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Background. The growth zone of tentorial and transverse sinus meningiomas (TTSM) are located on the wall of the transverse sinus and tentorium
cerebelli, and tumors often extend into the lumen of the sinus, causing its complete or partial occlusion.

Aim. To evaluate the clinical manifestations, relationships with venous sinuses, and results of surgical treatment of TTSM.

Materials and methods. The study includes 46 patients with TTSM who underwent surgical treatment (7 men and 39 women aged 37 to 75 years
old). In 35 cases a subtentorial approach was performed, and in 11 cases a supratentorial approach was used. In 16 cases, a paramedian
suboccipital craniotomy was performed for medial tumor location, and a median suboccipital craniotomy was used in 7 cases. A retrosigmoid
craniotomy was done in 13 cases for lateral tumor location, and an occipital craniotomy was performed in 9 patients for isolated supratentorial
growth (5 cases) and for sub- and supratentorial growth (4 cases). In 1 case, a posterior temporal craniotomy was used for supra- and
subtentorial tumor spread. Tentariotomy was performed in 15 cases to resect the growth zane on the tentorium cerebelli.

Results. The average tumor size was 376 (11-79) mm, and occlusive hydrocephalus was detected in 5 patients. In 27 cases, the tumor extended
subtentorially, in 7 cases — supratentorially, and in 12 cases — both supra- and subtentorially. The typical neurological manifestation was ataxic
syndrome, observed in 36 cases. The cranial nerve involvement was noted in 4 cases, which were represented by impaired function of the V nerve
(hypoesthesia) in 1 patient and dysfunction of the VIl nerve in 3 patients. Homonymous hemianopsia was observed in 1 patient, and decreased
visual acuity was detected in 7 cases. Total resection, corresponding to the Simpson grade I, was performed in 42 patients, and in 4 cases
the tumor was subtotally removed (the Simpson grade Ill). The onset or increase of ataxic disorders was detected in 6 patients, and 1 patient
with pronounced supratentorial growth experienced transient homonymous hemianopsia, which regressed after 2-3 weeks. Two patients
developed venous infarction of the cerebellar hemisphere.

Conclusion. The goal of surgical interventions for TTSM is maximal resection of tumor tissue while preserving venous outflow through the sinuses
and collateral veins, which ensures the preservation of cerebral structures and minimizes the risk of neurological complications.
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BACKGROUND

Meningiomas are extracerebral tumors originating from
the meningothelial cells of the dura mater and arachnoid,
as well as the choroid plexus of the cerebral ventricles, and
are significantly more common in women aged 30 to 50
years. Meningiomas account for 24—30 % of all intracranial
tumors [1], and in 30 % of cases, the tumor growth zone
is located in the tentorium cerebelli, with approximately
25 % of them extending into the transverse sinus region.

The enlargement of tentorium cerebelli and transverse
sinus meningiomas (TTSM) is accompanied by compression

of the cerebellum, occipital and temporal lobes, arteries
and veins, and obstruction of cerebrospinal fluid
outflow. TTSM growth zones are located on the wall
of the transverse sinus and tentorium cerebelli, and tumors
often extend into the sinus lumen, causing its complete or
partial occlusion.

The clinical manifestations, surgical technique, and
treatment outcomes vary significantly depending on tumor
size, the presence of cerebellar compression, and the extent
of tumor invasion into the transverse sinus. The postoperative
mortality is no more than 3.7 %, but the incidence
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of neurological complications varies from 19 to 55 %,
highlighting the necessity for new approaches to the surgical
treatment of TTSM [2, 3].

The aim of the study was to evaluate clinical
manifestations, relationships with venous sinuses and
the results of surgical treatment of TTSM.

MATERIALS AND METHODS

The study included 46 patients with TTSM treated
between 2010 and 2024: 7 men (15.2 %) and 39 women
(84.8 %), aged 37 to 75 years (mean age 57.2 years) (Table 1).
In 4 cases, patients underwent surgery for continued TTSM
growth. Tumors located in the region of the superior jugular
bulb were classified as meningiomas of the petrous bone and
foramen magnum; such cases were not included in the study.

All patients underwent the neurological examination,
magnetic resonance imaging (MRI), and computed
tomography (CT) scans with contrast to determine the
tumor size and relationship to surrounding brain structures.
CT-venography and MRI venography were performed
to estimate the patency of the transverse and sigmoid
sinuses as well as the extent of tumor invasion, and
the dominant side of the sinus.

The tumor spread to the venous sinuses was assessed
according to the grading of M. Sindou and P. Hallacq [4],
developed for parasagittal meningiomas: type I — the tumor
is adjacent to the sinus or its lacunae, but does not invade
it; type II — the tumor invades the roof or lateral wall
of the sinus; type III — the parasinus and sinus recess are
affected; type IV — involvement of the lateral and superior
walls of the sinus; type V — all walls are involved, while
the tumor is located only on one side, whereas in type VI all
walls are involved and the tumor is located on both sides
of the sinus (Fig. 1, Table 2).

According to the classification of S.K. Hwang et al. [5],
the drainage variants through the transverse sinuses
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Fig. 1. The relationships of meningiomas with venous sinuses (see description
in the text) (according to [4])

in the presented series of observations were divided into
type A — transverse sinuses are symmetrical on both sides
(26 cases), type B — on the tumor side — non-dominant
sinus (10 cases), type C — dominant sinus on the tumor side
(8 cases), type D — presence of only 1 sinus with contralateral
agenesis (2 cases). The types of tumor invasion of the sinuses
in the studied group of patients are presented in Table 2.
The choice of surgical approach was based on
the location of the tumor node relative to the tentorium
cerebelli and the location of the tumor growth zone.
The subtentorial approach was used in 35 cases (76 %), and
the supratentorial approach was performed in 11 cases (24 %).

Table 1. Main characteristics of patients with tentorial and transverse sinus meningiomas (n = 46)

Subtentorial Supratentorial Sub- and supratentorial
Parameters meningiomas (n = 27) meningiomas (n = 7) meningiomas (n = 12)
Average age (range), years 57 (41-74) 58 (45-73) 54 (37-75)
Sex, n (%):
female 24 (88.8) 6 (85.7) 9 (75)
male 3(11.2) 1(14.3) 3 (25)
Tumor location side, n (%):
right 15 (55.5) 3(42.8) 6 (50)
left 12 (44.5) 4 (57.2) 6 (50)
Average tumor size (range), mm 34 (11-53) 37 (27—68) 46 (30—79)
Compression n (%):
brain stem 2(7.4) 0 3 (25)
cerebellum 27 (100) 0 12 (100)
Totality of resection, n (%):
total 25(92.6) 6 (85.7) 11 (91.6)
subtotal 2(7.4) 1(14.3) 1(8.4)
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Table 2. Types of sinus invasion by tumor

Sinus /distribution

o

Transverse sinus:
subtentorial distribution
supratentorial distribution
sub- and supratentorial distribution

Sigmoid sinus:
subtentorial distribution
supratentorial distribution
sub- and supratentorial distribution

Confluence of sinuses:
subtentorial distribution
sub- and supratentorial distribution

(=]

Venous complications

Totality of resection:
total
subtotal

Table 3. Surgical approaches, n (%)

Subtentorial
meningiomas (n = 27)

12 (44.4)
9(33.3)
6(22.3)

Posterior temporal craniotomy 0

Approach

Paramedian suboccipital
Retrosigmoid

Median suboccipital

Suboccipital 0
3(11.1)
27 (100)

Tentoriotomy
Subtentorial approach

Supratentorial approach 0

In 16 cases with a medial tumor location, the paramedian
suboccipital craniotomy was chosen, and the midline
suboccipital craniotomy was performed in 7 cases.

The retrosigmoid craniotomy was used in 13 cases with
lateral tumor location, the occipital craniotomy —
in 9 patients with isolated supratentorial growth (5 cases)
and with subsupratentorial growth (4 cases). In 1 patient
with supra- and subtentorial tumor spread, the posterior
temporal craniotomy was used. Tentoriotomy was performed
in 15 cases to excise the growth zone on the tentorium
cerebelli (Table 3). Intraoperatively, the temporary clipping
of the transverse sinus was performed with an assessment
of the degree and rate of brain herniation.

The transverse sinus was exposed distally and
proximally from the tumor attachment zone and opened at
the site of invasion, with the tumor removal from the central
portion toward the intact portions of the sinus. Venous
bleeding from the sinus was controlled by introducing
the small fragments of hemostatic materials, which were

—hu CoOCO ARG

—
S

Type of invasions, n

II I v A% VI
13 3 5 8 5
6 1 4 6 3
4 1 0 1 0
3 1 1 1 2
4 2 0 2 0
3 2 0 1 0
0 0 0 0 0
1 0 0 1 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 1 0 1
13 3 4 7 3
0 0 1 1 2
Supratentorial Sub- and supratentorial
meningiomas (n = 7) meningiomas (n = 12)
0 4 (58.3)
2(28.5) 2(16.6)
0 1(8.4)
0 1(8.3)
5(71.5) 4(8.4)
1(14.2) 11 (91.6)
0 8 (66.7)
7 (100) 4(33.3)

subsequently removed, and the sinus wall was reconstructed
with a dural or periosteal flap and reinforced with fibrin
glue. If reconstruction was impossible, the nondominant
sinus was ligated. Microsurgical resection was performed using
staged devascularization and fragmentation of the tumor
with dissection of neurovascular structures. The dura mater
in the area of meningioma growth, along with any remaining
small fragments, was carefully coagulated.

Intraoperatively, the tumor location and attachment
to the dura mater and sinus wall were determined, as well
as its anatomical relationships with the cerebellum and
vascular structures. The surgical approach included
the resection of the intrasinus tumor component, taking
into account the collateral venous drainage, sinus
dominance, and the presence of blood flow within sinus
lumen. In cases of partial sinus lumen occlusion and
the absence of collateral drainage, the intrasinus component
was not removed, and patients were subsequently referred
for stereotactic radiosurgery.
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Postoperatively, the neurological status was assessed as
well as the computed tomography (CT) scans were
performed for excluding the hemorrhagic and ischemic
complications. The magnetic resonance imaging (MRI) was
performed to determine the extent of tumor resection and
residual deformation of neurovascular structures. In each
patient, tumor morphology was confirmed by histological
examination. The average follow-up period was 5 years and
included an assessment of neurological status and
brain contrast-enhanced MRI to rule out the continued
tumor growth.

RESULTS

According to magnetic resonance imaging (MRI),
meningiomas appeared as rounded lesions with a broad base
adjacent to the tentorium cerebelli, the transverse sinus,
and, in some cases, the sigmoid sinus. The characteristic
feature was the accumulation of contrast by the tumors and
adjacent areas of the dura mater (Fig. 2).

In the examined series of cases, the average tumor size
was 37.6 (11-79) mm, and occlusive hydrocephalus was
detected in 5 patients. The tumor spread infratentorially
in 27 cases, supratentorially — in 7 cases, and supra- and
subtentorially — in 12 cases. Supratentorial spread was
associated with basal occipital lobe deformity, while
subtentorial spread was associated with cerebellar deformity,
the severity of which depended on the tumor size.

The typical neurological manifestation was ataxia,
observed in 36 cases (78.2 %). In 4 cases, cranial nerve
damage was represented by dysfunction of the 5™ nerve
(hypesthesia) in 1 patient and dysfunction of the 8" nerve
in 3 patients. Homonymous hemianopsia was observed
in 1 patient (2.8 %), and decreased visual acuity in 7 patients
(15.2 %). Preoperatively, the overall functional status
according to the Karnofsky scale was 70 % in 14 patients, and
80—90 % in the remaining patients.

The total resection, corresponding to Simpson grade I1,
was performed in 42 patients, and subtotal tumor resection
was done in 4 cases (Simpson grade III). According
to histological examination results, the following meningioma
types were identified: mixed — 15 cases (32.6 %), fibrous —
24 (52.2 %), transitional — 2 (4.3 %), meningotheliomatous —
3 (6.6 %), and psammomatous — 2 (4.3 %). The transverse
sinus was ligated in 6 cases, its wall was reconstructed
in 24 cases, and the wall of the initial part of the sigmoid
sinus was reconstructed in 8 cases.

In the early postoperative period, ataxia regressed
in 12 patients (33.3 %), and decrease of its severity was
observed in 10 cases (27.7 %). Six patients experienced
the onset or worsening of ataxic disturbances, and one
patient with expressed supratentorial growth developed
transient homonymous hemianopsia, which regressed after
2—3 weeks. Two patients developed cerebellar hemisphere
venous infarction, manifested by severe ataxia, and

Fig. 2. Magnetic resonance imaging. Tentorial and transverse sinus meningiomas: a — subtentorial; b — supratentorial; ¢ — sub- and supratentorial
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Fig. 3. Results of surgical treatment according to magnetic resonance imaging: a — subtentorial meningioma; b — supratentorial meningioma; ¢ - sub- and supratentorial
meningioma

conservative therapy resulted in regression of neurological
symptoms.

In most patients, the non-focal cerebral symptoms
regressed. The Karnofsky functional status score was 80—
90 % in 41 patients, and 70 % in 5 patients. The follow-up
revealed transient neurological impairments, which
gradually regressed over 2—6 months. No postoperative
infectious complications or fatal outcomes were recorded.
The wound cerebrospinal fluid leakage was observed
in 4 patients, successfully treated with external lumbar
drainage.

The magnetic resonance imaging confirmed total
tumor removal in 42 cases (91.3 %); in 4 cases (8.7 %)
the contrast-enhancing small tumor remnants were detected
in the transverse sinus, which prompted stereotactic
radiosurgery (Fig. 3). The regression of hydrocephalus was
observed in 4 of the 5 patients, and the degree of cerebellar
dislocation was significantly reduced, although residual
deformation of brain structures remained.

The follow-up revealed the continued tumor growth
in five patients for four years after surgery. The stereotactic
radiosurgery was performed in three cases, and repeated
surgery was done in two cases.

DISCUSSION

Meningiomas of the tentorium cerebelli and transverse
sinus are accompanied by ataxia due to dislocation
of the cerebellar hemisphere, and visual field impairment
can be seen in case of tumor supratentorial spread with
the compression of the occipital lobes.

An important aspect of TTSM surgical treatment
is the degree of sinus invasion. It can be two types of
meningioma removal — “conservative” and “aggressive”
methods. The “conservative” method includes the separating
of the tumor from the outer wall of the sinus and resecting
the growth zone on the tentorium cerebelli. The intrasinus

component is not removed, and collateral veins are preserved,
while the remaining tumor is treated with stereotactic
radiosurgery. The “aggressive” method includes the additional
resection of the intrasinus component with sinus ligation or
reconstruction of the sinus wall.

The removal of the intrasinus component reduces
the risk of recurrence but it is associated with increased
neurological deficit due to impaired venous outflow [6, 7].
The criteria for selecting the aggressive approach include
the complete occlusion of the sinus lumen revealing by
venography as well as the partial occlusion of the
nondominant sinus with a negative intraoperative clip test,
and the absence of tumor invasion of the sinus wall. In other
cases, the conservative surgical approach is used.

For a preliminary intraoperative assessment of the
drainage type and the outcome of sinus ligation, temporary
clipping test for 30 minutes is recommended, with an
assessment of the degree of brain herniation. According
to the classification of venous drainage by S.K. Hwang et al.
[5], epy sinus ligation is possible for types A, B, and C if
temporary sinus clipping test fails.

For type I invasion, M. Sindou and P. Hallacq
recommend the total tumor removal by dissection from
the outer sinus wall. For types II-IV invasion, the tumor
is removed along with the sinus wall to increase the degree
of radicality and reduce the risk of recurrence. The wall
defect is repaired using dura mater, fascia, synthetic material,
suturing of a muscle fragment, or the use of a hemostatic
sponge.

In cases of tumor invasion into the dominant sinus or
partial sinus occlusion, the coagulation of the meningioma
growth zone followed by stereotactic radiosurgery
is recommended. In cases of complete sinus occlusion
(types V=VI) and the absence of blood flow based on
venography, the sinus is ligated proximally and distally from
the occlusion site, and the tumor is removed along with



Original report

HENPOXUPYPI'UISI

Russian Journal of Neurosurgery

the affected sinus. In cases of extensive tumor occlusion,
the transverse sinus is ligated near the superior petrosal
sinus, preserving the orifice of the Labbe vein.

The safe radical resection is only possible for type I
sinus invasion. Invasion of the initial portions of the sigmoid
sinus in our study did not require changes in surgical tactics.
In cases of superior petrosal sinus invasion, the intraluminal
component was removed followed by tamponade with
hemostatic material or sinus wall grafting. In cases
of vein Labbe orifice invasion, the intraluminal fragment
was not resected, and stereotactic radiosurgery was
performed.

The total occlusion of the venous sinus in the absence
of collateral venous outflow leads to local regional venous
hypertension [8, 9]. The postoperative venous infarctions
occur even with marginal tumor invasion after sinus wall
plasty [10, 11]. The risk of venous infarction is reduced by
preserving large draining veins, which provide collateral
venous circulation in the presence of complete sinus
occlusion [4, 10, 12].
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