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Abstract
Background Endoscopic endonasal odontoidectomy (EEO) has been described as a potential approach for craniovertebral 
junction (CVJ) disease which could cause anterior bulbomedullary compression and encroaching. Due to the atlantoaxial 
junction’s uniqueness and complex biomechanics, treating CVJ pathologies uncovers the challenge of preventing C1–C2 
instability. A large series of patients treated with endonasal odontoidectomy is reported, analyzing the feasibility and neces-
sity of whether or not to perform posterior stabilization. Furthermore, the focus is on the long-term follow-up, especially 
those whom only underwent partial C1 arch preservation without posterior fixation.
Methods This study is a retrospective analysis of patients with ventral spinal cord compression for non-reducible CVJ 
malformation, consecutively treated with EEO from July 2011 to March 2019. Postoperative dynamic X-ray and CT scans 
were obtained in each case in order to document CVJ decompression as well as to exclude instability. The anterior atlas‐
dens interval, posterior atlas‐dens interval and C1–C2 total lateral overhang were measured as a morphological criteria to 
determine upper cervical spine stability.
Results Twenty-one patients (11:10 F:M) with a mean age of 60.6 years old at the time of surgery (range 34–84 years) 
encountered the inclusion criteria. For all 21 patients, a successful decompression was achieved at the first surgery. In 11 
patients, the partial C1 arch integrity did not require a posterior cervical instrumentation on the bases of postoperative and 
constant follow-up radiological examination. In 13 cases, an improvement of motor function was recorded at the time of 
discharge. Only one patient had further motor function improvement at follow-up. Among the patients that did not show any 
significant motor change at discharge, 4 patients showed an improvement at the last follow-up.
Conclusions The outcomes, even in C1 arch preservation without posterior fixation, are promising, and it could be said that 
the endonasal route potentially represents a valid option to treat lesions above the nasopalatine line.
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Introduction

Anterior approaches, transoral and endoscopic, offer direct 
and straightforward access to the bulbomedullary junction 
without the necessity of neural tissue retraction and conse-
quently low cranial nerve injury.

The endoscopic endonasal odontoidectomy (EEO) has 
been described both on cadaveric preparation and in few 
case series as the surgery of choice [1, 2], otherwise, a valid 

alternative, for irreducible craniovertebral junction (CVJ) 
malformation, causing anterior bulbomedullary compression 
and encroaching.

Different pathologies may affect the CVJ, leading to 
impairment/limitation of its physiological function with a 
loss of mobility and eventually compression of neurovas-
cular structures. Prompt surgical intervention is required 
when these disorders cause symptomatic high spinal cord 
or brainstem compression [3, 4].

Even if the endonasal endoscopic approach is considered 
less invasive compared to the classic transoral approach 
(TOA), avoiding the need for tongue retraction, upper airway 
swelling, and the need for palate splitting, it is not spared 
by few drawbacks and complication [5, 6]. The feasibility 
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of a proper anterior odontoid decompression depends on the 
inferior extension of the nasopalatine line or Kassam line (K 
line) [7]. Because of the unique and complex biomechan-
ics of the atlantoaxial junction, treating CVJ pathologies 
consequentially exposes the challenge of preventing C1–C2 
instability [8]. Limiting the resection of C1 anterior arch, it 
is recommended to reduce subsequent stability complica-
tions and to spare selected patients from posterior fixation, 
as recently reported [9]. With the EEO partial ligament spar-
ing is feasible, especially the transverse ligament, limiting 
instability and subassial atlo-occipital dislocation. Techni-
cally speaking, as the odontoid process is seated in a very 
deep field, the stereoscopic view obtained in endoscopic 
procedures improves surgical dexterity and subsequently 
the possibilities of preserving the C1 arch while completely 
removing the odontoid process [10].

One of the most important parameters to consider in 
bulbo-medullary junction compression is whether or not the 
abnormality is reducible. The reducibility, evaluated through 
dynamic cervical X-ray for stability and motion dynamic, 
along with ventral encroachment, defines the type of surgi-
cal approaches in CVJ pathologies. Recently, a treatment 
algorithm has been updated [11, 12]. To sum up, in case of 
reducible lesions, patients may solely undergo a posterior 
occipital–cervical (OCF), C1–C2 fusion (AAF), or both, 
otherwise anterior release and decompression is manda-
tory. Yet, in the case of patients affected by acute spinal 
cord compression and rapidly deteriorating neurologic func-
tion, anterior decompression and posterior fixation is usually 
[required 13].

In this paper, considering as starting point the results of 
an old cohort of patients [14], we report a large series of 
patients treated with endonasal odontoidectomy. The feasi-
bility and the necessity to perform or not a posterior stabili-
zation is analyzed. Furthermore, the long-term follow-up of 
both posteriorly fixed patients and especially those who only 
underwent partial C1 arch preservation without posterior 
fixation is reported.

Therefore, positive results may justify any attempts to 
preserve the C1 arch without limiting the decompression.

Materials and methods

This study is a retrospective analysis of patients with ven-
tral spinal cord compression for non-reducible CVJ malfor-
mation, consecutively treated with EEA from July 2011 to 
March 2019.

The irreducibility of the CVJ malformation determining 
a clinical and radiological evidence of ventral bulbomed-
ullary compression was considered an indication for EEO. 
All of the patients who underwent to EEO were considered 
recruitable. Inclusion criteria were: availability of clinical 

chart and surgical report, a minimum period of six-month 
follow-up, pre-operative cervical MRI and cervical spine 
dynamic X-ray.

A dynamic X-ray of the cervical spine was performed in 
almost every case to evaluate irreducibility. In case of acute 
presentation, the examination was not performed.

The compression or the encroachment of the spinal cord, 
along with radiological sign of myelopathy, was diagnosed 
with an MRI.

A CT, or CT angiography (CTA), was acquired in order 
to perform the intraoperative neuronavigation and to accom-
plish the planning in case of posterior fixation.

Postoperative dynamic X-ray and CT scan were obtained 
in every case to document CVJ decompression and to 
exclude instability. The anterior atlantodental interval 
(AADI) defines the distance between the anterior arch of C1 
and the odontoid process of C2, posterior atlas‐dens interval 
(PADI), which is the distance between the posterior arch of 
C1 and the dens of the axis, and C1–C2 total lateral over-
hang was measured as morphological criteria to determine 
the upper cervical spine stability. An atlantoaxial subluxa-
tion was defined as the AADI > 3 mm and/or PADI ≤ 14 mm, 
as reported by Puttlitz et al [15], and the lateral overhang of 
C1–C2 was considered pathologic when ≥ 7 mm [16].

Nevertheless, a postoperative CT was also performed in 
order to check the screw trajectory in those cases when pos-
terior fixation was needed.

Patients underwent radiological and clinical follow-up at 
1 and 6 months after surgery and then yearly.

Surgical technique

The procedure has been previously reported by the senior 
author (F.Z.); here, the main steps are illustrated [3, 14]. An 
image-guided endoscopic endonasal odontoidectomy with a 
3-dimensional-HD (3D-HD) endoscope was performed. The 
neurophysiologic monitoring assisted the surgeon in every 
procedure. Baseline SEPs and MEPs were recorded at the 
beginning and at the end of patient positioning. A two nos-
trils-four hands technique was performed, and following the 
inferior turbinate, the rhino-pharynx mucosa over the CVJ 
was reached through the choanas. Hence, C1 and C2 verte-
bras were skeletonized in a sub-periosteal fashion, and then, 
an ultrasonic bone curette was used to remove the tip and the 
base of the odontoid process, selectively preserving, when 
possible, a part of the anterior C1 arch. This technique was 
found safe and effective, reducing the soft tissue manipula-
tion and without any reported case of thermal injury [17]. 
The residual shell of the odontoid was removed by section-
ing apical and alar ligaments and separating the process from 
adhesion to surrounding tissues. Finally, the dura covering 
the pontomedullary junction was exposed after transverse 
ligament removal.



2695European Spine Journal (2022) 31:2693–2703 

1 3

More recently, at the end of the procedure, an intraop-
erative CT scan was helpful to assess the effectiveness of 
decompression by showing the extent of bone removal.

The extension of odontoid resection and removal of the 
anterior arch of C1 were planned considering the preopera-
tory entity of invagination and the type of craniovertebral 
malformation. A semi-rigid cervical orthosis (i.e., Philadel-
phia collar) was placed until a dynamic X-ray scan was per-
formed, usually within the first couple of days after surgery.

Results

Twenty-one patients (11:10 F:M), mean age at surgery 
60.6 years (range 34–84 years), encountered the inclusion 
criteria. Fourteen patients were affected by a complex occip-
ito-cervical junction malformation, two were diagnosed with 
a Chiari I malformation, one suffered from an odontoid tip 
chondrosarcoma, two patients had a chordoma, and two 
patients had a periodontoid rheumatoid pannus with ventral 
irreducible spinal cord compression. The most common pre-
senting symptoms were neck pain (47.6%) and upper and/
or lower-limb weakness (66.6%). These symptoms lasted at 
least 3 months (15/21 patients, 71.4%); five patients had a 
sub-acute presentation (23.8%) and two patients presented 
acute signs (9%) of brainstem compression. In the latter, a 
preoperative tracheostomy was performed because of res-
piratory insufficiency (Table 1).

For all 21 patients, a successful decompression was 
achieved at the first surgery. In 11 patients, the partial C1 
arch integrity did not require a posterior cervical instrumen-
tation on the base of post-operative and constant follow-up 
radiological examination (Fig. 1). In light of the preoperative 
characteristics of CVJ pathology, partial C1 preservation 
was not possible in 9 patients: an atlanto-axial fusion (AAF), 
with lateral mass screws in C1 and transpedicular screws in 
C2, was the mainstay of posterior fixation; 2 patients addi-
tionally underwent to occipito-cervical fusion (OCF), further 
limiting the pathological segments motions seen in postop-
erative dynamic X-ray.

A single case with a peculiar CVJ complex malformation 
associated with ventral elements fusion, did not require any 
subsequent posterior fixation, despite a complete removal 
of anterior C1 arch.

In 13 cases, improved motor function was recorded at 
discharge, and only one of them had further improved motor 
function at follow-up. Among the patients that did not show 
any significant motor change at discharge, 4 patients showed 
an improvement at the last follow-up. Two patients were 
asymptomatic at the time of diagnosis. Five patients spent 
a period in a rehabilitation setting. One patient died a few 
months after surgery from pneumonia developed after dis-
charge (Table 2).

Four out of 21 patients (19%) developed a postoperative 
infection (pneumonia) treated with antibiotics without any 
sequelae. We reported a 9.5% (2/21) of intraoperative CSF 
leak, but none of them had developed any signs of postop-
erative CSF leak.

Postoperative dynamic X-ray and CT scans were obtained 
in every case to document CVJ decompression and to 
exclude instability.

In patients in which the preservation of the lower portion 
of C1 arch was achieved, AADI and PADI remained stable 
after surgery. The total C1–C2 overhang was not more than 
7 mm, thus demonstrating no difference in CVJ motility 
compared to the preoperative images (Fig. 2). Therefore, no 
posterior cervical stabilization was required. The decision 
of stabilization was postponed considering the clinical and 
radiological status during the neurosurgical follow-up. It has 
to be noted that a single patient developed neck pain after 
EEA decompression and posterior fixation was suggested 
from another center. The patient was placed in a Philadel-
phia collar for 6 months with complete symptoms relief and 
orthoses removal.

Up to the last follow-up visit, all 11 out of 21 patients 
(62%) did not show any radiological and clinical features of 
instability, sparing them a second surgery. For the remain-
ing patients in which the C1 arch was not preserved, the 
posterior instrumentation, OCF, AAF or both, was planned 
during the first surgical evaluation.

In the series of patients who underwent endoscopic 
endonasal odontoidectomy for irreducible ventral brain-
stem compression, the mean follow-up was 59.8 (SD 32.6; 
range 98–12). In 20 patients, the follow-up was longer than 
12 months. Eleven of them have been being followed for 
over 5 years. One patient was lost at follow-up (last visit at 
39 months).

Considering the eleven patients in which the preservation 
of the anterior C1 arch was achieved, a minimum follow-up 
of 12 months has been ascertained (mean FU 61.9 months, 
range 98–13). Only 9 cases out of 11 have more than 
12-month follow-up. The latest postoperative cervical spine 
radiogram showed no sign of spinal instability in all these 
patients.

Discussion

The results of our long-term follow-up of nine patients 
undergoing EEO with partial preservation of C1 anterior 
arch showed no need of posterior fusion.

Over the years, different authors have demonstrated the 
effectiveness of the endoscopic endonasal approach and 
the lower morbidity compared to the traditional transoral 
approach [1, 2]. Compared to the nasopalatine line (Kassam 
line or K line), some recent studies proposed other lines, 
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Table 1  Cohort description

Patient no Sex
(M:F = 10:11)

Age at surgery 
(years) (mean 
60.6)

Diagnosis Clinical presenta-
tion

Symptoms dura-
tion

C1 anterior 
arch integ-
rity

Posterior instru-
mentation

1 F 72 Basilar Impres-
sion, Chiari 
Syndrome

Headache, ataxia  > 12 mos Yes No

2 F 59 CVJ complex 
malformation

Headache, UE 
weakness (3/5)

 > 12 mos No Yes, OCF + AAF

3 M 42 CVJ complex 
malformation

Neck pain, UE and 
LE weakness 
(4/5)

 < 3 mos Yes No

4 F 65 RA, inflammatory 
pannus

Neck pain, head-
ache, LE weak-
ness (3/5)

 > 12 mos No Yes, AAF

5 F 70 CVJ complex 
malformation

Neck pain, LE 
weakness (4/5), 
respiratory insuf-
ficiency

 < 48 h No Yes, AAF

6 M 53 Basilar invagi-
nation, CVJ 
complex Malfor-
mation

Neck pain; 
headache; gait 
and sphincter 
disturbances

 > 12 mos Yes No

7 F 51 Chiari Syndrome; 
Syringomyelia/
hydromyelia

Sensory loss; gait 
disturbances; 
cerebellar dys-
function

 > 12 mos Yes No

8 M 66 CVJ complex 
malformation

Neck pain; head-
ache; sensory 
loss; LE weak-
ness (2/5) and 
UE weakness 
(3/5); sphincter 
disturbances; 
respiratory insuf-
ficiency

3–12 mos No Yes, AAF

9 F 71 Chondrosarcoma 
G2 (odontoid 
tip)

Limb Paresthe-
sia; LE and UE 
weakness (4/5); 
gait and sphinc-
ter disturbances

 > 12 mos No Yes, OCF + AAF

10 F 70 CVJ complex 
malformation

Neck and radicular 
pain; limb 
paresthesia; 
sensory loss; gait 
impairment

 > 12 mos Yes No

11 M 62 CVJ complex 
malformation

Neck pain; LE and 
UE weakness 
(4/5); sensory 
loss;

3–12 mos Yes No

12 M 55 CVJ complex 
malformation

Neck pain; mild 
sensory loss; LE 
and UE weak-
ness (4/5)

 > 12 mo Yes No

13 F 68 CVJ complexmal-
formation

Limb paresthesia; 
sensory loss; 
unilateral LE 
and UE weak-
ness (4/5); gait 
disturbances

3–12 mos No No
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such as the rhinopalatine line, as more accurate predictors 
to define the caudal limit of craniocervical lesions that can 
be reached via EEA [18–20].

However, it is currently thought that the surgical approach 
must be tailored to the unique anatomical characteristics of 
each patient and the features of the lesion. Drilling the poste-
rior nasal spine, located between the soft and the hard palate, 
could be useful to widen the route of access to the CVJ, as 
already reported [14].

Once the decompression is obtained, the necessity to per-
form an instrumented fixation of the craniovertebral joints 
complex has to be reasonably weighed. On the one hand, 
there is the risk of instability, especially if no bony structures 
are preserved. For instance, the odontoidectomy followed 
by the partial or complete excision of different primary and 
secondary elements of stabilization of a complex and high 

degree of ROM joints, brings, inevitably, a certain risk of 
instability of the CVJ [4, 21, 22]. On the other hand, fixation 
extremely reduces the range of movements (ROMs) of wide 
movable joints, limiting daily activity like eating. Neverthe-
less, these limitations are less impacting on the elderly; in 
fact, in this age group, there is a decrease in mobility of the 
cervical spine, as demonstrated by several studies [23–25].

Indeed, the CVJ is characterized by a great degree of 
motion compared to the rest of the spine. ROMs in the physi-
ologic range are guaranteed by bony and ligamentous struc-
ture, avoiding joint stress and muscular effort to maintain 
the erect posture. The primary movement of Oc-C1 is flex-
ion–extension of the skull (23° to 24.5°), and an additional 
10.1° to 22.4° is provided by C1–C2 joints. Less degree 
of lateral bending and axial rotation is guaranteed by bony 
structures. The axial rotation is the primary movement of 

Table 1  (continued)

Patient no Sex
(M:F = 10:11)

Age at surgery 
(years) (mean 
60.6)

Diagnosis Clinical presenta-
tion

Symptoms dura-
tion

C1 anterior 
arch integ-
rity

Posterior instru-
mentation

14 F 66 CVJ complex 
malformation

Radicular pain; 
Limb paresthe-
sia; sensory loss; 
unilateral UE 
weakness (3/5); 
gait impairment

3–12 mos No Yes, AAF

15 M 84 CVJ complex 
malformation

Neck pain; Limb 
paresthesia; LE 
weakness (4-/5) 
and UE weak-
ness (3/5); gait 
impairment

3–12 mos No Yes, AAF

16 M 73 Klippel–Feil 
Syndrome; CVJ 
complex malfor-
mation

Dysphagia; Dys-
phonia; LE and 
UE weakness 
(2/5); respiratory 
insufficiency; 
consciousness 
impairment;

 < 48 h No Yes, AAF

17 M 16 Chordoma None 3–12 mos Yes No
18 M 34 Chordoma Neck pain  > 12 mos Yes No
19 F 68 CVJ complex 

malformation; 
basilar invagina-
tion

Limb paresthesia; 
sensory loss; gait 
disturbances; 
dysphagia; LE 
and UE weak-
ness (4-/5)

 > 12 mos Yes No

20 M 73 CVJ complex 
malformation

Neck pain  < 3 mos Yes No

21 F 78 RA, inflammatory 
pannus

UE weakness 
(2/5); LE weak-
ness (1/5)

 < 3 mos No Yes, AAF

RA, Rheumatoid arthritis; UE, upper extremities; LE, lower extremities; AAF, atlantoaxial fixation; OCF, occipitus-cervical fusion
In bold the patients already reported in “Zenga F, Pacca P, Tardivo V, et al. Endoscopic Endonasal Approach to the Odontoid Pathologies. World 
Neurosurg. 2016;89:394–403. https:// doi. org/ 10. 1016/j. wneu. 2016. 02. 011”

https://doi.org/10.1016/j.wneu.2016.02.011
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C1–C2 (23.3° to 38.9°), and other movements are con-
strained by ligamentous structures, namely the ipsilateral 
transverse and the contralateral alar ligaments, with support 
from the joint capsules of the occipitoatlantal and atlanto-
axial junctions [26, 27].

Dickman et al. was the first to describe the biomechani-
cal consequences of the endoscopic odontoidectomy per-
formed trans-orally. Seeking the impact of surgery on animal 
and cadaveric models, they found a significant increase in 
anteroposterior, lateral and vertical subluxations, promoting 
the so-called cranial settling; additionally, the odontoidec-
tomy led to unconstrained and hypermobile motion, greatly 
increasing the susceptibility to clinical instability [21]. Pri-
mary and secondary (including the dens, the alar ligaments, 
and the transverse ligament) stabilizers of the Oc–C1–C2 
complex are usually detached or completely removed dur-
ing surgery. A way to reduce the postoperative risk of spinal 
instability is to preserve as much normal osseous architec-
ture as possible [6]. It was demonstrated that the complete 
or partial anterior C1 arch preservation reduces the lateral 

displacement of the C1 lateral masses. When not preserved, 
the axial or vertical load—that is the main mode of loading 
at the CVJ in the upright neutral position—increases the 
lateral mass offset and the horizontal spreading of C1, caus-
ing a movement of the occiput toward C1 (namely cranial 
settling) [22]. Hence, the complete or partial preservation 
of the anterior C1 arch, acting as cross-link between lat-
eral masses, may decrease the incidence of postoperative 
instability, avoiding a posterior fixation. Moreover, capsu-
lar ligaments, paraspinal muscle, tectorial membrane, ante-
rior longitudinal ligament, and ligamentum flavum play an 
important role of second stabilizers, whose action can be 
negatively affected by the loss of integrity of the C1 ring.

The iatrogenic nature is not the only cause of 
Oc–C1–C2 complex impairment. For instance, it can be 
observed in systemic inflammatory state, like rheumatoid 
arthritis, which most commonly affects the cervical spine 
[28]. An uncontrolled inflammatory process of the cervi-
cal spine could lead to ligaments erosion, and even the 
unique involvement of the transverse ligament affects the 

Fig. 1  Exemplative case of 
EEO. Endoscopic endonasal 
odontoidectomy was performed 
(A, B) to decompress the CVJ 
in a patient with rheumatoid 
pannus (B, C). Anterior C1 arch 
was preserved to ensure CVJ 
stability (A, B)
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stability of the joint complex, with anterior atlantoaxial 
subluxation. Because of an increased instability of the 
joints complex, a posterior instrumentation is indisputable 
after odontoidectomy with C1 arch complete resection.

Posterior fixation leads to a great limitation in ROMs 
which have been calculated: In cadaveric models, normal 
axial rotation, flexion–extension and lateral bending were 
reduced to 90% after posterior fixation, where occiput-C1 
constructs (OCF) mainly limit the flexion–extension and 
C1 lateral mass screws and C2 pedicle or transarticular 
screws in atlantoaxial fusion (AAF) limit the axial rota-
tion [29].

More specifically, a C1–C2 construct with transarticular 
screws was found to decrease 61.4% in flexion, 82.7% in 
lateral bending and 94.8% during axial rotation which is less 

affected when a different type of construct, such as the one 
that was used in our cases, is implanted [30, 31].

The selection of either OCF or AAF depends on the 
degree of spine instability.

Again, in patients with rheumatoid arthritis, other struc-
tures, both ligamentous and bony elements, could be affected 
by a degenerating process as well, causing ventral encroach-
ing and spinal cord compression. If, additively, other ele-
ments of CVJ (i.e., lateral masses of occipitus and atlas) 
are progressively deteriorated, an atlantoaxial impact occurs 
due to a complete collapse of the lateral masses determin-
ing craniocervical instability and promoting, occasionally, 
spine ankylosis [32]. This process leads to a spontaneous 
stabilization of C1 and C2 and paradoxically reduces the 
instability, influencing the decision process for posterior 

Table 2  Long-term follow-up

*extubation after surgical procedure corresponds to day 0
† FU months referred to November 2015, considering the paper [Zenga F, Pacca P, Tardivo V, et  al. Endoscopic Endonasal Approach to the 
Odontoid Pathologies. World Neurosurg. 2016;89:394–403. https:// doi. org/ 10. 1016/j. wneu. 2016. 02. 011]

Patient no Tracheostomy/
Extubation*(days)

Restart Oral 
Feeding 
(days)

Clinical Examination at hospital dis-
charge

Follow-up 
(months)

Clinical Examination at last follow-up 
visit

1 No/0 1 Asymptomatic 98 No changes
2 No/0 2 Pain and motor function improvement 96 No changes
3 No/0 1 Pain and motor function improvement 95 No changes
4 No/0 1 Pain and motor function improvement 93 No changes
5 Yes 1 Motor function improvement 39 † Lost at FU
6 No/0 1 Pain Improvement 90 No changes
7 No/0 1 No Changes in pain, sensory and motor 

functions
89 Pain, sensory and motor function 

improvement
8 Yes/5 5 Motor function improvement 84 Occasional Right UE paresthesia; mild 

dysphagia
9 No/1 2 Sensory function improvement; no 

change in motor function
84 LE motor function improvement; No 

change in UE motor function; Sen-
sory function improvement

10 No/0 2 Pain and motor function improvement 81 No changes
11 No/0 1 Pain and motor function improvement 80 No changes
12 No/0 1 Motor function Improvement 72 No changes
13 No/0 0 Sensory and motor functions improve-

ment
46 No changes

14 No/0 1 No changes in pain, sensory and motor 
functions

34 Distal UE paresthesia; motor function 
improvement

15 No/0 1 Pain, sensory and motor function 
improvement;

30 Distal UE paresthesia; motor function 
improvement

16 No/0 PN/PEG Motor function improvement (global 
improvement)

27 No changes

17 No/0 4 Asymptomatic 24 No changes
18 No/0 2 Pain improvement 24 No changes
19 No/0 2 Sensory function improvement; no 

change in motor function
15 Motor function improvement

20 No/0 1 Global improvement 13 No changes
21 No/0 9 Mild motor function improvement of UE 12 Exitus

https://doi.org/10.1016/j.wneu.2016.02.011
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instrumentation. In the current study, anterior decompres-
sion was never jeopardized by trying to preserve C1 anterior 
arch; indeed, when decompression was not satisfactory, the 
anterior C1 arch was sacrificed and then posterior fixation 
was required.

Both in those patients where a posterior fixation was per-
formed and in those which were spared of a second surgical 
procedure by preserving C1 arch, the duration of the follow-
up is still a matter of debate. Analyzing the literature, the 
low number of cases reported makes it difficult to reach an 
agreement. Twenty-eight cases of documented anterior C1 
arch integrity without posterior or anterior fixation are cur-
rently reported [9, 33–41]. Only four studies, along with the 
current one, reported a follow-up longer than 24 months [9, 
37, 40, 41] (Fig. 3).

In the current study, every patient in which a part of C1 
anterior arch was preserved has been followed with clinical 
and radiological evaluation to detect early possible instabil-
ity (mean FU 61,9 months, range 98–13). So far, no patient 
needed a delayed posterior instrumentation. This finding 
strongly supports the strategy of preserving C1 arch in every 
case where it is possible. Indeed, avoiding the second sur-
gery not only means a shorter anesthesiological time but also 
removes all the risks connected with the posterior approach 
leading to a faster postoperative recovery. The drawback 
from posterior fixations, such as decreased cranio-cervical 
ROM, increased risk of adjacent segment disease and con-
struct failure are virtually canceled. However, it has been 

postulated that the area of decompression is greater in case 
of posterior fixation. However, it can be argued that decom-
pression must be correlated with clinical outcomes more 
than volume of decompression. Furthermore, an intra-oper-
ative CT scan, where it is available, has emerged as useful 
tool along with the neuronavigation system to actively guide 
and control the endoscopic odontoidectomy. In this way, it is 
possible to provide a real-time image guidance and a double-
check before closing the rhino-pharyngeal flap, evaluating 
the extent of bony decompression and possibly pushing C1 
arch drill to the maximum safe resection.

It must be noted that in all the non-fixated cases, clinical 
and radiological follow-up should not be stopped. Even in 
the longest series, where the follow-up is only about 5 years, 
there is not enough data that allow the definition of definitive 
stability [40].

As described by several authors and reported in this 
series, the endoscopic endonasal route allows a rapid 
removal of the orotracheal tube with a prompt resumption 
of oral feeding. The approach spares the soft and hard palate 
integrity and avoids the risk of velopharyngeal insufficiency.

In this series, 18 patients were extubated in the immediate 
postoperative period. 17 patients were able to ingest liquid 
and fluid from the third post-operative day.

The safety and effectiveness of this approach has been 
highlighted in different papers. In the review by Morales 
et  al., indications, outcome, and complications of the 
endoscopic endonasal approach in the treatment of CVJ 

Fig. 2  Postoperative X-ray of a patient with C1 arch preservation. a, Open-mouth view shows the result of odontoidectomy with partial preser-
vation of C1 arch; b and c, extension and flexion lateral views do show any sign of instability
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pathology have been analysed [22]. As they pointed out, 
in accordance with the complication rate reported for this 
series, only 1 of 72 patients developed postoperative men-
ingitis, and although there was 18% rate of intraoperative 
CSF leak, the rate of postoperative CSF leak was only 
4.2%, probably because this approach allows the surgeon 
to perform an effective multilayer dural repair.

Despite the wide spread of endoscopic endonasal 
approaches in the last 20 years, there are still few centers 
performing relatively high volume endoscopic endonasal 
odontoidectomies [42–45]. Although there are several 
studies focusing on surgeons’ learning curve in endoscopic 
endonasal approach, to the authors’ best knowledge, there 
are no specific studies on EEO learning curve. The main 
differences regard the use of longer instruments and the 
extremely caudal working angle. However, there are no 
differences in the learning curve of the reconstructive sur-
gical steps: On the one hand, the risk for CSF leak in EEO 
is relatively low considering the extradural nature of the 
approach, while on the other hand, even if intraoperative 
CSF leak ensues, the reconstruction should be performed 
following the same rules of clival reconstruction, prefer-
ring the reverse U-shaped rhinopharyngeal flap ever the 
Hadad nasoseptal flap [45].

In our experience, the endoscopic endonasal approach, 
with its shorter surgical working distance, a wide and pano-
ramic view, and the vertical trajectory, promotes the attempt 
of anterior C1 arch preservation. Still the corridor brings to 
a very deep field where only few instruments allow good 
maneuverability.

In the recent years, the use of intraoperative CT scan 
helped the surgeons to perform a customized, case by case, 
surgery and to push the limits of C1 drill while preserving its 
integrity and achieve a complete odontoid resection.

Nevertheless, endoscopic endonasal odontoidectomy 
remains a challenging procedure even when performed by a 
well-trained surgeon; therefore, a preoperative selection of 
suitable cases is paramount.

Limitations

Main limitations of the study are its retrospective/observa-
tional nature, the risk of selection bias and the low number 
of patients recruited. However, it is one of the few stud-
ies that reports the results of a long-term follow-up, despite 
being relatively short, in patients where the anterior C1 arch 
was preserved.

Conclusion

In this paper, the result of a long-term follow-up was pre-
sented. The outcomes, even in C1 arch preservation with-
out posterior fixation, are promising, and it can be said that 
the endonasal route could represent a valid option to treat 
lesions above the nasopalatine line. More studies, especially 
conducted with a longer follow-up, are necessary to con-
sider those who did not undergo posterior instrumentation 
as stable.

Fig. 3  Reviewing ETO long-term follow-up. The chart shows the 
mean follow-up period (x axes) of the studies (y-axes) which have 
been selected in the literature considering the report of at least 1 case 
of anterior C1 arch preservation. In the round brackets are reported 
the numbers of patients underwent to posterior instrumentation and 
to anterior C1 arch preservation, respectively. In order to represent 
the proportion of patients who received either posterior instrumenta-
tion or nothing because of the C1 arch complete or partial integrity, 

the horizontal bars show a proportion of the patients recruited in the 
study and divided for one or the other procedure, considering the 
mean follow-up period as the main result (see figure legend). *Two 
patients in the case series of [Re et al.] and [Iacoangeli et al.] under-
went anterior endoscopic reconstruction and fusion of C1-C2. †There 
is no mention of the mean follow-up period, but only the range was 
available: 3–24 months
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