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Abstract
Objective. Our main objectives were to analyze and determine the safety, risk of post-operative complications, and surgical 
outcome of the endoscopic endonasal approach to the clival region. Methods. From May 2011 to May 2019, we operated on 19 
patients using the endoscopic endonasal approach to the clival region. Their pathologies were diverse: pituitary macroadenoma, 
craniopharyngioma, metastasis, and a prepontine neurenteric cyst. The first operations were supervised by an experienced 
center using telementoring. We explained our surgical technique and analyzed the patients’ data, which were included in our 
study. Results. We managed to achieve complete removal of the pathological process in 14 patients. There were no deaths in the 
perioperative and early post-operative period. The most common complication was a cerebrospinal fluid leak, which was suc-
cessfully managed in all of the cases. There were no deaths or significant morbidities in the post-operative period. Conclusion. 
An endoscopic transnasal approach to the clival region is safe and effective. It provides better visualization of that region com-
pared to other transcranial approaches. The risk of post-operative complications is significantly lower with the help of modern 
reconstructive techniques. CSF leak is the most frequent complication.

Key Words: Endoscopic Endonasal Approach  Clival Region  Operational Technique  Complications  Differential Diagnosis 
of Clival Pathology.

Introduction

The posterior cranial fossa, especially the clival re-
gion, is in the skull base, which is often difficult to 
access surgically (1). Managing clival lesions pres-
ents numerous challenges due to the close proxim-
ity of surrounding critical structures, including the 
basilar and internal carotid arteries, brain stem, 
and the cranial nerves (2). Important region con-
siderations are the depth of the surgical approach 
and the effect of the tumor on the surrounding 
structures (3-6). The endoscopic endonasal ap-
proach has recently become one of the most fre-
quently used methods in the surgical management 
of clival lesions at leading skull base centers (7-10). 
With the help of the endoscopic endonasal ap-
proach, operating procedures in the clival region 

have become safer, faster, and easier to perform, 
compared to transcranial methods. 

The development of endoscopic endonasal sur-
gery for different pathologies in the skull base re-
gion has made significant progress in the last 10 
years. Skull base regions are more accessible with 
the help of the extended endonasal approach, es-
pecially the clival region. The endonasal approach 
to this region is faster and safer than transcranial 
techniques. It provides a direct view of the median 
structures of the skull base without applying trac-
tion to various structures of the brain (3-6). Surgi-
cal telementoring from experienced centers is able 
to provide considerable help in achieving a higher 
level of surgical proficiency (11).

With the help of modern reconstructive tech-
niques, the rate of post-operative complications 

Clinical Medicine



46

Acta Medica Academica 2020;49(Suppl 1):S45-53

is lower, especially cerebrospinal (CSF) leak (12). 
The results of the endoscopic endonasal approach 
to the clival region may thus be equal or superior 
to the results of transcranial approaches (1).

The most common lesions involving the clival 
region are: chordomas, chondrosarcomas, menin-
giomas, pituitary adenomas, metastatic tumors, 
and plasmacytomas. The first endoscopic endona-
sal approach to the clival region for these diverse 
pathological processes for our institution, the Uni-
versity Medical Center, Maribor, was performed in 
May 2011. All operations were performed with a 
collaborating team of ear-nose-throat (ENT) spe-
cialists and neurosurgeons. Surgical telementoring 
from the University of Pittsburg Medical Center 
was utilized in the first two years when perform-
ing complex endonasal procedures. This paper 
presents our results in the 8-year period.

Our main objectives were to analyze and de-
termine the safety, risk of post-operative compli-
cations, and surgical outcome of the endoscopic 
endonasal approach to the clival region.

Methods

Surgical Technique

All patients underwent surgery using the extended 
endoscopic endonasal approach (EEA). Two sur-
geons (a neurosurgeon and an otorhinolaryngolo-
gist) cooperated throughout the procedure. Two 
nostrils were used to insert the endoscope and sur-
gical instruments throughout the procedure. The 
leading surgeon was determined on the basis of the 
stage of the procedure. To start with, we prepared 
the nasoseptal flap on one side of the nose and 
performed complete ethmoidectomy with a medi-
an meatotomy. We saved the flap in the maxillary 
sinus and continued the approach with posterior 
septectomy (resection of the vomer) and bilateral 
sphenoidotomy. We saved the epithelial tissue of 
the nasal septum on the opposite side for recon-
struction of the remainder of the nasal septum. We 
proceeded with the removal of epithelial tissue of 
the sphenoid and posterior ethmoidal sinuses, and 
the complete resection of the rostrum. We resected 
the epithelial tissue of the nasopharynx when nec-

essary. With the resection of the clivus, we created 
a corridor between both paraclival carotid arteries. 
We drilled the bone until we reached the basilar 
plexus. Bleeding in this region was usually stopped 
with liquified hemostatic materials. After complete 
hemostasis, we proceeded from the extradural to 
the intradural stage of the operation in cases where 
the pathology lay subdurally.

The intradural technique of tumor removal was 
the same as the usual microscopic technique. The 
only difference was that it was performed with 
endoscopic visualization. The instruments were 
longer and modified for the endoscopic approach. 
Resection of critical structures demanded good 
cooperation between the two surgeons. We had to 
maneuver the location and angles of the endoscope 
to achieve the best possible visualization of critical 
structures. When bleeding occurred, coagulation 
was possible with the use of a modified coagula-
tor. Applying sutures using endoscopic techniques 
was especially challenging. We used 5-0 nylon in-
terrupted sutures. It was found that interrupted 
sutures were more suitable for a tight dural closure 
than running sutures, which were technically har-
der to place. Some authors did not use sutures at 
all, but use fibrin glue and mucosal flaps instead 
(13). Others, such as Yudo et Al., used a technique 
similar to ours (14). To achieve hemostasis, we 
sometimes used miniature surgical staples. 

We then proceeded with the multi-layered re-
construction of the defect. For the intradural avas-
cular layer, we used fascia lata. The second avas-
cular layer was placed extradurally. It covered the 
defect and the surrounding bone. Resection of the 
clivus created a deep defect in the bone, which we 
filled with autologous fat from the patient’s thigh. 
We then covered the avascular reconstruction with 
the vascularized nasoseptal flap, which we had 
prepared earlier on. The flap covered the entire 
avascular reconstruction and the resected bone, 
from which we removed all the epithelial tissue. 
Patients with more severe clival defects required 
the insertion of a lumbar drain and the opening of 
the prepontine cistern.

The case of one patient with an intradural le-
sion is presented in Figures 1-3.
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Figure 1. Preoperative head MRI of a 48-year old female 
patient with right abducens nerve palsy and a neurenteric 
prepontine cyst. The cyst was removed entirely and the ab-
ducens nerve palsy normalized.

Figure 2. Post-operative head CT of the patient presented 
in Figure 1, which was taken on the first post-operative day. 
Most of the clivus has been resected due to the approach to 
the cyst. Pneumocephalus is seen, which did not manifest 
clinically and later spontaneously resolved.

Figure 3: Post-operative head MRI of the patient presented 
in Figure 1, showing the completely removal of the prepon-
tine cyst. 

Results

Patients

From March 2011 to May 2019, we operated on 19 
patients (10 females, 9 males). The average age of 
the patients was 52 years (standard deviation of 15 
years). Nine patients had pituitary macroadenoma 
(6 of them had a secreting tumor with acromega-
ly, 3 of them had non-secreting tumors). In all of 
them the pituitary tumor invaded the clivus. Other 
pathologies were less frequent. Patients’ character-
istics, surgical variables, outcomes and complica-
tions are summarized in Table 1. 

Janez Ravnik et al: Endoscopic Endonasal Approaches to the Clival Region
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Table 1. Patients’ Characteristics

Patient Gender Age 
(year)

Pathology Type of 
resection

Reconstru-
ction

Outcome Death* Intradural 
growth

Dural 
opening

Complications

1 M 40 Pituitary adenoma 
(secreting tumor)

Complete 
removal

Multilayer Following 
up

No No No -

2 F 53 Pituitary adenoma 
(secreting tumor)

Complete 
removal

Multilayer Following 
up

No No No -

3 M 37 Pituitary adenoma 
(secreting tumor)

Complete 
removal

Multilayer Following 
up

No No No -

4 F 64 Pituitary adenoma 
(secreting tumor)

Complete 
removal

Multilayer Following 
up

No Yes Yes (1 cm) CSF leak

5 F 66 Pituitary adenoma 
(secreting tumor)

Subtotal 
resection

Multilayer Following 
up

No Yes No -

6 M 68 Pituitary adenoma 
(secreting tumor)

Complete 
removal

Multilayer Following 
up

No Yes Yes (1 cm) -

7 M 64 Pituitary adenoma 
(non-secreting 
tumor)

Subtotal 
resection

Multilayer Following 
up

No Yes Yes (1.5 cm) CSF† 

8 F 48 Pituitary adenoma 
(non-secreting 
tumor)

Complete 
removal

Multilayer Following 
up

No No No -

9 F 64 Pituitary adenoma 
(non-secreting 
tumor)

Subtotal 
resection

Multilayer Following 
up

No No No -

10 M 49 Chordoma Partial 
resection

Multilayer Died 1 
year after 
surgery

No Yes Yes (2 cm) -

11 M 44 Chordoma Complete 
removal

Multilayer Following 
up

No No No -

12 F 68 Chordoma Subtotal 
resection

Multilayer Died 3 
years 
after 
surgery

No No No Bleeding‡

13 F 38 Chordoma Complete 
removal

Multilayer Following 
up

No No No -

14 M 67 Metastasis (origo 
prostate cancer)

Complete 
removal

Multilayer Died 1 
year after 
surgery

No No No -

15 F 58 Metastasis (origo 
breast cancer)

Complete 
removal

Multilayer Died 1 
year after 
surgery

No No No -

16 M 61 Craniopha-
ryngioma

Complete 
removal

Multilayer Following 
up

No Yes Yes (3 cm) Bleeding§ 

17 F 48 Neurenteric cyst Complete 
removal

Multilayer Following 
up

No Yes Yes (2.5 cm) -

18 M 45 Solitary fibrous 
tumor

Complete 
removal

Multilayer Following 
up

No Yes Yes (3 cm) CSF† 

19 F 6 Cholesteatoma Complete 
removal

Multilayer Following 
up

No No No -

*Perioperative or Postoperative period; †CSF leak, revision surgery, ‡Minor post operative bleeding; §Bleeding continued with procedure one week later.
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None of our patients died in the periopera-
tive or early post-operative phase. One patient 
with chordoma died one year after the operation 
because of disease progression, while one patient 
died three years after the procedure due to myo-
cardial infarction. Two patients with metastatic 
disease died one year after the operation because 
of the progression of the primary disease. The rest 
of the patients are still alive and are being followed 
up with regular MRI scans and hormone testing if 
necessary. Acromegaly has been well controlled af-
ter the surgery in six patients, where three of them 
need additional medical therapy. We achieved 
complete removal (no evidence of tumor tissue on 
postoperative CT or MRI scan) of the pathological 
process in 14 patients. One patient with chordoma 
had partial resection using the endoscopic trans-
nasal approach, while the rest of the tumor in the 
pontocerebellar angle was removed using the sub-
occipital retrosigmoid approach. Subtotal removal 
(the volume of the remaining tumor tissue is less 
than 20% of the original tumor size) in the remain-
ing 4 patients, one with chordoma and three with 
pituitary adenoma. The most common reason for 
subtotal removal was adherence of the tumor to 
the surrounding vital structures.

We dealt with intradural tumor growth in 8 
cases (44% of pituitary adenomas, 25% of chor-
domas), and the average size of the dural opening 
was 1.75 cm. The most common complication was 
a cerebrospinal fluid (CSF) leak from the nose, 
which occurred in three patients. We inserted a 
lumbar drain in all of these patients for one week. 
Two of them needed revision surgery, and in one 
patient, the CSF leak stopped once the external 
lumbar drainage was inserted. We had to stop the 
procedure on one patient with craniopharyngioma 
due to severe bleeding from the venous plexuses in 
front of the clivus. We managed to achieve hemo-
stasis, but we did not continue with the intradural 
stage of the operation. We continued with the pro-
cedure one week later when there was no exces-
sive bleeding, and we successfully removed the tu-
mor. One patient developed minor post-operative 
bleeding, which needed no revision surgery. There 
were no other major complications in our series.

We correlated complications with time and 
found that 2 out of 3 patients with CSF leakage 
had undergone surgery among the first 11 cases, 
and the 3rd patient with CSF leakage was the 13th 
patient to undergo surgery. We did not have any 
major complications in the last 6 cases. The mean 
surgical time in the first 10 cases was 342 minutes, 
while the mean surgical time in the last 9 cases was 
297 minutes.

Discussion

On the basis of our results, we can say that the en-
doscopic transnasal approach to the clival region, 
performed at our institution, is safe and effective. 
None of the patients died in the perioperative or 
early post-operative phase. Complete removal of 
the pathological process was achieved in most of 
the patients. Apart from CSF leakage, there were 
no other major complications in our series.

In our series, the rate of post-operative CSF 
leakage was 16% (3 out of 19 patients), or 37.5% 
of patients with an intraoperative dural open-
ing (3 out of 8 patients). We managed to stop the 
CSF leak in all cases. We inserted a lumbar drain 
in all of these patients for one week, and two of 
them needed revision surgery. One patient with 
a CSF leak developed bacterial meningitis, which 
was cured with appropriate antibiotic therapy. For 
skull base reconstruction and to reduce the risk of 
CSF leakage, we used a nasoseptal flap. We recon-
structed the dura mater with two avascular layers 
and filled the clival defect with autologous fat tis-
sue. Then, we covered the avascular reconstruc-
tion with the nasoseptal flap.

From a review of the literature, we found that 
the clival region can be divided into the upper, 
middle, and lower sections by the transverse lines 
located at the level of the dural entrance of the ab-
ducent and glossopharyngeal nerves. That separa-
tion is based on the concept of three neurovascu-
lar complexes in the posterior cranial fossa (3, 15). 
Approaches to the upper, middle, and lower sec-
tions of the clivus provide access to the anterome-
dial region of these three neurovascular complexes 
(1, 15, 16). An extended approach to the upper 
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section of the clivus allows access to the midbrain, 
the upper half of the pons, the superior cerebellar 
artery, and the oculomotor and trigeminal nerves 
in the upper neurovascular complex. Approaches 
to the middle section of the clivus provide access 
to the lower half of the pons, the anterior inferior 
cerebellar artery, and the abducent, facial and ves-
tibulocochlear nerves in the middle neurovascular 
complex (1). The paraclival carotid artery repre-
sents the lateral limit of this approach. Extended 
approaches to the lower section of the clivus pro-
vide access to the medulla oblongata, the posterior 
inferior cerebellar artery, and the glossopharyn-
geal, vagus, accessory, and hypoglossal nerves in 
the lower neurovascular complex (1). The foram-
ina lacera are the lateral limits of this approach at 
the lower section of the clivus.

The most common lesions involving the clival 
region are chordomas, chondrosarcomas, menin-
giomas, metastatic tumors, plasmacytomas, and 
lymphomas. Other paraclival lesions that can ex-
tend into the clivus are invasive pituitary adeno-
mas, invasive nasopharyngeal carcinoma, and ju-
venile angiofibroma (17). Surgical resection is the 
primary treatment of most lesions. Radiation ther-
apy may be considered, either as primary therapy 
for poor surgical candidates, or as adjuvant thera-
py for aggressive or recurrent disease (2).

Median tumors of the skull base are challeng-
ing targets for surgical treatment using standard 
transcranial approaches (18, 19). The endoscopic 
endonasal approach is a fast and effective method, 
characterized by high radicality, low risk of post-
operative complications, and low mortality, and it 
is suitable for surgeons skilled in endoscopic surgi-
cal techniques (12, 18, 19). 

Doglietto et al.’s quantitative anatomical study 
showed that endoscopic transnasal approaches 
to the clivus provide larger working volume and 
broader exposure of the clivus, compared to »clas-
sic« lateral approaches (20). 

It is essential to understand the relationship be-
tween the extent of the involvement of the patho-
logical process in the clivus or surrounding neu-
rovascular complexes, and whether the process 
is located intradurally, extradurally, or both. The 

transclival approach can also be used for differ-
ent pathologies, not just for tumors in the clival 
region. It can be implemented for clipping cen-
trally located posterior cranial fossa aneurysms, 
originating from the superior cerebellar artery, the 
anterior inferior cerebellar artery or the posterior 
inferior cerebellar artery (15).

The repair of clival skull base dural defects is 
often optimized with a multilayer closure, which 
is challenging on account of the inability to exert 
forceful pressure posteriorly, where critical struc-
tures are located (basilar artery, brain stem) (2). 
Multilayer closure can also help prevent pontine 
herniation through the clivus defect (21). 

The extended endonasal transclival approach 
has several advantages compared to transcranial 
approaches. Some of the benefits are the patients’ 
quick recovery, short hospital stays, and minimal 
post-operative discomfort (22-26). An endoscope 
allows a significantly wider and better-illuminated 
field of view (27). As a fully endoscopic procedure, 
there is no need to perform traction on various 
structures of the brain, and it provides a wider 
angle of exposure and a direct view of the midline 
structures. There is no need to displace the verte-
bral artery. It provides a well-lit surgical corridor 
and adequate visualization of even the most inac-
cessible regions (3-5, 28, 29). Since the endonasal 
surgical corridor is not associated with resection of 
the oropharynx and the soft palate, the risk of bac-
terial contamination and infection is low. The pa-
tients have a low risk of post-operative swallowing 
and speech disorders, and are capable of oral food 
intake, without the risk of dysphagia, immediately 
after surgery. There are also some drawbacks to 
the extended endoscopic transnasal approaches to 
the clivus, which can be challenging to perform in 
cases of atypical topography of the neurovascular 
structures located medially and anteriorly in rela-
tion to the tumor (1). Some other disadvantages 
are the limited working space, reduced maneuver-
ability, and the need for special instrumentation 
(27). The use of the transnasal approach can also 
be associated with the risk of damaging the lat-
eral parts of the cranial nerves (oculomotor, ab-
ducens, glossopharyngeal, and the vagus nerve) 
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(29). A relative contraindication for this approach 
is the significant lateral displacement of the tumor 
at the level of the foramen magnum, posterior to 
the occipital condyle, because there is a risk of 
craniocervical instability and injury to the caudal 
group of nerves (30). In cases of significant lateral 
extension of the lesion, it is preferable to choose a 
staged approach, combining a craniotomy with an 
endoscopic technique. A combined open and en-
doscopic approach allows the surgeon to deal with 
different components of the tumor most appropri-
ately and directly (25). Absolute contraindications 
include tumors with invasion of the orbit, requir-
ing exenteration, or involving the skin or anterior 
wall of the frontal sinus, and those that require mi-
crovascular reconstruction (31).

Extended endoscopic transnasal approaches 
can be considered as an independent and universal 
approach to pathological lesions of the skull base. 
The choice of approach should be based on the 
location of the tumor, the anatomical and clinical 
characteristics of the individual patient, as well as 
the level of the surgeon’s proficiency in using en-
doscopic approaches (29, 32).

When we first started endoscopic skull base 
surgery at the University Medical Centre, Maribor, 
a surgical telementoring program was established 
with an experienced skull base team at the Univer-
sity of Pittsburgh Medical Center in Pennsylvania. 
The two-way video and audio streaming provided 
real-time communication between the surgical 
teams. The most frequent mentoring interventions 
concerned the identification of anatomy, the ex-
tent of exposure, the extent of resection, and the 
surgical technique. The assessment of the efficien-
cy of this surgical telementoring program showed 
many benefits. (11). We correlated complications 
and surgical time with time. We showed that all of 
the complications happened among the first 13 out 
of 19 cases, while mean surgical time in the last 9 
out of 19 cases were on average 45 minutes shorter. 
We still have limited data because of the low num-
ber of cases, but the results show the efficacy of the 
telementoring program, with fewer complications 
and shorter surgical time over time.

Endoscopic surgery in the clival region has 
potential complications (33). Intracranial compli-
cations can result from direct injury to the brain, 
cranial nerves, meninges, blood vessels, or venous 
sinuses. In the case of the brain and cranial nerves, 
the resulting deficits reflect the loss of function of 
the damaged structures. In the case of damage to 
blood vessels, resulting hematomas can create a 
mass effect, or loss of vascular supply can lead to 
stroke. Severe injuries of the internal carotid artery 
can be catastrophic and lethal. CSF leakage can 
cause symptoms directly and predispose to men-
ingitis. Pneumocephalus can also cause mass effect 
symptoms (33). 

The most frequent immediate complications 
are CSF leak, intraoperative bleeding, and injury 
to the brain-stem and/or intracranial nerves. Wide 
trepanation of the clivus and significant defects 
of the dura mater increase the risk of post-oper-
ative CSF leakage (1). The most frequent delayed 
complications are meningitis, delayed bleeding, 
and delayed CSF leak. There is also a possibil-
ity of transitory or permanent endocrinological 
complications that may result from manipulation, 
compression, or traction of the hypophysis (33). It 
is important to recognize and diagnose pituitary 
insufficiency early, and manage this condition 
promptly.

There are many techniques for skull base re-
construction, and to reduce the risk of CSF leak-
age. Some of them are the use of a balloon cath-
eter, microsurgical duroplasty, and nasoseptal flap, 
which we use. With the use of these modern tech-
niques, the risk of post-operative CSF leakage can 
be diminished to 0% - 9.5% (34-36). 

Conclusion

The endoscopic transnasal approach to the clival 
region is safe, effective and provides better visu-
alization of that region compared to other tran-
scranial approaches. CSF leak is the most frequent 
complication. Successful endoscopic surgeries in 
this region are based on the development of new 
endoscopes, surgical instruments and operative 
materials, but more importantly, also on the sur-
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geon’s knowledge of anatomy, the mastering of 
endoscopic surgical techniques, and a multidis-
ciplinary approach. In our series, we showed that 
the transnasal approach to the clival region can be 
effectively performed, even in small neurosurgical 
departments, for different kinds of clival patholo-
gies. At first, this was made possible through a sur-
gical telementoring program, established with an 
experienced skull base team. 

What Is Already Known on this Topic:
The endoscopic endonasal approach has recently become one of the most 
frequently used methods in the surgical management of clival lesions, 
and is safe, effective and provides better visualization of that region 
compared to other transcranial approaches. With the help of modern 
reconstructive techniques, the rate of post-operative complications is 
lower, especially CSF leak. The most common lesions involving the clival 
region are: chordomas, chondrosarcomas, meningiomas, pituitary ad-
enomas, metastatic tumors, and plasmacytomas.

What this Study Adds:
In our series, we showed that the transnasal approach to the clival re-
gion can be performed effectively, even in small neurosurgical depart-
ments, on a relatively small number of patients. In the beginning, the 
rate of complications was higher and the mean surgical time was longer. 
We showed that the learning curve can be steep with the help of a surgi-
cal telementoring program, established with an experienced skull base 
team. 

Authors’ Contributions: Conception and design: JR, BH, 
and BL; Acquisition, analysis, and interpretation of data: JR, 
BH, and BL; Drafting the article: JR, BH; Revising it critically 
for important intellectual content: JR, BL; Approved final ver-
sion of the manuscript: JR, BH, and BL.

Conflict of Interest: The authors declare that they have no 
conflict of interest.

References

1. Sharubo AN, Konstantin VK, Chernov IV, Andreev DN, 
Panteleyev AA. Endoscopic Endonasal Transclival Ap-
proach to Tumors of the Clivus and Anterior Region of 
the Posterior Cranial Fossa (Results of Surgical Treatment 
of 136 Patients). World Neurosurg. 2019;121:e246-61.

2. Folbe AJ, Svider PF, Liu JK, Eloy JA. Endoscopic Resec-
tion of Clival Malignancies. Otolaryngol Clin North Am. 
2017;50(2):315-29.

3. Frank G, Sciarretta V, Calbucci F, Farneti G, Mazzatenta 
D, Pasquini E. The endoscopic transnasal transsphenoi-
dal approach for the treatment of cranial base chordomas 
and chondrosarcomas. Neurosurgery. 2006;59(1 Suppl 
1):ONS50-7; discussion ONS50-7.

4. Jho HD, Ha HG. Endoscopic endonasal skull base sur-
gery: Part 3 - The clivus and posterior fossa. Minim Inva-
sive Neurosurg. 2004;47(1):16-23.

5. Stippler M, Gardner PA, Snyderman CH, Carrau RL, Pre-
vedello DM, Kassam AB. Endoscopic endonasal approach 
for clival chordomas. Neurosurgery. 2009;64(2):268-77; 
discussion 277-8.

6. De Notaris M, Cavallo LM, Prats-Galino A, Esposito I, 
Benet A, Poblete J, et al. Endoscopic endonasal transclival 
approach and retrosigmoid approach to the clival and pet-
roclival regions. Neurosurgery. 2009;65(6 Suppl):42-50; 
discussion 50-2.

7. Eloy JA, Vazquez A, Marchiano E, Baredes S, Liu JK. 
Variations of mucosal-sparing septectomy for endonasal 
approach to the craniocervical junction. Laryngoscope. 
2016;126(10):2220-5.

8. Liu JK, Schmidt RF, Choudhry OJ, Shukla PA, Eloy JA. 
Surgical nuances for nasoseptal flap reconstruction of cra-
nial base defects with high-flow cerebrospinal fluid leaks 
after endoscopic skull base surgery. Neurosurg Focus. 
2012;32(6):E7..

9. Moussazadeh N, Kulwin C, Anand VK, Ting JY, Gamss 
C, Iorgulescu JB, et al. Endoscopic endonasal resection of 
skull base chondrosarcomas: technique and early results. 
J Neurosurg. 2015;122(4):735-42.

10. Stamm AC, Pignatari SS, Vellutini E. Transnasal endo-
scopic surgical approaches to the clivus. Otolaryngol Clin 
North Am. 2006;39(3):639-56.

11. Snyderman CH, Gardner PA, Lanisnik B, Ravnik J. Sur-
gical telementoring: A new model for surgical training. 
Laryngoscope. 2016;126(6):1334-8.

12. Frasier JF, Nyquist GG, Moore N, Anand VK, Shwartz 
TH. Endoscopic endonasal minimal access approach to 
the clivus: case series and technical nuances. Neurosur-
gery. 2010; 67(3 Suppl Operative):ons150-8; discussion 
ons158.

13. Fujii T, Platt A, Zada G. Endoscopic Endonasal Ap-
proaches to the Craniovertebral Junction: A Systematic 
Review of the Literature. J Neurol Surg B Skull Base. 
2015;76(6):480-8.

14. Ishii Y, Tahara S, Teramoto A, Morita A. Endoscopic endo-
nasal skull base surgery: advantages, limitations, and our 
techniques to overcome cerebrospinal fluid leakage: tech-
nical note. Neurol Med Chir (Tokyo). 2014;54(12):983-
90.

15. Funaki T, Matsushima T, Peris-Celda M, Valentine RJ, Joo 
W, Rhoton AL Jr. Focal transnasal approach to the upper, 
middle, and lower clivus. Neurosurgery. 2013; 73(2 Suppl 
Operative):ons155-90; discussion ons190-1.

16. Morera VA, Fernandez-Miranda JC, Prevedello DM, 
Madhok R, Barges-Coll J, Gardner P, et al. “Far-medial” 
expanded endonasal approach to the inferior third of the 
clivus: the transcondylar and transjugular tubercle ap-
proaches. Neurosurgery. 2010;66(6): 211-9.



53

17. Paniagua Bravo A, Alba de Caceres I, Ibañez Sanz L, 
Guzman de Villoria JA, Ossaba S, Crespo J. Tumors and 
tumor-like conditions of the clivus. A comprehensive re-
view. ECR. 2012;C-1581 [cited 2020 Jan 6]. Available from: 
https://epos.myesr.org/esr/viewing/?module=viewing_
poster&pi=108634.

18. Ramm-Pettersen J, Fric R, Berg-Johnsen J. Long-term 
follow-up after endoscopic trans-sphenoidal surgery or 
initial observation in clivus chordomas. Acta Neurochir 
(Wien). 2017;159(10):1849-55.

19. Förander P, Bartek J Jr, Fagerlund M, Benmaklouf H, Do-
doo E, Shamikh A, et al. Multidisciplinary management 
of clival chordomas; long-term clinical outcome in a sin-
gle-institution consecutive series. Acta Neurochir (Wien). 
2017;159(10):1857-68.

20. Doglietto F, Ferrari M, Mattavelli D, Belotti F, Rampinelli 
V, Kheshaifati H, et al. Transnasal Endoscopic and Lat-
eral Approaches to the Clivus: A Quantitative Anatomic 
Study. World Neurosurg. 2018;113:e659-e671.

21. Koutourousiou M, Filho FV, Costacou T, Fernandez-Mi-
randa JC, Wang EW, Snyderman CH, et al. Pontine en-
cephalocele and abnormalities of the posterior fossa fol-
lowing transclival endoscopic endonasal surgery. J Neu-
rosurg. 2014;121(2):359-66.

22. Kassam AB, Gardner P, Snyderman C, Mintz A, Car-
rau R. Expanded endonasal approach: fully endoscopic, 
completely transnasal approach to the middle third of the 
clivus, petrous bone, middle cranial fossa, and infratem-
poral fossa. Neurosurg Focus. 2005;19(1):E6.

23. Tataranu L, Gorgan, Ciubotaru V, Dediu A, Ene B, Pau-
nescu D, et al. Endoscopic endonasal transsphenoidal ap-
proach in the management of sellar and parasellar lesions: 
indications and standard surgical technique (part I). Ro-
manian Neurosurg. 2010;17(1):52-63.

24. Aubry K, Kania R, Sauvaget E, Huy PT, Herman P. Endo-
scopic transsphenoidal approach to petrous apex choles-
teatoma. Skull Base. 2010;20(4):305-8.

25. Yanagihara N, Nakamura K, Hatakeyama T. Surgical 
management of petrous apex cholesteatoma: a therapeutic 
scheme. Skull Base Surg. 1992;2(1):22-7.

26. Komune S, Nakagawa T, Haruta A, Matsuda K, Tono T. 
Management of cholesteatoma in the petrous apex. Skull 
Base Surg. 2000;10(1):47-51.

27. Carrabba G, Dehdashti AR, Gentili F. Surgery for clival 
lesions: open resection versus the expanded endoscopic 
endonasal approach. Neurosurg Focus. 2008;25(6):E7.

28. Koutourousiou M, Gardner PA, Tormenti MJ, Henry SL, 
Stefko ST, Kassam AB, et al. Endoscopic endonasal ap-
proach for resection of cranial base chordomas: outcomes 
and learning curve. Neurosurgery. 2012;71(3):614-24; 
discussion 624-5.

29. Kassam A, Snyderman CH, Mintz A, Gardner P, Carrau 
RL. Expanded endonasal approach: the rostrocaudal axis. 
Part II. Posterior clinoids to the foramen magnum. Neu-
rosurg Focus. 2005;19(1):E4.

30. Vishteh AG, Crawford NR, Meltona MS, Spetzler RF, 
Sonntag VKH, Dickman CA. Stability of the cranioverte-
bral junction after unilateral occipital condyle resection: a 
biomechanical study. J Neurosurg. 1999;90(1 Suppl):91-8.

31. Snyderman CH, Pant H, Carrau RL, Prevedello D, Gard-
ner P, Kassam AB. What Are the Limits of Endoscopic Si-
nus Surgery?: The Expanded Endonasal Approach to the 
Skull Base Snyderman. Keio J Med. 2009;58(3):152-60.

32. Zaidi HA, Zehri A, Smith TR, Nakaji P, Laws ER Jr. Effica-
cy of three-dimensional endoscopy for ventral skull base 
pathology: a systematic review of the literature. World 
Neurosurg. 2016;86:419-31.

33. Stamm AC, Pignatari SSN, Vellutini E. Transnasal endo-
scopic surgical approaches to the clivus. Otolaryngol Clin 
N Am. 2006;39(3):639-56.

34. Leng LZ, Brown S, Anand VK, Schwartz TH. “Gasket-
seal” watertight closure in minimal-access endoscopic 
cranial base surgery. Neurosurgery. 2008;62(5 Suppl 
2):ONSE342-3; discussion ONSE343.

35. Kassam A, Carrau RL, Snyderman CH, Gardner P, Mintz 
A. Evolution of reconstructive techniques following en-
doscopic expanded endonasal approaches. Neurosurg Fo-
cus. 2005;19(1):E8.

36. Landriel Ibañez FA, Hem S, Ajler P, Vecchi E, Ciraolo C, 
Baccanelli M, et al. A new classification of complications 
in neurosurgery. World Neurosurg. 2011;75(5-6):709-15.

Janez Ravnik et al: Endoscopic Endonasal Approaches to the Clival Region


