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ABSTRACT

The neurosurgical literature shows that the effectiveness of the main sinus outflow in its main function
depends on access to the anatomy and pathology in the presellar area and the development of
neuroimaging methods. The pathology of the cavernous sinus is often revealed in imaging tests, which are
often accompanied by other tests unrelated to the cause. Tumors located within the cavernous sinus pose a
significant challenge for surgeons. Although it is often possible to decide to opt out, it is possible. Not only
tumors can be located in the cavernous sinus and affect placement in any structure.

The aim of this work is to raise awareness of pathological conditions within the cavernous sinus.

Methods: Selected articles from Pubmed and specialist textbooks were analyzed in detail. We focused on
selected pathological conditions occurring within the cavernous sinus, which a doctor may often encounter
in his clinical work.

Conclusion: The cavernous sinus is a place where tumors and other pathologies arise. The development of
imaging diagnostics allows neurosurgeons to more precisely determine the place within the sinus that has
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changed, and access to it is quite a challenge. Numerous observations of clinical conditions are increasingly
a source of knowledge that can provide a therapeutic trial, but also speed up the detection of potential
changes.

Keywords: cavernous sinus, dura mater, optic nerve, trigeminal nerve, radiotherapy

INTRODUCTION

Much time has passed since the groundbreaking description of the cavernous sinus (CS), formerly referred
to as a surgical "no man's land", and an increasing number of studies have contributed to the understanding
of its microsurgical anatomy. [1] Awareness of the boundaries and walls included in the CS becomes a key
and necessary necessity to determine the exact orientation, among others. tumor in relation to the
surrounding neurovascular structures, but also vascular changes, infections, inflammations and injuries.
Various anatomical constraints such as hard bones and cartilage, stiff ligaments and tendons, soft fatty
tissue and loose fibrous tissues generate different pressures on the surface, among others. tumor and thus
influence its direction, expansion, size, speed and morphology of growth. [2] This effect becomes
particularly important in the skull base, where tumor growth is limited in space by the skull bones and dura
mater.

The cavernous sinus is one of the most complex areas of the skull base. Includes: cranial nerves III, 1V, V1,
V2, VI; internal carotid artery, cavernous veins and adipose tissue and fibrous tissue. [1, 3]. Tumors such as
meningiomas, neuromas, chordomas, and pituitary adenomas may extend from or drain into the cavernous
sinus, causing microanatomy distortions, which poses an additional surgical challenge for neurosurgeons.

(4]

The cavernous sinuses are two venous chambers closed by the dura mater and connected by a sinus.
Therefore, intersection of pathologies between both sides is not uncommon.Each sinus receives and drains
venous blood from the superior and inferior ophthalmic veins in turn, on both sides through the upper and
lower petrosal sinuses. [5]

Cavernous sinus syndrome involving involvement of several cranial nerves may manifest clinically as
Horner's syndrome, loss of sensation in the eyes and jaw. Cavernous sinus lesions that spread anteriorly
from the orbital apex affect the optic nerve. [6]

Fernandez and other researchers in a study of 126 patients identified cancer (63%), vascular lesions (20%),
inflammatory conditions such as Tolosa-Hunt syndrome (13%), and others (4%) as the most common
causes of cavernous sinus disease. ). Only two had an infectious etiology: Haemophilus influenzae causing
thrombophlebitis and aspergillosis. The most common tumors were pituitary adenoma and meningioma,
36.25% and 31.25%, respectively. In this series, two HIV-infected patients were diagnosed with lymphoma.

[7]
METHODS

We analyzed in detail articles from Pubmed and specialist textbooks. We focused on selected pathological
conditions occurring within the cavernous sinus.

RESULTS AND DISCUSSION

HIV-RELATED CAVERNOUS SINUS DISEASE

In people infected with HIV, one would expect that the disease spectrum would be consistent with the
patient's immunocompromised state, and that opportunistic infections and HIV-related cancers would be
widespread. However, there is a lack of epidemiological data on cavernous sinus pathology in HIV patients.
Difficult access to the sinus and the fact that these people are highly immunosuppressed discourage
invasive diagnostic procedures. [8] The literature on the population of patients co-infected with HIV and
struggling with cavernous sinus pathology consists mainly of case reports. Interestingly, cavernous sinus
tuberculosis has not been previously reported in HIV-infected patients. In fact, cavernous sinus tuberculosis
is a rare disease, even in immunocompetent patients. In one study related to cavernous sinus disease and
HIV infection, 23 patients were recruited, the average age of which was 38 years, the majority of whom
were women. Eight patients had newly diagnosed HIV infection, the rest were aware of HIV infection. [8]

Cavernous sinus disease in the course of HIV infection is a huge barrier, which is a big challenge for most
specialists. The diagnosis itself is complicated, and the situation with treatment is similar. Biopsies for
cavernous sinus disease performed by neurosurgeons are practically unavailable, even in tertiary (reference
level) medical facilities. [8]

TUMORS AFFECTING THE CAVERNOUS SINUS
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Using knowledge relating to tumor origin and tumor growth pattern, CS-related tumors can be divided into
three categories:

e type I - tumor originating from CS,
e type II - tumor originating from the side wall,
o type III - foreign origin and involving CS. [9]

A pioneering breakthrough was made by Parkinson, West, and Dolenca, who described a surgical entry point
for CS that has been adopted by most neurosurgeons operating in this region. The choice of approach to the
lesion site depends directly on the exact location of the lesion, because e.g. intracavitary aneurysms and
arteriovenous fistulas are generally smaller and do not cause significant deformations, allowing direct entry
based on triangular corridors and anatomical layers of the dura mater. [9, 10] Those of larger size may
show a high degree of anatomical distortion, which makes it difficult for the neurosurgeon to navigate within
this area.

CS cavernous hemangiomas are benign and the only primary cavernous tumors, accounting for 13% of all
intracranial cavernous hemangiomas. Total or partial resection of the hemangioma is the preferred
treatment option (complex neurovascular systems make complete resection quite a challenge). [11]

Several surgical approaches have been detailed for hemangiomas located in the CS, and the type of
craniotomy varies depending on the location of the tumor and the local invasion of the sella. Despite
successful resections, mortality remains high, which is due to the possibility of bleeding during surgical
intervention, but also to deficits in the central nervous system.

Stereotactic radiosurgery gives satisfactory results as primary and supportive therapy. [12] Tumor
irradiation causes blood vessel thrombosis, thereby reducing the tumor volume, its size and even stopping
its growth. [13] The application strategy in stereotactic radiosurgery covers small tumors below 3 cm, while
for tumors larger than 3 cm, conventional radiotherapy is used (before surgery) to shrink the tumor and
reduce the intensity of intraoperative bleeding. [12, 13]

In type II, i.e. a group of tumors originating from the lateral wall of the cavernous sinus, we most often
encounter neuromas and meningiomas. Kehrki et al demonstrated that an arachnoid granuloma in the
lateral wall is a possible source of meningioma in this region. [14] In this case, an attempt can be made to
completely remove the tumor by working between the two layers of the dura mater. Partial resection is also
often used because it is considered an effective means of controlling the tumor and alleviating the
compressive symptoms of cranial neuropathy. [15]

Trigeminal schwannoma (TS) arising from the trigeminal ganglion in the outer layer of the lateral wall can
be classified on the basis of origin as type II. The TS is most often clearly separated from the CS by an inner
layer. The treatment uses surgical and radiosurgical methods to minimize postoperative symptoms.
However, there is controversy regarding decompression followed by radiotherapy versus primary gamma
knife radiosurgery. [16] In patients undergoing primary radiosurgery, additional surgical treatment after
gamma knife surgery is warranted in many cases due to tumor enlargement or uncontrolled facial pain. [16]

Pituitary adenomas, which belong to type III, are biologically benign according to some researchers, and the
parasellar infiltration itself is the result of a histological defect in the medial wall of the CS. [17] Modern
neuroimaging has failed to delineate the medial wall of the CS (helping predict sinus invasion), while the
distance between the two sides of the internal carotid artery (ICA) is a commonly used criterion in assessing
the extent of adenoma invasion. Frank and Pasquini presented a five-stage endoscopic grading system for
CS invasion, in which grade 2 and above is graded as CS invasion. [18] There are several surgical concepts
in which residual and recurrent tumors are treated with radiosurgery and are characterized by endocrine
remission.

Chordomas, polysarcomas and nasopharyngeal cancer are other representatives of type III. The former
treated with surgical resection with access from the skull base, radiosurgery or endoscopic access through
the nasal cavity - increase the tendency to complete remission. The situation is different in the case of
nasopharyngeal cancer because it tends to invade the skull base (perineural spread along V2 or V3). The
goal of treatment is to relieve pressure on the surrounding structures causing neurological symptoms.
Stereotactic radiosurgery is considered as a palliative procedure aimed at reducing the severity of deficits in
the central nervous system. [18]

CAVERNOUS SINUS THROMBOSIS

It is a rare and fulminant life-threatening condition. It occurs at an incidence of approximately 0.2-1.6 per
100,000 per year. [19] Among the etiological factors, it is worth mentioning facial infections, sinusitis,
orbital cellulitis, pharyngitis or ear inflammation. A special group of people at increased risk of cavernous
sinus thrombosis (CST) are those with diabetes, thrombophilia or conditions associated with impaired

3
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immune response (chemotherapy, steroid therapy). [20, 21] Fever, headache, orbital edema,
ophthalmoplegia, exophthalmos (fig. no. 3) - these are typical symptoms characterizing the patient's clinical
condition. Quick diagnosis and implementation of effective treatment ensures a good prognosis. Thanks to
the development of the pharmaceutical industry and the appearance of new antibiotics, mortality has
decreased dramatically. [22]

To demonstrate thrombosis as a direct method, CT (computed tomography) and/or MRI (magnetic
resonance imaging) are necessary. Non-contrast computed tomography most often reveals swelling,
dilatation of the superior and inferior ophthalmic veins, and bulging of the lateral edges of the cavernous
sinus. [23] CT/MRI with contrast shows the presence of heterogeneous and asymmetric filling defects,
thrombosis of the superior ophthalmic vein, other venous tributaries, dural venous sinuses, and cerebral
veins. This becomes important because it may determine the need to start using anticoagulants.

ORBITAL APEX DISORDERS IN CAVERNOUS SINUS SYNDROME

Orbital vertex disorders include:

1. orbital apex syndrome - Jacoda syndrome (OAS),
2. superior orbital fissure syndrome - Rochon-Duvigneaud syndrome (SOFS),
3. cavernous sinus syndrome (CSS).

CSS includes hypoesthesia of the cheek and lower eyelid and symptoms such as: proptosis, ptosis (paralysis
of cranial nerves III, IV and VI), ophthalmoplegia, hypoesthesia of the forehead, upper eyelid and cornea on
the same side due to involvement of the ophthalmic division of the trigeminal nerve. Additionally, CSS may
present with oculosympathetic paresis (Horner's syndrome) due to involvement of the sympathetic portion
adjacent to the cavernous segment of the ICA. [24]

Previously, the literature described these three syndromes separately based on anatomical location.
However, it is currently believed that the disorders included in the syndromes have a similar cause,
diagnostic assessment and management pattern. Moreover, these teams can be progressive: SOFS evolves
into OAS or CSS. [24] The previously mentioned proptosis is caused by loss of extraocular muscle tone,
retrobulbar edema or venous congestion. Optic nerve injury most often occurs in the intracanalicular portion
of the optic nerve, especially in cases of traumatic injury. [25]

This is possible as a result of the close proximity of the dura mater of the optic nerve to the periosteum of
the optic canal, which results in greater susceptibility of the nerve to pressure. Branches V1 and V2 of the
trigeminal nerve pass through the lateral wall of the cavernous sinus and both may be involved in cavernous
sinus syndrome. [26] The abducens nerve (VI) is more commonly involved in the CSS due to its location in
the sinus compared to those in the lateral wall. [27]

The above disorders are classified on the basis of etiology, including: traumatic/iatrogenic, infectious,
neoplastic.

ASPERGILLOSIS OF THE CAVERNOUS SINUS

It is a rare and potentially fatal infection that does not cause specific clinical symptoms, and its deep
anatomical location makes early diagnosis difficult. Aspergillus infections are divided into invasive and non-
invasive. Invasiveness involves penetration into blood vessels and the central nervous system. This type
occurs very often in patients with: reduced immunity, type 2 diabetes, long-term steroid users,
hematological cancers, but also, as mentioned at the beginning, in people infected with HIV. [28, 29] The
hematogenic spread of Aspergillus can lead to invasion of any organ. The digestive tract, urogenital system,
blood vessels, and central nervous system are typical places where the infection spreads. [30] Intracranial
aspergillosis may lead to chronic meningitis and may also cause brain abscesses. By penetrating blood
vessels, the mycelium increases the likelihood of inflammation, leading to thrombosis, microaneurysms,
aneurysms, and even cerebral ischemia. [30]

INTRAVASCULAR FISTULA OF THE CAVERNOUS SINUS

Cavernous sinus dural arteriovenous fistula (CS-DAVF) is an abnormal arteriovenous communication
involving the dura mater within or near the wall of the CS. In CS-DAVF, retrograde arterialized flow in the
draining veins causes characteristic symptoms. [31] Asymptomatic high-flow CS-DAVFs can close
spontaneously, but symptomatic high-flow CS-DAVFs can rarely close spontaneously. [32] Therefore,
treatment of symptomatic fistulas is recommended. Currently, endovascular treatment (EVT) is the most
common method; radiosurgery is used less frequently, most often as an adjunct to unsatisfactory
endovascular treatment. Classification systems (of which there are several) provide useful information on
the anatomy and hemodynamics of the fistula, which may further assist in planning access to the fistula
during EVT. [33] The CS contains several compartments, but most often the fistula part does not cover the
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entire sinus. Often the fistula part is called the fistula sac, which is cylindrical and separated from the main
lumen. It is located in the posterior compartment of the cavernous sinus and connects with the
intercavernous sinus.

The distinguished angiographic changes include:

1. early opacified surface in the early phase of catheter angiography,

2. a jellyfish-like sign indicating the convergence of branches of the arterial supply at the point of the
fistula,

3. changes in the density of the contrast medium from dark in the artery to gray in the veins at the
point of the fistula,

4. tortuous and enlarged arteries may indicate a fistula point. [34, 35]
Access types:

1. through the femoral vein,
2. transorbital approach,

3. through other punctures or incisions in the head and neck vein (access to the transcranial vein -
middle cerebral vein; access through the foramen ovale - basilar skull vein).

Currently, minimally invasive stereotactic gamma-knife radiosurgery (SGKR) has become an alternative
primary treatment for DAVF. Using a therapeutic radiation dose of 20-50 Gy, SGKR can induce target vessel
damage, thereby obliterating the DAVF. [36]

CONTENT OF THE REVIEW

The cavernous sinus is a place where tumors can be located. Their growth and expansion into adjacent
structures often cause neurological symptoms. However, pathologies within the cavernous sinus are still
detected in the so-called opportunity - diagnosis of other diseases. CS lies in the line of skull base fractures
and in these cases, damage to the internal carotid artery and bleeding directly into the sinus venosus occur
relatively often. A characteristic symptom of this aneurysm is severe extrusion of the eyeball. Inflammation
from the paranasal sinuses to extrusion of skin lesions located in a specific place on the face - known as the
triangle of death - may lead to inflammation of the cavernous sinus. Thrombosis, although rare, is
particularly dangerous because it may result in a stroke. The development of imaging diagnostics allows
neurosurgeons to more precisely specify the place within the sinus that has been changed, and access to it
is quite a challenge. Radiotherapy and irradiation often become a palliative form of help in patients with a
lesion located in the cavernous sinus.

CONCLUSIONS

Pathologies within the cavernous sinus pose a challenge to the clinician. A more common clinical
manifestation is cranial nerve dysfunction, and the main symptom is often visual disturbances. The extent of
surgical resection and the histological grade of tumor lesions are particularly important and are related to
the long-term prognosis. A key development is the use of radiotherapy in cancerous tumors, which often
complements treatment. Early removal, appropriate treatment and surgical approach may allow maintaining
neurological functions, thus improving the quality of life of patients. Therefore, it is crucial to know the
anatomy of the sinus, possible surgical approaches and the potential damage associated with them.
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