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Abstract

Purpose Anterior decompression of the craniovertebral

junction is reserved to patients with irreducible ventral

bulbo-medullary lesions and rapidly deteriorating neuro-

logical functions. Classically performed through the

transoral approach, the exposure of this region can be now

achieved by a minimally invasive endonasal endoscopic

approach (EEA).

Methods Four patients with irreducible, anterior bulbo-

medullary compression due to rheumatoid pannus and

basilar invagination were enrolled. The imaged-guided

EEA was used to resect the odontoid process, trying to

preserve the C1 anterior arch.

Results Neurological improvement and adequate bulbo-

medullary decompression were obtained in all patients. In

two cases, anterior C1 ring was preserved. These patients

did not required a posterior fusion.

Conclusions Compared with the standard transoral tech-

nique, the EEA provides the same good exposure but with

potentially less complications. The preservation of the

anterior C1 arch can contribute to avoid cranial settling and

posterior fusion with its related risk of subaxial instability.

Keywords Odontoidectomy � Basilar invagination �
Endoscopy � Transnasal approach � Craniocervical

junction � Minimally invasive surgery

Introduction

Anterior approaches to the craniovertebral junction (CVJ)

have traditionally involved open surgical procedures. The

transoral odontoidectomy is the treatment of choice in a

variety of diseases affecting the CVJ, including basilar

invagination, rheumatoid arthritis or neoplastic processes

[1, 2]. This approach provides a wide exposure with large

working angles, but it includes some disadvantages like a

deep surgical corridor and the risk of a postoperative

dysphonia, an oral flora contamination, and a prolonged

intubation [3]. The necessity to overcome these issues and

the recent advances in endoscopic technology have led to

an increasing use of less invasive surgical procedures

[4, 5]. In this paper, we report our experience with the pure

endoscopic neuronavigation-assisted transnasal approach

for resection of odontoid process and rheumatoid pannus

removal in four elderly patients presenting with symp-

tomatic anterior bulbo-medullary compression. The pecu-

liarities of this technique are the minimal invasiveness

offered by endoscopy and the possibility to avoid the

damages related to tongue retraction, palate splitting and
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upper airway swelling. Furthermore, this approach allows a

better working angle with the possibility to preserve the

anterior arch of C1 that is critical for the biomechanical

stability of the occiput-C2 segment [6, 7]. This technical

nuance can contribute to avoid the phenomenon of cranial

settling and the need for a posterior fusion with its related

risks of subaxial subluxation development [8].

Materials and methods

From January 2009 to August 2010, we recruited four

elderly patients with irreducible, symptomatic, anterior

bulbo-medullary compression due to rheumatoid pannus or

basilar invagination. One patient, surgically treated 2 years

before for an basilar invagination by a transoral approach

and posterior occipito-cervical fusion, was treated again for

persistent spinal cord compression by residual odontoid

process invagination. All patients underwent a transnasal

image-guided fully endoscopic resection of odontoid pro-

cess to decompress the bulbo-medullary junction (Fig. 1).

CVJ evaluation was always obtained by magnetic reso-

nance imaging (MRI), computerized tomography (CT)

scan and dynamic X-ray (Fig. 2). Pre- and postoperative

neurologic disability assessment was obtained by Ranawat

classification for patients with rheumatoid arthritis and by

Nurick classification for the other ones [9, 10]. Postoper-

ative neuroradiologic workup was scheduled by an imme-

diate CT scan and by a 6-month and every year MRI

and dynamic X-ray (Figs. 3, 4). For patients details, see

Table 1.

Surgical procedure

Multislice CT scan of the cervical spine was performed in

all cases, along with dynamic X-ray and MRI images,

Fig. 1 Intraoperative images. a, b After identification of anterior C1

tubercle by anatomical landmarks, its detection is confirmed by

fluoroscopy and neuronavigation. c Linear incision in the midline of

the nasopharyngeal mucosa and subperiosteal preparation of anterior

C1 arch. d, e Drilling out the base of odontoid process with

preservation of the anterior C1 arch (asterisk). This weakens the apex

of dens that can be now easily pulled down by curette and removed by

forceps. f–h Pulsating surgical cavity after decompression with

anatomical limits of resection verified by neuronavigation and

fluoroscopy
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to study the neurovascular structures of the craniocervical

junction, the extent of the lesion, and the potential cervical

flexion reachable during surgery. These imaging data were

also used for registration of the neuronavigation system

(BrainLAB, Heimstetten, Germany). A C-arm fluoroscope

was set up for a true lateral view of the region of interest

before surgery and was kept available throughout the

procedure. Evoked potentials were monitored throughout

the surgical procedure. The patient was placed in supine

position with the head placed free in neutral position, with

the possibility of slight flexion during the procedure to

facilitate dens resection. The procedure started with

immediate endoscopic view of the choana and retropha-

ryngeal wall. A zero-degree endoscope was used as the

primary working endoscope and mounted on a digital video

camera system (Karl Storz GmbH & Co., Tuttlingen,

Germany). A small portion of the posterior edge of the

nasal septum was resected to ease bilateral application of

dedicated long instrumentation [11]. In one patient, the

right inferior turbinate was removed. In another one, the

posterior part of the hard palate was thinned by drilling out

the outer bone layer, making the hard palate more flexible

to enhance the angle of ‘‘nasopalatine line’’ (K-line). After

the identification of anterior C1 tubercle by anatomical

landmarks, neuronavigation, and fluoroscopy (Fig. 1a, b), a

small linear incision (about 3 cm) was made in the midline

of the nasopharyngeal mucosa using a Bovie cautery

(Bovie Medical Corp., St. Petersburg, FL), as first reported

Fig. 4 One-year follow-up cervical X-ray. a Transoral view showing

the odontoidectomy. b–d Neutral and dynamic X-rays demonstrate

the absence of cranial settling and subaxial instability

Fig. 3 Postoperative neuroimaging studies. a Sagittal T2 MRI image

showing adequate spinal cord decompression with an improved CMA

(151�) and realignment of the medulla. After the decompression, the

area of myelopathy was better visualized. b, c Sagittal and axial CT

scans showed the odontoidectomy emphasizing the anterior C1 arch

integrity

Fig. 2 Preoperative neuroimaging studies. a, b Sagittal T2 MRI

image and sagittal CT scan showing bulbo-medullary compression by

rheumatoid pannus and the associated area of myelopathy. Cervico-

medullary angle (CMA) measured on sagittal T2 MRI image was

137�. c Axial CT scan reveals the odontoid process with its backward

rheumatoid pannus
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by Wu [12]. The present approach is straightforward to the

midline of the nasopharynx rather than making a U-shaped

flap, as in the procedure originally described by Kassam

et al. [11]. This can decrease the risk of injury to the

adjacent structures and facilitate the wound healing pro-

cess, providing an adequate working area, as well. After

subperiosteal preparation, any effort was spent to preserve

the anterior arch of the atlas or, if needed, to drill only its

anterior–inferior portion around the midline, but still

maintaining the continuity of the C1 ring (Fig. 1c, d). At

this stage, the drilling of the odontoid base weakens its

apical part that can be then easily pulled downward in the

working area and removed along with any remaining

compressive inflammatory lesions, using a combination of

high-speed drill, Sonopet ultrasonic bone curette (Syner-

getics, USA), and standard kerrison rongeurs (Fig. 1e).

Adequate decompression was confirmed by good pulsa-

tions of the tectorial membrane. The wide surgical cavity

was subsequently inspected by angled lens endoscope and

anatomical limits of resection were verified by neuronavi-

gation and fluoroscopy (Fig. 1f–h). Finally, the nasopha-

ryngeal defect was reapproximated and just covered with

fibrin glue. Lumbar drainage, intra- or postoperatively, was

not used. Tracheostomy was never needed as well as

enteric tube feeding.

Results

In this short series of patients, adequate decompression of

the bulbo-medullary junction was achieved by transnasal

image-guided fully endoscopic approach. Anterior C1 ring

was preserved in two patients with no need for a posterior

fusion, until now. No major complications occurred after

surgery, intensive care unit (ICU) staying was short and

uneventful, and oral feeding was rapidly re-started. Length

of hospitalization was usually less than 1 week. In only one

case, submitted to a posterior occipito-cervical fusion

2 days later the endonasal surgery, the hospital stay was

9 days. At 1-year follow-up, all patients showed neuro-

logical improvement, with no signs of spinal instability

among the two patients with anterior C1 arch preservation

and no posterior fusion. For further details, see Table 1.

Discussion

Treatment of anterior bulbo-medullary junction compres-

sions can be performed by different surgical procedures

being the type of the approach dictated by the nature and the

extension of the lesion [3]. The most important issue to

consider is whether or not the abnormality is reducible [13].

Table 1 Summary of patients’ profile

Patient

initials,

case no.

Age

(sex)

Primary

disease

Treatment C1 arch

integrity

Posterior

fusion

Pre/postop

disability

class

External

orthosis

Follow-

up

(months)

Tracheostomy/

extubation

(days)

Re-start

oral

feeding

(days)

CC 1 72 (F) Rheumatoid

arthritis

Endoscopic

transnasal

odontoidectomy

and rheumatoid

pannus removal

No Yes IIIb/IIIa

(Ranawat

Class)

Rigid

collar for

1 month

31 No/2 4

PS 2 80 (M) Rheumatoid

arthritis

Endoscopic

transnasal

odontoidectomy

and rheumatoid

pannus removal

Yes No IIIb/IIIa

(Ranawat

class)

Soft

collar

for

15 days

27 No/2 3

CC 3 69 (F) Basilar

invagination

Endoscopic

transnasal

odontoidectomy

(transoral

odontoidectomy

and posterior

occipital–cervical

fusion 2 years

before)

No Already

done at

previous

surgical

procedure

VI/V

(Nurick

class)

No 18 No/2 5

PP 4 76 (F) Basilar

invagination

Endoscopic

transnasal

odontoidectomy

Yes No IV/III

(Nurick

class)

Soft

collar

for

10 days

12 No/1 2
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When preoperative dynamic X-ray demonstrates a reduc-

ible compression, patients may require only a surgical

reduction and a posterior occipital–cervical or C1–C2

fusion [14, 15]. Nevertheless, in case of patients affected by

a ventral irreducible spinal cord lesion and progressive

neurological deterioration, surgical removal of the com-

pression is required and it can be reached by an anterior

approach, usually associated to a posterior fusion [16]. The

transoral-transpharyngeal technique, with or without the

addition of extensive variations (such as a transmandibular–

circumglossal approach or Le Fort osteotomies), is con-

sidered the standard anterior approach to the CVJ [1, 2].

However, this surgical technique often involves the splitting

of structures such as the soft palate, mandible, and maxilla

and, even though the recent refinements in the surgical steps

improved results, some severe drawbacks still exist. These

include the risk of bacterial contamination secondary to oral

cavity penetration, prolonged postoperative intubation and

nasogastric tube feeding, along with potential effects on

phonation. Closure of the oropharyngeal incision can be

difficult after a transoral approach because of wound con-

tamination by saliva and heavy bacterial flora. In addition,

patients with an oral aperture of less than 3 cm might not be

suitable for transoral approach [16]. All these issues have

served as an impetus to explore alternative and less invasive

treatment options, especially in fragile, elderly patients [11,

17]. Advances in endoscopic technology and equipment

have allowed the use of minimally invasive techniques in

the craniocervical junction, as well. In 2007, Wolinsky et al.

[17] reported three odontoidectomies performed by the

endoscopic transcervical approach. They preserved the

integrity of the pharyngeal mucosa, which greatly mini-

mized the risk of contamination by bacterial flora, but the

limitation of this approach was its longer working distance

and the difficulty in performing the procedure in obese or

barrel-chest patients and in kyphotic cervical spine.

Transcervical odontoidectomy also involves the destruction

of the C2 body and may cause more soft tissue swelling of

the posterior oropharyngeal wall. In 2005, Kassam et al.

[11] first reported the endoscopic endonasal approach for

resection of odontoid process and rheumatoid pannus in a

73-year-old woman. We used this technique for our

patients, albeit with some modifications. These include a

midline linear incision of the nasopharyngeal mucosa rather

than the creation of a flap, the non-opening of the sphenoid

sinus, and the attempt to preserve the anterior C1 arch

continuity. This can greatly contribute to reduce the risk of

spinal biomechanical instability and the need for a posterior

fusion. To our knowledge, 17 cases of endoscopic endo-

nasal odontoidectomy for different diseases have been

reported up to now and in all patients posterior fixation was

performed, even in the only four cases with the anterior C1

arch preservation [11, 12, 18–24]. In our opinion and

according to the literature, anterior C1 arch preservation is

an important issue for craniocervical stability as it could

avoid the phenomenon of cranial settling and the need for a

posterior surgical procedure, with its related risk of subaxial

subluxation development [6–8]. Otherwise, in the transoral

approach, the anterior ring of C1 and the base of the

odontoid process are almost always completely resected as

well as in the transcervical approach, where C1 ring

removal is essential to gain access to the lower clivus [3].

Despite literature reports describe the risk of instability

secondary to disruption of craniocervical junction liga-

mentous attachments beside bony preservation, our cases

did not present such complication [7]. It might possibly be

due to the reciprocal important stabilizing role of C1, with

the attachment of residual membranes and ligaments, and

the muscle, as described in the report by Panjabi [25].

Transoral, transnasal, and transcervical approaches have

different trajectories, working angles and extents of expo-

sure; therefore, several considerations should be taken into

account to tailor the most appropriate surgical strategy. The

pure endoscopic endonasal approach represents, in our

opinion, a significant advancement in the management of

irreducible compressive lesion of the anterior craniocervical

junction. Based on our preliminary experience, we believe

that this technique may offer a good working area from the

clivus to the odontoid process and an adequate decom-

pression that is at least as effective as that obtained with

the other approaches but with potentially lower morbidity,

lesser patient discomfort, and shorter ICU and hospital

stay. This can be ascribed to an earlier extubation, prompt

oral feeding and lesser risk of bacterial wound contamina-

tion, because the mucosal defect created by a transnasal

approach is linear, smaller and above the level of the soft

palate [11]. Furthermore, by this approach, we were able to

spare the hard and soft palate and to remove only a small

portion of the posterior nasal septum preserving most of the

nasal mucosa, thus leaving unaffected physiological

mechanisms of breathing and phonation. Finally, the use of

endoscopes has some advantages in itself, including

the close-up vision and a large field of view, benefits

enhanced by the use of dedicated angled lenses. However,

it should be noted that there are some limitations in this

approach. Regardless the learning curve, the lesion must

be located almost in the midline and above the ‘‘nasopala-

tine line’’ and, occasionally, a partial posterior drilling

of the hard palate is needed to gain a more caudal access.

Conclusions

The transnasal fully endoscopic technique, due to its

reduced invasiveness, may represent an interesting alter-

native to transoral approach for resection of odontoid
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process in patients with bulbo-medullary compression

caused by rheumatoid arthritis, basilar invagination, or

other lesions. This statement is particularly true for elderly

patients, with various associated comorbidities related to

the age itself and to the other diseases. As usually, long-

term clinical studies will be needed to better elucidate

indications, clinical advantages, and disadvantages of this

technique.
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