
Copyright © 2023 Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

96

The endoscopic endonasal approach (EEA) to the craniovertebral junction (CVJ) has recently been considered a safer alternative and 
less invasive approach than the traditional transoral approach because the complications associated with the latter are avoided or 
minimized. Here, we present two challenging cases of CVJ pathologies. The first case involved os odontoideum associated with anteri-
or displacement of the occipitocervical junction where the EEA was used, followed by C0-C1-C2 fusion using a posterior approach to 
decompress the CVJ, and was complicated by rhinorrhea and Candida albicans meningitis. The second case involved basilar invagina-
tion with syringomyelia previously treated using a posterior approach, where aggravation of neuropathic symptoms required combined 
treatment with EEA and occipitocervical fusion of C0-C2-C3-C4, with the postoperative course challenged by operative site infection 
requiring drainage with debridement and antibiotic therapy. The EEA is an alternative approach for accessing the CVJ in well-selected 
patients. Knowledge of EEA complications is crucial for the optimal care of patients. 
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Introduction 

Surgical planning to manage a craniovertebral junction (CVJ) de-
formity is difficult, mainly because of a variety of anatomical rea-
sons, including bony, ligamentous, and adjacent neurovascular 
structures that render access to this region relatively challenging 
[1]. Anterior access to the CVJ has traditionally been performed 
using the transoral approach for many pathologies, including rheu-
matoid pannus, os odontoideum, fracture of the upper cervical 
vertebrae, suspected tumor with compression of the spinal cord, 
and basilar invagination (BI) [2-4]. This approach is associated 
with multiple morbidities, mainly tongue swelling due to a long re-
traction time, wound healing complications, and velopharyngeal 

insufficiency. Recently, the endoscopic endonasal approach (EEA) 
has been considered an alternative, safer approach with less mor-
bidity [5-7]. We present two challenging cases for the manage-
ment of CVJ pathology. In the first case, we used the EEA followed 
by C0-C1-C2 fusion using a posterior approach to decompress the 
CVJ, which was complicated by rhinorrhea and Candida albicans 
meningitis, which required antifungal treatment, closure of a dural 
tear with a nasoseptal flap, and placement of an external lumbar 
drain. The second case involved BI with syringomyelia, which had 
been previously treated using the posterior approach, where aggra-
vation of neuropathic symptoms required combined treatment 
with EEA and occipitocervical fusion of C0-C2-C3-C4, with the 
postoperative course challenged by operative site infection requir-
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Fig. 1. (A) Sagittal, (B) axial T2 magnetic resonance imaging, and (C) sagittal computed tomography scan of the cervical spine 
show an os odontoideum associated with anterior displacement of the occipitocervical junction resulting in compression of the 
spinal cord at the level of the odontoid process tip marked by arrows.

ing drainage with debridement and antibiotic therapy.  

Cases  

Ethical statements: Our institution does not require Institu-
tional Review Board approval for case reports. Informed con-
sent was obtained from the patients. 

1. Case 1 
A 51-year-old previously healthy man presented to the emergency 
department with an episode of abrupt transitory tetraplegia that 
started after an episode of sneezing and lasted for only 2 minutes. 
He reported numbness and the sensation of electrical discharge in 
his four extremities over the last 6 months. On clinical examina-
tion, his vital signs were within normal ranges. The neurological 
examination was nonfocal. There was no evidence of motor or 
sensory deficits and proprioception was intact; ataxia and pyrami-
dal signs were not observed. Computed tomography (CT) and 
magnetic resonance imaging (MRI) of the cervical spine revealed 
an os odontoideum associated with anterior displacement of the 
occipitocervical junction, resulting in compression of the spinal 
cord at the level of the tip of the odontoid process (Fig. 1). 

The case was discussed in a spine board meeting, and the deci-
sion was made to proceed with two-stage surgery, resection by 
EEA of the anterior arch of C1 and odontoid tip in the first surgery, 
and occipitocervical fusion of C0-C1-C2 by the Harms technique 
in the second surgery 5 days later. Orotracheal intubation was per-
formed. Rigid fixation was applied to the head, which was flexed 

and rotated ipsilaterally to the right side. The nostril cavity was pre-
pared with betadine solution. Antibiotic prophylaxis was adminis-
tered 30 minutes prior to incision. We used the binostril approach 
without turbinectomy or sphenoidectomy but with removal of the 
posterior 1 to 2 cm of the nasal septum to enlarge the choana and 
facilitate the binostril application of instruments. A 0° endoscope 
was introduced into the nostril. The free end of the middle turbi-
nate led to the superior lateral aspect of the choana. The posterior 
and caudal portions of the nasal septum were then resected. Once 
at the choana, the endoscope was directed to the base of the odon-
toid. Using monopolar electrocautery, an inverted U-shaped inci-
sion was then made in the posterior oral pharynx, and the overly-
ing longus colli and longus capitis muscles were reflected laterally. 
Subperiosteal exposure of the anterior arch of C1 and base of the 
odontoid process was then performed. The C1 arch was drilled 
first, followed by the dens. The ligamentous attachments were re-
leased at the apex of the dens. A high-speed drill and Kerrison 
Rongeur were used to remove residual posterior cortical bone. No 
evidence of cerebrospinal fluid (CSF) leakage was observed during 
the first operation (i.e., the EEA). 

A CT scan of the cervical spine performed after the first surgery 
showed the extent of bony resection of the C1 anterior arch and 
odontoid process and a persistent, although reduced, C1 spinal ste-
nosis of 7 mm in anteroposterior diameter. A CT scan of the cervi-
cal spine performed after the second surgery showed the extent of 
decompression and reduction in displacement with occipitocervi-
cal fusion of C0-C1-C2 by the posterior approach (Fig. 2). 

In the postoperative period, the patient complained of severe oc-
cipital headaches. He also developed a fever of 38.8°C on postop-
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erative day (POD) 3. A CT scan of the brain and cervical spine 
showed pneumocephalus at the prepontic cistern without obvious 
collection. An infection was suspected in the CSF from lumbar 
punctures that were performed on PODs 3 and 5, but we failed to 
identify the microorganism by Gram stain and culture. The patient 
was started on an empirical antibiotic treatment (cefotaxime, 
linezolid, and metronidazole). The patient improved progressively 
during empirical treatment, with regression of fever until POD 10, 
when he developed rhinorrhea. A third lumbar puncture was per-
formed, and C. albicans was identified. The patient’s antimicrobial 
medication was switched to amphotericin B and flucytosine, and 
he underwent surgery for insertion of an external lumbar drain and 
endoscopic endonasal closure of a dural tear using a nasoseptal 
flap. The patient was maintained on amoxicillin to prevent pneu-
mococcal meningitis. The patient started to improve progressively 
with resolution of his rhinorrhea and fever. 

Endoscopic transnasal control under general anesthesia was per-
formed after 8 days to visualize any leakage sites, and a Valsalva ma-
neuver was performed, which confirmed no evidence of CSF leak. 
Fluorescein dye was not used, as there was no evidence of leakage 
or persistent CSF fistula. The external lumbar drain was removed 
on day 8. The patient was switched to oral fluconazole for a total of 
4 weeks. The last examination of the patient after 6 months con-
firmed normal neurological and laboratory findings. 

2. Case 2 
A 70 year-old-gentleman was diagnosed in September 2017 with 
BI associated with syringomyelia from C4 to T1, with the main 
symptoms being C5 and C6 bilateral cervicobrachialgia with par-
esthesia of both upper limbs. He subsequently underwent surgery 

at another hospital for occipital craniectomy with resection of the 
posterior C2 arch and duroplasty. The syringomyelic cavity and 
previously described neuropathic pain persisted after the surgery. 
The patient presented to the neurosurgery clinic for posttraumatic 
aggravation of the neuropathic pain that now extended from the 
cervicodorsolumbar spine to the four extremities. There was no 
dysphagia or other associated symptoms on interrogation. Neuro-
logical examination showed alterations in coordination and precise 
movements in both hands, with the absence of pyramidal signs 
and obvious motor deficits. CT and MRI of the craniocervical 
junction were performed in February 2020, confirming stability of 
the residual syringomyelic cavity from C4 to T1, compression of 
the brainstem by the BI, and pseudomeningocele at the operative 
site (Fig. 3A, 3B). 

The case was discussed in a spine board meeting, and the deci-
sion was made to proceed with two-stage surgery, using EEA for 
resection of the anterior C1 arch and odontoid tip in the first sur-
gery, followed 72 hours later by occipitocervical fusion of C0-C2-
C3-C4 (Fig. 3C, 3D; Fig. 4). 

The postoperative course was complicated after 3 weeks by a 
purulent secretion from the posterior cervical wound. Because of 
suspicions of deep surgical-site infection, he underwent surgery 
immediately for drainage of the collection and debridement of the 
surgical site. Intraoperative culture was used to determine the ap-
propriate antibiotic treatment. The patient was treated with empir-
ical antibiotics (cefepime and vancomycin). The intraoperative 
cultures yielded two multisensitive bacteria: Enterobacter cloacae 
and Enterococcus faecalis. The patient improved progressively with 
resolution of fever and surgical site pain, and normalization of in-
flammatory markers. After 2 weeks, the patient was switched to 

Fig. 2. (A) Sagittal computed tomography scan of the cervical spine performed after the second surgery showed the extent 
of decompression marked by an arrow; and reduction in displacement with (B) left and (C) right parasagittal views showed 
occipitocervical fusion of C0-C1-C2 by the posterior approach.
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Fig. 4. Intraoperative photographs of the endoscopic approach showing (A) the initial exposure of the C1 anterior arch marked by 
a black star, (B) drilling of the C1 anterior arch marked by a black star, (C) drilling of the odontoid marked by a black star, and (D) 
extent of decompression at the end of drilling marked by a black star.

★

★

oral ciprofloxacin and amoxicillin for a total duration of 6 weeks. 
The last neurological, clinical, and biological examination of the 
patient after 6 months was normal. 

Discussion 

A variety of congenital, developmental, and acquired pathologies 
can affect the CVJ, leading to bulbomedullary compression. Surgi-
cal treatment remains challenging owing to the complex anatomi-
cal characteristics of the region. For many years, the microsurgical 
transoral approach has been considered the “gold standard” for an-
terior decompression [8]. This approach is often associated with 
multiple complications such as infection, bleeding, severe postop-
erative swelling, and upper airway obstruction [9]. 

A complete EEA is feasible based on anatomical studies. In re-
cent years, anatomical studies and surgical experience using this 
approach have been reported. In 2002, Alfieri et al. [10] published 
a cadaveric study to develop an EEA for the ventral craniocervical 
junction and odontoid process. They demonstrated that this ap-
proach was a valid alternative to the transoral approach. It allows 

access from the anterior cranial fossa to the whole clivus and the 
upper cervical spine up to the C2 body. In addition, because the 
surgical trajectory of this endonasal approach is relatively inclined 
in a rostral-to-caudal direction, the stability of C1-2 can be main-
tained, eliminating the necessity of spinal fusion [10]. 

Kassam et al. [11] were the first to report the feasibility of this 
approach for odontoid process resection. They mentioned that the 
defect created by the transnasal approach is above the level of the 
soft palate and should not be exposed to the same degree as other 
approaches to bacterial contamination from the oral cavity and 
oropharynx. Nayak et al. [12] demonstrated the feasibility of pure 
EEA for the resection of the odontoid process. Potential advantag-
es that were noted included improved visualization, limited mor-
bidity, decreased pain, and faster recovery compared to traditional 
approaches. 

In addition to being a more comfortable and safer approach, ex-
tended transnasal access to the CVJ facilitates radical treatment of 
lesions in this location. A combination of transnasal resection and 
occipital-cervical stabilization demonstrated excellent preliminary 
results for brainstem compression resulting from C2 odontoid pro-

Fig. 3. (A) Sagittal computed tomography (CT) scan and (B) magnetic resonance imaging of the craniocervical junction show the 
residual syringomyelic cavity from C4 to T1 with compression of the brainstem by the basilar impression marked by white stars. 
Postoperative (C) sagittal and (D) axial CT scans show the extent of resection of the C1 anterior arch and odontoid tip marked by 
an arrow.
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cess invagination. Compared to the transoral procedure, this meth-
od offers direct access to CVJ lesions and allows for more complex 
combined procedures [13]. This approach, as described by Yu et 
al. [14], provides a wider view of the surgical field and improves vi-
sualization in deep surgical corridors. Because the use of mouth re-
tractors is no longer necessary with this approach, the risk of 
tongue swelling and tooth damage is eliminated. Additionally, the 
lower risk of tongue and posterior oropharyngeal wall swelling de-
creases the need for nasogastric tube feeding and prolonged extu-
bation or tracheostomy. Soft palate splitting or hard palate resec-
tion is not required, which minimizes the risk of postoperative dys-
phonia or velopharyngeal insufficiency [14]. 

More than 119 patients with CVJ disease treated with EEA have 
been reported in the literature. Among 107 of these patients, CSF 
leak (intraoperative and/or postoperative) was reported in 13 
(12.1%), transient velopharyngeal incompetence, variably associ-
ated with nasal speech and swallowing impairment, was reported 
in 6 (5.6%), postoperative epistaxis was reported in 2 (1.9%), and 
respiratory dysfunction requiring tracheostomy was reported in 2 
of them (1.9%) [15]. In a recent meta-analysis, neurologic out-
comes improved by 94.0% after transnasal odontoidectomy, 
whereas none of the patients experienced worsening of neurologic 
outcomes after the procedure [16]. Study results from a systematic 
review by Shriver et al. [16] of complications related to transoral 
and transnasal endoscopic odontoidectomy across a heteroge-
neous group of surgeons and patients showed that surgical proce-
dures involving transoral odontoidectomy were more commonly 
associated with medical complications, while transnasal endoscop-
ic procedures commonly resulted in intraoperative and postopera-
tive CSF leaks. Compared to the findings of studies in which trans-
nasal procedures were performed, those in which transoral proce-
dures were performed had significantly higher rates of postopera-
tive tracheostomy, but there was no statistically significant differ-
ence in complication rates [16]. 

A major risk of this approach is secondary craniocervical disloca-
tion of the C1 lateral masses caused by the vertical pressure exerted 
by the weight of the head and loss of continuity of the C1 arch. 
The C1-C2 fusion is essential following transection of the anterior 
arch or laminectomy of C1 to limit the risk of lateral expulsion of 
the C1 lateral masses. C1 anterior arch preservation with angulated 
instrumentation and minimal resection of the odontoid apex can 
limit the risk of craniocervical destabilization [14]. 

This case series highlights the potential benefits of EEA for CVJ. 
Although EEA has been shown to be safe and effective in selected 
patients, one of our patients developed severe candidal meningitis, 
which opens a discussion on the safety of such a procedure com-
bined with instrumentation. Knowledge of this atypical infection 

in patients with spinal instrumentation following this type of sur-
gery will reduce diagnostic delays and allow appropriate, timely 
treatments. 

The EEA approach should only be considered in carefully se-
lected cases in which the anterior CVJ needs to be accessed. Al-
though EEA does not replace the transoral approach, it is a viable 
alternative that may result in less morbidity when performed in 
centers that are experienced in the procedure. There is still a learn-
ing curve, and only time will provide a clearer picture of how it 
compares to traditional methods. The pitfall of this approach is the 
difficulty in repairing dural defects and subsequent CSF leakage, 
where the nasoseptal flap and external lumbar drain are effective 
treatments. A patient’s prognosis can still be compromised by seri-
ous postoperative complications such as fungal meningitis, espe-
cially in cases involving instrumentation. 
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