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GROSS ANATOMY OF THE CAVERNOUS SINUS.
The cavernous sinuses are paired dural venous sinuses. The cavernous sinus is located on either side of the pituitary fossa and body of the sphenoid bone between the endosteal and meningeal layers of the dura. It spans from the apex of the orbit to the apex of the petrous temporal bone. Unlike other dural venous sinuses, it is divided by numerous fibrous septa into a series of small caves, which is where its name is derived from. The normal lateral wall should be either straight or concave. 

Boundaries

Roof: fold of dura mater attached to the anterior and middle clinoid processes

Anterior wall: medial end of the superior orbital fissure

Posterior wall: petrous apex

Medial wall: endosteum overlying the body of the sphenoid bone

Lateral wall: dura mater from the ridge of the roof to the floor of the middle cranial fossa

Floor: endosteum overlying the base of the greater wing of the sphenoid bone

Relations

Superiorly: middle cerebral artery, optic chiasm

Anteriorly: apex of the orbit

Posteriorly: cerebral peduncle

Medially: pituitary fossa, pituitary gland

Laterally: temporal lobe (medial surface), Meckel's cave (posteroinferiorly)

Inferiorly: sphenoid sinus

Vascular connections

· It receives venous blood from:

· Inferior and superior ophthalmic veins

· Intercavernous sinus

· Sphenoparietal sinus

· Superficial middle cerebral vein

Occasionally,
· Central retinal vein

· A frontal tributary of the middle meningeal vein

Lymph system
Drainage of the cavernous sinus is via:

· Superior petrosal sinus to the transverse sinus

· Inferior petrosal sinus directly to the jugular bulb

· Venous plexus on the internal carotid artery (ICA) to the clival (basilar) venous plexuses

· Emissary veins passing through the

· Foramen Vesalii

· Foramen ovale: communicates between the CS and pterygoid venous plexus

· Foramen Lacerum
Depending on relative pressures the superior ophthalmic veins either drain to or from the cavernous sinus. Additionally, the cavernous sinuses connect to each other via the intercavernous sinuses.

Contents

These can be remembered with the mnemonic OTOM CAT.

Nerves

The cavernous sinus transmits multiple cranial nerves to the superior orbital fissure and foramen rotundum. These are:

In the lateral wall from superior to inferior

· oculomotor nerve (CN III)

· trochlear nerve (CN IV)

· trigeminal nerve (CN V) 
· ophthalmic division
· maxillary division: within the very inferolateral aspect of the cavernous sinus wall or even outside the sinus rather than truly within it. 
· traversing the sinus
· abducens nerve (CN VI): inferolateral to the ICA

Artery

The ICA enters the posterior inferior aspect of the sinus and bends upon itself as the carotid siphon (cavernous segment - C4). Two branches arise from this segment: meningohypophyseal trunk and inferolateral trunk. The artery is surrounded by a plexus of sympathetic nerves from the superior cervical ganglion.

Fat

Fatty deposits may be present within the cavernous sinus, especially in obese patients or in those who are taking corticosteroids.
Applied anatomy

Cavernous sinus syndrome

Cavernous sinus syndromes refer to constellations of clinical signs and symptoms referable to pathology within or adjacent to the cavernous sinus.

Clinical presentation

Patients present with multiple unilateral cranial neuropathies involving any combination of the following:

· ophthalmoplegia  (cranial nerves III, IV, or VI), most commonly presenting as diplopia
· facial sensory loss (cranial nerves V1 and V2)
· Horner syndrome (oculosympathetic fibers)
· Pain can occur, especially with inflammatory processes.

Additional symptoms may be vascular in origin:

· Chemosis        ( proptosis

Pathology 
Causes are diverse 1-4 and may be organized by surgical sieve:

· neoplastic

· secondary (direct invasion, perineural spread, or hematogenous spread)

· head and neck tumors, e.g. nasopharyngeal carcinoma, adenoid cystic carcinoma, squamous cell carcinoma, juvenile angiofibroma

· pituitary tumors, e.g. pituitary adenoma, craniopharyngioma

· skull base tumors, e.g. chordoma, chondrosarcoma

· distant metastases, e.g. lung cancer, breast cancer

· hematolymphoid tumors, e.g. lymphoma, plasmacytoma, leukemia

· histiocytoses, e.g. Langerhans cell histiocytosis, Rosai-Dorfman disease

· primary

· meningeal tumors

· meningioma

· melanocytoma

· peripheral nerve sheath tumors

· schwannoma

· neurofibroma

· malignant peripheral nerve sheath tumor

· autoinflammatory

· Tolosa-Hunt syndrome (idiopathic inflammation)

· inflammatory pseudotumor of the skull base

· granulomatosis with polyangiitis (Wegener's)

· sarcoidosis

· hypertrophic pachymeningitis

· infection

· bacterial

· meningitis

· cavernous sinus thrombophlebitis (septic cavernous sinusitis)

· actinomycosis

· fungal

· mucormycosis

· ​​aspergillosis

· viral

· herpes zoster ophthalmicus

· vascular

· cavernous malformation (cavernous hemangioma)

· cavernous sinus thrombosis

· internal carotid artery aneurysm

· caroticocavernous fistula

· dural arteriovenous fistula

· congenital/developmental

· epidermoid cyst

· dermoid cyst

· traumatic

Cavernous sinus thrombosis

Cavernous sinus thrombosis (CST) is a rare condition, most commonly infectious in nature, and the diagnosis on imaging is not always straightforward. It has high mortality and morbidity rates.

Epidemiology

CST is rare with ~4.5 cases per 1,000,000 per year. It is the least common dural venous sinus thrombosis, accounting for <1.5% of cases.

Clinical presentation

A headache is the most common symptom (85%). Focal neurological signs and/or seizures may also occur. Isolated CN III palsy is thought to be an early manifestation.

Orbital signs can include:

· chemosis/peri-orbital swelling

· exophthalmos

Pathology

Etiology

· contiguous spread of infection, typically staph aureus (~55%):

· sinuses

· middle third of the face

· dental abscess or orbital cellulitis (less common)

· sinus compression, e.g. trauma, tumor

· procoagulable conditions, e.g. protein C/S deficiency, oral contraceptive use, malignancy, pregnancy 
· idiopathic (25%) 
The cavernous sinus drains the superior and inferior ophthalmic veins and superficial cortical veins anteriorly. Cavernous sinus thrombosis from a septic etiology occurs due to embolization of bacteria which trigger thrombosis that becomes trapped within the cavernous sinus. The subsequent reduction in venous drainage results in facial and periorbital edema, ptosis, proptosis, chemosis, painful eye movements, papilledema, retinal venous distension and loss of vision. Thrombus can propagate into the dural system as the lack of valves in the dural sinus allow flow through emissary veins into and out of the cavernous sinus

Treatment and prognosis

Primary consideration for the management of cavernous sinus thrombosis is the use of antimicrobials and antithrombotic agents. The mortality rate is up to 30%. Significant morbidity (e.g. blindness, cranial nerve palsy) in survivors not uncommon.

Complications

As the dural venous and cavernous systems are valveless, communication between dural sinuses and cerebral and emissary veins can lead to meningitis, dural empyema or cerebral abscess. Propagation of infection via the internal jugular vein can result in septic pulmonary emboli, pulmonary abscess, pneumonia or empyema. Compression of the internal carotid artery and pituitary gland may result in stroke and hypopituitarism respectively.
Caroticocavernous fistula

Caroticocavernous fistulas (CCF) represent abnormal communication between the carotid circulation and the cavernous sinus. They can be classified as direct or indirect which are separate conditions with different etiologies.  

Epidemiology

Direct CCFs are often secondary to trauma, and as such the demographics reflect the distribution of head trauma, most commonly seen in the young male patients. The presentation is acute and symptoms develop rapidly. In contrast, indirect CCFs have a predilection for the postmenopausal female patient and the onset of symptoms is often insidious.

Other conditions that predispose to increased risk include:

· Ehlers-Danlos syndrome

· fibromuscular dysplasia

· Clinical presentation

· pulsatile exophthalmos: ~75% 
· chemosis and subconjunctival hemorrhage

· proptosis

· progressive visual loss: 25-32% 
· pulsatile tinnitus (usually objective)

· raised intracranial pressure

· subarachnoid hemorrhage, intracerebral hemorrhage, otorrhagia, epistaxis: ~5% 
· cranial nerve (III, IV, V, VI) palsies
Pathology

Classification

Caroticocavernous fistulas can be classified in according to various features:

flow: high flow vs low flow

etiology: spontaneous vs traumatic

vascular anatomy

Of these, vascular anatomy is most frequently used and most broadly divides caroticocavernous fistulas into two main types:

direct: direct communication between intracavernous ICA and cavernous sinus

indirect: communication exists via branches of the carotid circulation (ICA or ECA)

The Barrow classification of caroticocavernous fistulas further characterizes fistulas according to angiographic features: 

type A: direct connection between the intracavernous internal carotid artery and cavernous sinus

type B: dural shunt between intracavernous branches of the internal carotid and cavernous sinus

type C: dural shunts between meningeal branches of the external carotid artery and cavernous sinus

type D: type B +  type C

Treatment and prognosis

The natural history of caroticocavernous fistulas is highly varied, ranging from spontaneous closure to rapidly progressive symptoms. As such therapy is similarly variable ranging from conservative expectant management to emergent endovascular or surgical intervention. 

Conservative management

As a proportion of low flow caroticocavernous fistulas spontaneously close initial conservative management of ocular symptoms is often first employed provided no high-risk features (e.g. aneurysms of feeding vessels) or severe ocular or intracranial complications are present. 

Carotid compression therapy

In addition to conservative measures, carotid-jugular compression (at the level of the carotid bulb) can be useful in the treatment of indirect fistulas resulting in closure in up to 30% of cases, presumably due to progressive thrombosis due to intermittent stagnation of blood adjacent to existing clot. In contrast, it is only successful in 17% of direct fistulas, presumably due to the higher flow through larger defect. It is important that atherosclerotic disease of the carotid bifurcation needs is excluded prior to the commencement of compression. Patients are instructed to compress the carotid bulb for 10 seconds four to six times an hour. Compression should be performed with the contralateral hand so that if symptomatic hemispheric ischemia occurs the transient paralysis results in cessation of compression.

Cavernous sinus mass

A cavernous sinus mass has a wide differential including: 

· meningioma

· orbital apical inflammation with cavernous sinus involvement (Tolosa-Hunt syndrome)

· infection 

· schwannoma 

· any of the cranial nerves traversing the cavernous sinus: III, IV, V (V1 and V2) and VI

· trigeminal schwannoma is the most common

· cavernous hemangioma

· lymphoma

· metastatic disease (i.e. perineural spread of tumor through neural foramina)

· aneurysm

· hemangiopericytoma

· neurosarcoidosis: rarely involves the cavernous sinus

· base of skull tumor

· chondrosarcoma

· osteosarcoma

· chordoma (usually midline)

· nasopharyngeal carcinoma with intracranial extension (especially in Southeast Asia).
ANATOMY OF THE NASAL WALLS
The nasal cavity

The nares serve as the entryway to the nasal cavities, which open posteriorly into the nasopharynx via the choanae. The walls of the nasal cavity include the following features:

ROOF: The roof is divided into three parts: frontonasal, ethmoidal, and sphenoidal. Each part corresponds to the underlying bone of the same name.

FLOOR: The floor consists of the palatine process of the maxilla and the horizontal plate of the palatine bone.

MEDIAL WALL: This wall is the nasal septum, which is formed by the perpendicular plate of the ethmoid bone, the vomer, cartilage, and the nasal crests of the maxillary and palatine bones.

LATERAL WALL: The lateral wall of the nose has a characteristic complex structure as a result of scrolls and projections being present on it. These projections are the superior, middle and inferior turbinates and occasionally when present, the supreme turbinate. Underlying these shelves of bone are the superior middle and inferior meati respectively. The inferior turbinate is a separate bone, while the superior and middle turbinates are parts of the ethmoid bone. The casual observer must be wary of not mistaking a hypertrophied inferior turbinate for a nasal mass or polyp. The superior turbinate is the smallest turbinate and overlies the superior meatus into which the posterior ethmoidal air cells drain. The nasolacrimal duct opens into the inferior meatus. The middle turbinate forms an important landmark from the point of view of endoscopic sinus surgery and should be preserved.

The ostiomeatal complex is a word coined by Naumann and comprises the region of the middle meatus with the anterior air cells. This is the most important area for normal sinus functioning and any pathology in this area will disrupt physiology and lead to sinus dysfunction. In the middle meatus are several important structures, which play a vital role in the pathogenesis of sino-nasal inflammatory disease. These structures also form important landmarks in sinus endoscopic surgery. Anteriorly, the first landmark is a hook shaped bone or the uncinate process. Posterior to the uncinate process is present a groove known as the hiatus semilunaris which leads into the ethmoidal infundibulum. The ethmoidal bulla is a bulge posterior to the hiatus, which hitherto was referred to as the middle ethmoidal air cell system. Present nomenclature however groups the ethmoids into only anterior and posterior air cells, and the bulla ethmoidalis is included as part of the anterior cells. The frontal sinus opens into the superior most aspect of the ethmoidal infundibulum into the fronto-nasal recess while the anterior ethmoidal cells open anteriorly into the infundibulum. The ostium of the maxillary sinus opens postero-inferiorly into the infundibulum and can be located just above the inferior turbinate. Occasionally accessory ostia of the maxillary sinus may be present. Behind the posterior end of the middle turbinate is the sphenopalatine foramen leading into the pterygopalatine fossa.

This wall is hallmarked by three nasal conchae (superior, middle, and inferior) that project inferiorly from the wall. They divide the nasal cavity into four passages that have openings to the paranasal sinuses:

The sphenoethmoid recess lies posterior to the superior concha and has the opening for the sphenoidal sinus. The superior nasal meatus lies between the superior and middle conchae and has openings to the posterior ethmoidal sinuses. The middle nasal meatus is longer and deeper than the superior nasal meatus. The frontal sinus communicates with the middle nasal meatus via the infundibulum, a passageway that opens into the semilunar hiatus (groove in the ethmoid bone). The maxillary sinus opens into the semilunar hiatus. An ethmoidal bulla (a round swelling formed by the middle ethmoidal cells, or air-filled cavities) is formed just above the semilunar hiatus. The middle and anterior ethmoidal sinuses drain into the middle nasal meatus. The inferior nasal meatus is found below the inferior nasal concha. The nasolacrimal duct opens into this meatus.

Certain anatomical variations may exist which predispose to development of recurrent infections by narrowing the middle meatus space and hampering the mucociliary drainage. Some of thesewhich is almost always deviated to one side making the interior of the sinus asymmetrical. Accessory septations may be occasionally seen within the sinus. The sinus may sometimes extend superior or inferior to the optic nerve making this anatomical variation the most dangerous. In the lateral wall of the sphenoid sinus, a superior bulge corresponds to the optic nerve whereas the infero-lateral bulge is formed by the internal carotid artery. Bulges corresponding to the maxillary nerve, and vidian nerves may also be present. The pituitary gland lies above the roof of the sphenoid sinus and can thus be approached trans-sphenoidally.

The nasal cavity is lined with nasal mucosa, except for the nasal vestibule, which is lined with skin. The mucosa over the superior one-third of the nasal cavity is the olfactory area. Air is drawn past the specialized mucosal cells called the olfactory epithelium as air is sniffed though the nose. The olfactory epithelium contains receptors of olfactory neurons that detect smells. Olfactory neurons (from CN I) join together to form nerve bundles that run up through the cribiform plate of the ethmoid bone to the olfactory bulb. The olfactory tract transmits the sensory information about smell from. 

