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Malformations of the craniovertebral junction
(CVJ) encompass a wide range of different bony
abnormalities involving the axis, the atlas and the
occipital bone. Basilar invagination (BI) and
chronic atlanto-axial dislocation (AAD) are the
most common congenital anomalies of the CVJ,
can occur combined and become symptomatic
when produce a ventral cervicomedullary com-
pression. BI consists in the congenital prolapse of
the spinal column into the skull base and is radio-
logically defined as the occurrence of the odon-
toid tipmore than 2.5 mm above the Chamberlain’s
line [1] (Fig. 19.1). The term platybasia refers to
an angle greater than 140° between the clivus and
the plane of the anterior cranial fossa (basal
angle) and is an anthropological measure without
pathological implications itself [2]. Platybasia
can occur in association with BI. In this case
shortening and horizontalization of the basioc-
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Fig. 19.1 Illustration depicting the Chamberlain’s line
(green line). Note the position of the invaginated odontoid
peg above the Chamberlain’s line and the compression of
the cervicomedullary junction

ciput displace the foramen magnum cranially
with subsequent anterior (ventral) invagination of
the odontoid (Fig. 19.2). Basilar impression is a
term often erroneously used as a synonym of BI
and consists in an acquired BI related to bone-
softening disorders such as hyperparathyroidism,
Paget’s disease, Hurler’s syndrome, and rickets
[3]. BI and AAD are usually irreducible on skel-
etal traction and require surgical treatment when
cause progressive cervicomedullary compression
resulting in disabling neurological deficits [4].
Although the transoral approach (TOA) to the
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CVIJ was originally described by Kanavel in 1917
to remove a bullet lodged between the atlas and
the clivus, it wasn’t until the late 1970s that
Menezes et al. proposed a rationale algorithm for
the CVJ malformations based on the stability,
reducible malformation and site of encroach-
ment, that is still valid today [3, 5]. In this chap-
ter, based on our experience with over the past
four decades, we describe the surgical nuances of
TOA that allow to achieve a satisfactory decom-
pression of BI and AAD minimizing the postop-
erative complications [4, 6-10].

Fig. 19.2 Illustration depicting platybasia and basilar
invagination. In platybasia basal angle exceeds 140°. The
cranial displacement of the foramen magnum is generally
associated with a ventral encroachment at the level of the
nasopharynx

Treatment Algorithm for Bl
and AAD

The surgical strategy is dictated by extensive pre-
operative neuroradiological investigation includ-
ing MRI, CT scan with flexion and extension
views. In Bl and AAD the site of encroachment is
generally only anterior particularly when an
associated atlas assimilation is present (Fig. 19.3).
The detection of irreducible ventral compression
is an indication for TOA [2-4, 6-17]. In our
experience skeletal traction is not effective in
congenital CVJ malformations and is poorly tol-
erated by the patients. In the rare instances of
concomitant fixed posterior compression, an
additional foramen magnum decompression can
be considered [4]. Limitations of TOA are the
limited mandibular excursion (i.e. interdental
space <30 mm) and severe basilar invagination
(odontoid tip projecting >20 mm above the
Chamberlain’s line) with a resultant neural com-
pression at the level of the nasopharynx [4, 12].
In these cases, we selected transmaxillary
approaches [4]. The Le Fort I osteotomy with
down-fracture of the maxilla allows exposure
from the sphenoid sinus to the middle clivus and
can be required in patients with severe basilar
invagination [18]. The Le Fort osteotomy with
palatal split (transmaxillary palatal split approach
or open door maxillotomy approach) increases
the caudal exposure compared to Le Fort I oste-

Fig. 19.3 Sagittally reformatted (a) and axial (b) CT scan domonstrating basilar invagination, atlanto-axial dislocation
and atlas assimilation. Note the position of the offending odontoid peg in the posterior fossa
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otomy and was used in patients with inability of
sufficiently open the mouth [4, 19]. Over time,
we moved away from performing transmaxillary
approaches in cases of limited mandibular excur-
sion and severe basilar invagination with neural
compression at the level of the nasopharynx. In
these situations, we now favor endonasal endo-
scopic approach (EEA) that allow a cranial expo-
sure from the anterior fossa floor to the superior
aspect of the clivus and a caudal exposure dic-
tated by the nasopalatine line [12, 17, 20-23].
According to our experience, the standard TOA
allows a satisfactory surgical exposure and
decompression in more then 80% of patients with
BI and AAD [4]. The rate of tonsillar prolapse in
patients with CVJ malformations is between 33
and 38% [4, 16, 24-26]. The surgical treatment
of this association is still matter of controversy.
Several studies reported early deterioration or
more often delayed worsening in patients treated
with foramen magnum decompression due to
postoperative angulation of cervicomedullary
junction and progressive cranial settling [4, 27].
According to our experience corroborated by
recent literature, transoral decompression is
affective in removal of the CSF obstruction and
the level of the cervicomedullary junction in
most patients with fixed CVJ malformations and
tonsillar prolapse [4, 27]. In these patients the
tonsillar herniation is the result of reduced poste-
rior fossa volume due to the infolding of the
exoccipital bone which is exacerbated by the pro-
lapse of the odontoid peg though the foramen
magnum. After extensive anterior decompres-
sion, the ascent of cerebellar tonsils into the pos-
terior fossa and the resolution of associated
syringomyelia are generally observed and sup-
port the restoration to normal of CSF flow at the
CVIJ level [4, 27]. The occurrence of acute or
delayed spinal instability (occipito-atlantal,
atlanto-axial, or occipito-atlanto-axial instabil-
ity) after transoral decompression is invariably
high [7, 8, 28-30]. The single anesthesia tran-
soral decompression and subsequent posterior
fixation and fusion eliminate the risk of postop-
erative instability and allow to mobilize the
patients as soon as possible [4, 8].

Transoral Approach

Preoperative Assessment,
Anesthesiologic Considerations
and Positioning

Careful assessment of preoperative neuroradio-
logical investigations is required to establish
the correct surgical strategy. TOA is indicated
in patients with BI and/or AAD inducing fixed
ventral compression of the cervicomedullary
junction mainly located at the level of the oro-
pharynx. According to our experience the stan-
dard TOA might expose the odontoid projecting
<20 mm above the Chamberlain’s line [4]. TOA
can be performed in patients with an interdental
working distance of at least 30 mm and without
active nasopharyngeal infection [3, 4]. Fiberoptic
nasotracheal intubation is routinely used in all
transoral cases. We reserve tracheostomy only
in patients with preoperative brain stem com-
promise and lower cranial nerve dysfunction [4].
The patient is positioned supine with the head
fixed in a Mayfield headholder and extended
10°-20° according to the severity of the BI. In
fact, the head extension improves the rostral
exposure of the CVJ and is particularly effective
in patients with severe BI. In addition, the intra-
operative use of moderate Trendelenburg posi-
tion can help the rostral visualization of the CV/J.
Anatomical studies demonstrated that division of
the soft palate provides nearly 10 mm of clival
exposure [31]. However, to reduce postoperative
rhinolalia and nasal regurgitation we avoid soft
palate splitting and we retract the soft palate with
two rubber catheters inserted through the nares
and stitched to the uvula. A dedicated transoral
system (Crockard transoral instruments, Codman
Raynham, MA) including retractors and extra-
long instruments is required for an effective sur-
gery. Lateral fluoroscopy is reliable in confirming
the location of anterior tubercle of the atlas, which
is easily palpated transorally, and in providing
information on the extent of cranio-caudal expo-
sure during the operation. Frameless navigation
systems provide additional information of the
medial-lateral orientation. Neurophysiological
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Fig. 19.4 Tllustration demonstrating the transoral atlas-
sparing technique. This technique is generally feasible in
patients with mild basilar invagination and/or fixed
atlanto-axial dislocation. (a) The base of the dens and few
millimeters of the inferior half of the anterior arch of the
atlas are resected with high speed drill. (b) When the base
of the dens is transected, the ligaments are sectioned while

monitoring is used throughout the procedure and
allows functional assessment of spinal cord.

Incision and Soft Tissue Dissection

The surgical procedure is entirely performed
with the aid of the surgical microscope while the
surgeon is seated at the top of patient’s head. The
posterior pharynx is infiltrated with 1% lidocaine
and epinephrine, and a midline incision along the
median raphe of the posterior pharyngeal wall is
carried through the mucosa and the pharyngeal
muscles. The incision is extended cranially and
caudally depending on the peculiar anatomy of
the single patient. Monopolar cautery is used to
dissect the pharyngeal constrictor, longus colli
and longus capitis muscles which are elevated in
a single layer and maintained laterally using
tooth-bladed pharyngeal retractors. After dissec-
tion of the anterior longitudinal ligament, the
anterior arch of Cl, the inferior tip of the clivus
and the ventral surface of the body of C2 are
exposed.

the odontoid is grasped with an odontoid rongeur and
pulled inferiorly without any pressure on the cervicome-
dullary junction. (¢) Odontoid removal allows exposure of
the cervicomedullary region which appears decom-
pressed. (Modified with permission from Acta Neurochir
(Wien) 2014;156(6):1231-1236)

Transoral Atlas-Sparing Technique

Preservation of anterior arch of C1 during the
TOA minimizes postoperative instability of the
CV] and is usually feasible in the treatment of
retro-odontoid pannus. However, it in can be
achieved in patients with fixed AAD and in
selected cases of mild basilar invagination
(Fig. 19.4) [4, 9, 10, 29, 32]. When the CI ring is
preserved, the stability of the CVJ can be obtained
with C1-C2 screw techniques instead of occipi-
tocervical fusion [10, 32]. Biomechanical studies
demonstrated that interruption of the anterior
arch of the atlas can promote lateral spreading of
C1 and subsequent cranial settling with resultant
kinking of bulbo-medullary junction and pro-
gressive neurological worsening [28, 29, 33]. The
atlas-sparing technique requires drilling the base
of the dens and approximately 5 mm of the infe-
rior half of the anterior arch of C1. After transec-
tion of the base of the dens, the odontoid is
grasped with an odontoid rongeur and pulled
inferiorly while the alar and apical ligaments are
sharply dissected without pressure on the cervi-
comedullary junction (Fig. 19.5). This maneuver
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Fig. 19.5 Intraoperative photographs of the patient pre-
sented in Fig. 19.6. The tongue is oriented at the top of the
photograph with the palate at the bottom. (a) The poste-
rior wall of the pharynx is exposed after retraction of the
soft palate into the rhinopharynx. The nasotracheal tube is
mobilized laterally using the Crockard retractor. (b) After
midline incision of the posterior pharyngeal wall and dis-
section of the longus colli muscles, the bony surface of the
craniovertebral junction is exposed. (¢) The drilling

allows the surgeon to remove the invaginated
odontoid in an en bloc fashion without pressure
on the cervicomedullary junction (Fig. 19.6).
When AAD and BI are associated with atlas
assimilation, preservation of the anterior ring of
the atlas is not a concern. In this scenario after
transoral decompression a posterior occipito-
cervical fixation and fusion is mandatory also in
case of atlas preservation.

Transoral Trans-atlas Technique

In patients with severe basilar invagination tran-
section of anterior arch of Cl is required to
expose and resect the offending odontoid peg in a
piecemeal fashion (Fig. 19.7). After atlas resec-
tion using a 3- to 4-mm diamond burr the odon-
toid is shaved until a thin sheet remains, which is

involves the dens and the inferior rim of the anterior arch
of C1. (d) The remaining shell of the base of the dens is
removed with Kerrison rongeur. (e) The offending odon-
toid peg (asterisk) is removed after section of the alar and
apical ligaments. (f) After generous bony decompression
the ventral surface of cervicomedullary junction is
exposed. (g) The mucosa and pharyngeal muscles are
closed in a single layer. (h) Normal appearance of oropha-
ryngeal mucosa at the end of the transoral approach

removed with Kerrison and curettes (Fig. 19.8).
The retro-odontoid ligaments are dissected only
when appear thick and distorting the dura avoid-
ing unintentional dural tearing. After decompres-
sion, hemostasis is achieved and the wound is
closed in a single layer with 2-0 Vicryl sutures [4,
10]. It our policy to perform the posterior fixation
and fusion during the same anesthesia session to
eliminate the risk of acute postoperative instabil-
ity and to mobilize the patients early in the post-
operative period.

Postoperative Management

Postoperatively, patients are transferred to the
intensive care unit where the endotracheal tube is
maintained for 12—-18 h, depending on soft tissue
swelling and respiratory function. Nutrition is
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Fig. 19.6 Case illustration of a 64-year-old lady with
craniovertebral junction malformation suitable for tran-
soral atlas-sparing approach. Preoperative sagittal
T2-weighted image (a) and sagittal reformatted (b), and
axial (¢) CT scan showing basilar invagination, atlas
assimilation and atlanto-axial dislocation with severe
compression of the cervicomedullary junction. The soft

Fig. 19.7 Tllustration demonstrating the transoral trans-
atlas technique. This technique is required in patients with
moderate basilar invagination (odontoid peg projecting
<20 mm above the Chamberlain’s line). (a) After transec-
tion of the anterior arch of the atlas, the odontoid is shelled

palate was retracted in the nasopharynx (d) and fluoso-
copy confirmed the location of the anterior arch of the
atlas (e). The altas-sparing technique allowed wide
decompression and preservation of the atlas as seen on
postoperative sagittal reformatted (f) and axial (g) CT
scan images

out with high speed drill. (b) the residual shell is progres-
sively removed with kerrison rongeurs. (¢) After careful
dissection of the retrodental ligaments the dura of the cra-
niovertebral junction is exposed. (Acta Neurochir (Wien)
2014;156(6):1231-1236. Reprinted with permission)



19 Basilar Invagination and Atlanto-Axial Dislocation

313

K

Fig. 19.8 Case illustration of a 72-year-old lady with
craniovertebral junction malformation requiring transoral
trans-atlas technique. Sagittal reformatted CT scan (a)
and 3D CT reconstruction (b) domonstrating severe basi-
lar invagination, atlas assimilation and fixed atlanto-axial

administered intravenous, and patients are
allowed to sip cold fluids only after 3 days. Broad
spectrum antibiotics are administered for 72 h. A
CT scan of the cranio-cervical region with sagit-
tal and coronal reconstructions is done before
patients are mobilized to assess the extent of CV]J
decompression and the correct position of poste-
rior fixation system.

dislocation. Intraoperative fluoroscopy (c¢) shows initial
resection of the dens. Complete resection of the offending
odontoid peg required transection of the anterior arch of
C1, as seen on postoperative CT scan (d)

Postoperative Complications
and Their Avoidance

In recent clinical studies complications after
TOA are minimal ranging from 7 to 10% [15,
32]. Potential complications include CSF leak
and meningitis, velopharyngeal dysfunction,
neurological deterioration, vascular injury, pha-
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ryngeal wound breakdown, and postoperative
soft tissue swelling. CSF leak due to accidental
dural injury can occur in the final stages of odon-
toid resection. When the dura is clearly lacerated
a direct repair should be attempted followed by
insertion of a lumbar drain for up to 5 postopera-
tive days. Velopharyngeal insufficiency is the
result of scarring and fibrosis of the soft palate,
and causes hypernasality of the voice, nasal
regurgitation and dysphagia [34]. Retraction
instead of cutting the soft palate minimizes the
occurrence of velopharyngeal dysfunction [4].
Neurological deterioration after transoral decom-
pression occurs in roughly 1% of cases and is
though to be the result of direct trauma during the
operation or loss of spinal alignment during
patient repositioning between anterior decom-
pression and posterior fixation [32]. Careful eval-
uation of preoperative CT scan is required to
avoid injury of the vertebral artery which can
occur in case of rotatory subluxation of CI.
Pharyngeal wound dehiscence occurs in 3% of
cases [4] after TOA. In our experience the single-
layer closure of the posterior pharyngeal wall
with interrupted absorbable sutures minimizes
the occurrence of this complication. When wound
dehiscence occurs the pharyngeal wound should
be revised under general anesthesia [4, 10, 30].
Although infection has long been considered a
serious drawback of TOA, large clinical series
reported rates of pharyngeal infection less than
1% [32]. In fact, local resistance of oral tissue to
its own bacterial flora facilitates wound healing.
The postoperative soft tissue swelling is common
after TOA, generally subsides after 2448 h and
its occurrence is minimized by delicate tongue
retraction and careful intraoperative handling of
soft tissues.

Conclusion

TOA with or without transection of the atlas
allows a direct and unobstructed corridor for the
effective treatment of most patients with BI and
AAD exerting irreducible ventral compression of
the cervicomedullary junction. In cases of severe
basilar invagination with the offending odontoind

peg at the level of the nasopharynx, transmaxil-
lary approaches or, more recently, endoscopic
endonasal approaches, should be considered.
After an adequate learning curve and following
the basic tenets of skull base surgery, the approach
related-morbidity in standard TOA is minimal.
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