) and basal (further divided
in transethmoidal, sphenoethmoidal, trans-sphenoidal, and frontosphenoidal) ce phaloceles.'”

Congenilal cephaloceles can be found either alone or in the context of malformation
syndromes,'’ whose discussion is beyond the aim of the present review. The causes of congenital
cephaloceles are unknown. Familiar and geographical clustering would suggest a genetic
predisposition, whereas association with low socioeconomic status, advanced maternal age, and long
interpregnancy period hint unfavorable intraulerine environment as a potential cause, ™"

Acquired cephaloceles can occur through two main mechanisms (or via their combination):
1) increased intracranial pressure, and 2) newly-onset defect (or weakening) of the skull base.
Kiopathic intracranial hypertension (1IH) perfectly fits this pathogenetic model, as it embraces both
mechanisms by increasing CSF pressure while relentlessly enfeebling the weakest areas of the skull
base through chronic pathological CSF pulsation. Acquired cephaloceles might represent a late
manifesiation of IIH causing an initially nonleaking herniation, as witnessed by the significant
association between ITH and mcningmelcs,"' On the other hand, patients with CSF early leaking
through the skull base due to intracranial hy periension might re present an earlier manifestation of ITH
with no frank herniation of intracranial tissues. An intermediate scenario is the “excavating
meningoencephalocele”, a recently deseribed entity consisting of a mnnel-like meningeal protrusion
through the skull base, which possibly represent an early-leaking meningeal herniation."* Association
between ITH and cephaloceles is also corroborated by the overlap in terms of risk factors, high body
mass index (BMI), and female gender being the most relevant.*'*** The prevalence of cephalocele in
ITH patients treated for spontaneous CSF leak ranges from 69% 1o 97%.""

Less frequently, increased intracranial pressure or weakening of the skull base might result

from other causes such as an intracranial mass,"" previous surgery, and trauma, ™

respectively.
Finally, some cephaloceles diagnosed in adult patients might also represent congenital herniation that
remain unnoticed until adulthood. In fact, series on patients treated for a congenilal cephalocele
include subjects aged 18 or older.™”

Classification of SBC according to subsite of herniation includes the cribriform plate,
ethmoidal roof, posterior frontal plate, and sphenoidal walls. Distribution throughout these subsites
is as follows: 40-100%, 6-40%, 9-71%, and 16-38%, respectively: (Figure 1) 3472 A remarkable
difference in topographical distribution can be observed when comparing pediatric and adult series,
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with the former being more frequenily associated with frontal cephaloceles. Sphenoidal cephaloceles
most frequently develop through the lateral wall, whereas other sphenoidal subsites {(e.g. planum
sphenoidale, wherculum sellae, clivus) are involved with exceeding rarity >
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CLINICAL PRESENTATION

SBCs manifest across a diverse clinical spectrum, which can vary from e pisodic rhinomrhea to
large sinonasal or nasopharyngeal masses that can cause obstruction or craniofacial deformities.
Etiology, size and site of the cephalocele, along with the age of the patient, largely dictate the clinical
picture.

Overall, nasal obstruction, CSF rhinorrhea, and headache are the leading sympioms. In
general, SBC manifest as pulsating, cystic masses protruding in the face (covered by skin), in
sinonasal cavities and nasopharynx {covered by mucosa), or in the orbit. Fursienberg sign (i.e.
increased swelling and pulsatility in association with Valsal va maneéuver or jugular vein compression)
is a simple but effective clinical finding 10 guide differential diagnosis.™

Congenital cephaloceles are usually large and can display a relevant mass effect leading to
deformities of the nasal bones, maxillofacial skeleton and sinonasal structures {severe seplal de viation
and wrbinates dislodgement). Sincipital cephaloceles are often more obvious, since they can be
associsted with external, visible pulsating masses and other craniofacial deformities, such as
telecanthus.” Conversely, basal cephaloceles may be more insidious, and diagnosed at a later age.
They usually present with nasal obstruction, but can be also associated with other conditions,
including hypertelorism, facial clefis, and Morning Glory Syndrome (congenital optic disc
dysplasia). =

In a recent study analyzing 15 congenital cephaloceles, the average age ot diagnosis was six
years, ranging from 2 months to 22 years, and the most frequent symptom was nasal obstruction.
Associated anomalies were found in almost half of cases, with craniofacial deformities being the most
frequent (30%). The majority of cephaloceles occurred at the foramen cecum and presented relevant
dimension in view of the limited size of the craniofacial skeleton (mean diameter, 2.44 ¢m).” Fronto-
orbital cephaloceles are almosi exclusively congenital, and can cause propiosis, orbital displacement,
pain, and interfere with e ye-ball mobility (diplopia) and venous drainage (chemosis).’

Acquired cephaloceles more frequently occur in adults. In general, nasal obstruction has a
marginal relevance, since cephaloceles tend 1o be smaller and do not impact nasal flow. The most
important symptom is CSF rhinorrhea, followed by previous (or present) ¢pisodes of meningitis and
persistent headache. ™

Traumatic and iatrogenic cephaloceles can be easily ruled out with careful anamnesis.
Spontaneous or idiopathic CSF leaks are almost invariably associated with increased intracranial
pressure. IIH typically occurs in overweight women in their 5®.6® decade of life."' This
epidemiological trait, together with a clinical history consistent for CSF leak, is highly suggestive for
cephaloceles and warranis further clinical and radiological examinations. The diagnosis of IIH is
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defined by the modified Dandy criteria (Table 1);'*™* in particular, indirect radiological signs of
intracranial hypertension (i.e. empty sella, enlargement of the space between the oplic nerve and oplic
sheath) can strongly support the diagnosis before other invasive procedures are carried out {i.e., CSF
opening pressure at lumbar punclure).

Noteworthy, IIH-induced CSF-leaks may show a valve mechanism, which translates into an
intermitient leak that can delay correct diagnosis.

Meningitis may complicatle the clinical condition in a non-negligible group of patients.
Focusing on CSF-leaking ethmoidal meningoencephaloceles, Ziade er al reporied that 30% of
patients present with infectious meningitis.® Furthermore, episodes of meningitis in patients with a

nonleaking cephalocele lined by intact mucosa have been reported.*
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DIAGNOSTIC WORK-UP
The diagnostic work-up is aimed at: a) confirming the diagnosis of cephalocele; b) defining its size
and site: ¢) establishing the etiology.

Clinical examination

Careful inspection of the face and palpation are adequate 1 evaluate external cephaloceles
and possible abnormalities of the maxillofacial skeleton.

In case of fronio-ethmoidal and basal cephaloceles, endoscopic endonasal evaluation has a
pivotal role in confirming diagnosis and localizing the cephalocele. Congenital cephalocele are often
more obvious and their location is easier 1o define. Conversely, aocquired cephaloceles can be more
subtle, and they can be so small that they can be hidden beneath the mucosa and be impossible o
visualize.

The presence of CSF leak is a helpful hint 1o confirm diagnosis. From a clinical perspective,
CSF is indistinguishable from serous nasal secretion unless an evident and high-flow leak is clearly
detectable. Therefore, laboratory tests on fluid collection (ie. identification of beta-2-transferrin or
beta-trace protein) are invaluable tools 1o confirm CSF-leak.

Identification of the site of the meningoencephalocele can be challenging in case of very small
defects.

In ITH induced cephaloceles, an important clue is provided by a non-random distribution of
these defects in the ASB. In fact, they mostly oocur at the level of the posterior portion of the
cribrifonm plate. probably because the presence of olfactory foraminacombined with the larger width
of the olfactory cleft makes the bony skull base more susceptible 1o dehiscence. ™

An interesting method 1o increase the efficacy of nasal endoscopy is intradural injection of
fluorescein. In a retrospeciive series on 103 CSF-leak repairs, Muorescein was used in 47 patients,
and showed 73.8% sensitivity and 100% specificity for detection of the leak site.* Sensitivity can bhe
even higher with the use of a blue light filier, which allows for visual detection of fluorescein at |
part in 10 million.*” Being an off-label indication, proper patient consent is needed. Safety of lumbar
fluorescein injection has been debated in the literature; however, authors® personal experience and
other published evidence suggest that the specific risks related to fluorescein injection are minimal. ™

Owerall, clinical and endoscopic evaluations are useful 10 address diagnostic suspicion, but
are rarely conclusive. It is of utmost importance Lo avoid any interventional procedure such as biopsy

before a complete radiological workup has been conc luded.

Radiological diagnosis
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Radiological examinations are imperative to conlirm diagnosis and define the content of the
cephalocele, detect its location, and suggest a possible etiology. Furthermore, a combination of
different radiological techniques is usually required.

High-resolution computed tomography (HRCT) and magnetic resonance (MR) with or
without contrast medium are the mainstay in the diagnostic workup.

HRCT is highly effective in the study of the bony skull base, and can detect even millimetric
bony defects. In a retrospective study on42 CSF leaks, the site of the skull base defect was identified
preoperatively by HRCT in all cases, with successful intraoperaiive detection via iniraoperative
image guidance."® Conversely, the drawbacks are e xposure (o ionizing radiation, and the impossibility
to distinguish between skull base dehiscence and skull base defect with cephaloceles, as a
consequence of its low capability of soft tissue discrimination (risk of false positive). The latter issue
is brilliantly resolved by combining HRCT with MR.

The great advantage of MR is the power to discriminate between brain tissue, CSF, and nasal
secretion by combining T2-weighted, three-dimensional (3D) constructive interference in steady state
(CISS) and Muid atienuated inversion recovery (FLAIR) sequences. In particular, image contrasi in
3D-CISS is characterized by a high T2-T | ratio. i.e. tissues (like fat and water) with both long T2 and
short T1 relaxation times have increased signal intensity. This allows for an excellent contrast
between CSF (hyperintense ) and other structures: other rele vant advantages of this sequence are high
signal-to-noise ratio, high contrast-1o-noise ratio, and intrinsic insensitivity to motion.”* In FLAIR,
the signal of CSF is suppressed and will appear completely black, while the brain is predominantly
gray and the mucosa hyperintense. Therefore, the combination of 3D-CISS and FLAIR is extremely
useful to detect the site of the cephalocele and to define ils conlent.

Other relevant advantages of MR are the absence of radiation (important in young patiénts or
in case of repeated examinations) and the ability (o rule out possible causes of cephalocele {brain
wmors, [IH, thrombosis of the dural sinuses, etc. ). Overall, the combination of HRCT and MR can
resolve the vast majority of suspected cephaloceles.

Accordingly, CT and MR cisternography should be considered as second-line e xaminations
for very selected cases, in view of the need for an intrathecal injection of contrast medium via a
lumbar puncture. CT cisternography is 85% sensitive for active leaks, but this can decrease 10 48%
in case of intermittent leakage." Performance of MR cisternography are better, with 100% detection
rate for continuous leaks, and 70% for intermittent ones.***' A common drawback of these two lests
is the dependence on contrast medium diffusion in CSF, with a risk of false negativily in case of poor
distribution.
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As previously stated, the most critical scenario in terms of diagnosis is intermittent CSF leak.
To increase diagnostic accuracy, radionuclide cisternography has been proposed and investigated.
This examination is based on the intrathecal injection of technetium-99; the detection of a possible
leak may last several days, and theoretically this should allow capluring even intermitient or low
volume leakage. However, preliminary results are discouraging. First, spatial resolution is very poor,
which limits an effective localization of the defect In addition, sensitivity is quite low, ranging

between 62% and 76%. while the false positive rate is not negligible (33%).
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SURGICAL TREATMENT

Surgery is the mainstay of reatment of SBC. To date, TES is the preferred surgical strategy
to address basal and sincipital cephaloceles that are not associaled with craniofacial deformity and do
not show far lateral extension.* In a systematic review of 1178 patients from 71 studies, Komotar ef
al. reporied no significant difference in the rale of successful repair of skull base defects when
comparing open and endoscopic cohorts.** Complications and mortality were significantly lower in
the endoscopic group, mosi probably because brain retraction is avoided and neurovascular
manipulation minimized.*' Moreover, skin incision and large craniotomies are avoided, resulting in
negligible cosmetic alterations. ™+
surgery. M

Despite these indisputable advantages, some perils of TES have tobe highlighted, with special

reference Lo pediatric patients. In contrast to adults, pediatric sinonasal anatomy can substantially

TES has also been associated with lower costs compared 1o open

restrict the working space for surgical instrumentation. Children may also lack key anatomical
landmarks as a consequence of early-siage pneumatization of craniofacial bones, and performing
surgery requires a thorough understanding of age-dependent structural patterns.*** For instance,
sphenoid sinus pneumati zation usually occurs 7 years afier birth, thus invariably presenting a non-
pneumatized sphenoid body if surgery is performed earlier.**" Furthermore, surgeons must be
mindful of potential damage 1o facial and skull growth centers, and in particular the sphenodorsal
zone, which extends from the sphenoid septum to the nasal dorsum, being consequently at risk of
impairment duting TES.“** Finally, endonasal pedicled flaps are smaller and possibly inadequate
to reconstruct large, congenital defects. Despite these concerns, a number of studies have validated
the feasibility of TES in children, showing satisfactory outcomes with low complication
ms'nmx-n.u

While the paradigm continues to shift towards endoscopic approaches, there are still situations
which contraindicate an exclusive TES. Sincipital congenital céphaloceles with external mass
involving facial and nasal bones and traumatic encephaloceles accompanied with skull base
multifracture and orbital/intracerebral complications require external approaches, yet frequemtly in
combination with TES *** Furthermore, selected defects of the posterior frontal plate located nearby
frontal recess can be addressed through TES, but an osteoplastic flap approach is needed for laterally
and/or cranially located defects (Figure 42).*

The optimal surgical sirategy has 1o be chosen based on exiension, size, location of the lesion,
and expertise of the surgical team (Table 2). The possibility to rely on different surgical approaches
is pivolal, as well as being flexible and prepared io swiich or add another approach when forced by
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unexpected intraoperative findings. In this view, adequate preoperative counseling is of paramount
importance.

Surgical timing

Because of the rarity of SBCs and consequent paucity of sound data, the optimal timing for
surgical intervention still needs 1o be fully defined.’

In children, presence of airway obsitruction, CSF leak, meningitis, and pronounced facial
deformities require prompt intervention.™” On the other hand, in the absence of these risk factors, and
in particular in case of newborns with limited blood reservoir, surgery can be delayed and the patient
carefully followed.

In adults, active CSF leak and/or history of meningitis suggest the need for intervention, even
if in the setting of nonurgent care.

Patients with small and asymplomatic SBCs, in the absence of any major contraindication 1o
the surgical procedure, should undergo elective surgery, as the risk of developing infectious

meningitis cannot be excluded.”
Endoscopic surgical technique
Resection phase

TES takes advantage ol the cornidor offered by the nasal cavities and paranasal sinuses Lo
reach the skull base ™ Cephaloceles can present in several areas of the skull base and the endoscopic
corridor 1o expose the area of interest accordingly varies from case to case (Table 2). However, there
are some surgical principles that are essential regardless of the endoscopic corridor employed.

The first phase of any procedure consists of a careful exploration of olfactory fissures, nasal
meati, and nasopharynx, taking advaniage of intrathecal fluorescein use in non-obvious cases, since
multiple or hidden sources of CSF leak can be present simultaneously. ™

A wide exposure of the area of the defect is pivolal. The base of the cephalocele (ie. the area
where the herniated tissue crosses the skull base) needs 1o be adequately exposed, which is achieved
by removing the surrounding structures. The lesion should then be reduced or cauterized flush with
the skull base, as herniated brain tissue is typically nonfunctional. ™

Cephaloceles originating from the caudal aspect of the posterior frontal plate or through a
patent and widened foramen cecum can be addressed endoscopically via a transfrontal approach, =2
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provided that lateral extension over the orbital cavity is limited ( Figure 13). However, the surgeon
needs 1o be prepared Lo switch to an open approach in far anteriorly located cephaloceles, with the
frontal osteoplastic flap approach best addressing this anatomical area.

As illustrated above, the cribriform plate is the typical localization of SBCs in adults, most
frequently in the posterior thind, likely because of the lack of significantly thick bone buttress.™
Herniations in the olfactory clefi can be addressed by sparing the ethmoidal complex. Wide SBCs of
this area may foree the need to perform a partial septectomy by removing the perpendicular plate of
the ethmoid bone 1o expose the entire circumference of their base."* When the skull base defect
includes the vertical portion of the cribriform plate and/or the ethmoidal roof, a more lateral access
through the ethmoidal complex is required. For defects of the cribriform plate and ethmoidal roof,
the middle and superior turbinate can be spared (and possibly used as source of vascularized flap)™™
*if their insertion on the skull base is sufficiently far from the bone defect. Otherwise, middle and
superior rbinectomy is necessary to adequately expose the skull base defect.

SBCs of the sphenoid sinus are managed through transsphenoidal approaches. The removal
of the rosirum allows 1o gain exposure and working volume, both for lesions of the planum

I sphenoidalis (Figure 34), cranially, and the clivus, caudally,™'** while simple paraseptal
sphenoidotomy usually does not provide proper cranial-caudal exposure. However, it is worth
remembering that most sphenoidal SBCs herniate through the Iateral wall, whose exposure is

| achieved by drilling the pierygoid root through a transethmoidal, transpterygoid approach, "4/

For uncommon cases of SBC involving the perygopalatine or infratemporal fossa, the
necessary wider exposure can be reached through a combined transsphenoidal-transmaxillary
appmach.”

Preservation of vascular pedicles is always highly recommended during the resection phase
even though their use is not in the surgical plan, since they can be helpful o provide a back-up
reconstruction in a possible revision seting. In panicular, the septal branch of the sphenopalatine
artery needs to be spared, possibly through a rescue flap.“™

Reconsiructive phase

Reconstruction usually represents the most critical phase of the entire surgical procedure, as
its failure would imply a postoperative CSF leak.

In every case, when preparing the reconstruction bed, the mucosa around the bone defect
needs 1o be removed. In fact, there should be no overlap between the in-situ skull-base mucosa and
the graft applied, which could result in subopiimal adhesion between reconstructive layers and
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subsequent development of a mucocele.™ The surrounding bone surface is o be flattened in order 0
improve adhesion of oveday covering materials.

The bone defect is usually widened beyond the limits of the dural opening to allow proper
positioning of grafls for reconstruction. Grafting may be performed with underlay or overlay
techniques, or through a combination of both.™ Placement of an underlay grafi for defects smaller
than 4 mm may be difficult,* but for larger defects multilayer reconstruction is recommended in most

| circumstances to oplimize the chances of success, ™

Options for graft materials are numerous. lleotibial tract, fascia lata, temporalis fascia,
collagen matrix, cadaveric fascia, dermis, and pericardium are valuable materials as intradural and

l epidural layers. Fat can be used as transcranial plug in case of small defects, "™ as well as a filler for
bone depression 1o flatien the surface where the extracranial layer is positioned (typically for SBC of
the lateral wall of the sphenoid, with highly pneumatized lateral recess). A rigid grafi may be
indicated in a gasket-seal closure for large, high-flow, high-pressure defects.

Small SBCs no longer leaking after cauterization can be covered by a single overlay graft of
fascia or mucoperiosieum. Bedrosian er al. proposed the interposition of a fat grafi beiween these
small defects and mucosal graft.**

There are many pedicled options for extracranial coverage. Nasoseptal Mlap (NSF) is the most
frequently used, based on easy harvesting, reliability, and vast surface cover provided. It allows
proper reconstruction of cribriform plate, fovea ethmoidalis, and sphenoidal walls. However, it is
poorly adequate to cover defects of the posterior frontal plate. In the pediatric population, the
application of NSF may be technically difficult due 10 the narrow nasal corridor. As such, it may be
best reserved for older children, large defects, significant intraoperative CSF leak, or other high-risk
situations.®

In addition to NSF, other nasal mucoperiosieal flaps pedicled on the maxillary or ethmoidal
artery systems can be taken into consideration. These are primarily represented by the ethmoidal
arteries pedicled septal flap (i.e. septal fMlip-flap),” and middle wrbinate (MTF), inferior turbinate
(ITF), wrbinal, and lateral nasal wall Maps.>**4*% Given their anteriorly located pivot, septal flip-
flap and wrbinal flaps perfecdy suit defects of the cribriform plate and fovea ethmoidalis

Sphenoidal wall defects are bed covered with posteriorly pedicled [laps, such as NSF, MTF, ITF,

and lateral nasal wall flap.*® Of note, flaps based on branches of the sphenopalatine artery might be
technically difficult 1o harvest, but represent a valuable option when NSF is unavailable, as is

frequently the case in revision surgery.

Post-operative management
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Careful post-operative management is imperative for a successful post-operalive course.
Outpatient repeated meticulous debride ment of nasal crusting and fibrin, as well as check of the status
of the skull base reconstruction should be performed until complete healing. Non-collaborative
pediatric patients can be scheduled for endoscopic second look with sedation at 15-20 days afler
surgery.

Maneuvers increasing intracranial pressure, such as lifting anything heavy, blowing the nose,
air travel, and doing physical and sexual activity, shoukl be discouraged.* Obese patients should be
sent for nutritional counseling and weight loss should be accordingly planned.

In the literawre on adult patients, the indications for a lumbar drain (LD) lacks univocal
consensus and, with special reference to anterior skull base defects, is usually deemed unnecessary
given the unfavorable risk-benefit ratio. In fact, complications of LD may be more frequent than
postoperative CSF leak in these circumstances 4“2 In our opinion, LD should be positioned in case
of large high-flow dural defects, especially in the presence of significant risk factors for postoperative
CSF leak such as intracranial hyperiension and/or relapsing leak. Furthermore, in patients with
significamt ITH, reduction of intracranial pressure can be obtained with oral acetazolamide
administration, ' remarkably increasing the success rate of reconstruction as highlighted in the

fadtd

systemalic review by Teachey er al.

Surgical outcomes and complications

Several studies clearly showed that the transnasal endoscopic route is efficient and safe 10
approach SBCs, irrespective of the patient’s age.*’#4="

A recent syslemalic review by Lee ef al. on 110 pediatric patients treated endoscopically for
cephaloceles found that the recurrence rate was 5.2% afler an average follow up of 25.3 months.® In
the same paper, failure of reconstruction with post-operative CSF leak occurred in 6.0% of cases
across all studies analyzed.” These results are in line with what observed in the literature afier the
introduction of endonasal vascularized pedicled faps, which have dramatically decreased the
incidence of post-operative CSF leak from 15% to about 5% 10 6%.“ " The post-operative CSF
leak rate reported by Nation ef al. on a cohort of 39 pediatric patients was 0% using a reconstruction
strategy including an underlay-overlay allografi alone for low-flow or nonleaking defects, with NSF
being indicated 1o line the reconstruction only in case of high-flow intraoperative leaks.*® OF note,
NSF has been demonsirated 1o also be effective in children, while not leading to craniofacial growth
abnormalities.”** In patients with no NSF available, other vascularized flaps are likely to provide
comparable results in terms of postoperative CSF leak rate.™* However, a single-insttution study
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on pediatric patients did not show a significant difference in terms of postoperative CSF leak rate

| when comparing vascularized flap-including reconstruction 1o purely grafi-based ones, =
Meningitis occurred in 3.7% of cases analyzed in the review by Lee at al..* being associated
| with post-operative CSF leak, especially when persisting for more than 7 days after surgery 47
Other complications include alar collapse, nasal stenosis, transient diabetes insipidus, pneumonia,
and neurologic injury, cumulatively occurred in 7.0% of cases.® Mucocele formation was observed
in 14% of cases treated by Di Roceo ef al., highlighting the risk of skull base reconstruction to obstruct
the mucous drainage pathways, especially when the defect is located anteriorly, near the frontal sinus

drainage pathway. "™

Death is exceedingly rare in studies on pediatric SBC wreated with TES. The systematic review
by Lee ¢t al. revealed a single case of death occurred post-operatively following a convulsive episode
and attributed to compression of the respiratory center near the site of repair.” This low rate of fatal
complications is consistent with findings in the adult endoscopic literature.” In fact, in the systematic
review by Komolar ef al. on endoscopic skull base surgery in adults, meningitis and perioperative

mortality occurred in 0-1% of cases.*'
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CONCLUSIONS

The comprehensive management of SBC requires a multidisciplinary approach, with
assessment of the general conditions of the patient and specific characteristics of the lesion Lo select
the best ireatment stralegy.

Two distinct pathological scenarios are usually encountered when dealing with SBC: on one
hand malformative pathology in the child, on the other acquired pathology due to traumas or [IH in
adulis.

The current recommendation is o manage SBC with the primary intent of preventing
ascending meningitis, with surgery representing the mainstay of treatment. The choice of the surgical
approach (endoscopic, open or combined) is usually dictated by size and location of the lesion. When
feasible, endoscopic surgery represents the first choice in virtue of its efficacy and more favorable
complication profile compared to open techniques.

Reconstruction usuall y represents the most critical phase of the entire surgical procedure, with
the choice of the reconsiruction technique relying on the size, site and pressure/flow of the leak, and

always favoring use of autologous mate rial.
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TABLES

Table 1. Modified Dandy criteria.

|. Sympioms and signs of augmenied intracranial pressure.

2. No localizing signs at the neurological examination (except abducens nerve palsy).

3. Normal imaging (except for emply sella).

4. Opening pressure of lumbar puncture greater than 250 mm of water, with normal CSF

5. Alert and awake patient

6. No other cause of augmented intracranial pressure

Table 2. Selection of the surgical approach based on location and specifics of anterior skull base

cephalocele.
Cephalocele location and specifics Surgical approach
Ethmoidal roof Endoscopic transethmoidal
Cribriform plate Endoscopic transnasal +/- transethmoidal
Planum sphenoidalis Endoscopic transplanum
Lateral wall of the sphenoid sinus Endoscopic transsphenoidal +/- transpiery goid

Caudal aspect of the posterior frontal plate and foramen

cecum

Endoscopic transfrontal

Lateral and cranial aspects of the posterior fronial plaie

External osieoplastic flap +/- combined
endoscopic

External mass involving facial and nasal bones

External transfacial +/- combined endoscopic

Traumatic cephaloceles accompanied with skull base
muliifracture and orbital/intracerebral complications

External transfacialtranscranial +/- combined
endoscopic
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FIGURES

FigureLFigure 1. Main sites of anterior SBCs distribution: Cribrifom Plate (CrP) (40- 1004 ),
Ethmoidal Roof (ER) (6-40% ), Posterior Frontal Plate (PFP) (9-71% ), sphenoidal walls (16-

38G) 0T AF A - Anterior Ethmoidal Anery: LP — Lamina Papiracesa: LW — Lateral Wall of the

sphenoid sinus: MS — Maxillary sinus: SpS — Sphenoid Sinus

Figure 2. Case of a 36-year-okd male complaining of chronic lefi frontal headache, with onset of
intermittent left CSF leak. Imaging showed the presence of a meningoencephalocele of the cranial
portion of the posterior frontal plate occupying the frontal recess and reaching the middle meatus
(black asterisk in figure A and B, sagittal and coronal MRI T2 weighted sequences, respectively).
The caudal aspect of the lesion (black asterisk in figure C) was visible at endoscopic examination by
means of lateral displacement of the middle wrbinate (MT ). Surgical strategy consisted in endoscopic
removal of the caudal portion, cleaning the fontal recess from below, combined with pericranium
and e xiernal osteoplastic flap harvesting. The lesion was removed and its base isolated and coagulated
{black asterisk in figure D). Pericranium fMap (P in figure E and F) wasdistended along the left anterior
skull base (figure E). Osteoplastic flap was then repositioned and lixed with plates (ligure F). FR-
Frontal Recess; SpS — Sphenoid Sinus.

Figure 23, Case of a 48-year-old female complaining about headache treated for years as it was
atypical migraine, without CSF leak. Sagittal cone-beam CT showed an enlarged foramen cecum
(black asierisk in figure A). MRI confirmed the suspeci of meningoencephalocele: in sagitial T2
weighted sequences (figure B)an extension of tissue with mixed hyperintense (CSF) and intermediate
(brain) signal protrudes on the midline below and anteriorly to the normal boundary of the anterior
skull base: the FLAIR sagittal sequence (figure C) is characterized by the fall of signal in the Muid
component between the cerebral parenchyma. The lesion was treated with endoscopic transfrontal
approach. The meningoencephalocele (black asterisks in figure D) was isolated and resected after
performing a Draf I procedure. Multilayer reconstruction consisted in positioning inlay epidural fat,
inlay septal cartilage (C in figure E), lat lixed with fibrin glue, and lateral nasal wall pedicled mucosa
(Fl in figure F). NS — Nasal Septum.

Figure 34. Case of a 28-year-old male with CSF leak consequent to facial trauma. Imaging showed
the presence of a meningocele of the right planum sphenoidalis (asterisks in figure A and B, coronal
CT scan and sagitial CISS weighied MRI, respectively. Arrows indicate the poini of fraciure of the
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skull base). Transsphenoidal approach allowed exposure of the meningocele (black asterisk in [igure

C). covered by mucosa. It was coagulated with bipolar forceps (Figure D) and, in view of CSF leak
ceasing, coverad with fat and mucosal graft. SpS - Sphenoid Sinus.
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