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The cavernous sinuses are paired interconnected venous plexuses that lay 

within the anteromedial portion of the middle cranial fossa, situated on either 

side of the sella. 

Dubbed an ‘anatomical jewelry box’, each sinus houses vital neurovascular 

structures, among which are the cavernous carotid artery with its branches, the 

sympathetic plexus, the IIIrd, IVth, VIth cranial nerves, and the first and second 

branches of the trigeminal nerve. 

Aside from this crucial network, the CS represents a critical region for its 

close connection with other structures, including the orbit, the nasopharynx, the 

posterior cranial fossa, and the infratemporal fossa through different foramina, 

fissures, and canals, and for its communication with various venous channels. 

Cavernous sinus surgery has always represented a surgical challenge. Early 

surgery, using a craniotomic approach, was marked by great difficulty and high 

morbidity, which made the CS be considered by many surgeons as a surgical ‘no 

man’s land’. 

The recent introduction of the endoscope in the trans-sphenoidal surgery of 

pituitary adenomas led to a wider exposure of the sellar and parasellar areas (1), 

allowing a panoramic and angled view, and the expansion of surgical corridors, 

as well as a higher rate of resection with no significant additional morbidity in 

case of CS invasion (2). 

In this study, we describe the frequent lesions that can affect the CS, 

emphasizing the imaging characteristics of each one, and investigate the 

endoscopic anatomy of this structure on three fresh human cadavers, as well as 

review the different endoscopic endonasal approaches. 
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Although the anatomy of the CS has been substantially chronicled in 

literature, the sinus remains a challenging and unfamiliar place for many 

neurosurgeons. In the following chapter, rather than describing the anatomy of 

this area, we will try to make some observations on anatomical landmarks which 

may be useful in understanding surgical strategy. 

The paired cavernous sinuses are located centrally within the skull, on each 

side of the sella and body of the sphenoid bone. Each sinus is a four-walled 

structure with an oblique converging shape, extending from the lower surface of 

the anterior clinoid process and from the posterior edge of the superior orbital 

fissure to the posterior clinoid process above the junction of the petrous apex 

with the body of the sphenoid bone (3). 

The walls of the CS, minus the medial one, are formed of two dural layers: 

the external meningeal layer and the internal periosteal layer (figure 1). The 

superior wall (or the roof) faces the basal cisterns, the lateral wall faces the 

temporal lobe and the posterior wall faces the posterior cranial fossa. The medial 

wall is bordered by the sella turcica, the pituitary gland, and the sphenoid bone 

(Figure 2). It may be divided into two parts, sellar (superior part) and spheroidal 

(inferior wall), both of which are formed by one dural layer: the meningeal layer 

in the sellar part, and the periosteal layer in the inferior wall. It should be noted 

that the medial and lateral walls merge inferiorly at the superior margin of the 

maxillary nerve in a ‘keel-like’ formation (4). Each CS communicates with its 

counterpart by way of intercavernous sinuses, which are found between the two 

layers covering the anterior, posterior, and inferior surfaces of the sella. 
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Four cranial nerves are related directly to the CS. The oculomotor nerve 

(CN III), the trochlear nerve (CN IV), and the ophthalmic branch of the 

trigeminal nerve (V1) are contained in the reticularis membrane that forms the 

lateral wall of the CS. While the maxillary branch of the trigeminal nerve (V1) 

lie inferior to the junction of the lateral and medial walls (5). The abducens 

nerve (CN VI) penetrates the posterior wall of the CS after leaving Dorello’s 

canal, and unlike the other cranial nerves, courses centrally in the CS 

inferolateral to the horizontal segment of the ICA and medial to the ophthalmic 

nerve to reach the superior orbital fissure. The venous lake of the CS is 

additionally penetrated by the ICA, its branches and the associated sympathetic 

plexus (figure 3). 

 

Figure 1: coronal section of the CS showing the close spatial relationships between its 

neurovascular structures and the different dural layers forming its walls (6) 
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Figure 2: schematic drawing of a coronal section through the CS and the sella turcica: (3) 

 

 

Figure 3: schematic drawing of sagittal section of the CS : (7) 
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Figure 4: a diagram showing the course of the intracavernous ICA and its different segments– 

(1) Posterior vertical segment (2) Posterior Genu (3) Horizontal Segment (4) Anterior Genu 

(5) Anterior Vertical : (6). 

 

1. The intracavernous ICA: 

The cavernous ICA is an S-shaped vessel that begins where the petrous 

segment of the ICA passes between the cartilaginous foramen lacerum below 

and the petrolingual ligament above to become intracavernous, and ends when it 

perforates the superior wall of the CS medial to the upper surface of the anterior 

clinoid process (4). During its course through the CS, it gives rise to two main 

branches: the meningohypophyseal trunk originating medially from the posterior 

genu and the inferolateral trunk arising from the middle or lateral surface of the 

horizontal segment (figure 4). 
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Alfieri and Jho (8) proposed a subdivision of the ICA based on surgical 

perspective obtained through endonasal endoscopic route. On the posterior wall 

of the sphenoidal sinus, two divisions of the cavernous ICA can be recognized 

by their bony protuberances: caudally, the paraclival protuberance and cranially, 

the parasellar protuberance. The paraclival ICA segment can be further 

subdivided into two parts: the lacerum segment caudally, corresponding to the 

extracavernous portion of the vessel, and the trigeminal segment rostrally, the 

intracavernous portion of the artery. A landmark leading to the lacerum segment 

is the vidian canal, which is located inferomedial to the foramen lacerum. 

The parasellar carotid protuberance is a C- shaped with the convexity of the 

C facing anterolaterally. It covers four segments of the ICA in a caudal-to-

rostral orderthe hidden segment; the inferior horizontal segment; the anterior 

vertical segment, and the superior horizontal segment. The hidden segment is 

the posterior bend of the ICA and is located at the level of the posterior sellar 

floor. It is named thus for it cannot be seen by this endoscopic anteroinferior 

approach. The inferior horizontal segment is anterior to the hidden segment, at 

the level of the sella floor. It appears short due to the perspective view, but is the 

longest segment of the cavernous ICA. 

The anterior vertical segment is located lateral to the anterior wall of the 

sella and corresponds to the most convex portion of the C- shaped ICA. The 

superior horizontal segment includes the clinoidal segment of the ICA as well 

the subarachnoid segment. The clinoidal segment courses medially to the optic 

strut, is anchored by the proximal and distal dural ring and continues in the 

subarachnoid portion of the vessel. 
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2. The cavernous sinus’ compartments: 

Miranda et al (9) developed an endonasal classification of the venous 

spaces of the CS based on the intracavernous course of the carotid artery, 

leading to the description of four virtual compartments: superior, posterior, 

inferior, and lateral. 

The superior compartment of the CS (figure 5) is located above the 

horizontal cavernous ICA and posterior to the anterior genu. It is bordered by 

the roof of the CS superiorly and laterally: the ventral surface of the 

paraclinoidal ICA anterolaterally, and the dura of the oculomotor triangle 

posterolaterally. 

The posterior compartment of the CS (figure 6) is located posterior to the 

short ascending cavernous ICA (posterior vertical and posterior genu) and 

anterior to the lateral petroclival dura, forming the posterior wall of the CS. The 

transition between the short vertical and horizontal segments of the cavernous 

ICA marks the transition between the superior and posterior compartments. 

The inferior compartment of the CS (figure 7) lies below the horizontal 

intracavernous ICA and anterior to the short vertical segment. The anterior wall 

of the CS forms the anterior wall of this space. The lateral compartment of the 

CS (figure 8) lies lateral to the anterior genu and horizontal ICA segments. The 

proximal dural ring, the maxillary strut (along with the V2 prominence) marks 

the superior and the inferior limits of this compartment respectively. 
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Figure 5: location of the superior                          Figure 6: location of the posterior       

compartment in relation to the ICA: (9) compartment in relation to the ICA: (9) 

 

 

 

Figure 7: location of the inferior                       Figure 8: location of the lateral 

compartment in relation to the ICA (9)            compartment in relation to the ICA (9) 

 

Superior compartment 
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A. Epidemiology: 

Recent studies on the incidence of CS syndrome are few. An analysis of 

151 cases from Los Angeles in 1996 (10) showed that 59% of patients were 

men. The age on onset varied depending on the cause with the average being 39 

years, with a range of 15- 72 years. Tumors were the most frequent cause of CS 

syndrome (30%), with two-thirds of tumors being malignant, followed by 

trauma (24%), and inflammation (23%). 

In a 2017 study of 73 cases in Northern India (11), 64% of patients were 

men. The average age was 44 years, with a range of 11- 70 years. Tumors were 

still the most frequent cause of CS syndrome (28.8%), but fungal infections took 

second place as the most common cause (24.6%). A higher prevalence of 

Tolosa-Hunt syndrome at 23.2% was also noted. Headache (97.2%) was the 

most common presenting symptom, followed by binocular diplopia (90.4%), 

ptosis (68.4%), and facial numbness (56.2%). 

B. Clinical symptoms : cavernous sinus syndrome : 

CS syndrome is a constellation of clinical signs that refers to the presence 

of a lesion within or adjacent to the CS. This includes ophthalmoplegia, facial 

sensory loss, Horner syndrome, diplopia, chemosis and proptosis. 

Ophtalmoplegia is a result of the compromise of the CN III, IV, or VI. In 

the case of an isolated lesion of the oculomotor nerve, the palsy manifests by a 

characteristic “down and out” position of the eye, ptosis and mydriasis (figure 

9). Isolated CN IV and VI palsies mainly translate as vertical and horizontal 

diplopia, respectively, as well as esotropia in case of a CN VI lesion. Horner 

syndrome consists of unilateral ptosis, an ipsilateral miotic but normally reactive 
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pupil, and sometimes ipsilateral facial anhidrosis, all of which occur from 

damage to the sympathetic plexus accompanying the cavernous ICA. Facial 

sensory loss is caused by the involvement of the first and second divisions of the 

trigeminal nerve. (6) 

Other symptoms such as signs of intracranial hypertension, retro-orbital 

pain, headache, disturbances of the hypothalamic-pituitary axis and seizures 

could also manifest due to a possible mass effect. Various combinations of these 

symptoms can occur, and the onset can be acute or insidious, all depending on 

the specific etiology and affected structures. They are usually unilateral but can 

also be bilateral such in the case of neoplastic pathology. 

Ishikawa (12) is the most commonly used system for the classification of 

the CS syndrome, determined by the investigation of serial topographical 

sections of human CS and clinical findings. It divides the CS into three portions: 

anterior, middle, and posterior, separated by the locations of the intracranial 

orifice of the optic canal and the entry of the maxillary nerve into the CS. 

Subsequent studies (13) (14) found that when using the newer classification, 

anterior CS lesions were found to be due to inflammation, while posterior CS 

lesions were due to malignancies, thus suggesting that this scheme can help in 

throwing light on the underlying etiology and its localization. 
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Figure 9: Ocular manifestations of CSS: right ptosis (A), absent right pupillary response (B), 

limited adduction (C) adduction (D), supraduction (E), and infraduction (F) of the right eye 

(15) 
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Figure 10: Ishikawa classification (13) 
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C. Pathology : 

 

 

 
Figure 11: a pie chart of lesions of the CS as found in a study of a series  

of 126 patients (16): 
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1. Neoplastic : 

 
Figure 12: a pie chart of tumoral lesions of the CS as found in a study of a series of 126 

patients (16): 

 

1.1. Pituatary adenoma : 

Involvement of the CS occurs in 6 to 10 % of all patients with PAs (17), 

with macroadenomas (≥1 cm in diameter) showing the most tendency toward 

invasion. This parasellar extension concerns the medial wall of the CS, and it 

could be explained by the hypothesis of the path of least resistance. While the 

mean thickness varied, the medial wall was always found to be the thinnest 

among the CS walls, with the thickness decreasing from inferior to superior, and 

from anterior to posterior. In some studies, the presence of defects has also been 

reported (18). Invasion of the medial wall of the CS could also be explained by 

the biological properties of the tumor. Overexpression of collagenase 

(particularly MMP 9 and MMP 2) was linked to invasive PAs, regardless of 
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their size, type or status. In light of findings of different immunohistochemical 

analysis, pointing out collagen IV as the main component of the extracellular 

matrix of the medial wall, it all suggests the role of MMPs in the invasion 

process via their proteolytic activity. In addition, abundant expression of MMP 9 

was also correlated with angiogenesis, which is a key factor in tumor 

invasiveness. Considering these associations, MMPs are promising biomarkers 

for detecting PAs invasiveness (19). 

1.2. Meningioma: 

Meningiomas are frequent CS lesions, representing 41% of all CS tumors 

(20). 80%–90% of them are slow-growing benign tumors. Female sex and 

advanced age – peak being in the 5th through the 7th decade– are two risk factors 

for their development (21). 

These tumors arise from arachnoid cap cells in the dural walls of the CS 

(mainly the lateral wall) or from the adjacent dura with extension to the CS. 

They can project laterally from the lateral dura of the CS, grow between the two 

dural layers of the lateral wall, or invade the CS proper. In the latter case, 

meningiomas can encase the cavernous ICA, often causing its narrowing –which 

is a characteristic that can be helpful in distinguishing a meningioma from a 

PA–or invade the vessel’s wall (22). Meningiomas originating from the dural 

walls of the CS could extend to the Meckel cave, the sella, and to the anterior, 

middle, or infratemporal fossae, with a growth rate of 0.02 to 0.24 cm per year 

(20). 
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1.3. Schwannoma (nerve sheath tumor) 

Schwannomas are benign and slow growing nerve sheath tumors arising 

from differentiated Schwann cells. When originating in the CS, they most 

commonly arise from the trigeminal nerve and from the oculomotor nerve to a 

lesser extent. Only a few cases were reported about CS schwannomas arising 

from the abducens nerve (to our knowledge, only 16 cases have been reported 

since 1982 (23) ) and the sympathetic plexus around the ICA (with only one 

reported case in the literature (24) ). 

Most CS Schwannomas occur in patients in their 5th and 6th decades, with 

no gender predilection. In case of multiple Schwannomas at an earlier age, the 

diagnosis of neurofibromatosis type 2 should be suspected. 

1.4. Lymphoma : 

Lymphoma can involve the CS as a primary lymphomatous lesion (25), or 

as a secondary lesion part of systemic disease. In the latter case, lymphoma 

(often non-Hodgkin lymphoma) can be a result of either direct extension from 

adjacent structures, such as the marrow of surrounding bones or the 

nasopharynx, or of hematogenous or perineural spread. Lymphomas may also 

occur as unilateral or bilateral lesions (26). Burkitt lymphoma (27), diffuse large 

B-cell lymphoma (28), T-cell lymphoblastic lymphoma (29), diffuse small B-

cell lymphoma (30), and chronic lymphocytic leukemia (31) have all been 

reported to involve the CS in the literature. 

1.5. Metastases: 

Metastasis to the CS can occur in approximately 1% of patients with 

metastatic cancer (32). It can be secondary to hematogenous spread or direct 

extension from bony or soft tissue metastases. Head and neck cancers are the 
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most common ones to metastasize to the CS. Distant tumors with known CS 

metastatic involvement are lung, breast, renal and gastric malignancies (17). The 

presence of CS lesion with a history of a known primary neoplasm should 

suggest the diagnosis. However, CS syndrome may occasionally be the only 

symptom of an occult malignancy (33). Aggressive features such as rapid 

growth or bone destruction are frequent characteristics of a metastatic lesion. 

1.6. Nasopharyngeal carcinoma : 

NPC is endemic in North Africa and Southeast Asia (34). The male-to-

female ratio is 3:1 and it is most common in patients in their 5th and 6th decades 

of life (35). 

This tumor is the most common extracranial malignancy to invade the CS 

(17), with an invasion rate of 17.9% (36). This involvement is frequently the 

initial clinical presentation of the tumor (37). It can occur by direct extension 

through different foramens at the skull base, as seen in 25–35% of cases (38), or 

by perineural tumor spread. They can also spread to the CS through the foramen 

lacerum, petroclival synchondrosis, or along the carotid canal (39). 

1.7. Cavernous hemongioma : 

Cavernous hemangiomas of the CS are benign vascular tumors, formed by 

sinusoidal vascular channels that contain slow-flowing or stagnant blood, and 

are lined by a pseudo capsule. They are distinct from cavernous angiomas which 

are vascular malformations and are encountered most commonly in the brain 

parenchyma (40). CSCHs can be distinguished into two subtypes: type A 

CSCHs are characterized by a large number of thin-walled sinusoidal vessels 

with little connective tissue. This type is important to consider prior to biopsy or 

resection due to their propensity to profusely bleed. Type B CSCHs are 
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characterized by fewer sinusoidal vessels and more interconnective tissue and as 

such, they are associated with a lesser risk of intraoperative bleeding (41). 

CSCHs constitute 2–3 % of all CS tumors (40) and they occur more 

commonly in middle-aged women. They usually do not cause the narrowing of 

ICA, in contrast to meningiomas. 

2. Vascular : 

2.1. ICA aneurysm: 

ICA aneurysms which involve the CS constitute 2%– 9% of all intracranial 

aneurysms (42), and around 5% of giant aneurysms (>2.5 cm) (43). Most of 

them are idiopathic, but they can be traumatic, iatrogenic, or infectious in 

etiology. Unruptured, they are often asymptomatic and found incidentally at 

imaging, most often in women older than 50 years. When symptomatic, these 

aneurysms manifest mostly by way of diplopia, headaches, or retroorbital pain 

owing to mass effect (44). Rupture rarely occurs, in which case it should be 

considered a surgical emergency, for it can result in direct CCF, massive 

epistaxis if there is erosion into the sphenoid sinus, subarachnoid hemorrhage if 

there is extension into the subarachnoid space through the dural ring, and 

cerebral infarction (45). 

2.2. Carotid cavernous fistula: 

CCF is an abnormal arterial to venous communication between the carotid 

artery and the veins of the CS, which can be direct or indirect (or dural) (46). 

Direct CCFs (Barrow type A) are high-flow fistulas that occur when the ICA 

ruptures into the CS. The clinical manifestations tend to be dramatic. It is 

frequently traumatic in origin, but may also be iatrogenic, or caused by the 

rupture of an ICA aneurysm or Ehlers–Danlos syndrome type IV (47). 
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Indirect CCFs are typically low-flow fistulas that occur when the cavernous 

arterial branches drain into the CS. They are further divided into 3 types: Barrow 

type B involves meningeal branches of the ICA; Barrow type C involves 

meningeal branches of the external carotid artery, while Type D includes 

meningeal branches of both the internal and external carotid arteries (48). Dural 

CCFs are most commonly seen in elderly individuals with an insidious onset of 

visual disturbance and progressive chemosis (49). They are the result of 

hypertension, fibromuscular dysplasia, Ehlers–Danlos type IV, and dissection of 

the ICA (46). 

2.3. Cavernous sinus thrombosis: 

CS thrombosis often occurs as a complication of bacterial or fungal sepsis 

involving the paranasal sinuses, oral cavity, the orbits, facial soft tissues, or the 

skull base. It may also be aseptic in origin, and result from traumatic injury, 

surgery, vascular lesion or tumor growth. Other risk factors of CS thrombosis 

include immunosuppression, thrombophilia and obesity (17). 

3. Inflammatory/infectious: 

3.1. Sarcoidosis : 

Sarcoidosis is an inflammatory multisystem disorder of unknown etiology, 

which is characterized by the formation of noncaseating granulomas. It is most 

common among young and middle-aged adults, with a slightly higher incidence 

among women (40). CS involvement often occurs as part of systemic disease. 

However, it can also be an isolated finding in patients with no evidence of 

intrathoracic or systemic disease (50). 
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3.2. Tuberculosis : 

Tuberculomas account for 10–30% of all intracranial masses in developing 

countries (51), with them being mostly located in the cerebral or cerebellar 

hemispheres, and rarely in the brainstem, cerebellopontine angle, hypothalamic 

region, Meckel's cave, pituitary gland, and intraventricular spaces (52). The 

involvement of CS is exceptional, with only 18 cases having been reported in 

previous literature (53) (54), three of which were in the pediatric age group. 

Twelve cases were diagnosed based on operative removal of the lesion and 

resultant histopathology; AFB smear and culture for M. tuberculosis reported 

negative in all of them. The rest were diagnosed by revealing evidence of 

tuberculosis at extra-CNS sites. 

3.3. Tolosa hunt syndrome : 

Tolosa-Hunt syndrome describes a non-specific and chronic granulomatous 

inflammation in the anterior CS and/or superior orbital fissure. It is a rare 

disorder, with an estimated annual incidence of one case per million per year 

(55). The average age of onset is 41 years, with no male-female predisposition 

(56). It tends to have spontaneous remissions and recurrences, with episodes 

recurring every few months or years (57). A quick and dramatic response to the 

administration of corticosteroid therapy is a characteristic of these episodes, 

which could last up to 8 weeks if not treated (58). 

3.4. Invasive fungal infection : 

Aspergillus and Mucormycosis are the most commonly involved invasive 

fungal species (59). They can spread to the CS via hematogenous dissemination 

from the lungs, but most often by direct extension from the paranasal sinuses 
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and orbits. Invasive fungal infection is divided into 3 subtypes depending on 

histologic criteria (60): The acute invasive (fulminant) occurs in case of 

immunocompromise and is characterized by a painless, necrotic black nasal 

septal or palatal ulcer that rapidly evolves into CS syndrome and ICA 

thrombosis, leading to a high mortality rate. The chronic invasive and chronic 

granulomatous invasive subtypes typically occur in immunocompetent patients, 

although diabetes mellitus and steroid therapy are risk factors. 

D. Imaging features of the cavernous sinus’ lesions: 

The CS can be affected by a wide variety of vascular, neoplastic, and 

inflammatory pathologies; however, they often have similar and overlapping 

clinical features. Imaging plays a crucial role in the characterization of the 

nature of the lesion and in defining its relationship to neurovascular structures 

and extension to surrounding tissues, which is essential in determining the 

appropriate mode of treatment. MRI with and without contrast is the imaging 

modality of choice for assessment of the CS, offering higher soft-tissue contrast 

resolution compared to CT, while CT and digital subtraction angiography may 

be useful in certain cases such as vascular pathology. 

1. Imaging of the tumoral lesions: 

1.1. Pituatary adenomas : 

On MRI, PA is seen as a mass expanding the sella, hypointense on T1-

weighted sequences, hyperintense on T2-weighted imaging, and hypoenhancing 

in comparison to the normal pituitary gland when visible (figure 14 ). The lesion 

may be heterogeneous, reflecting cystic and/or necrotic areas (17) (64). Among 

several radiological classifications to predict the likelihood of CS invasion by 
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Pituitary adenomas, that of Knosp et al (61) (figure 13) is the most widely used. 

It divides the cavernous space into 4 venous compartments by drawing 3 lines 

(medial tangent, intercarotid line and lateral tangent) between the supraclinoid 

ICA and intracavernous ICA on coronal MRI imaging (table 1). 

 

 

Figure 13: Knosp et al classification : (62) 
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Grade 0 - Medial to medial tangent No invasion 

- predictive GTR: 83% 

- predictive 

endocrinological 

remission: 88% 

Grade 1 

- extension to the space between 

the medial tangent and the 

intercarotid line 

No invasion  

- predictive GTR: 71% 

- predictive 

endocrinological 

remission: 60% 

Grade 2 

- extension to the space between 

the intercarotid line and the lateral 

tangent  

Possible 

invasion 

- predictive GTR: 83% 

- predictive 

endocrinological 

remission: 88% 

Grade 

3A 

- extension lateral to the lateral 

tangent, above the intracavernous 

ICA 
Probable 

invasion  

- predictive GTR: 85% 

- predictive 

endocrinological 

remission: 67% 

Grade 

3B 

- extension lateral to the lateral 

tangent, below the intracavernous 

ICA 

- predictive GTR: 64% 

- predictive 

endocrinological 

remission: 0% 

Grade 4 
- total encasement of 

intracavernous ICA 

Definite 

invasion  

- predictive GTR: 0% 

- predictive 

endocrinological 

remission: 0% 

Table I: knosp classification and surgical correlation: (63) 
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Although classification systems based on preoperative imaging play an 

important role as predicting tools, intraoperative findings remain the golden 

standard for the diagnosis of PAs invasion. 

 

 

 

Figure 14: MRI images of Pituitary adenoma with CS invasion. (A) coronal T1 weighted 

with gado. (B) coronal T2 weighted image. (c) axial MRI image 
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1.2. Meningioma: 

On MRI, meningiomas are isointense to gray matter on T1- and T2-

weighted MR images with intense homogenous enhancement. Although usually 

homogeneous in appearance, tumor heterogeneity can be seen due to 

calcification, tumor-associated vascularity, cystic areas, and, rarely, hemorrhage. 

A broad-based dural attachment and dural tail sign are characteristic. Luminal 

narrowing of the ICA can be seen, a feature that differentiates a meningioma 

from a pituitary adenoma. On CT, The presence of calcifications and adjacent 

hyperostosis should suggest the diagnosis (17) (64) (Figure 15). 

    

 

Figure 15: (A—C) angio CT scan of a meningioma of the right CS extending to the middle 

cerebral fossa. (A) coronal plane (B) sagittal plane (C) axial image 
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Based on the preoperative MR and CT findings, Hirsch et al proposed (65) 

a classification of CS meningiomas to predict the ease of surgical resection, and 

as such, assist surgeons in planning treatment. Depending on their relationship 

to the cavernous carotid artery in imagery, meningiomas were classified into 

five categories (table 2). 

 

 

Grade I - tumor involve 1 region of the CS without involving the ICA 

Grade II  - tumor involve multiple areas of the CS, with no ICA encasement 

Grade III - ICA encased without narrowing 

GradeIV - ICA encased and narrowed 

Grade V - bilateral CS invasion  

Table II: Sekhar-Hirsh grading system, the modified radiological classification, is based on 

the encasement of the ICA and the extent of the tumor (93) 
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1.3. Schwannoma : 

MRI imaging is the modality of choice for the diagnosis of these tumors. 

They are seen as iso- or hypointense on T1-weighted images with strong 

enhancement and hyperintense on T2-weighted images. They are well-defined 

enhancing masses, with or without cystic components. These nerve sheath 

tumors often follow the expected course of the involved nerve, having an ovoid 

shape when restricted to the CS, and a dumbbell shape when they extend beyond 

it into the posterior cranial fossa, the orbit, or the infratemporal fossa (17) (64). 

(figure 16) 

 

Figure 16: MR images of CS Schwannoma arising from the 3rd cranial nerve. (A-B) axial T1 

and T2 weighted images. (C-D) coronal T1 and T2 weighted MR images 
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1.4. Lymphoma : 

At MRI, lymphomatous lesions often are hypointense on T2 weighted 

imaging and show diffusion restriction due to their hypercellularity, while they 

demonstrate hyperdense attenuation on non-contrast CT. PET plays an essential 

role in evaluating the extent of systemic disease involvement. Lymphoma 

enlarges the CS without compressing the ICA and typically extends through the 

skull base foramina (17) (64). (figure 17) 

 

 

Figure 17: imaging of lymphoma. Axial CE T1W and T2 weighted MR images shows 

homogeneous contrast enhancement of the tumor (arrowhead). (67) 

 

1.5. Metastases : 

The imaging appearance of metastatic involvement of the CS is 

nonspecific, with outward bowing of the lateral wall and an enhancing mass in 

CS. There may be additional lesions depending on the primary tumor. Metastatic 

lesions often have a rapid growth rate (17) (64). 
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1.6. Cavernous hemangioma : 

At MRI, cavernous hemangiomas are characterized by a hyperintense 

signal on T2- weighted sequences, and as a result, are often misdiagnosed as 

schwannomas. Dynamic contrast-enhanced T1-weighted MR images show 

characteristic homogenous and progressive“fill-in” of contrast agent. 

Scintigraphic imaging after administration of 99mTc pertechnetate–labeled red 

blood cells offers high sensitivity and specificity for diagnosis, initially showing 

an area of photopenia followed by increased activity on delayed blood pool 

images. Digital subtraction angiography may be useful by showing hypertrophic 

branches from the external carotid artery and ICA. (17) (64) (figure 18) 

 

 

Figure 18: imaging of Hemangioma: MR images show homogeneous mass (white arrows) 

involving  

the left CS. it is hyperintense on axial T2-weighted images (A) with intense homogeneous 

contrast-enhancement on axial and coronal contrast-enhanced T1-weighted images (B and C). 

(59) 
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2. Imaging of vascular lesions: 

2.1. ICA Aneurysm : 

On CT, cavernous ICA aneurysms are mildly hyperattenuating compared 

with brain tissue, and can show peripheral calcifications or central calcifications 

in the case of thrombosed aneurysms. On MRI, the signal intensity can be highly 

variable depending on the flow dynamics within the sac and the extent of 

thrombosis. Non-thrombosed aneurysms demonstrate a flow loss on traditional 

spin-echo (SE) sequences, whereas thrombosis may result in high T1 signal and 

variable T2 signal. CTA, MRA, or conventional angiography plays an important 

role in verifying contiguity with the ICA and confirming the diagnosis (17) (64). 

(figure 19) 

 

 
Figure 19: imaging bilateral CS aneurysms.(A) T1-weighted axial MRI imaging (B) Brain 

CT angiography (C) MRI angiography (68) 



33 

2.2. Carotid cavernous fistula : 

Futures of CCF at MRI include intense enhancement of an enlarged CS, 

associated with a dilated superior ophthalmic vein, infiltration/edema of the 

orbital fat, and bulky extraocular muscles. Digital subtraction angiography 

remains the gold standard, demonstrating shunting from the ICA or its branches 

to the CS. CT angiography has been shown to be as good as digital subtraction 

angiography and better than MR angiography in the detection of CCFs. (17) (64) 

(figure 21) 

 

 

Figure 20: imaging of Carotid-cavernous fistula: Axial CT scan (left) and postcontrast MR 

image (right) show dilated left superior ophthalmic vein in a patient with a left-sided, 

anteriorly draining, CCF. Selective left internal carotid arteriogram (lateral view) shows a 

dural CCF with drainage both anteriorly and posteriorly (69) 
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2.3. Cavernous sinus thrombosis : 

Imaging signs of CS thrombosis include an enlarged CS, a convex 

configuration of the lateral wall, filling defects within the sinus, engorged or 

thrombosed superior ophthalmic vein which manifests as a loss of its flow void, 

ipsilateral retro-orbital fat stranding, bulky extraocular muscles, and 

exophthalmos. T1 and T2 signal intensity depends on the stage of thrombus 

evolution. Sub-acute thrombus produces high signal intensity on T1 and T2 

weighted images while thrombi in the acute stage produce an isointense signal. 

Contrast-enhanced images can be useful in the acute stages, as the thrombus will 

be seen as a filling defect with surrounding rim enhancement. (17) (64) (figure 

21) 

 

Figure 21: imaging of CS thrombosis: (A) T1-weighted with gadolinium MR image showing 

non- opacification of the right CS. (B) Contrast-enhanced brain CT showing bilateral 

engorged thrombosed superior ophthalmic veins. (70) 
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3. Imaging of inflammatry/infectious conditions: 

3.1. Tolosa hunt syndrom : 

MRI shows an enlarged CS with abnormal soft tissue which is isointense to 

gray matter on T1 weighted imaging and variable hypo- or hyperintense signal 

on T2 weighted MR images. The cavernous ICA may show mild narrowing due 

to the inflammatory process. More importantly, imaging plays an essential role 

in showing a lack of disease outside of CS, superior orbital fissure, and orbital 

apex region, and in ruling out mimics. (17) (64) 

3.2. Sarcoidosis : 

Imaging signs of CS sarcoidosis are nonspecific and include masslike 

enhancement of the CS and adjacent dural thickening. Clues to the diagnosis 

include the involvement of CNS such as multiple dural based lesions, 

pachymeningitis or leptomeningeal enhancement, thickeneing of cranial nerves, 

and thickening with enhancement of hypothalamus/pituitary stalk. There may 

also be a thickening and enhancing of extraocular muscles and infiltrative 

enhancing soft tissue in the retrobulbar fat. (17) (64) (figure 22) 
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Figure 22: imaging ofCS Sarcoidosis: Gadolinium-enhanced MR image showing the mass 

extended toward the middle fossa laterally and to the sphenoid sinus anteriorly (71) 

 

3.3. Tuberculosis : 

 

Figure 23: imaging of CS Tuberculosis: MR images showing isointense soft tissue (white 

arrow) in the right CS on axial FLAIR image (A). Contrast-enhanced images (B and C) show 

multiple ring-enhancing lesions (white arrows) in basal cisterns with the involvement of the 

right CS. (59) 
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3.4. Inavsive fungal infection : 

CT is particularly useful to evaluate bone destruction, often showing an 

associated paranasal sinus disease; whereas MR imaging is useful to 

demonstrate soft tissue anomalies. On MRI, fungal infection shows as a low 

signal on both T1-and T2-weighted imaging which is attributed to the 

ferromagnetic elements related to fungal metabolism. Other secondary imaging 

features include CS thrombosis and stenosis or mycotic pseudoaneurysm of the 

intracavernous ICA. The infection may extend into the subdural space and cause 

the development of subdural abscesses. (17) (64) 
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Three artery-injected head adult cadavers were studied, and a bilateral 

endoscopic endonasal approach to the CS was performed (n = 6) at the Skull 

Base Laboratory at Weill Cornell Medical College in New York USA (figure 

24). The selection criteria were: (1) age of 18 years or older, (2) no history of 

head trauma or craniofacial surgery, and (3) dissection of corpses that had 

already been autopsied or during autopsy (dissection was done after the 

evaluation and permission of the forensic medicine doctors).  

 

Figure 24: Skull Base Laboratory at Weill Cornell Medical College in New York USA 

 

Dissection was performed using Karl Storz 0° and 30°, 4 mm, 18 cm rod 

lens rigid endoscope (Karl Storz and Co., Tuttlingen, Germany). The endoscope 

was connected to a light source via a fiber optic cable and to a full HD camera. 

The video camera was connected to a 31-inch monitor. We used the Karl Storz 

Kassam-Snydermann endoscopic surgical set as surgical instrumentation. The 

cadaveric specimen was placed in a supine position with the head in a neutral 

position and 10–15° adducted toward the left shoulder. 
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 Dissection technique: 

By introducing the endoscope into the right nostril, the choana was 

identified in the posteroinferior end of the nasal cavity, at the end of the tail of 

the inferior turbinate, and medially to the vomer. Then we redirected rostrally 

the 0-degree endoscope along the sphenoethmoidal recess, where the sphenoid 

ostium is usually exposed nearly 15 mm superior to the choana, between the 

superior turbinate and the nasal septum. A middle turbinectomy allowed a wider 

exposure and a more comfortable surgical corridor. We removed the mucosa 

(laterally and medially) to expose the sphenoid sinus floor and anterior wall and 

the rostrum medially. 

In the aim of performing a binostril approach, the posterior part of the nasal 

septum was resected. In this way, the entire sphenoid sinus floor and the Ostia 

were exposed. A similar procedure was performed from the left nostril, except 

that the left middle turbinate was lateralized. The anterior and inferior walls of 

the sphenoid sinus were removed using a high-speed drill or 2-mm Karrison 

rongeur. In this stage of dissection, care must be taken not to injure the vidian 

nerve (the sphenopalatine nerve) and the sphenopalatine artery. The latter is 

located in the inferolateral corner to the sphenoid sinus and 1 cm anterior to the 

rear end of the tail of the middle turbinate in 90% of cases. All septae in the 

sphenoid sinus must be resected by punch or diamond drill to expose the sellar 

floor and its anatomic landmarks. Lateral septae generally point to the 

opticocarotid recess, which is the reason why these are good anatomic 

landmarks during dissection. 
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Planum sphenoidal is located superior and above the sella floor. The optic 

protuberances were identified on both sides laterally to the planum sphenoidal. 

Laterally to the sellar fossa, the carotid protuberance was identified with its two 

parts: superiorly the sellar carotid protuberance and inferiorly the clival carotid 

protuberance. Between the optic and carotid protuberance, the opticocarotid 

recess, which represents the base of the anterior clinoid processes, was 

identified. The thin bone of the sellar fossa was easily fractured by a sharp 

dissector or a diamond drill to expose the sellar dura. To access the parasellar 

region, the extended endoscopic endonasal transsphenoidal approach facilitated 

by removing the superior and middle turbinate and posterior ethmoidectomy 

allowed the exposition of the inferior portion of the CS. 

The exposition of the lateral wall of the CS required using the endonasal 

ethmoido-pterygo-sphenoidal approach. During this procedure, the uncinate 

process wasresected. Then after identifying the ethmoid bulla, the anterior and 

then the posterior ethmoidal cells were exposed and removed. The medial wall 

of the CS was exposed by a 30°endoscope introduced through the contralateral 

nostril (contralateral endoscopic endonasal transsphenoidal approach) (72). 



42 

 

 
 

 
 

 
 
 

 
 

 
 
 
 

 

Results 
 

 

 
 

 

 



43 

1. Parasellar ICA: 

Two segments are distinguished along the parasellar ICA: cavernous and 

paraclinoidal. The cavernous ICA is the continuation of the paraclival ICA. It 

can be subdivided from proximal to distal into the short vertical segment 

(corresponding to the posterior vertical and posterior genu), horizontal segment, 

anterior genu and anterior vertical (figure 25). The paraclinoidal ICA begins as 

the artery emerges from the CS, which is marked by the middle clinoid when 

present. It extends at the roof of the CS, between the proximal and distal dural 

rings, bordered by the lateral optic-carotid recess superolateraly (figure 26) (9). 
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Figure 25: representation of the segments of the parsellar ICA. A: highlighting the anterior 

vertical segment (which transition into the paraclinoidal ICA as it emerges from the CS)  

and the anterior genu. B: highlighting the horizontal and posterior genu segment of the ICA. 

C: highlighting the posterior vertical segment which is a continuation of the paraclival  

carotid artery. 
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Figure 26: Endonasal perspective of the exposed parasellar region. 

A: neurovascular relationships in the parasellar region 

B: representation of the segments of the ICA. 



46 

2. Superior compartment of the CS: 

The roof of this compartment is marked by the interclinoidal ligament 

which extends from the posterior to the anterior clinoid process. Medial and 

anterior to this dural band, the paraclinoidal ICA runs, while the oculomotor 

nerve courses just lateral and posterior. The oculomotor nerve (CN III) runs in 

the lateral wall of this compartment, in between the two dural layers. This 

interdural segment, filled with CSF, is defined as the oculomotor cistern. The 

nerve courses anteriorly and upwards into the most superior aspect of the lateral 

wall of the CS, and emerges laterally to the anterior genu of the ICA (figure 27) 

(9). 

 

 

Figure 27: location of the superior compartment in relation to the ICA: 
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 Surgical Nuances 

The removal of the anterior wall of the CS allows the exploration of the 

superior compartment which facilitates the lateral displacement of the carotid 

artery and direct section within this area. The tumors invading this compartment 

are more likely to extend to the medial wall of the CS and consequently are 

easily approached through this wall. In this case, gentle medial-to-lateral ICA 

mobilization is performed with the suction shaft while a second surgical 

instrument is used to remove the tumor. 

This dissection can be performed with 0-degree endoscopes, but the use of 

angled scopes maximizes visualization, especially of the dorsal aspect of the 

anterior genu of the ICA. The portion of the oculomotor nerve located laterally 

to the anterior genu of the ICA is the most vulnerable and is not an area easily 

accessible from a medial to lateral trajectory (9). 
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3. Posterior compartment of the CS: 

The MHT originates from the posterior genu of the ICA. This vessel may 

further branch into the tentorial artery, the inferior hypophyseal artery, and the 

dorsal meningeal, although these 3 vessels may also arise directly from the ICA. 

The inferior hypophyseal artery travels in a lateromedial trajectory toward the 

dura covering the sellar floor, while the dorsal meningeal artery takes a posterior 

and inferomedial trajectory toward the dura of the dorsum sella. The CN VI runs 

at the most inferior portion of this compartment as it passes through Dorello’s 

canal to enter the CS, just behind the ICA, after losing the dural layer protecting 

it. It lies above the most medial aspect of the petrous apex and is bordered 

posteriorly by the petro-sphenoidal ligament (9) (figure 28) 

 

Figure 28: exposure of the postero-lateral compartment of the CS by pushing the abducens 

nerve downwards by the dissector: 
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 Surgical Nuances 

Lateral mobilization of the short vertical and posterior genu segments of 

the ICA is needed to gain access posterior to the cavernous ICA. Coagulation 

and transection of the inferior hypophyseal artery may be necessary. The 

presence of the abducens nerve at the floor of this compartment is marked by the 

short vertical segment of the ICA, and can be confirmed by electrostimulation 

(9). 

 

4. Inferior compartment of the CS: 

In this compartment the sympathetic plexus courses along the short vertical 

and the horizontal segments of the ICA. Located medially to the abducens nerve, 

it runs an oblique route from the surface of the ICA to join the sixth cranial 

nerve. The latter lay just inferior and lateral to the horizontal segment of the 

ICA, at the transition between the inferior and lateral compartments (figure 29) 

(9). 
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Figure 29: location of the inferior compartment in relation to the ICA and the abducens 

nerve: 

 

 Surgical Nuances 

Maxillary nerve entering the foramen rotundum and the inferior wall of the 

CS extending laterally to the CS anterior are anatomical landmarks that enable 

the extension of the opening of the dura laterally and inferior to the anterior 

genu and horizontal ICA, and in front of the short vertical ICA segment. 

Intraoperative echo Doppler is very useful in identifying the trajectory of the 

ICA before opening the dura, which is performed using a right-angled knife with 

a blunt tip. The sympathetic plexus runs medial to the abducens nerve. Electrical 

stimulation can help the identification of the abducens nerve lateral, inferior, and 

parallel to the horizontal ICA and enable its distinction from the sympathetic 

nerve (9). 
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5. Lateral compartment of the CS: 

We identify the oculomotor (figure 30), trochlear nerves (figure 31), the 

first division of the trigeminal nerve (figure 32), as well as the abducens nerve 

which is located at the transition point between the inferior and lateral 

compartments. Arising from the horizontal segment of the horizontal, the arterial 

branches of the inferolateral trunk run from medial to lateral where they 

distribute along the lateral wall of the CS (9). 

 

 

 

Figure 30: exposure of the lateral compartment of the CS after lateralization of the horizontal 

segment of the ICA by the dissector 
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Figure 31: exposure of the course of the trochlear nerve by pushing the oculomotor nerve 

upwards by the dissector 

 
Figure 32: exposure of the first division of the maxillary nerve by dissection of the lateral 

wall of the CS: 
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 Surgical Nuances 

Tumors in this compartment commonly involve the lateral wall of the CS, 

in which case complete resection can risk CN injury. Surgical access requires 

exposure of the anterior wall of the CS, paraclinoidal ICA and the anterior genu 

segment of the cavernous ICA laterally up to the superior orbital fissure. The 

dura is opened in front of the anterior genu segment of the cavernous ICA, 

starting from the inferior compartment and advancing superiorly and anteriorly 

with a blunt tip, right-angled knife. The extent of the exposure can be marked by 

the optic and maxillary struts, superiorly and inferiorly, respectively. An echo-

Doppler device and neuronavigation can be used to enable accurate mapping of 

the carotid artery. A surgical corridor needs to be developed between the 

anterior genu/ horizontal ICA and the CNs in the lateral wall of the CS. 

To mobilize (from lateral to medial) the cavernous ICA and paraclinoidal 

ICA, the lateral aspect of the proximal ring requires partial sectioning. 

Coagulation and division may prove to be necessary in case of an encounter of 

the arterial branches of the inferolateral trunk. Tumors can be carefully removed 

between the cavernous ICA and CNs with the assistance of electrostimulation to 

identify the oculomotor, trochlear, and especially abducens nerves (9). 
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A. Instrumentation: 

1. Endoscopic equipment and instruments: 

The endoscopic endonasal approach employs a 0-degree endoscope (figure 

33), 4-mm in diameter (or 2.7-mm for narrow nostrils), and 18-cm (for nasal 

stage) or 30 cm (for sellar stage) in length (Karl Storz Endoscopy, Tuttlingen, 

Germany) (figure 34). Angled endoscopes (30° and 45°) can be used to achieve 

a larger visual field in the parasellar area. A digital endoscopic 3-CCD FullHD 

video camera (35) connected to the endoscope provides clear endoscopic images 

and the capacity for digital archiving. A cleaning system with pedal control is 

used to reduce the necessity of removing the telescope from the nasal cavity to 

clean the lens every time vision becomes unclear (75). 

 

 

Figure 33: Karl Storz HOPKINS 0 degree rigid telescope: (73) 
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Figure 34: karl storz basic set including monitor, camera control unit, light source & light 

cable (73) 

 

Figure 35: Karl storz 3-CCD FullHD video camera (74) 
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At the end of the approach phase and during the tumor removal phase, 

some authors (106) use a mechanical holder for the endoscope to allow the 

surgeon to work with both hands. The camera zoom allows a close-up view of 

anatomical features of better definition and the positioning of the endoscope 

further away from the surgical field, reducing the risk of contamination of the tip 

of the telescope. Surgical instruments must be in order so that they may be 

inserted parallel to the endoscope and must be equipped with variously angled 

tips in order to provide vision at corners (77). We employed a high-speed 

electric micro drill to open bone (Anspach, Palm Beach Gardens, Florida, USA) 

(figure 36). It is equipped with an extra-long, low-profile handpiece (3–4mm 

diameter, 15 cm long, and 20° angle attachment), and a diamond burr of small 

diameter (2–4 mm). 

 

 

Figure 36: ANSPACH  EG1 High Speed Electric System (178) 
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Instruments used for the standard endoscopic transsphenoidal approach 

(Karl Storz Endoscopy, Tuttlingen, Germany) can be used for extended 

approaches. Specifically designed skull base instrumentation has been 

developed, equipped with variously shaped and longer tips, offering a deeper 

access to pathological material and enabling more effective dissection. 

2. Technical Adjuncts: 

Although much success has been achieved in the field of endoscopic 

endonasal surgery, there remains a need for image-guided systems, providing 

information for midline orientation and trajectory, and offering precision in 

defining the extent of planum removal. Echo-Doppler (figure 37) enable the 

precise localization of the ICA before the incision of the CS wall and its 

visualization within the tumor stroma, as well as allow maximum navigation of 

the operative field (76). 

 

 

Figure 37: mizuho vascular Doppler systems. (79) 
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Modern neuronavigation (figure 38) systems using a magnetic field, termed 

magnetic digitizers, help the identification of the lesion and its location relative 

to crucial neural structures and decide on the optimal trajectory. They are 

especially suitable for endoscopy by allowing more continuous navigation and 

avoiding interruptions due to the body of the surgeon and/or the endoscope itself 

coming between the pointer and the optic system. 

 

Figure 38: workflow of traditional neuronavigation (80) 

Intraoperative MRI or CT scans are useful additions to surgery, providing a 

more objective assessment of the resection level of a tumor and its relationship 

with surrounding tissues. 
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B. Indications: 

A wide variety of lesions can involve the CS. The most commonly 
encountered is pituitary adenoma invading the medial wall of the CS, followed 
by meningiomas extending into the CS or arising from its walls. Primary tumors 
arising within the CS are rare and include lymphoma, schwannoma, 
hemangioma, and chondrosarcoma. 

Based on the general surgical rule of removing extradural tumors by an 
extradural approach, many authors (81) believe that endoscopic endonasal CS 
surgery should be used in case of lesions with an extradural location. In the case 
of Macroadenoma, the presence and extent of CS involvement are defined 
during surgical planning. The Knosp-Steiner classification provides a useful 
determination of the extent of tumor invasion relative to the ICA. If complete 
tumor resection is a surgical goal, the presence of tumor within the lateral CS 
may indicate a transpterygoid approach for lateral exposure (82). 

The use of an extradural approach allows the avoidance of any brain 
manipulation, and access to the CS through its medial wall in its sellar or 
sphenoidal part which is devoid of any cranial nerves, and surgical proceeding 
through surgical corridors with no or low risk of cranial nerve damage. In the 
case of intradural growth, a craniotomic approach or a combined or multistaged 
craniotomic and endoscopic approach would be preferred. 

C. Surgical techniques: 

Tumors involving the cavernous sinus might be approached by different 
surgical techniques: the midline transsphenoidal endoscopic approach (MTea), 
the ethmoid- pterygoidsphenoidal endoscopic approach (EPSea) and only 
occasionally the trans- maxillopterygoid endoscopic approach (TMPea) (figure 
39). 
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The selected approach depends on the compartments involved by the 

tumor. An MTea is more adapted to lesions invading the medial and 

posterosuperior compartments. When located in the anteroinferior and lateral 

compartments or invading the entirety of the CS, tumors are best approached by 

the EPSea. Otherwise, a tumor extending from the lateral compartment through 

the foramen rotundum to the pterygo- maxillary fossa need the use of the 

TMPea. 

 

 

Figure 39: Illustration depicting the endoscopic endonasal approaches to the CS. (A) 

Transsphenoidal transsellar approach. (B) Transethmoidal transsphenoidal parasellar 

approach. (C) Transmaxillary transpterygoid approach. (82) 
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1. Positioning and preparation of the patient: 

Surgery is performed under general anesthesia using orotracheal intubation. 

The periumbilical skin is routinely prepared for future harvest of a free fat graft. 

Preoperatively, 4% cocaine is applied to cottonoid pledgets to prepare the nasal 

cavity (figure 40). As indicated by certain authors, as Th. Schwartz a lumbar 

puncture or lumbar drain with intrathecal fluorescein administration is used to 

assist in detecting intraoperative cerebrospinal fluid leaks (CSF). 

In the extended approaches, a 3-point Mayfield–Kees skeletal fixation is 

used, and the patient's head is turned 10°–15° toward the surgeon, who is usually 

on the right side of the patient. 

It is recommended that the neck be extended or flexed for approximately 

10°–15° during surgery. The extension is necessary for suprasellar approaches, 

which require a more anterior trajectory so that the endoscope and surgical 

instruments will not hit the patient's chest. 

It is useful for delineating the extent of tumors and their relationship to the 

carotid artery with magnetic resonance imaging (MRI) and computed 

tomography angiography. 

The oropharynx is packed with moist gauze to prevent blood and secretions 

from the operative site to reach the stomach. 
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Figure 40: preoperative preparation of the nasal cavity by applying cotton soaked with 

naphazolin in the sephenoethmoidal recess 

2. Approaches: 

2.1. Midline Transsphenoidal Endoscopic Approach 

 

Figure 41: schematic drawing of the transsphenoidal endoscopic approach: (83) 
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The transsphenoidal transsellar approach (figure 41) to the CS has 

substantial overlap with the endoscopic approach for resection of pituitary 

tumors, and is used to completely remove a pituitary adenoma that has invaded 

the CS. The surgical procedure can be divided into 3 stages: approach phase, 

tumor removal and closure. 

2.1.1. Stage I: Approach Phase 

With the use of a 0-degree endoscope, the inferior margin of the middle 

turbinate is followed toward the nasopharynx to expose the posterior nasal 

cavity and the choana. The lateral dislocation of the middle (figure 42) and 

upper turbinate allows identification of the sphenoethmoidal recess and the 

sphenoid ostium which sometimes is hidden by the superior turbinate (figure 

43). 

 

 

Figure 42: Lateralization of the Middle turbinate 
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Figure 43: exposure of the right sphenoidal ostium after the removal of the inf 1/3 of the sup 

turbinate 

A posterior septectomy ( figure 44) is performed to permit a 2-nostril, 4-

handed surgical technique and greater maneuverability of surgical instruments, 

by coagulation of the posterior nasal mucosa from 5mm above the choana 

superiorly to the sphenoid ostium, and extending the coagulated area to the 

corresponding portion of the nasal septum (1–5–2 cm circa) (75). The shaver is 

very useful in this stage of surgery and allows a bloodless exposure of the 

sphenoethmoidal recess. 

 
Figure 44: Removal of the posterior part of the nasal septum: 
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The anterior sphenoidotomy is begun by progressive enlargement of the 

sphenoid ostium to access the contralateral one or by drilling the sphenoidal 

rostrum. This sphenoidotomy (figure 45) should be wide, extending from the 

roof to the floor of the sphenoid sinus vertically and exceeding the sphenoidal 

ostia laterally . All the sphenoidal septa have to be removed. The sphenoidal 

mucosa may be preserved because the wide opening of the natural ostia avoids 

the risk of postoperative mucocele; preserving the mucosa permits a faster 

postoperative stabilization of the sphenoid cavity with a decreased incidence of 

sphenoidal inflammatory sequels (4). 

 

Figure 45: opening of the sphenoid sinus: 

The recognition of some landmarks is important for the correct orientation 

and bone opening: the sellar floor is at the center, the sphenoethmoid planum 

above it and the clival indentation below; the bony prominences of the optic 

nerve above and the intracavernous carotid artery (ICA) below are identified 

lateral to the sellar floor, between them, the lateral opto-carotid recess, molded 

by pneumatization of the optic strut of the anterior clinoid process. 
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The opening of the sellar floor (figure 46) is performed using a drill and is 

enlarged using the Kerrison rongeur. It should be wide, from the superior to the 

inferior intercavernous sinus and from one cavernous sinus to the other. The 

bone overlying the invaded cavernous sinus must be carefully removed (figure 

47) from the optic- carotid recess to the paraclival carotid protuberance 

vertically and 1 cm laterally to the sella, exposing the main bulge of the 

parasellar carotid artery. 

 
Figure 46: Opening of sella floor with drill and enlargement with Kerisson 

 
Figure 47: removal of the anterior and inferior wall of the left CS 
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2.1.2. Stage II: Exposure of the CS and tumor removal. 

The dural opening (figure 48), in a cruciate fashion, starts in the sellar area, 

and the sellar part of the tumor is resected first. Then the lateral wall of the sella 

is explored with the use of an angled ring curette bent in a “hockey-stick” 

configuration. A defect is frequently encountered by palpation alone which 

indicates the site of CS invasion (82). Then we enlarge the defect of the medial 

wall created by the tumor itself, or more rarely, make an incision in the medial 

wall in a safe area (which is normally located in the posterior two-thirds of the 

medial wall). Recognition of this ‘safe’ area requires identification of the bulge 

of the tumor and accurate mapping of the course of the ICA by using direct 

vision, micro-Doppler, and neuronavigation (4). 

 
Figure 48: opening of the dura of the sella: 

Switching from a 0-degree endoscope to a 30° angled one allows the 

visualization beyond the edge of the sellar opening to identify residual lesions 

within the cavernous sinus (figure 49) without risk of neural damage. Because 

the bone has been removed over the CS, the carotid can be gently retracted 

laterally to increase the exposure of the contents of these compartments. 
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Figure 49: Removal of the right intracavernous part of the Macroadenoma: 

 

2.1.3. Stage III: Exploration and Closure: 

At the end of the removal phase, a free-hand exploration into the surgical 

field using angled 30° and 45° optic scopes is recommended. Once the tumor 

has been resected, increased venous bleeding may be encountered, which 

usually responds to packing with cottonoid and application of thrombin-soaked 

gel foam. 

Whenever a CSF leak is detected or suspected, a multilayer repair is 

performed by applying autologous fat in the cavity, a piece of bone or cartilage 

(if available) extradurally, and a mucoperiosteal flap across (from the middle 

turbinate or from the septum) (81) . To have a viable graft the mucosa should be 

removed and the graft should be applied directly over the bleeding surface 

(figure 50). Finally, the middle turbinate is returned to its original position. 

Nasal packing is not routinely required. 
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Figure 50: Closure using a left nasoseptal flap 

 

2.2. Lateral approach to the CS: Ethmoido- Pterygo- Sphenoidal 

Endoscopic Approach (EPSea). 

 

Figure 51: schematic drawing of the ethmoido-pteyro-sphenoidal endoscopic approach: (83) 
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EPSea (figure 51) is reserved for tumors invading the anteroinferior and/or 

the lateral compartments or the entirety of the CS. This procedure is the most 

versatile, allowing total exposition of the cavernous sinus with the possibility of 

simultaneous direct control of all of its compartments. The procedure can be 

schematically divided into 3 stages. 

2.2.1. Stage I: the approach to the parasellar area: 

It requires an ethmoidal route through a middle turbinectomy (figure 52-

53) and complete monolateral ethmoidectomy (figure 54 ), followed by the 

sphenoidotomy. The medial portion of the posterior wall of the maxillary sinus 

is therefore resected to expose the posterior wall of the maxillary antrum and the 

vertical process of the palatine bone. After coagulation or clipping of 

pterygopalatine artery in the foramen, the vertical process is drilled out and the 

medial pterygoid process exposed (84). Its resection allows reaching the 

inferolateral portion of the CS. 

 

Figure 52: Infiltration and middle turbinectomy: 
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Figure 53: Bulla and uncinate process after removal of the Middle turbinate 

 

 

Figure 54: Posterior ethmoidectomy. 



73 

2.2.2. Stage II: Opening of the CS and Removal of the Tumor 

We divide the opening phase into two steps: removal of the bone in front of 

the CS, and opening of its dura. To expose the anterior CS (figure 55), a 

quadrilateral-shaped bone should be removed (posterolateral wall of the 

sphenoid sinus) located between the optic-carotid recess and the paraclival 

carotid protuberance medially, and the orbital apex (figure 56) and the 

trigeminal nerve protuberance laterally. It’s mandatory to mark the vidian canal 

on the floor of the sphenoidal sinus as a landmark (it indicates the junction of 

the horizontal, petrosal part of the carotid artery with the ascending paraclival 

segment of the vessel) and, therefore, is a guide to the inferior portion of the 

cavernous sinus (figure 57) (4). 

The use of neuronavigation and echo-Doppler probe allows a safe opening 

of the inferior cavernous sinus wall (or sphenoidal part of the medial wall) by 

locating a safe area away from the carotid artery which is usually displaced by 

the tumor. 

 

Figure 55: Exposure of sella floor and the anteroinferior wall of the right CS 
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Figure 56: exposure of the CS and medial wall of the orbital apex: 

 

Figure 57: Drilling of the lateral part of anteroinferior wall of the CS 

 

2.2.3. The last stage 

Similar to the previous approach, it consists of a final exploration through 

30 and 45° angled endoscopes and closure of the surgical defect. Bleeding from 

the CS is usually not significant and can be controlled with hemostatic 

absorbable material. 
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2.3. Pterygo- Maxillary Endoscopic Approach (PMea) 

 

Figure 58: schematic drawing of the petrygo-maxillary endoscopic approach: (83) 

 

The transmaxillary transpterygoid approach (figure 58) is used to gain 

exposure to lesions of the lateral CS or tumor extending into the 

pterygomaxillary fossa. It is the combination of an EPSea and an endoscopic 

medial maxillectomy. 

The procedure starts with a sphenoethmoidotomy ipsilateral to the CS 

involved, followed by resection of the inferior turbinate. Then the vertical 

portion of the maxillary bone is drilled out and the medial wall of the maxillary 

sinus is removed (figure 59), allowing a wide exposition of the lateral and 

posterior wall of the maxillary sinus. 

The nasolacrimal duct is transected immediately below the lacrimal sac in 

order to maintain its patency. The outline of the vidian canal can be identified on 

the floor of the sphenoid sinus. Careful drilling anteriorly along the 
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superomedial surface of the canal allows preservation of the nerve and 

associated sphenopalatine ganglion while drilling posteriorly along this same 

tract leads to the petrous ICA and the foramen lacerum, located below the level 

of the CS (82). The posterior bone of the maxillary sinus is removed up to the 

course of the infraorbital nerve, and the periostium of the pterygomaxillary fossa 

is exposed. The landmarks are the vidian canal with the vidian nerve medially 

marking the paraclival portion of the ICA; laterally and inferiorly, the maxillary 

artery and the pterygoid muscles, and superiorly, the infraorbital nerve and the 

maxillary division following which, by passing through the foramen rotundum, 

makes it possible to arrive in the inferolateral compartment of the CS (4). 

After taking of sphenoid sinus mucosa, and bone removal over the anterior 

CS proceeds as described previously. Once the CS is entered, the abducens 

nerve may be identified in the lateral side of the carotid artery. The CN (3rd, 4th, 

and V1th) within the lateral wall and are less prone to direct injury. 

 

Figure 59: endoscopic medial maxillectomy: 
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3. Reconstruction: 

In all cases with substantial venous bleeding, the addition of intrathecal 

fluorescein as a surgical adjunct may significantly improve the chance of 

detecting an intraoperative CSF leak. In the midline approach, whenever a CSF 

leak is detected or suspected, a multilayer repair is performed by applying 

autologous fat in the cavity, a piece of bone, or cartilage (if available) 

extradurally and a mucoperiosteal flap across (figure 60) (from the middle 

turbinate or from the septum) (81). In the transethmoidal transsphenoidal 

parasellar approach only the dura of the anterior CS typically opens, and the 

application of hemostatic agents such as FloSeal (Baxter, Deerfield, IL) may be 

sufficient closure. Defects resulting from the transmaxillary transpterygoid 

approach may extend far laterally into the pneumatized sphenoid bone, which 

predisposes to postoperative CSF leak if the closure is not adequate (82). 
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Figure 60: reconstruction of sellar defects with a nasoseptal flap. (A-B) endoscopic view of 

the harvesting of a right nasoseptal flap starting in the level of choana and running the floor of 

the nasal fossa. (a) Schematic drawing of the elevation of the NSF from the nasal septum. (b) 

placement of the NSP into the sellar defect. 
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4. Complications: 

Like in all endonasal surgical procedures, there are rhinological 

complication to the CS approach including sinusitis, crusting, synechiae, 

epistaxis, vestibular burns, and orbital injury. 

Postoperative CSF leak may be encountered with any approach, as well as 

subsequent intranial hypotension and meningitis, and particularly the transsellar 

approach when large dural opening is present, or in the transpterygoid approach 

when an occult dural entry goes unappreciated. 

Beside of theses, the most serious complication during this CS surgery are 

vascular injuries. Focal venous bleeding is generally controlled with pressure 

and hemostatic agents, while low-flow arterial bleeding requires control with 

bipolar cautery. 

High-flow arterial bleeding may require immediate embolization for 

definitive control. Direct injury to the ICA carries a high risk of stroke, although 

sacrifice may be avoided with the timely application of a covered stent by a 

neurointerventional radiologist. Pseudoanerysm and dissection of the ICA are 

additional considerations when the presentation of a cardiovascular event is 

delayed. 

Although dissection of the medial CS theoretically carries decreased risk of 

CN injury, direct visualization of the area of dissection will help to prevent 

inadvertent blunt injury or retraction of the neural structures. However, CN 

might be at risk of injury whenever dissection involves the lateral CS. The 

abducens nerve is particularly vulnerable because of its more medial course 

through the lumen of the CS, whereas the other CNs are relatively sheltered 

within the lateral wall of the CS (82). 
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The introduction of the endonosal endoscopic approach to the CS allowed a 

wider exposure of the parasellar region, and offered surgical corridors that were 

associated with a lower risk of neurovascular injury. Three distinct endoscopic 

approaches to this structure have been described. 

While endonasal endoscopic techniques were linked to a lower rate of 

operative morbidity and higher rate of resection, a multidisciplinary 

collaboration between neurosurgeons, radiologists and otolaryngologists is 

needed, as well as careful preoperative examination of imagery. 

Neuronavigation and echo-doppler are important adjuncts to CS surgery. 

Thorough understanding of the endoscopic anatomy of the CS is crucial in 

the skull base surgery. Our aim was to add our experience of endoscopic 

exploration of the CS to the existent studies of the endoscopic anatomy of this 

structure, and review the endoscopic approaches, their limitations, as well as 

relevant anatomical landmarks. 
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Abstract 

Title: Cadaveric study of the endoscopic approach of the cavernous sinus 
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Introduction: CS surgery has always represented a surgical challenge due to the great 

importance of the surrounding structures and to the high morbidity associated to it. Knowledge of this 

architecture is essential to perform effective and safe surgery in this region. The introduction of 

endoscopy in the endonasal transsphenoidal pituitary surgery allowed a wider surgical view, including 

exposure of the CS and, more recently, to remove tumors located within the CS. 

Objective: The aim of this study was to recognize the endoscopic anatomy of the CS and 

explore the endoscopic endonasal approaches to this structure. This information will facilitate surgical 

procedures and decrease the rate of surgical complications. 

Materials and methods: 3 fresh injected cadavers were studied bilaterally (n = 6). Endoscopic 

dissections using Karl Storz 0° and 30°, 4 mm, 18 cm, and 30 cm rod lens rigid endoscope were 

performed in the Skull Base Laboratory at Weill Cornell Medical College in New York USA, to 

access the CS. 

Results: In the 3 cadavers, the CS and superior orbital fissure were exposed with an extended 

endoscopic endonasal approach. The anteroinferior portion of the CS was exposed by removing the 

posterior ethmoidal cells and the superior and the middle turbinates (extended endoscopic endonasal 

transsphenoidal approach). The lateral wall of the CS was exposed by removing the posterior and the 

anterior ethmoidal cells (endonasal ethmoido-pterygo-sphenoidal approach: far lateral), while the 

medial wall was exposed by introducing the 30° endoscope through the contralateral nostril 

(contralateral endoscopic endonasal transsphenoidal approach). 

Conclusion: Endoscopic study of the CS in cadaver dissections offers anatomical knowledge 

that is essential for endoscopic skull base surgery and treatment of various pathologies in this region. 

In this study, we reviewed the different approaches with an endoscopic view and identify the 

neurovascular relations. 
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Introduction: La chirurgie du SC a toujours représenté un défi chirurgical en raison de la grande 
importance des structures environnantes et de la forte morbidité qui y est associée. La connaissance de 
cette architecture est essentielle pour effectuer une chirurgie efficace et sûre dans cette région. 
L'introduction de l'endoscopie dans la chirurgie hypophysaire endonasale transsphénoïdale a permis 
une vue chirurgicale plus large, y compris l'exposition du SC et, plus récemment, la résection des 
tumeurs situées dans le SC. 

Objectif: Le but de cette étude était de reconnaître l'anatomie endoscopique du SC et d'explorer 
les approches endonasales endoscopiques de cette structure anatomique. Ces informations faciliteront 
les interventions chirurgicales et réduiront le taux de complications chirurgicales. 

Matériel et méthodes: 3cadavres frais et injectés ont été étudiés bilatéralement (n = 6). Des 
dissections endoscopiques utilisant l'endoscope rigide à lentille à tige Karl Storz 0 ° et 30 °, 4 mm, 18 
cm et 30 cm ont été réalisées au Laboratoire de la Base du Crane du Collège de Médecine de Weill 
Cornell à New York, États-Unis, pour accéder au SC. 

Résultats: Dans les 3 cadavres, le SC et la fissure orbitale supérieure ont été exposés avec une 
approche endonasale endoscopique étendue. La partie antéro-inférieure du SC a été exposée en retirant 
les cellules ethmoïdales postérieures et les cornets supérieurs et moyen (approche endoscopique 
endonasale transsphénoïdale étendue). La paroi latérale a été exposée en enlevant les cellules 
ethmoïdales postérieures et antérieures (approche endonasale ethmoïdo-ptérygo-sphénoïdale: latérale), 
tandis que la paroi médiale a été exposée en introduisant l'endoscope à 30 ° par la narine controlatérale 
(endoscopie endonasale transsphénoïdale controlatérale). 

Conclusion: L'étude endoscopique du SC dans les dissections de cadavres offre des 
connaissances anatomiques essentielles pour la chirurgie endoscopique de la base du crâne et le 
traitement de diverses pathologies dans cette région. Dans cette étude, nous avons passé en revue les 
différentes approches du sinus caverneux avec une vue endoscopique en identifiant les relations 
neurovasculaires. 
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 ملخص

 : دراسة جثة للمقاربة التنظیریة للجیب الكھفيالعنوان

  : مونى یوجیلالمؤلف

 : الأستاذ أباد شریف العسريالمشرف

 الجیب الكھفي ، تشریح جثة ، التنظیر. :الكلمات الأساسیة

 

محیطة : لطالما كانت جراحة الجیب الكھفي تمثل تحدیاً جراحیاً نظرًا لأھمیة التركیبات التشریحیة المقدمة

والمضاعفات المرتبطة بھا. إن معرفة ھذه البنیة ضروري لإجراء جراحة فعالة وآمنة في ھذه المنطقة. أتاح إدخال 

التنظیر الداخلي في جراحة الغدة النخامیة عبر الأنف عرضًا جراحیاً أوسع ، بما في ذلك الكشف عن الجیب الكھفي ، 

 الكھفي. ومؤخرًا إزالة الأورام الموجودة داخل الجیب

: الھدف من ھذه الدراسة ھو التعرف على التشریح بالمنظار للجیب الكھفي واكتشاف المناھج التنظیریة الھدف

داخل الأنف لھذا التركیب التشریحي. ھذه المعلومات ستسھل العملیات الجراحیة وتقلل من معدل المضاعفات 

 الجراحیة.

كارل  التشریح بالمنظار تم باستخدام ).6قونة ثنائیا (ن=: تم دراسة ثلاث جثث حدیثة محوالطرق الاسالیب

الجامعة  قاعدة الجمجمة في سم في مختبر 30سم و 18مم و 4و °  30و °  0ذو العدسة القضیبیة بزاویة شتورتس 

   للوصول إلى الجیب الكھفي.بالولایات المتحدة الامزیكیة  نیویوركمدینة في الطبیة وایل كورنیل 

جثث الثلاثة ، تم الكشف عن الجیب الكھفي والشق المداري العلوي من خلال نھج داخلي ممتد في ال :النتائج

بالمنظار. تم الكشف عن الجزء الأمامي السفلي من الجیب الكھفي عن طریق إزالة الخلایا الغربالیة الخلفیة 

شف عن الجدار الجانبي للجیب ). تم الك والتوربینات العلویة والوسطى (نھج تنظیري عبر الأنف و الجیب الوتدي

الوتدي: جانبي بعید)  - الجناحي  -الكھفي عن طریق إزالة الخلایا الغربالیة الخلفیة والأمامیة (النھج الأنفي الإثمودي 

درجة من فتحة الأنف المقابلة  30، بینما تم الكشف عن الجدار الإنسي عن طریق إدخال المنظار الداخلي بزاویة 

 الأنف و الجیب الوتدي المقابل). (نھج تنظیري عبر

جثة معرفة تشریحیة ضروریة لجراحة قاعدة  : توفر الدراسة بالمنظار للجیب الكھفي في تشریحالخلاصة

الجمجمة بالمنظار وعلاج الأمراض المختلفة في ھذه المنطقة. في ھذه الدراسة ، راجعنا الطرق المختلفة للولوج 

 حددنا العلاقات العصبیة و الوعائیة.الجیب الكھفي بمنظار داخلي و الى
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considération politique et sociale ne s'interposera entre mon devoir 

et mon patient. 

 Je maintiendrai le respect de la vie humaine dès la conception. 

 Même sous la menace, je n'userai pas de mes connaissances 

médicales d'une façon contraire aux lois de l'humanité. 

 Je m'y engage librement et sur mon honneur. 

 



 

 

 بسم ا الرحمان الرحيم

 أقسم با العظيم

 :هذه اللحظة التي يتم فيها قبولي عضوا في المهنة الطبية أتعهد علانيةفي 

 بأن أكرس حياتي لخدمة الإنسانية. 

 وأن أحترم أساتذتي وأعترف لهم بالجميل الذي يستحقونه. 

 ريضي هدفي الأولوأن أمارس مهنتي بوازع من ضميري وشرفي جاعلا صحة م .  
 وأن لا أفشي الأسرار المعهودة إلي.  
 وأن أحافظ بكل ما لدي من وسائل على الشرف والتقاليد النبيلة لمهنة الطب.  
 وأن أعتبر سائر الأطباء إخوة لي.  
 وأن أقوم بواجبي نحو مرضاي بدون أي اعتبار ديني أو وطني أو عرقي أو سياسي أو اجتماعي.  
 وأن أحافظ بكل حزم على احترام الحياة الإنسانية منذ نشأتها.  
 وأن لا أستعمل معلوماتي الطبية بطريق يضر بحقوق الإنسان مهما لاقيت من تهديد.  
 بكل هذا أتعهد عن كامل اختيار ومقسما با.  

  
 .وا على ما أقول شهيد
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 طرف نم
 

  بمكناس 1995شتنبر  21 المزدادة في

 
 
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