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 ■ Case Presentation
A 48-year-old previously healthy man presented to a local hos-
pital with progressive numbness in his extremities for 2 years. 
He also had weakness in the right arm and leg, which pro-
gressed over the last year, and he started to experience numb-
ness in the upper chest. He denied having headaches, nausea, or 
problems with swallowing or phonation. On direct questioning, 
he admitted to having paresthesia in all four extremities. On 
neurological examination, he was found to have an abnormal 
gait, and was hemiparetic on the right and numb in the T 4–6 
distribution.
During his evaluation, a noncontrast computed tomogra-
phy (CT) scan revealed a mass, isodense to the brain, in the 
lower clivus without calcification. A subsequent magnetic reso-
nance imaging (MRI) scan with contrast enhancement showed 
a foramen magnum lesion ventral to brainstem, compressing it 
posteriorly (Fig. 16.1).

Questions

1. Other than a meningioma, what should be considered in this 
location?

2. Is radiosurgery or surgery better for this patient? Why?
3. If surgery is considered, what preoperative tests are neces-

sary to complete the work-up?

 ■ Diagnosis and Assessment
The MRI scans on T1- and T2-weighted images (Fig. 16.1) showed 
an isointense, foramen magnum lesion, ventroinferior to both 
vertebral arteries without obvious encasement of surrounding 
vessels. The contrasted MRI scan showed homogenous enhance-
ment and the wide dural attachment of the lesion from the lower 
clivus to the level of C2. The CT scan was useful to assess the bone 
anatomy and the degree of calcification of the lesion (Fig. 16.1e). 

The differential diagnosis for a lesion in this area included inflam-
matory granuloma, neuroma, dermoid cyst, epidermoid cyst, 
neurenteric cyst, and chordoma. The dural tail on the contrasted 
MRI heavily favors the diagnosis of a meningioma.

In setting the treatment goals for this patient, it is important 
to note that his symptoms were progressing, and it was unclear 
how quickly he would deteriorate in the near future. In fact, his 
ventricles were mildly dilated, indicative of impending hydro-
cephalus. Clearly, expedient decompression of the brainstem 
was a necessity. As there was little doubt regarding the histo-
pathological diagnosis, biopsy would be of little use. Observa-
tion and radiosurgery would be equally irrational, the latter 
mainly because of its inability to decompress the brainstem. 
Furthermore, because there was no space between the tumor 
and the brainstem, radiosurgery to this large tumor may in fact 
harm the very structure (i.e., brainstem) that it should protect.

Taking all this into account in this otherwise healthy patient, 
surgical resection was selected as the best treatment, with the 
goal of maximal removal without harming the brainstem and 
cranial nerves. Depending on intraoperative findings, if a total 
removal can be accomplished without harming the patient, 
it could potentially be curative. Lower cranial nerve function 
should be assessed in detail prior to surgery to determine pre-
operative status.

 ■ Anatomical and Therapeutic 
Considerations
For anatomical considerations related to meningiomas, the 
foramen magnum “region” has been defined by Bruneau and 
George with these boundaries: anteriorly, from the lower third 
of the clivus to the upper margin of the body of C2; laterally, 
from the jugular tubercle to the upper aspect of the C2 lam-
ina; and posteriorly, from the anterior edge of the squamous 
occipital bone to the  spinous process. Before sorting through 
the surgical options available for this region, highlighting some 
anatomical nuances would be helpful.

The opening of foramen magnum is oval-shaped, and the 
posterior part is wider than anterior part, which is just rostral 
to odontoid process. The occipital condyle is located lateral to 
the anterior half of the foramen magnum on each side, and 
the alar ligament from the odontoid process attaches to the 

Fig. 16.1 Preoperative images. (a–d) MRI and (e) CT images showed a foramen magnum meningioma caudal to both vertebral arteries. The 
T2-weighted image in (d) showed that there is no subarachnoid space between the lesion and the brainstem.



16 Foramen Magnum

205

anteromedial portion of it. The condylar fossa is located on the 
extracranial surface, directly behind the condyle (Fig. 16.2). The 
posterior emissary vein, traveling through the posterior condy-
lar canal, empties into this fossa and it connects the vertebral 
venous plexus with the sigmoid sinus.

The most important artery of the region is the vertebral 
artery. The V3 segment extends from the C2 transverse pro-

cess to the foramen magnum dura. It courses from the traverse 
foramen of C1, along the lateral lamina of C1 in the suboccipi-
tal triangle (bordered by the superior oblique, inferior oblique, 
and rectus capitis posterior major muscles), reaching the sulcus 
arteriosus of C1 and then courses superomedially to pierce the 
dura medial to the occipital condyle (Fig. 16.3). This segment is 
surrounded by a periosteal sheath which blends into the dura 
as the vertebral artery transitions from extradural to intradural. 
Thus, the artery is tightly tethered at the point where it pierces 
the dura, and this is important to note whenever transposition 
of the vertebral artery is considered. The intradural V4 segment 
of the vertebral artery passes superior to the roots of C1, and 
anterior to the posterior spinal artery, the dentate ligament, 
and the spinal portion of cranial nerve XI (Fig. 16.4). Here, it is 
important to note that the dentate ligament is often attached to 
the dural cuff where the vertebral artery pierces the dura.

Anatomical classification of foramen magnum meningiomas 
is important, because, even though it does not dictate a spe-
cific surgical approach, it influences the overall surgical plan. 
According to our modification of the original eorge classifi-
cation, the lesion in our patient was type A. In this type, the 
tumor grows caudal to both the vertebral artery and lower cra-
nial nerves, and rarely encases any of these. As opposed to type 
B tumors above the vertebral artery or type  tumors traversed 
by the vertebral artery, the position of the lower cranial nerves 
with type A meningiomas is rarely in doubt, as they are always 
pushed superiorly and posteriorly.

Options for Approach
The posterior midline approach is frequently used for  intradural 
lesions situated in upper spinal canal, as well as posterior or 

Fig. 16.2 Image of the exocranial surface on the right side. The 
margins of the foramen magnum have been highlighted in pink. Black 
arrow, posterior condylar canal; white arrow, outlet of the hypo-
glossal canal; blue oval, right condylar fossa; JF, outlet of the jugular 
foramen; ROC, right occipital condyle; LOC, left occipital condyle.

Fig. 16.3 (a) Illustration delineating the relationship between the vertebral artery and the suboccipital triangle. IJV, internal jugular vein; 
IO, inferior oblique muscle PAOM, posterior atlanto-occipital membrane; RCPM, rectus capitis posterior major muscle; SO, superior oblique 
muscle; YL, yellow ligament. (b) Illustration demonstrating the deep muscles that attach to the transverse process of C2. IJV, internal jugular 
vein; LS, levator scapulae muscle; RCL, rectus capitis lateralis muscle; SC, splenius cervicis muscle. (Reproduced from Goel A, Cacciola F. The 
Craniovertebral Junction. Diagnosis–Pathology–Surgical Techniques. Surgical Anatomy of the Suboccipital and Posterior Paravertebral Muscles. 
1st ed. Thieme; 2010.)
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posterolateral areas above the foramen magnum. For ventrally 
located lesions such as in our patient, the problem with this 
approach is that the brainstem and spinal cord would obstruct 
the surgeon’s line-of-sight, and accessing the target would 
therefore require unacceptably forceful retraction on these del-
icate structures.

Alternatively, anterior approaches, whether by a microscopic 
transoral or endoscopic endonasal approach (EEA) can be rea-
sonably considered for approaching lesions in front of the brain-
stem at the foramen magnum. The main advantages of these 
approaches are direct access to the target obviating any need 
for retraction, and early elimination of the vascular supply of 
the tumor as its dura attachment is eliminated before the tumor 
itself is reached. One major disadvantage of these approaches 
is that the operation is performed through a contaminated 
surgical field and the risk of meningitis is therefore quite high. 
The potential of cerebrospinal fluid ( SF) leakage raises this 
risk even further. As such, even though resection of clival chor-
domas using EEA had been frequently reported, resection of 
meningiomas with wide dural attachments, requiring removal 
of the anterior parts of the atlas and axis, are rarer in the lit-
erature. Specifically, for our patient, the endoscopic endonasal 
transclival approach may have difficulty reaching the inferior 
portion of the tumor as it extended nearly to the bottom of C2.

Approach of Choice
For ventrally located tumors at the foramen magnum, our pref-
erence is to use the far-lateral approach with varying degrees 
of condylectomy. In fact, the need for condylectomy is inversely 
proportional to the tumor size. Although this may run against 
intuition, a large tumor pushes the medulla and spinal cord sig-
nificantly backward, and in so doing, creates a space between 
the occipital condyles and medulla where it is vulnerable to 
attack (a “weak side”). Cutting the dentate ligament untethers 
the upper spinal cord and rotates it further out of harm’s way. 
For this reason, we have found that with large type A foramen 
magnum meningiomas, we can usually spare the condyle.

One potential disadvantage of this technique is that “early” 
detachment of the tumor from its dural base, which other-
wise would retain the tumor less bloody, is not feasible in this 
approach. However, the tumor can still be devascularized with 
meticulous hemostasis as the resection proceeds piecemeal, 
and surgical freedom increases during the operation as the bulk 
of the mass is stepwise removed.

Questions

1. During the soft tissue dissection above and around the lami-
na of C1, how does one locate the VA?

2. How does one stop the bleeding from the condylar vein and 
venous plexus around vertebral artery?

3. How should the lower cranial nerves be handled on the 
surface of the tumor?

 ■ Description of the Technique
The patient was placed in the lateral position right side up, 
with the cervical spine in neutral position without flexion or 
rotation. The vertex of the head was tilted 30 degrees toward 
the floor. The right shoulder was retracted caudally by restraint 
strap to enlarge the space between occipital bone and cervical 
spine. Intraoperative neurophysiological monitoring was used 
per routine (see The Three Approach Elements).

The Three Approach Elements

Corridor: posterolateral

Craniotomy: suboccipital

odifier  retrocondylar

The “hockey stick” skin incision extended from the root of the 
mastoid process along the line 1 cm below the superior nuchal 
line to the inion, and downward in the midline to the C3 spinal 
process of axis. The strict midline plane dissection down to the 
periosteum of occipital bone and laminar arches of C1 created 
a bloodless approach. The myofascial flap was retracted dorso-
laterally. The muscles were stripped off the posterior arch of , 
from medial to lateral, with care not to damage the vertebral 
artery in the suboccipital triangle. Moving laterally, when the 

 lamina changes from a relatively flat surface into an edge, 
one knows that this is indicative of the sulcus arteriosus and the 
vertebral artery is just above. Blunt dissection using  dissectors 

Fig. 16.4 Detailed view of foramen magnum, right side. The spinal 
portion of the accessory nerve arises from the dorsolateral margin 
of the spinal cord and ascends between the dorsal roots and the 
dentate ligament. The most rostral triangular process of the dentate 
ligament is attached to the dura at the level of the foramen mag-
num, and is often integrated with the cuff where the vertebral artery 
pierces the dura. This part of the dentate ligament should be cut to 
increase exposure to the tumor.
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wrapped by gauze is our technique of choice to strip the mus-
cle in the subperiosteal plane. As the venous plexus around V3 
is enclosed in the periosteal sheath, staying subperiosteal can 
reduce venous bleeding. If bleeding does occur from the venous 
plexus or posterior emissary vein, a combination of carefully 
bipolar coagulation, Gelfoam and bone wax usually controls it 
readily (Fig. 16.5).

Operative Setup

Position: lateral

Incision: “hockey stick”

Bone Opening: right suboccipital

Durotomy: from C2 to posterior fossa, based laterally

A right-sided suboccipital craniotomy and laminectomy of C1 
and C2 were performed in standard fashion. The opening at the 
foramen magnum was then enlarged up to the posterior edge of 
the right occipital condyle and the medial edge of the distal sig-
moid sinus. The condyle emissary vein and posterior condylar 
canal were useful landmarks to locate the posteromedial occip-
ital condyle, where the bony removal stopped. The dura mater 
was opened in a curve pattern, based on sigmoid sinus and pos-
terior margin of condyle, from the C2 to the superolateral apex 
of the craniotomy (see Operative Setup). As soon as the dura 
was opened, the attachment of the upper triangular processes 
of the dentate ligament was identified and divided to increase 
the exposure (Fig. 16.6a).

As predicted from the tumor’s anatomical classification, the 
tumor was found anterior to the glossopharyngeal, vagus, and 
accessory nerves, C1 nerve root, and the lateral medullary seg-
ment of the vertebral artery. The vertebral artery was visually 
traced, and its position was noted for its protection. Debulking 
the tumor through the interval between the rootlets of C1 and 

, and between  and the lower cranial nerves proved diffi-
cult as the working space was quite narrow. Dural detachment 
of the tumor was performed dorsally to ventrally only in areas 
with enough space for insetting the bipolar forceps (Fig. 16.6c). 
The arachnoid interface between brainstem and the meningi-
oma was intact in most areas, and where  identifiable, sharp 
 dissection was used. As piecemeal removal of the tumor 

 progressed, the working space grew to permit working between 
nerves previously pressed together. Preoperative MRI scans 
showed the semi-encasement of the right vertebral artery by 
the lesion, but with identifiable subarachnoid space that sug-
gested no adhesion between the lesion and the vertebral artery. 
The vertebral artery was predictably displaced superiorly. Both 
posterior inferior cerebellar arteries, which had been clearly 
identified in the M I scans, were free from involvement by 
the lesion. Carefully, feeding vessels of the tumor were iden-
tified as such and coagulated. In this manner, with piecemeal 
removal and meticulous hemostasis along the way, the tumor 
was removed completely (Fig. 16.7). The dura mater was closed 
watertight with a fascia lata graft instead of dural substitute, 
and the rest of the closure was done in standard fashion.

Surgical Pearls

1. Only a minority of foramen magnum meningiomas are 
strictly anterior, and the majority of them deviate to one 
side or the other. This makes the far-lateral approach usable 
in most patients. Meanwhile, most symptomatic patients 
harbor moderate-to-large tumors, and by displacing the 
medulla, these tumors “create” the corridor for their very 
own exit.

2. Condylectomy, by removing more bone, provides addition-
al working space for tumor resection, and mitigates the 
need for brainstem retraction. It is most suitable for small, 
anteriorly located tumor, which does not “create” its own 
wide corridor.

3. Encasement of blood vessels must be evaluated carefully 
before the operation. If the vertebral artery is encased, 
separation of one end of the vertebral artery from the tumor 
should be completed first, then repeated for the other end. 
From the ends, one works toward the middle of the encase-
ment. In cases in which the tumor invades the adventitia, or 
severely narrows the lumen, a bypass operation or leaving 
a cuff of tumor behind attached to the vessel, may be 
considered.

4. hen encountering subpial infiltration of the tumor to the 
brainstem, separating the interface between tumor and 
brainstem may be impossible. In particular, forceful separa-
tion of adhesions to the ventral part of brainstem can cause 
motor weakness. In this case, leaving tumor residual may be 
necessary and sensible.

5. Drilling the C1–C2 facet joint, removing the lateral mass of 
C1, transposing the vertebral artery out of the transverse 
foramen of C1, in addition to condylectomy, can all increase 
exposure ventral to the brainstem. However, all of these 
maneuvers can add to the morbidity of the operation, 
and their necessity must be carefully evaluated before and 
during surgery.
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Fig. 16.5 A hockey stick incision was used, 
starting at the mastoid prominence and 
proceeding under the superior nuchal line to 
the midline. The muscle was freed along the 
nuchal line, leaving a 1-cm edge of nuchal 
fascia and muscle for closure. The incision 
was extended caudally down to the midcer-
vical level. he muscle flap was dissected 
from the suboccipital bone and the C1 and 

 laminae. he muscle flap was reflected 
inferiorly and laterally with fishhook retrac-
tors to expose the lateral mass of C1 and the 
vertebral artery from C1 to its dural entry. If 
venous bleeding is encountered, electrocau-
tery is carefully used to coagulate the plexus 
associated with the vertebral artery to avoid 
injury to the vertebral artery. A, cervical 
muscle reflected  , vertebral artery  ,  
D, C2; E, venous plexus.

Fig. 16.6 Intraoperative images of the surgical procedure. The tumor was exposed via a far-lateral retrocondylar approach. (a) Dissection 
of the dural attachments by bipolar cautery and sharp dissection. The dentate ligament was cut. (b) The arachnoid attachment between 
the tumor and lower cranial nerves was separated. (c) The detachment of the tumor continued in a piecemeal manner and debulking 
increased the surgical freedom. (d) The ipsilateral vertebral artery was elevated to peel the tumor from the adventia of the vessel through 
the intervals between nerve rootlets. (e) The tumor was removed piece by piece with sharp dissection. Forceps were used to remove tumor 
chunks. (f) After completely separating the tumor from surrounding structures, the tumor was removed via the interval between nerve 
rootlets.
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 ■ Aftercare
The patient suffered palsies of cranial nerves I  to II after 
surgery and had mild swallowing dysfunction and tongue 
deviation to right. As such, for airway protection, the endotra-
cheal tube was kept for 4 days, after which he was extubated 
without problems. During the postoperative course, dysphagia 
improved but not completely, and he was fed by nasogastric 
tube for 9 days before the tube was removed. No other com-
plications were observed. The patient was discharged 14 days 
after resection. Pathological examination confirmed a diagnosis 
of a transitional meningioma (WHO grade I), and radiotherapy 
was not necessary. At recent follow-up, deficit of cranial nerves 
IX to XII were improved. Postoperative MRIs showed a complete 
resection without recurrence to date (Fig. 16.8).

 ■ Possible Complications and 
Associated Management
Surgical morbidity associated with foramen magnum 
 meningiomas is dependent on the location and the  radiographic 
classification of the lesion. ower cranial nerve deficits are rela-
tively uncommon in type A lesions because of the inherent spatial 
relationship that had been described by Bruneau and eorge, as 
well as Li et al. Aside from lower cranial nerve problems, the most 
common morbidities include pyramidal signs and SF leak.

In patients with long-standing symptoms, compensation by 
the contralateral lower cranial nerves can occur, reducing the 
impact of postoperative ipsilateral lower cranial nerve palsies. 
For this reason, patients with recent and progressive symptoms, 
and elderly patients are most vulnerable to lower cranial nerve 
deficits after surgery. Patients should be carefully evaluated 
for airway protection, and it is our routine to use the following 
criteria: (1) consciousness; (2) tongue extension test; (3) phar-
yngeal reflex; ( ) voluntary coughing; and ( ) passive cough-
ing before considering extubation. Tracheostomy should be 
 liberally considered if there is doubt.

Since most lower cranial nerve deficits are transient, gross 
tumor resection should be considered in most young and 
healthy patients at initial presentation if it can be accom-
plished without neurovascular injury. However, in cases 
where there is brainstem edema, invasion of the brainstem 
or arterial adventitia, complete encasement or narrowing of a 
major artery, partial resection should be seriously considered. 
Preservation of neurological function and quality of life are 
paramount especially since the tumor is benign and evolves 
only slowly.

Surgical mortalities are rare but can be due to respiratory 
failure, vertebral artery injury, brainstem infarction, or aspira-
tion pneumonia. Retraction of the brainstem should be strictly 
avoided, and perforating arteries to the brainstem should be 
preserved as carefully as possible. The surgical goal should 
be tailored to each patient’s individual preoperative findings 
and clinical status, and in the appropriate patients, a subtotal 
resection may be the most rational goal to preserve the quality 
of life.

Fig. 16.8 Postoperative MRI. (a–c) The images show a complete tumor resection.

Fig. 16.7 Intraoperative view after complete tumor resection.
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Perspective
Wei-Hsin Wang and Juan C. Fernandez-Miranda

 ■ Introduction
From an anatomical standpoint, foramen magnum meningio-
mas can be classified in the axial plane as ventral, lateral, and 
dorsal in relation to the cervicomedullary junction. They can 
also be classified in the sagittal plane into predominantly spinal 
or predominantly clival, based on their craniocaudal extension 
in relation to the foramen magnum. For tumors located along 
the ventral aspect of the foramen magnum, particularly when 
they have predominant clival extension, surgical resection is 
always challenging. As presented previously in this chapter, the 
lateral extension of the suboccipital approach—the far-lateral 
approach—is widely used for foramen magnum meningiomas 
with proven safety and efficacy. However, when utilized for 
tumors with ventral and predominantly clival extensions, it 
carries a considerably high risk of transient or permanent dys-
function of the lower cranial nerves.

It is precisely for this reason that the ventral approaches 
to the foramen magnum, such as transoral and transnasal 
approaches, were introduced as alternative choices that pro-
vide direct access to this region, minimizing the manipulation 
of the lower cranial nerves, cervicomedullary junction, and ver-
tebral arteries. With increasing experience and technical devel-
opment, the EEA has become an attractive option for selected 
foramen magnum meningiomas. Precise anatomical knowl-
edge, meticulous endoscopic technique, and extensive experi-
ence with reconstruction of skull base defects are paramount 
for the successful application of the EEA for these challenging 
tumors.

 ■ Case Presentation
A -year-old woman presented with significant neck pain as 
well as numbness in both arms lasting several months. Imag-
ing studies revealed a large tumor along the ventral foramen 
magnum with predominantly clival extension causing severe 
compression of the medullary region. The most likely diagnosis 
was a foramen magnum meningioma (Fig. 16.9).

 ■ Anatomical and Therapeutic 
Considerations
This tumor was predominantly located at the ventral aspect of 
the foramen magnum, and its inferior border was at the level 
of the superior aspect of C1 anterior arch, without any further 
caudal extension. The vertebral arteries were located laterally 
but the right vertebral artery was partially encased.

Options for Approach
In general, surgical options to ventral or ventrolateral aspects 
of the foramen magnum include posterior, posterolateral, and 
ventral approaches. The suboccipital midline approach was ini-
tially used, but the high rates of morbidity and mortality related 
to brainstem retraction limited its application to dorsal foramen 
magnum meningiomas. The far-lateral approach, with or with-
out partial condylectomy, provides a lateral-to-medial trajectory 
and a better route to the ventral region. It is an ideal approach 
for lateral and ventrolateral meningiomas, and for those with 
caudal extension beyond C1, because the tumor often opens 
working space in between neurovascular structures.

The foramen magnum meningioma presented in the pre-
vious section extended below C1 (stopping at the level of C2), 
and created a surgical corridor below the dural entry point of 
the vertebral artery. It also extended into the ventral foramen 
magnum by displacing lower cranial nerves superoposteriorly. 
As such, we agree with the authors that these are conditions 
quite favorable for a far-lateral approach. However, the real 
challenge for any posterolateral approach is in handling ventral 
meningiomas that are above C1, extending superiorly into the 
lower clival region with posterolateral displacement of the neu-
rovascular structures. In such cases, there is a narrow working 
corridor, requiring gentle manipulation of the vertebral artery, 
medulla, and cranial nerves IX to XII. This can be expanded 
with condylectomy, but only to a limited degree without 
 destabilizing the craniocervical junction.

Fig. 16.9 Preoperative MRI revealed tumor 
located at the ventral aspect of foramen 
magnum.
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Approach of Choice
In our case, we selected the EEA mainly due to its ventral loca-
tion and predominantly superior/clival extension. When the 
lesion is mostly ventral to the pons and medulla, in between 
the vertebral arteries, hypoglossal nerves, and lower cra-
nial nerves, the EEA provides direct access to the lesion via 
anterior-to-posterior and medial-to-lateral trajectories that 
may prevent the morbidity related to neurovascular manip-
ulation during a lateral-to-medial approach. Furthermore, 
the EEA corridor exposes the dural attachment of the tumor 
first, allowing for early devascularization before tumor 
 debulking (Fig. 16.10).

 ■ Description of the Technique
The patient’s head was fixed in slightly flexed position and 
rotated toward the surgeon. An extended nasoseptal flap was 
harvested from the most favorable side without prominent sep-
tal spurs. Posterior third septectomy provided binaural access. 
The exposure extended from the floor of sphenoid sinus supe-
riorly to C1 anterior arch inferiorly. The sphenoidotomy may 
not be necessary, but the flattening of the maxillary crest to 
the level of the hard palate is required for more inferior access. 
The mucosal and muscular layers were elevated and resected 
together from the inferior clivus by needle cautery and blunt 
dissection leaving a small cuff inferiorly. When wide access is 
needed, performing a nasopharyngeal flap or a midline incision 
is generally avoided because they limit the working space con-
siderably.

The atlanto-occipital membrane was resected to expose 
the foramen magnum and C1 anterior arch (Fig. 16.11a). The 
upper half of C1 arch and odontoid tip can be drilled without 
causing instability. The lateral limits of the inferior clival bone 
drilling were, from superior to inferior: foramen lacerum, pet-
roclival fissure, jugular tubercle, hypoglossal canal, and occipi-
tal condyle (Fig. 16.11b). In order to expose the lateral wall of 
the  foramen magnum, bilateral medial condylectomies were 
required. An imaginary line extending inferiorly from the fora-
men lacerum was used to estimate the lateral limit of the medial 
condylectomy superficially. While drilling deep, the anterior 
cortical bone of the intracranial aspect of the hypoglossal canal 
was encountered and kept intact to prevent injury of the nerve 
 rootlets behind. ess than  to  of the condyles were resected 
in this fashion and there was no risk of related craniocervical 
 instability in our experience.

The dural opening was started from the midline and then 
extended bilaterally. The basilar plexus between the two lay-
ers of dura can be easily controlled by hemostatic agents, and 

Fig. 16.10 Close-up view of a cadaveric endoscopic transnasal 
exposure of the lower clival region. This exposure may be further 
expanded laterally through the jugular tubercle or the occipital 
condyles or inferiorly through the foramen magnum, according to 
the pathology. ASA, anterior spinal artery; CN VI, abducens nerve; VA, 
vertebral artery. (Reproduced from Spetzler R, Kalani M, Nakaji P, eds. 
Neurovascular Surgery. 2nd ed. Thieme; 2015.)

Fig. 16.11 Intraoperative images. (a) The 
mucosal and muscular layers had been resect-
ed to expose the inferior clivus and foramen 
magnum. (b) The clival bone and medial occip-
ital condyles had been removed to expose 
the dura and anterolateral aspect of foramen 
magnum. (c) Nearly total tumor resection was 
achieved and the neurovascular structures 
were well preserved.  (d) A 45- degree angled 
endoscopic view of foramen magnum showed 
a small residual tumor with adhesion to the 
hypoglossal rootlets.
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is typically not prominent at this low location. Extensive dural 
resection is ideal for meningiomas to facilitate better recog-
nition of neurovascular structures and to achieve Simpson 
grade I resection whenever possible. Microsurgical techniques 
were used for dissection and resection of intradural lesions. 
No manipulation of neurovascular structures was required to 
access and debulk the tumor.

Extracapsular dissection was attempted only after exten-
sive intracapsular debulking. It is not recommended to attempt 
en bloc resection of tumors because of the risk of damag-
ing surrounding neurovascular structures. The lower cranial 
nerves were identified superiorly and the hypoglossal nerves 
laterally, just behind the vertebral arteries on each side. The 
tumor was then carefully dissected off the right vertebral 
artery (Fig. 16.11c). A very small portion of the tumor extended 
into the right hypoglossal canal and was adherent to intracan-
alicular hypoglossal rootlets. This was left as an intended resid-
ual to prevent nerve injury (Fig. 16.11d).

Reconstruction was completed by a multilayer technique, 
including inlay collagen layer, onlay fascial lata graft, fat graft 
reinforcement, and extended nasoseptal flap. A lumbar drain 
was used to drain  cc SF per hour for  days. The use of a 
lumbar drain is recommended because it has shown to signifi-
cantly reduce the incidence of postoperative SF leaks for tran-
sclival defects.

 ■ Aftercare
No SF leak occurred in this patient. She was discharged on 
postoperative day  without any neurological deficits. Preop-
erative upper extremities’ numbness completely improved. One 
year after surgery, she underwent Gamma Knife radiosurgery 
for the small stable residual tumor. At  years’ follow-up, she 
remains asymptomatic without evidence of tumor growth or 
craniocervical instability (Fig. 16.12).

 ■ Commentary
Surgical resection of ventral foramen magnum meningiomas 
is challenging due to their deep location and surrounding 
complex neurovascular structures. Compared to the transcra-
nial far-lateral approach, the main advantage of the EEA is its 
direct access and less neurovascular manipulation. For deep 
intradural lesions, adequate exposure is required for safe resec-

tion of tumors. In our previous studies, the inferior transclival 
approach with medial transcondylar extension provides excel-
lent access to the lateral wall of the foramen magnum. However, 
lesions that extend below the arch of C1 are contraindicated for 
EEA because they would require resection of the odontoid body 
and transverse ligament. Similar to an extensive condylectomy, 
this would make the craniocervical junction unstable.

The main disadvantage of the EEA is the higher rate of post-
operative SF leakage. The high flow of SF in the premedullary 
cistern and the deep location of the lower clivus and the fora-
men magnum make reconstructions very challenging. Although 
multilayer techniques plus lumbar drain have significantly 
improved the rate of postoperative SF leakage, the techniques 
for reconstructions of low clival and foramen magnum defects 
are still evolving and require continued improvement. Patients 
may not always present with rhinorrhea but with a constant 
postnasal drip or an increase of intracranial pneumocephalus 
instead. arly diagnosis and treatment of SF leaks with return 
to the OR for further reconstruction is the best way to prevent 
related meningitis and other potential complications. When 
needed, a lateral nasal wall/inferior turbinate flap can be used 
as a rescue flap to reinforce a failed reconstruction.

In conclusion, the EEA provides a privileged route to resect 
ventral midline skull base lesions including properly selected 
foramen magnum meningiomas, and may decrease the risk of 
neurovascular complications. However, the learning curve of 
the EEA is steep and the potential for reconstruction-related 
complications is higher than with transcranial far-lateral 
approaches.
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