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Traumatic injuries to the skull base can involve critical neurovascular structures and
present with symptoms and signs that must be recognized by physicians tasked with
management of trauma patients. This article provides a review of skull base anatomy
and outlines demographic features in skull base trauma. The manifestations of various
skull base injuries, including CSF leaks, facial paralysis, anosmia, and cranial nerve
injury, are discussed, as are appropriate diagnostic and radiographic testing in patients
with such injuries. While conservative management is sometimes appropriate in skull
base trauma, surgical access to the skull base for reconstruction of traumatic injuries
may be required. A variety of specific surgical approaches to the anterior cranial fossa
are discussed, including the classic anterior craniofacial approach as well as less

anterior cranial fossa

Y

The head, deservedly, has been coined the central hub of
individuality and communication with the outside world. By
virtue of the critical structures encompassed by the craniofa-
cial skeleton, head trauma can have devastating and debilitat-
ing consequences. With advancement of our understanding of
brain trauma, technology, and medicine, more victims survive
to face the sequelae of what were once terminal injuries. There
are 30 million trauma-related hospital visits annually, and
approximately 16% are associated with traumatic brain injuries
(TBIs). Children, older adolescents, and adults aged 65 years or
older are among those most likely to sustain TBIs. The incidence
of TBIs is also higher in males. As per the Centers for Disease
Control and Prevention (CDC) report, males aged 0 to 4 years
have the highest rates of TBI-related emergency department
visits. However, the rate of hospitalization and death is higher
amongst patients 65 years of age and older. Mechanism of
injury leading to TBI varies among the demographic para-
meters. For example, assault and motorized vehicle crashes are
major causes of TBI-related deaths up to the third decade of life,
whereas falls are implicated in most of the TBI-related deaths
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in individuals 65 years of age and older population. In 2010,
$76.5 billion was the estimated economic burden of TBL' In
light of the societal and financial burdens involved in cranial
trauma and as a result of critical anatomic relationships
between important neurologic structures, such as the brain
and skull, skull base injuries are an important part of the head
trauma mélange. Skull base fractures have been reported in
12% of all head injuries and 20% of all skull fractures.? With the
skull base being located at the anatomic gateway of neurovas-
cular connections of the brain with the periphery, timely
diagnosis and management of skull base fractures and their
complications are of paramount importance. This work aims to
briefly review demographics, diagnosis, complications, and
surgical management of skull base injuries.

Mechanism of Injury

Motorized vehicle collisions (MVCs) and blunt head trauma
have been identified as the leading causes of skull base
fractures. A model analysis of MVC collisions revealed that
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82% of the injuries resulted from impacts with hard objects in
the vehicles, and higher velocity vector changes were asso-
ciated with worse injuries.> Other than local force loading
(direct impact), remote loading mechanisms (force exerted
distant from the site of fracture), compression mechanisms,
and tensile mechanisms have also been implicated in skull
base fractures. For instance, mandibular impacts have been
associated with transition of the force to the base of skull,
causing fractures. Tensile strength of the atlantooccipital
ligament has also been hypothesized to avulse bony skull
base fragments in high-velocity traumas.? Given the rather
high energy impact required for skull base fractures, these
are usually associated with TBI and specific craniofacial
fracture patterns. Orbital rim and wall fractures, for example,
are associated with skull base fractures, but there is no
apparent association between skull base fractures and orbi-
tal floor, mandible, nasal bone, or zygomaticomaxillary
fractures. Skull base fracture is, however, directly associated
with an increase in the absolute number of facial fractures.

Anatomy

The human skull is comprised of three embryological com-
ponents: membranous neurocranium, cartilaginous neuro-
cranium, and viscerocranium. These give rise to the flat skull
bones, most of the skull base, and the facial bones, respec-
tively. Classically, the skull base has been divided into three
fossae: anterior, middle, and posterior. The frontal bone,
lesser wing of the sphenoid, and cribriform plate of
the ethmoid bone form the floor of the anterior fossa. The
middle fossa is mostly formed by the greater wing of the
sphenoid bone and the temporal bone, while the occipital
bone is the major component of the posterior cranial fossa.
Despite the many anatomic structures comprising the skull
base, certain structures bear the brunt of injury. In a retro-
spective study, temporal bone fractures were the most
common skull base fractures (40%), followed by orbital
roof (24%), sphenoid (23%), occipital (15.4%), and ethmoid
(10.8%). Fractures of the clivus (formed from components of
the sphenoid and the occipital bones) were rare (1.03%).2

Historically, classification of fractures into meaningful
groups to assist with devising treatment plans and prognos-
tic measures has been studied. In one such study, anterior
fossa fractures were stratified into the following four major
types: 1, cribriform; II, frontoethmoidal; III, lateral frontal;
and 1V, complex. This study concluded that the farther the
fracture was from the midline, the lower was the rate of
infection, and that skull base fractures with defects of more
than 1 cm were associated with more infections.® Types II
and III, however, were associated with more forceful trauma
and had higher rates of midface fractures, intracranial in-
juries, and cerebrospinal fluid leaks.”

Multiple parameters have also been proposed for classifica-
tion of middle cranial fossa and temporal bone fractures,
including the axis of the fractures (longitudinal vs. transverse),
involvement of otic capsule, involvement of the petrous por-
tion of the temporal bone, and involvement of subsegments of
the temporal bone (e.g., tympanic, squamous, mastoid). Trans-
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verse fractures (those fractures running perpendicular to the
long axis of the temporal bone pyramid) were correlated with
sensorineural hearing loss (SNHL), and petrous bone fractures
had higher incidence rates of SNHL, vertigo, and eardrum
perforation. Interestingly, and perhaps contrary to expecta-
tion, in one study assessing the risk of facial palsy in temporal
bone fractures, the axis of fracture and subsegments of the
temporal bone involved by the fracture were not significantly
associated with facial paresis. Only when classifying temporal
bone fractures as petrous and nonpetrous, was an association
with facial paresis seen in the petrous fracture group.® The
reason for this is unclear. The same study of clinical relevance
of various temporal bone fracture classification schemes found
that involvement of the otic capsule was significantly asso-
ciated with both incidence and severity of SNHL. Comparing
these classifications, the authors concluded that petrous frac-
tures had the highest correlation with vestibulocochlear com-
plaints and facial paralysis.8

Posterior cranial fossa fractures present with high mortality
and morbidity, but fortunately, their incidence is rather low
(0.39-1.2%). Clival fractures are posterior fossa fractures that
can be classified as longitudinal, oblique, and transverse and
have high mortality rates (40-70%). Cranial neuropathy is an
expected consequence of these fractures, as these have an
incidence of cranial neuropathy of approximately 100%.>'0
High mortality and morbidity of clival fractures can be attrib-
uted to higher incidence of brainstem insults associated with
these types of fractures, and this is not unexpected given that
the clivus rests immediately anterior to the pons.

While there are other possible posterior cranial fossa
fracture patterns, including occipital condyle fractures that
involve the craniocervical junction, these are beyond the
scope of this article.

Evaluation

Like all other cases of trauma, the systematic assessment of the
patient with primary and secondary surveys should be under-
taken without delay. After completion of the primary survey
and when the patient is stabilized, complete physical and
neurological examination should be performed as parts of
the secondary survey. Quick visual observation of the face and
skull as well as palpation of the calvarium and bony landmarks
can provide the examiner with important information regard-
ing the extent of possible injuries. Classically, Battle’s sign
(ecchymosis over the mastoid process) and periorbital ecchy-
mosis have been associated with skull base fractures. Battle’s
sign and unilateral blepharohematoma have positive predic-
tive values (PPVs) for skull base fractures of 100 and 90%,
respectively. Also, bilateral blepharohematoma (raccoon eyes)
and bloody otorrhea were associated with skull base fractures
but had a lower PPV of 70%. Importantly, these signs, which can
be identified easily on visual inspection alone, are predictive of
intracranial injuries even if the patient has a Glasgow Coma
Scale (GCS) of 13 to 15.1" Another important clue to skull base
fractures is traumatic cerebrospinal fluid (CSF) leak, a condi-
tion presenting with otorrhea and/or rhinorrhea. CSF leak
usually presents acutely near the time of injury but may
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present in a delayed manner months or even years after
trauma as suggested by cases of occult CSF leak presenting
with meningitis remote from the time of injury.12 While
clinical exam findings or subjective patient complaints raise
the suspicion of CSF leaks, their diagnosis may be made in
several ways. An unsophisticated method of testing suspicious
fluid for CSF takes advantage of the differential capillary action
of heavier or charged molecules during diffusion through a
medium. The halo sign, aringed pattern formed on gauze when
impregnated with CSF, indicates the separation of CSF from
heavier blood products and is a nonspecific but confirmatory
test for CSF leak. Unfortunately, this classic test for CSF is not
specific to CSF, and false positives can be observed with saliva,
tears, or nasal secretions. More specific tests have been devel-
oped to more accurately diagnose CSF leaks. Meurman et al
were the first to note that the beta-2-transferrin protein is
exclusive to CSE.'* Since then, this test has been useful in
confirming the abnormal presence of CSF in other body
fluids.'® Beta-trace protein has also been studied, but its lower
specificity in patients with renal insufficiency or bacterial
meningitis has made its use limited."”

While some injuries associated with skull base trauma
may be obvious on initial or secondary trauma surveys, there
are certainly more occult and subtle injuries that result from
craniofacial injury that will be recognized later (after life-
threatening or more serious injuries are managed or when
the patient is able to cooperate with physical exam maneu-
vers). Deficits in olfaction resulting from skull base trauma
fall into this category. Olfactory neurons distal to the olfac-
tory bulb are themselves the receptor cells of the olfactory
system, and their fibers traverse the skull base through a
multitude of fenestrations in the cribriform plate. Relatively
small shear trauma is required to disrupt this anatomy,
making anosmia one of the common complications of the
anterior fossa trauma. Once lost, olfaction has a poor prog-
nosis for return varying in the literature from 10 to 30%. Some
have studied the use of corticosteroids in traumatic anosmia,
showing variable benefits, but the regenerative property of
olfactory neurons and resolution of microhematomas and
edema over time undermine the validity of assumptions that
steroids positively affect return of olfaction in the setting of
skull base trauma.'®!”

Nonolfactory paresthesias and sensory deficits may be more
commonly recognized in the acute phase after traumatic injury
because their signs are readily apparent on standard physical
exam maneuvers. Middle cranial fossa (or central skull base)
fractures that involve the superior orbital fissure, supraorbital
foramen, sella, or clivus can present with ophthalmological
findings on examination, hypesthesia in the trigeminal sensory
distribution (V1 and V2), cranial nerve paresthesias, or Hor-
ner’s syndrome, and these would be expected to be identified in
the more acute phase of trauma evaluation.'®'? Middle and
posterior cranial fossae injuries are highly associated with
cranial neuropathies. Both transverse and longitudinal frac-
tures of the temporal bone have been associated with facial
nerve injury at the internal auditory canal or labyrinthine
segments and geniculate ganglion, respectively. Glossophar-
yngeal, vagal, spinal accessory, and hypoglossal nerve injuries
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are also likely with fractures that traverse the jugular or
hypoglossal foramina.'*2°

In summary, a range of injuries can be associated with
skull base trauma. A systematic approach such as the well-
established primary and secondary trauma survey will ben-
efit the maxillofacial trauma surgeon in the identification of
paresthesias, CSF fistula, vestibulocochlear complications, or
ocular complications that might exist in a particular patient
with skull base injury. Depending on the location of the
injury and the subtlety of associated physical exam findings,
the signs and symptoms reflecting complications from skull
base trauma may be discovered quickly or in a delayed
fashion after the inciting injury.

Radiographic Evaluation of Skull Base
Fractures

Accessibility of computed tomography (CT) scans in emer-
gency departments and fears of litigation, if low-probability
diagnoses are missed, have led to overutilization of advanced
imaging tests in the emergency setting.21 Guidelines, such as
the Canadian CT Head Rule (CCHR) and the New Orleans
Criteria (NOC), have been established to try to limit CT scans
to patients meeting certain criteria. The decision to acquire a
CT head under the NOC for a patient with no loss of conscious-
ness, GCS of 15, and a normal neurological exam comes only
with headache, vomiting, age > 60 years, intoxication, seizure,
amnesia, or physical evidence of any external injury above the
clavicles.?2 The CCHR, in contrast, recommends a CT in patients
not only with no loss of consciousness or amnesia but also with
one or more of the following signs or symptoms: focal neuro-
logical deficit, emesis, headaches, age > 65 years, signs of skull
base fractures, GCS < 15, coagulopathy, or high-risk mechan-
ism of injury. A comparison study of both systems with respect
to their ability to detect skull base trauma revealed that for
patients who suffered minor injuries with GCS score of 13 to
15, the CCHR had lower sensitivity to detect all injuries but
successfully detected all injuries that eventually benefitted
from surgical intervention. The NOC was more sensitive than
CCHR for detecting neurocranial trauma. The CCHR, however,
was nearly 10 times more specific than the NOC for these
outcome measures.”> Another study comparing the selective
CT imaging algorithms, including 1,822 patients with minor
head injury and GCS of 15, revealed that both the NOC and the
CCHR had 100% sensitivity for predicting the need for neuro-
surgical intervention, but CCHR was nearly six times more
specific. For clinically important brain injury (requiring
admission or neurosurgical follow-up), the CCHR and the
NOC had similarly high sensitivities, but the CCHR was
approximately four times more specific.2* Both studies re-
vealed that CCHR was better at decreasing the number of CT
head scans ordered in patients with minor head injuries.?>?4
Overall, it is unclear which algorithm is superior. Both have
rather high sensitivities and are able to capture the majority of
significant injuries. Institution- and physician-specific deci-
sions should be made regarding adaption of an algorithm
depending on prevalence of head trauma in the specific patient
population.
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Imaging Modalities Used in Assessment of
Skull Base Trauma

In general, thin slice, high-resolution CT scan is the gold
standard for evaluation of skull base fractures and also facil-
itates evaluation of intracranial injuries. CT is particularly
effective for assessment of the patency of the neurovascular
foramina. It is also the imaging modality of choice for evaluat-
ing the integrity of the anterior skull base after suspected
injury to the ethmoid fovea and for evaluating likely sources of
CSF rhinorrhea after skull base injury. If suspicion for cranial
nerve injuries is raised, magnetic resonance imaging (MRI) can
play a role in evaluation of cranial nerve integrity. Larger
cranial nerves can be easily traced on T2-weighted MRI
sequences. Steady-state free precession (SSFP) sequences, in
particular, are MRI sequences capable of capturing high-con-
trast and high-resolution images and delineating CSF and soft
tissues. This allows better visualization of cranial nerves that
traverse CSF cisterns before entering their skull base foramina,
making them invaluable for evaluation of the cerebellopontine
angles and inner ear, in addition to providing a window for
examination of endolymph and perilymph within the inner
ear.” Other imaging techniques, such as CTor MR angiography,
are noninvasive techniques for evaluation of the circulatory
system and in some cases, are alternatives to conventional
angiography. Powerful imaging tools are at our disposal in the
assessment of skull base trauma, and selecting the correct type
of imaging study should rely not only on communication with
the radiologist with respect to the suspected injuries, but also
be based on knowledge about the intrinsic limitations or
strengths of a particular imaging study in highlighting differ-
ent aspects of the neurocranium.

Evaluation and Management of CSF Leak

Trauma is the most common cause of CSF leak, comprising
approximately 80% of the cases. As previously mentioned,
males are more likely to suffer head trauma, hence traumatic
CSF leaks are more common in young males. It is also reported
that CSF leak occurs in as many as one-third of patients with
basilar skull fractures and in 2% of all head traumas.?® Retro-
grade transmission of pathogens and development of menin-
gitis is the most feared complication of CSF leak, requiring close
clinical observation, a low threshold for diagnostic measures,
such as lumbar puncture and initiation of antibiotics, if signs
and symptoms of meningeal infection develop. CSF leaks are
more common with anterior fossa fractures due to tight
attachment of the dura. It has been shown that more medial
fractures and defects of greater than 1 cmin length have higher
risk of infection compared with more lateral and smaller
anterior fossa fractures. Also, leaks not spontaneously resol-
ving within a week were shown to have an infection rate as
high as 100%.° Fractures of the temporal bone also can present
with CSFotorrhea, if the tympanic membrane is violated, or can
present as rhinorrhea via drainage through the Eustachian
tube, if the tympanic membrane is intact. Patients may de-
scribe salty/sweet rhinorrhea in this case. We discussed the
evaluation and diagnosis of CSF leak previously. Localization of
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the leak, however, can be challenging even to the most
experienced clinicians, especially in the case of intermittent
leaks. The first imaging modality for localization of a CSF leak
should be a high-resolution CT scan that can easily distinguish
skull base bony defects.?” Combination of CT and MRI can
significantly increase the sensitivity and specify of detection
and localization of the CSF leak but may not be required when
CT scan identifies a definite defect. MR cisternography is a
noninvasive technique that utilizes fat-suppressed T2-weighed
images to highlight CSF pooling in the extracranial spaces, such
as paranasal sinuses. It is generally used only when the
previous modalities fail to isolate the source of the leak. In a
small study with 15 subjects, this test was able to detect CSF
leaks not detected through nasal endoscopy with up to 90%
sensitivity and 100% specificity.”® When noninvasive measures
fail to identify or localize a CSF leak, more invasive techniques
may be used. Intrathecal injections of various agents have been
used for evaluation of localization of CSF leaks. These include
visible agents, such as fluorescein, radiopaque dyes, such as
metrizamide, or radioactive dyes, such as lodine-131-labeled
albumin, which have been used with variable sensitivities and
specificities.?”-*° Once the site of the leak has been identified,
management is the next step. Fortunately, conservative man-
agement, such as elevation of the head of the bed, and
supportive measures, such as laxatives, antiemetics, and anti-
tussive medications, as needed, have been shown to allow for
spontaneous resolution of SCF leaks up to 85% in the first
week.3? A study looking at temporal bone fractures reports
near 78% spontaneous resolution of the CSF fistulas.! If
conservative measures fail, diversion of CSF (lumbar drain) is
the next step to decrease the CSF pressure and allow for
spontaneous repair of the leak. CSF diversion can also be
used to decrease stress and pressure on a newly repaired
defect. Finally, surgical management of the CSF leak, either
endoscopic or open, should be considered in cases with brain
herniation and in cases that are refractory to conservative
management or are too large to spontaneously heal.>? Con-
troversy exists regarding prophylactic use of antibiotics in
patients with CSF leaks. Analysis of 5 randomized clinical trials
and 17 nonrandomized trials revealed no significant differ-
ences between untreated and antibiotic-treated patients with
traumatic CSF leak in terms of reduction of the frequency of
meningitis, all-cause mortality, meningitis-related mortality,
and need for surgical correction. Despite this, individualiza-
tion of care depending on the duration of leak, severity, and
medical comorbidities should be considered.

CSF leaks complicate approximately 2 to 4% of blunt head
trauma presentations and most manifest clinically within
48 hours of the injury. In order of decreasing frequency, the
ethmoid fovea, cribriform plate, posterior table of the frontal
sinus, orbital roof, and sphenoid may be involved in trau-
matic CSF leaks.>* While 60 to 70% of these leaks resolve with
conservative measures (described previously in the text),
some require surgical repair. Extracranial approaches with
craniotomy were first used in the management of CSF leaks,
but the past several decades have seen some shift to trans-
nasal endoscopic approaches for repair of skull base and dura
defects.34-36
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Endoscopic approaches are used for ethmoidal, sphenoid,
sellar, and cribriform defects. Increasingly, these are used in
frontal sinus CSF leaks (an anatomic location traditionally
approached with craniotomy rather than endoscopy).3>3’

A range of options for CSF leak repair is available to the
endoscopic surgeon depending on the size of skull base
defect, volume of leak, and location. There is some general
consensus in the literature that high-flow leaks are best
repaired with inclusion of a vascularized mucosal layer as
part of the reconstruction.>®3° Nonetheless, more simply
harvested free mucosal grafts (often from the turbinates)
have been used for small cribriform defects, where thin bone
prevents multilayered reconstruction, and have even been
used with success in selected sellar reconstructions after
transnasal pituitary surgery.>*4° Tensor fascia lata, free fat
grafts, and temporalis fascia grafts are also options for free
autografts in skull base reconstruction but require separate
incisions for harvest. Composite grafts from the turbinates
and pedicled flaps from the inferior or middle turbinate have
also been reported and do not require a separate surgical
field for harvest. The posteriorly pedicled nasal septal flap,
based on the posterior septal artery branch of the spheno-
palatine artery, is the workhorse of vascularized intranasal
grafts and can cover 50% of the anterior skull base.3%#!

Most published data with regard to endoscopic techni-
ques involve small groups of patients undergoing the same
technique. This makes comparison between techniques dif-
ficult, but a recent comprehensive literature review did offer
some conclusions about which techniques to employ in
various clinical settings.>® Another publication offers some
general guidelines regarding the limitations and utility of
different endoscopic reconstructive options.>?

When extracranial, nonendoscopic techniques to the skull
base are employed, regional flaps, such as the pericranial
(galeal) flap, temporalis muscle flap, temporoparietal fascia
flap, or even microvascular free tissue grafts, are options.*>43

Xenografts (e.g., bovine pericardium and bovine collagen)
and allograft materials, such as cadaveric dermis (alloDerm),
also have a role in multilayered CSF leak repair.*

Complications of Temporal Bone Fractures

Fractures of the middle cranial fossa can compromise the
function of cranial nerves VII and VIII, as these course through
temporal bone. Conductive, sensorineural, and mixed hearing
losses can be seen with temporal bone fractures. SNHL is most
common with transverse fractures and generally has a poor
prognosis for recovery. Fractures causing conductive hearing
loss might indicate tympanic membrane perforation, hemo-
tympanum, or ossicular chain discontinuity, and these either
resolve spontaneously or can be treated electively at a later
time.* In severe cases of trauma to the temporal bone that
results in severe hearing loss and causes comminuted fractures
involving the external ear canal and the middle ear structures,
removal of mucosal lining, mastoidectomy, closure of external
auditory canal, and obliteration of middle ear may be indicated
to prevent cholesteatomas or meningitis.*® In patients with
bilateral temporal bone trauma leading to bilateral hearing
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loss or in patients with contralateral preexisting hearing loss,
cochlear implants could be considered to restore hearing.*’
Facial nerve injury is another complication of temporal
bone fractures. Immediate facial nerve paralysis seems to be
the driving factor for intervention, as patients with delayed
paralysis seem to have a better prognosis with up to 94% with
complete recovery. Electroneurography (ENOG) gives objec-
tive data comparing the amplitude of motor response on the
injured and noninjured sides but must be obtained withina 3
to 14-day window after injury to be reliable. It can be used for
detection and surveillance of facial nerve injuries and is often
used in conjunction with electromyography (EMG) when
making a decision to surgically decompress the facial
nerve.* Surgery is usually recommended if no regeneration
potentials are noted with EMG, poor prognosis is noted on
ENOG (90% reduction in amplitude of motor response on the
injured as compared with the noninjured side), or when
high-resolution CT reveals severe discontinuity of facial
nerve canal in the setting of facial paralysis. Fibrosis, im-
pingement by bone spicules, and laceration were some of the
surgical findings in a case series of patients who ultimately
underwent facial nerve decompression. Removal of intrud-
ing fracture fragments, decompression of the perineural
sheath (if the nerve is largely intact and neuronal edema is
part of the pathologic process), or suture repair of a partially
transected nerve can be performed during the surgical
management of facial nerve injury. Nerve grafting is gen-
erally reserved for neural discontinuity and inability to per-
form primary anastomosis.*>*® In cases where primary
repair or grafting is impossible or unfruitful, hypoglossal-
facial nerve anastomosis or regional management, such as
upper eyelid gold-weight placement or Botox injection can
improve cosmesis and quality of life.*>> The full range of
surgical therapies for facial nerve paralysis not amenable to
primary repair or immediate grafting takes into account the
chronicity of the injury, vitality of the motor units, presence
of motor unit atrophy, and presence of concomitant cranial
nerve injuries. However, full discussion of management of
facial nerve paralysis is beyond the scope of this article.

Specific Surgical Approaches

To provide surgical management options for extirpation of
tumors involving the middle and anterior skull base, so called
craniofacial disassembly techniques were developed. These
generally involve intracranial access through the use of a
frontal craniotomy with extracranial access via the use of
transfacial incisions and reduction in the amount of brain
retraction required for exposure. These approaches are useful
for trauma as well.

Refinement of endoscopic techniques has partially sup-
planted the need for open resection techniques for certain
skull base tumors;>' however, in the management of facial
trauma or reconstructive craniofacial surgery, open none-
ndoscopic, anterior skull base approaches retain importance
in the reconstruction and repair of the craniofacial skeleton,
as these allow reconstruction of traumatic bony injuries,
with an ability to stabilize the facial and cranial skeleton and
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contemporaneously allow management of associated inju-
ries such as those described above.

Transfrontal Approach (Anterior Craniofacial
Resection Technique)

The classic anterior approach to the skull base is that
modeled after the anterior craniofacial resection technique.
When used for tumor extirpation, this open approach is ideal
for tumors involving the ethmoid sinuses and anterior skull
base. It begins with bicoronal incision, development of a
bicoronal flap, and frontal craniotomy. Modifications of the
approach allow access to the skeleton in case of trauma.

During this approach, a coronal incision is performed in
the usual manner with elevation of the flap in a subgaleal or
subperiosteal plane depending on the need for a separate
vascularized pericranial flap. If required for reconstruction, a
separately elevated pericranial flap is raised, and both flaps
are then extended to the orbital rims. Frontal craniotomy is
then performed, and the central segment of the frontal bones
is removed. This allows intracranial exposure of the anterior
cranial fossa after sacrifice of the olfactory nerves and
subsequent frontal lobe retraction. Loss of olfaction is a
consequence, and complications from frontal lobe retraction
are possible. Meanwhile, transfacial incisions, including We-
ber Ferguson, facial degloving, and Lynch incisions, are
combined to allow exposure at the level of the midface for
osteotomies (for resection) or to allow exposure of the
skeleton (for reconstruction).

Modifications of this classic technique, with respect to the
supraorbital bar, glabella, and nasal bones, lead to the addi-
tional anterior skull base approaches described in the litera-
ture, and these modifications of the classic approach to the
anterior cranial base are briefly discussed below.

Basal Subfrontal (Basal Approach)

Combining the coronal flap and frontal craniotomy, described
above, with additional osteotomies that allow en bloc removal
of parts of the anterior cranial floor and supraorbital bar,

Bifrontal craniotomy

Bilateral orbital
osteotomy

B

Supraorbital nerve and arlery

Temporalis

Pterion
Superior

fissure (contents)
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defines the basal subfrontal approach. As compared with the
transfrontal (anterior craniofacial) approach, more posterior
aspects of the anterior cranial base, such as the sphenoid body
and upper clivus, can be approached with these modifica-
tions.”! The basal subfrontal approach has been used to access
skull base meningiomas, chondromas, chondrosarcomas, and
fibrous dysplasia as well as trauma.”? Removal of the supraor-
bital bar and orbital roofs required in this technique relies on
dissection of the periorbita from the orbital roof (after coronal
exposure and downfracture of the supraorbital foramina) and
osteotomies superior to the level of the ethmoidal artery
foramina (=Fig. 1). The amount of frontal lobe retraction
required in this technique is reduced dramatically secondary
to additional removal of the supraorbital bar>> (~Fig. 2).

Subcranial|Transglabelar Approach

The subcranial/transglabelar approach was first described in a
group of 395 patients suffering from midface traumatic in-
juries.>® It was later used in extirpative surgery of benign and
malignant skull base tumors.>>>° The subcranial/transglabelar
approach differs from the classic anterior craniofacial ap-
proach, as it does not require transfacial incisions, and a
different combination of osteotomies (if required) allows
removal of the frontal bone and supraorbital bar in continuity.
In this approach, coronal incision, in combination with down-
fracture of the inferior aspect of the supraorbital foramina,
provides the facial skeleton exposure, including the frontal
bones, glabella, and nasion (~Fig. 3). Frontoethmoidal, orbital,
frontal and lateral nasal, and dorsal septal osteotomies are
combined to allow removal of the frontal bone, supraorbital
bar, and nasion in continuity (~Figs. 4 and 5). When used for
exposure of the anterior cranial fossa, removal of the supraor-
bital bar and nasal bones in this approach allows improved
anterior exposure that reduces the need for frontal lobe
retraction and avoids sacrifice of the olfactory nerves (as
compared with the anterior craniofacial approach and basal
subfrontal approach). In addition, there are cosmetic advan-
tages of avoiding the transfacial incisions. Access, as far

Ethmoid bone (with dura attached)

Orbital tissues
muscle

rbital
. Anterior clinoid

process

Sphenoid sinus

Fig. 1 Bifrontal craniotomy and orbital osteotomy are denoted by the dashed lines in the left pane (A). This combination of osteotomies,
employed in the basal subfrontal approach to the skull base, allows for the intracranial exposure shown in the second pane (B). (Adapted from
Flint PW, et al. Cummings Otolaryngology Head and Neck Surgery, 6th ed. Surgery of the Anterior Skull Base, Figure 174-16 and reproduced with

permission from Elsevier).
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Fig. 2 Extended supraorbital rim osteotomy performed after frontal
osteotomy in the basal subfrontal approach allows reduced angles of frontal
lobe retraction as illustrated in this figure (Adapted from Snyderman et al**
and reproduced with permission from Wiley and Sons).

Fig. 3 In the transglabelar subcranial approach, coronal incision and
downfracture of the supraorbital foramina followed by en bloc
removal of portions of the frontal bone, glabella, and nasion, give
access to the central skull base while minimizing manipulation of the
brain from above. Large arrow represents bone flap liberated by
osteotomies in the subcranial/transglabellar approach. Small arrow
represents a nasal dermoid tumor exposed using this technique.
(Adapted from Kellman et al*® and reproduced with permission from
Wiley and Sons.)
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posteriorly as the sella, orbital apices, and the upper clivus, is
possible with the subcranial/transglabelar approach.”’

This approach has been used in the management of
pediatric dermoid tumors, esthesioneuroblastoma, and or-
bital meningiomas as well as facial trauma.>*>>°7

Pterional Approach

Pterional craniotomy, also known as a frontotemporal craniot-
omy, offers access to a wide variety of intracranial pathologies,
including aneurysms of the anterior or posterior intracranial
circulation; access to hyperfunctioning areas of the mesial
temporal lobe in seizure disorders; and also surgical access to
the cavernous sinus and superior orbital fissure.”®~®° Although
not the only method of reaching the parasellar or sellar skull
base, it does provide access to this location.®’ The procedure
begins with a skin incision approximately 1 cm anterior to the
tragus at the zygomatic root. Alternatively, the incision can
extend postauricularly rather than preauricularly. The curvi-
linear incision extends superiorly before curving anteriorly
and inferiorly (roughly paralleling the temporal line) to termi-
nate behind the hairline at the midline. The superficial tem-
poral artery is preserved in the skin flap, and subsequently,
reflection and focal incision of the temporalis muscle followed
by subperiosteal dissection allow bone exposure for fronto-
temporal osteotomy and subsequent access to the intracranial
space.5? Dissecting along the Sylvian fissure along with brain
retraction then allows access to the midline structures, mesial
temporal lobe, superior orbital fissure, or anterior cranial fossa.
Several modifications to the soft tissue dissection and the
extent of the craniotomy have since been developed to avoid
known complications, such as temporalis wasting and facial
nerve injury. The minipterional craniotomy and interfascial
temporalis fat pad dissection prior to temporalis reflection are
two such modifications that have been developed to minimize
extensive craniotomy and avoid injury to the frontal branch or
temporalis wasting.”®364 Other modifications are well de-
scribed in a recent publication by Altay and Couldwell.®’

Transorbital Approach
Combinations of frontal, temporal, and orbital craniotomy give
rise tovarious extraorbital approaches to neoplasms of the orbit
or traumatic bony orbital defects. Included among these ap-
proaches are frontoorbital craniotomy approaches and fronto-
temporal orbital craniotomy approaches. Generally, these rely
on the classic coronal incision and reflection of parts of the
temporalis muscle to allow craniotomy and then involving en
bloc or segmental removal of bone for access to the orbit or
other pathologies, such as parasellar meningiomas, craniophar-
yngiomas, olfactory groove meningiomas, and orbital tumors as
well as anterior communicating artery (ACA) ameurysms.s'r"66
A supraorbital keyhole craniotomy avoids the bicoronal
incision and decreases the size of the craniotomy by using a
transbrow incision with endoscopic guidance and a smaller
craniotomy for selected supraorbital lesions and parasellar
areas but is still considered an extraorbital approach.®”
Approaching orbital pathology more directly is some-
times preferred for selected pathology of the orbit. Various
transorbital approaches rely on incisions other than the
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Fig.4 Sagittal (A) and coronal (B) views of the osteotomies performed in the transglabelar/subcranial approach to the skull base. “FS” indicates
the planned frontonasal osteotomy block. After bone plate removal, the area of surgical exposure is conceptualized in (C) with the orbital apex
sphenoid and sella visualized deep into the field of exposure beneath the frontal lobes (Adapted from Flint PW, et al. Cummings Otolaryngology
Head and Neck Surgery, 6th ed., Surgery of the Anterior Skull Base, Figure 174-17 and reproduced with permission from Elsevier).

bicoronal or modified frontotemporal craniotomy incisions
used in the extraorbital approaches described above.

These incisions are familiar to ophthalmologic, plastic, and
otorhinolaryngologic surgeons and include eyelid crease
(=~Fig.6),lateral lid, subciliary, lower lid, brow, Lynch, Kronlein,
or transconjunctival incisions with or without canthotomy and
cantholysis, to name a few. The incisions allow manipulation of
the orbital skeleton for tumor resection, management of trau-
matic injuries, and orbital decompression. These also serve as

Fig.5 Transglabelar/subcranial approach. Retraction on skull base may be
minimized. Here, the frontonasal bone flap is shown in anatomic position
(A) and also after explant (B). Frontal, ethmoidal, orbital, dorsal septal, and
lateral nasal osteotomies are required for excision of the bone flap (Photos
from Kellman et al®” and reproduced with permission from JAMA).
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the first step in traditional transorbital approaches to the
posterior orbit, such as lateral orbitotomy, posterolateral orbi-
totomy, and medial orbitotomy. These approaches often re-
quire disruption and then reconstruction of various orbital
structures, such as the canthal ligaments and medial rectus
insertions.

Fig. 6 Transorbital access to the facial skeleton (in this case to the
lateral orbital wall) is accomplished through an eyelid crease incision
for reduction and fixation of a displaced zygomaticofrontal suture.
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Fig. 7 Inthese photos, successful access to intraorbital pathology (in this case, a hemangioma) using a purely endonasal, endoscopic approach
isdemonstrated. Inimage (A), a curved probe inserted intranasally is used to dissect an intraconal hemangioma between IR and MR. Inimage (B),
hemangioma is pulled away from the orbital structure and into the nasal airway. IR, inferior rectus; MR, medial rectus; MT, middle turbinate; OF,
orbital fat; SPH, sphenoid sinus. (Adapted from Chhabra et al’? and reproduced with permission from Wiley and Sons.)

Fig. 8 Thelid crease incision is one of many small periorbital incisions used
in a transorbital neuroendoscopic surgery (TONES) and it may be combined
with other periorbital incisions to facilitate better exposure. Pane (A) is a
MRI/CT fusion image used in preoperative planning. The wand represents a
4 mm endoscope drawn to scale and inserted through a lid crease incision.
In pane (B), also an MRI/CT fusion image, the area bound between the two
wands approximates the ipsilateral skull base accessible through a superior
lid crease incision. (Adapted from Moe et al’® and reproduced with
permission from Wiley and Sons.)

Fig. 9 TONES surgery may also involve a precanthal incision which is
suited to access the central (interorbital) skull base. A scaled repre-
sentation of a4 mm endoscope inserted through a precanthal incision
is shown on a MRI/CT fusion in pane (A). The central skull base
accessible through the precanthal incision is the area bound between
the wands in pane (B). Adapted from Moe et al’®and reproduced with
permission from Wiley and Sons.)
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Occasionally and especially in the case of the orbital floor,
orbital pathology is addressed without facial incisions.
Transantral endoscopic approaches have been described in
the setting of orbital floor fractures and also for posterior/
inferior orbital pathology.68 The transantral approach using
gingivoalveolar incisions is familiar to otolaryngologists, as it
forms the basis of the Caldwell-Luc procedure.

Yet another variation on approaching orbital pathology is
the combination of facial incisions with an endonasal endo-
scopic approach to the orbit, and this has been used to
facilitate access to difficult to reach orbital structures and
even to access intracranial structures, such as the medial
temporal lobe.%?

Purely endonasal endoscopic strategies without facial
incisions have also been described as an alternative to
more traditional medial orbitotomy approaches to the orbi-
tal apex, as an approach to traumatic optic nerve injuries, and
for decompression of the optic nerve, and as the preferred
method, in the opinion of many surgeons, for orbital decom-
pression in thyroid-mediated orbitopathy.”®”! Orbital, vi-
sual, and endonasal complications are possible with these
approaches but are likely to occur infrequently.”%”3

The purely endoscopic endonasal approaches to the orbit
rely on wide maxillary antrostomy, sphenoidotomy, com-
plete ethmoidectomy, and partial middle turbinate resection
(=Fig. 7), but access to the more paramedian and lateral
anterior skull base is limited.

Seeking to build on advances in endoscopic surgery, expand
access to the paramedian and lateral anterior cranial skull base,
as well as avoid some ergonomic and angular limitations from
the strictly endonasal endoscopic approach, Moe and collea-
gues developed what they deemed transorbital neuroendo-
scopic surgery or “TONES.”’# In addition, they advocated for
modified transorbital approaches, including the precaruncular
incision, lateral retrocanthal incision, and conjunctival incision
to preserve the eyelid support (canthal) systems. In their
approach, the number of transcutaneous incisions was kept
to a minimum with only the eyelid crease incision traversing
the skin. The incisions described created four ports for the
introduction of endoscopic equipment, and the technique has
been used to address the optic nerve, anterior skull base
defects, CSF leaks, and periorbital tumors.’4~’® Of note, TONES
approaches with excellent CSF fistula repair rates were first
characterized in a patient cohort where many patients had
failed other techniques at closure (revision cases). This suggests
TONES as a reasonable alternative to traditional open (extra-
cranial) and purely endonasal strategies for CSF leak repair.

More recently, TONES was suggested as an approach to the
lateral cavernous sinus orbital apex, Meckel’s cave, and the
middle fossa floor using the lateral retrocanthal incision.”’
The wide access to the anterior skull base via small orbital
incisions in TONES was demonstrated in a recent publication
(=~Figs. 8 and 9).

In summary, a variety of different techniques are available
for approach to the orbit, with endonasal, endoscopic, and
TONES reflecting relatively recent developments in the ar-
mamentarium that augment more invasive and traditional
extracranial approaches.
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Conclusion

Skull base injuries, an important component of the head trauma
mélange, are significant in that these are coincident with TBI
and are also associated with a range of neurologic, sensory, and
possible infectious complications. Plastic surgeons and a range
of other surgical and nonsurgical specialists are called on to
evaluate persons with such injuries. Important to any consul-
tant is a sound evaluation strategy, heightened suspicion for the
range of possible complications, associated injuries in cranial
trauma, and a basic understanding of the evolving surgical
management for complications of head trauma.
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