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Abstract

Purpose Transoral resection of the odontoid has been
accepted as a standard procedure to decompress the cerv-
icomedullary junction during the past several decades. The
endoscopic transnasal odontoidectomy is emerging as a
feasible surgical alternative to conventional microscopic
transoral approach. In this article, we describe several
operative nuances and pearls from our experience about
this approach, which provided successful decompression.

Methods From September 2009 to April 2010, three
consecutive patients with basilar invagination, of which the
etiology was congenital osseous malformations, underwent
endoscopic transnasal odontoidectomy. All patients pre-
sented with myelopathy. The last two cases also received
occipitocervical fixation and bone fusion during the same
surgical episode to ensure stability.

Results All the patients were extubated after recovery
from anesthesia and allowed oral food intake the next day.
Cerebrospinal fluid rhinorrhea was found in the second
case and cured by continuous lumber drainage of cere-
brospinal fluid. No infection was noted. The average fol-
low-up time was more than 24 months. Remarkable
neurological recovery was observed postoperative in all
patients.

Conclusion The endoscopic transnasal odontoidectomy
is a feasible approach for anterior decompression of
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pathology at the cervicomedullary junction. The advanta-
ges over the standard transoral odontoidectomy include
elimination of risk of tongue swelling and teeth damaging,
improvement of visualization, alleviation of prolonged
intubation, reduction of need for enteral tube feeding and
less risk of affecting phonation. The minimally invasive
access and faster recovery associated with this technique
make it a valid alternative for decompression of the ventral
side of the cervicomedullary junction.

Keywords Endoscopic - Transnasal - Odontoidectomy -
Basilar invagination

Introduction

Basilar invagination is a developmental anomaly of the
craniovertebral junction (CVJ) due to several etiologies, in
which the brainstem and/or the cervicomedullary junction
are compressed from the ventral side by the odontoid
process [1, 2]. The surgical treatment remains challenging
because of the complex anatomic and biomechanical
characteristics of this region [3, 4].

During the past several decades, transoral resection of
the odontoid followed by posterior fixation procedures has
been accepted as a standard procedure [3—-7]. Despite the
fact that such an approach provides a direct route to the
odontoid process, it presents several disadvantages,
including the deepness of the surgical corridor, the risk of
contamination by bacterial flora due to traversing the oral
cavity, the risk of tongue and teeth damage, prolonged
postoperative intubation, the need for nasogastric tube
feeding of the patient after surgery and possible impacts on
phonation as the result of soft palate splitting or hard palate
resection in some cases [8—11].
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In recent years, with the rapid development of endoscope
technology, pure endoscopic transnasal odontoidectomy
could be performed successfully to treat cervicomedullary
compression with basilar invagination [11-21]. At present,
there are only a limited number of patients having been
operated on in a few specialized centers. The possibilities,
safety, and limits of this approach are still under investiga-
tion. We want to present our experiences about three patients
with basilar invagination successfully treated by pure
endoscopic transnasal odontoidectomy in our department.
The purpose of this report is to validate the feasibility of the
approach and describe several operative nuances and pearls
based on our experiences.

Illustrative cases
Case 1

A 53-year-old man had stiff neck for 5 years and unsteady
gait for 1 year. On admission, the patient had grade 4 of 5
motor strength with increased tone in all extremities.
Sensory examination was normal except right hand
numbness. He had bilateral positive Hoffmann and
Babinski signs.

His MRI demonstrated basilar invagination with sub-
sequent compression at the ventral aspect of the lower
medulla (Fig. 1a). His cervical reconstruction CT scans
revealed basilar invagination, atlas assimilation and C2/C3
interbody fusion (Klippel-Feil syndrome) (Fig. 1b). His
cervical dynamic radiographs demonstrated there was no
change of AADI (anterior atlantodental interval) on flex-
ion/extension films.

Case 2

A 42-year-old woman had neck pain more than 10 years
and progressive declined muscle strength of all limbs for
3 years. She also had difficulty in walking and had bladder
urgency for 1 year. On admission, short neck with low
hairline and restricted neck movements were observed.
Sensory examination disclosed the impaired senses of pain
and thermal in her right side. The patient had grade 4+ of 5
motor strength in her left limbs and 4 of 5 in right limbs
with increased tone in all limbs. She had bilateral positive
Hoffmann and Babinski signs.

Her MRI demonstrated basilar invagination with sub-
sequent compression at the ventral aspect of the lower
medulla. From C2 to C6, the spinal cord swelled (Fig. 2a).
Her cervical reconstruction CT scans revealed basilar
invagination, partial atlas assimilation. The odontoid dis-
placed to the left and prolapsed into the foramen magnum
(Fig. 2b).
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Case 3

A 59-year-old woman had stiff neck for more than 7 years
and progressive bilateral upper extremities numbness for
5 years, especially in her hands. On admission, short neck
with low hairline was observed. Sensory examination dis-
closed the impaired senses of pain and thermal in her left
up extremity.

Her MRI demonstrated basilar invagination with sub-
sequent compression at the ventral aspect of the lower
medulla (Fig. 3a). Her cervical reconstruction CT scans
revealed basilar invagination, atlas assimilation (Fig. 3b).

The clinical symptoms of the three patients were eval-
uated using the Japanese Orthopaedic Association (JOA)
score for the evaluation of cervical myelopathy [22]. The
clinical characteristics of patients undergoing endoscopic
transnasal odontoidectomy for basilar invagination are
shown in Table 1.

Methods
Surgical preparations

Before surgery, all the three patients were started on halo
traction several days and proven to be irreducible type.
They underwent preoperative thin-cut CT and 3-mm sliced
MRI, which are used for frameless stereotactic image
guidance system during the procedure. After fiberoptic oral
intubation, the patient was placed in supine position on a
standard operating table with the head fixed with Mayfield
headholder. The operating table was tilted 15° to the right
to facilitate the right hand surgeon to operate. The setup of
the operating room is illustrated in Fig. 4. We used rigid-
rod endoscopes 4 mm in diameter with lengths of 18 cm
and lens angles of 0° and 30°, mounted to a digital video
camera system (Karl Storz GmbH & Co., Tuttlingen,
Germany).

Surgical techniques

All the surgeries were performed via two nostrils endo-
scopic techniques. The bilateral middle turbinates, inferior
turbinates and the sphenoid sinus anterior wall were not
resected. The bilateral inferior turbinates were lateralized
and the posterior 1 cm of the nasal septum was removed
(Fig. 5b) to enlarge the choana for a wider exposure and to
facilitate bilateral application of instrumentations without
continuously pushing the septum into the endoscope and
compromising visualization. The surgical trajectory could
be confirmed by the steep downward angle to the lower
clivus and was rechecked with neuronavigation. Then, the
fascia of the posterior nasopharynx was opened with an
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Fig. 1 Case 1: a Preoperative magnetic resonance imaging (MRI)
revealing basilar invagination, resulting in compression at the
cervicomedullary junction from the ventral aspect. b Preoperative
sagittal computed tomographic (CT) scans revealing the tip of the
odontoid extended above the Chamberlain line 11.6 mm. Atlanto-
occipital assimilation and C2/C3 interbody fusion (Klippel-Feil
syndrome). ¢, d: Five days postoperative, MRI and sagittal CT scans
demonstrated that the odontoid had been drilled off. e 30 months

inverted U incision (Fig. 5c), with the superior extent at the
clivus, the lateral margins just medial to the Eustachian
tubes and its base at the level of the C2 vertebral body. The
flap was elevated and reflected caudally to the level of the
soft palate. The longus colli and capitis muscles were
reflected laterally. The ventral portion of the foramen
magnum (low part clivus and assimilated C1) was visual-
ized and removed with the use of high-speed pneumatic
drills (Medtronic Midas Rex Legend, USA) and Kerrison
rongeurs. The underlying angled odontoid process now
could be followed. After the odontoid process was cored
out centrally with 3 mm diamond high-speed pneumatic
drill bit, the remaining cortical shell was removed by the
drill and Kerrison punches in turn along the vertical mar-
gins (Fig. 5d). After the final piece of the odontoid shell
cap was taken out, decompression was confirmed by a

postoperative, MRI showed the ventral cervicomedullary compression
was completely relieved, and the sphenoid sinus was left intact. f,
g 30 months postoperative, dynamic cervical X film demonstrated
good stability. h, i The right and left lateral atlantoaxial articula-
tions(LAA) were flat without listhesis of the inferior and superior
facets (red arrow). j Three-dimensional reconstruction CT scans
showing that the superior surfaces of AAF were generally flat

re-expanded dural sac with pulsation. Also, lateral fluo-
roscopy could be applied to evaluate the extent of sur-
gical decompression by placing a probe just above the
dura (Fig. 2c). The operative cavity was covered with
gelatin foam and the muscle-mucosal flap was replaced
and fixed with fibrin glue, closing the surgical field. The
bilateral nasal cavities were packed with expansion
sponge.

For case 2, there was CSF leakage during the surgery
because the adhesion between the odontoid shell cap and
the dura mater was too tight (Fig. 6). Some autologous fat
graft harvested from the abdominal wall was taken into the
cavity fixed with fibrin glue to repair the dural defect
(Fig. 7). The mucosal flap created at the beginning of the
operation was replaced in its original site at the end of the
procedure and fibrin glue could be used to seal the edges.
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Fig. 2 Case 2: a Preoperative magnetic resonance imaging (MRI)
revealing basilar invagination, resulting in compression at the
cervicomedullary junction from the ventral aspect. The spinal cord
swelled from C2 to C6. b Preoperative sagittal computed tomographic
(CT) scans revealing the tip of the odontoid extended above the
Chamberlain line 17 mm atlanto-occipital assimilation. ¢ Lateral
fluoroscopy showed that the probe just above the dura after the

For case 1, the patient refused the occipitocervical fix-
ation and only received the anterior decompression not
combined with any posterior procedure. For cases 2 and 3,
both the patients received occipitocervical fixation and
bone fusion during the same surgical episode (Fig. 2e).

Results

All the three patients were extubated and allowed oral food
intake the next day. The expansion sponge packed in the
nasal cavities was removed the third day. Remarkable
neurofunction recovery was observed during the follow-up.
The JOA score of each patient was elevated from preop-
erative 12, 8, 15 to postoperative 17, 16, 17. CSF rhinor-
rhea was found in case 2 and she received lumbar puncture
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odontoid was totally removed. d, e Lateral fluoroscopy and photo
during operation showed the occiput-C3—C4 fixation and bone fusion.
f Sagittal CT demonstrated that the odontoid had been drilled off
1 month postoperative. g One month postoperative, MRI demon-
strated that the ventral cervicomedullary compression was completely
relieved and the spinal cord swelling decreased

and continuous drainage of cerebrospinal fluid for 10 days.
No infection was noted during the CSF drainage. The
postoperative reconstruction CT scans demonstrated that
the odontoid had been drilled off (Figs. 1d, 2f, 3d) and the
postoperative MRI showed that the ventral cervicomedul-
lary compression was completely relieved (Figs. lc, e, 2g,
3¢).

Discussion

During the past several decades, the transoral approach has
been widely accepted as the standard approach for the
resection of odontoid to decompress the ventral side of
cervicomedullary junction [3—7]. Since Kassam et al. [12]
firstly reported the endoscopic transnasal odontoidectomy
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Fig. 3 Case 3: a Preoperative magnetic resonance imaging (MRI)
revealing basilar invagination, resulting in compression at the
cervicomedullary junction from the ventral aspect. b Preoperative
sagittal computed tomographic (CT) scans revealing the tip of the
odontoid extended above the Chamberlain line 17.2 mm. ¢ Two
weeks postoperative, MRI showed the ventral cervicomedullary
compression was completely relieved. d Two days postoperative,
sagittal computed tomographic (CT) scans revealing that the odontoid
had been drilled off

in 2005, there have been several case reports demonstrating
the feasibility and effectiveness of this new approach [11-
20]. We acknowledged the excellent work in cadavers and
the prior cases in the literature, in which the authors
described the endoscopic transnasal approach and detailed
the technical nuances [10, 23-25]. In addition we would

like to describe several pearls from our own experience to
date. (1) We did not open the sphenoid sinus, preserved the
integrity of the middle turbinate, which was different from
Kassam [12] and Leng’s [16] reports and made the oper-
ation even less invasive. We found that it could obtain
adequate operative space because the inverted U-shaped
incision sits below the sphenoid sinus. Preservation of both
middle turbinates can help to keep the nasal cavities moist,
restore normal laminar flow of air through the nose and
minimize postoperative crusting [15]. (2) All the surgeries
were performed via two nostrils endoscopic techniques, the
endoscope and suction in one nasal cavity and a dissecting
instrument or drill in the other, which was different from
Wu’s [11] report. Two nostrils techniques can make the
instruments move smoothly to facilitate maneuver. Wu
et al. used one nostril for the approach and placed a nasal
speculum between the middle turbinate and the bony part
of the nasal septum. We think that was the reason why the
author drew the conclusion that endonasal endoscopic
approach was narrow. We summarized the reported cases
that underwent endoscopic transnasal odontoidectomy in
the previous literatures and made a comparative study of
the surgical methods, techniques, results and complications
in Table 2. (3) We had one case encountered with CSF
leakage. The potential for CSF leakage with the endoscopic
transnasal approach for odontoid resection is quite low. It is
shown in Table 2 that only 1 out of 21 cases encountered
intraoperative minor cerebrospinal fluid leakage. And the
leakage could be repaired with fat graft and tissue glue. No
postoperative  cerebrospinal fluid leak was further
observed, and no intra- or postoperative lumbar drainage
was applied [11]. Regarding our case, there were two
reasons for CSF leakage: @ The severe compression from
odontoid process led to the dura and ligaments behind the

Table 1 The clinical characteristics of patients undergoing endoscopic transnasal odontoidectomy for basilar invagination

Patient Age Sex Diagnosis ~ Symptom on admission Complication Time of JOA score Fellow-up
(year- extubated - - period(months)
old) and oral Preoperative  Postoperative

food
intake
1 53 Male BI, AA, Neck stiff, bilateral No 2nd day 12 17 30
K-F upper limbs, unsteady
syndrome gait
2 42 Female BI, AA Neck pain, bilateral CSF leakage 2nd day 8 16 26
upper limbs numbness,
eight side body
paresthesia, walking
difficulty, bladder
urgency
3 59 Female BI, AA Neck stiff, bilateral No 2nd day 15 17 24

upper limbs numbness,
low limbs numbness

BI basilar invagination, AA atlanto-occipital assimilation, K-F syndrome Klippel-Feil syndrome, JOA Japanese Orthopaedic Association score
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Fig. 4 Artist’s illustration of operating room setup. The patient was
placed in supine position with his head slight flexion and a mild tilt
toward the operator. The operators stood on the right side of the
patient. The scrub nurse was positioned cephalad to the patient. C-arm
fluoroscope was set up for a lateral view of the region of interest and
was kept available throughout the procedure. Endoscopic and
navigation monitors were both placed cephalad to the patient
(A operator, B assistant, C scrub nurse, D anesthetist, @ navigation
monitor, @ endoscopic monitor)

Fig. 5 a The choana was enlarged although the bilateral middle
turbinates, inferior turbinates and the sphenoid sinus anterior wall
were not resected. b The posterior 1 cm of the nasal septum was
removed to enlarge the choana to facilitate bilateral application of
instrumentation. ¢ The fascia of the posterior nasopharynx was
opened with an inverted U incision. The superior extent is at the
clivus and the lateral margins just medial to the Eustachian tubes.
d The ligaments and dura were seen after most of the odontoid was
removed (ET Eustachian tube, iwsphs inferior wall of the sphenoid
sinus, NS Nasal septum, RPhx rhinopharynx, sp soft plate, Od
odontoid, Lig ligaments, S suction, P punche)

tip of odontoid becoming very thin. @ The improper
manipulation of the last piece of bony elements of odontoid
when it was free-floating. Sharp dissection with rotatable

@ Springer

Fig. 6 Blue arrow shows the CSF leakage and the defect in the dura
(case 2)

——

SR

Fig. 7 Artist’s illustration of the repairing of the dural defect.
Autologous fat graft was taken into the cavity fixed with fibrin glue.
The mucosal flap created at the beginning of the operation was
replaced in its original site and fibrin glue could be used to seal the
edges

scissors was better than pulling out with Kerrison punches
based on our experiences. The latter might cause tear of the
thin dura. It was our belief that the CSF leakage during the
operation was not a disaster, although suturing the dura and
the nasopharynx mucosa with conventional tools through
the nose was very difficult [12]. We had experiences on
endoscopic CSF-leakage repairing, which came from lots
of cases we had performed, in which the endoscopic
expanded transnasal approach was used to treat other dis-
eases, such as craniopharyngioma, clival chordoma and
giant pituitary adenomas. The techniques used to deal with
the CSF leakage include packing with a fat graft, use of
fibrin glue, rotating a nasal mucosal or turbinate flap over
the pharyngeal incision site, and placement of a lumbar
drain. Case 2 verified these methods were efficacious. (4)
Intraoperative C-arm fluoroscope and Frameless stereo-
tactic navigation aided to localize the key structures,
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leak

injury

injury®

No No

No

Not

Not mentioned

Improved

(1) Two nostrils
(2) Posterior

TNEA +PF

1 ACM-1

Grammatica

mentioned

(1 month later)

et al. [21]

septectomy

NG feeding need for postoperative nasogastric tube feeding to bypass the pharyngeal wound, CSF cerebrospinal fluid, LOS length of stay in hospital (days), RA rheumatoid arthritis, TNEA

transnasal endoscopic approach, PF posterior fusion, ACM-I Arnold-Chiari malformation

# Including the vertebral artery and internal carotid artery injury

® Two of four patients had significant preoperative pharyngeal dysfunction

¢ The three patients had preoperative pharyngeal morbidity

4 Intraoperative minor cerebrospinal fluid leakage was encountered. The leakage was repaired with fat graft and tissue glue without intra- or postoperative lumbar drainage. No postoperative

cerebrospinal fluid leak was observed

¢ The patient had depended on a nasogastric tube for more than 3 months preoperative

' Reintubation due to preexisting lower cranial nerve dysfunction

significantly contributed to a complete, accurate, and safe
resection of the osseous mass [11, 12, 16].

As a general rule, basilar invagination treated with
transoral odontoidectomy usually is followed by posterior
occipitocervical stabilization [3, 4, 26-28]. Neither the
transoral approach nor the endoscopic transnasal approach
will alter the indication for posterior procedures [11]. Goel
et al. studied 190 surgically treated patients with basilar
invagination. In his opinion, simultaneous dorsal fixation
following a transoral decompression is not mandatory and
in some patients fixation is required but can safely be
staged [3]. However, if the patient with basilar invagina-
tion due to congenital osseous malformations presents
stability preoperatively, the risks of creating cranioverte-
bral instability with odontoidectomy have never been fully
delineated. Dickman et al. [29] studied the influence of
transoral odontoid resection on stability of the craniover-
tebral junction. Patients with congenital osseous malfor-
mations were more likely to maintain occipitocervical
stability after odontoidectomy. Our first case refused to
receive occipitocervical fixation during the same surgical
episode. Interestingly, the patient remained stable without
any complaint of neck pain during the 30 months follow-
up. Yin et al. [30] studied the 3D configuration and mor-
phometric data of obliquity of the lateral atlantoaxial
articulations (LAA) in congenital anomaly with occipi-
talization of atlas. The LAA were the weight-bearing
positions in normal individuals. They believed that insta-
bility at the C1-C2 junction in congenital anomaly with
atlas assimilation was a direct result of the anteversion of
AAF. Variations in the anatomy of the LAA could logi-
cally account for the C1-C2 instability. For case 1, the
lateral masses and the superior surfaces of AAF were
generally flat without listhesis of the inferior and superior
facets (Fig. 1h, i, j), it might be the reason why the patient
was stable after odontoidectomy. This case also gave us a
hint that some patients may not need to undergo posterior
fixation [19]. A larger number of cases with more detailed
clinical and radiographic data are needed to validate the
idea. Of course, the patient not receiving fixation should
be followed up carefully. Excessive pain and spasm of the
neck muscles and suboccipital radicular pain may form the
primary indication for fixation in these patients [3, 19, 25].

Compared to our previous transoral surgery [31], the
endoscopic transnasal odontoidectomy has the following
advantages: (1) The property of endoscopy is to provide a
wider view of the surgical field and a more close-up multi-
angled vision, thus improving visualization in deep sur-
gical corridors [10, 12, 13, 16]. (2) The use of mouth
retractors is no longer necessary, which eliminates the risk
of tongue swelling and teeth damaging [10, 11, 15, 18]. (3)
The transnasal approach decreases the risk of tongue and
posterior oropharyngeal wall swelling, ameliorates the
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need for nasogastric tube feeding and prolonged extubation
or tracheostomy [11, 12, 21, 31]. Our patients were all
extubated after recovery from anesthesia and allowed oral
food intake the next day. This led to an expeditious
recovery and hospital discharge. (4) The incision is above
the oropharynx. This may reduce the infection risk, as the
wound is not constantly bathed in saliva [11, 12]. (5) The
endoscopic transnasal approach does not need the soft
palate splitting or the hard palate resection, thus minimis-
ing the risk of postoperative dysphonia or velopharyngeal
insufficiency (VPI) [15, 16, 31].

In recent years, more aggressive posterior reduction
including decompression, instrumentation, realignment and
fusion has been used to treat basilar invagination, which
reduced the need of anterior decompression [32-36]. We
believe that the value of the anterior approach decompression
can never be underestimated, although some patients may
benefit from the posterior reduction. In the future, endoscopic
anterior decompression and posterior reduction will be the two
directions of development to treat basilar invagination.

Conclusion

The endoscopic endonasal odontoidectomy is a feasible
approach for anterior decompression of pathology at the
cervicomedullary junction. This approach provides an
excellent surgical route, with many advantages compared
to the conventional trans-oral approach, potentially avoids
serious intra-operative and postoperative complications.
The minimally invasive access and the fewer complications
associated with this technique make it a valid alternative
for decompression of the ventral side of the craniovertebral
junction.
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