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Meningiomas that invade the confluens sinuum are rare and require extensive
preoperative planning. Here, we describe the surgical and radio-oncological manage-
ment of an aggressive large occipital meningioma invading the superior sagittal sinus,
torcula, right and left transverse sinus down to the level of the jugular bulb in a 21-year-
old female patient. Details of the surgical approach are presented to highlight the
planned staged resection of this tumor at the level of the torcula to initially debulk the
lesion while preserving venous outflow through the patent’s sinus. Once the tumor
fully occluded the confluens, a second-stage en bloc resection ensued. Postsurgical
adjuvant radiation therapy was delivered via fractionated external beam therapy which
has provided local control of the tumor since. This case is being discussed in the context
of the pertinent literature to demonstrate the highly complex interdisciplinary and
staged management of partially intravascular meningiomas involving the major

> tumor venous sinuses.

Introduction

Meningiomas invading the torcular herophili are surgically
very challenging lesions which require multidisciplinary
adjuvant management to ensure the best long-term result.
Given the high risk from tumors or their treatment in this
locale, we agree with Brotchi, who commented that “the one
good thing about torcular meningiomas is their rarity.”’
However, when treatment of these formidable lesions is
indicated, a diligent approach is mandatory.

Not many surgeons have extensive experience with tor-
cular lesions, which may be somewhat surprising, given that
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meningiomas, which are thought to arise from arachnoid cap
cells, are the most common nonmalignant tumors of the
central nervous system (CNS).> According to the Central
Brain Tumor Registry of the United States (CBTRUS), they
account for 37.6% of all tumors and 53.3% of nonmalignant
tumors of the CNS.> Meningiomas invading or occluding the
torcula herophili however are rare entities, accounting for
only approximately 1% of all intracranial meningiomas.4

A genetic predisposition to developing meningiomas has
been demonstrated with several conditions, mainly neuro-
fibromatosis type 2 (NF2) and schwannomatosis.” Those
with multiple endocrine neoplasia type 1 may also carry
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an increased incidence of harboring a meningioma, though it
is believed to be less than that of NF2.2%7 As of now, no
particular predisposition has been described for the devel-
opment of torcular meningiomas.

With a peak incidence in the seventh decade of life,
meningiomas have an adjusted annual incidence of 4.5 per
100,000 individuals. There also appears to be a higher
prevalence in African Americans and in females with a
gender ratio of 2.27:1. This predilection for females is
thought to be in part due to receptor expression for endoge-
nous sex hormones which correlates with an even higher F:M
incidence of 3:1 during childbearing years.>® Meningiomas
are furthermore subcategorized into Grades I to Il according
to a system devised by the World Health Organization (WHO)
which is based on specific histopathological characteristics.’
Approximately 80% of all meningiomas WHO I behave as
benign, slow-growing entities.? The extent of resection and
recurrence rates are most frequently reported based on the
Simpson grading system.® While gross total resection can be
curative for certain WHO [ meningiomas, some tumors recur
despite seemingly complete Simpson Grade 1 resection. Of
those that are categorized as WHO Il or WHO Ill lesions, many
follow a more aggressive course with postsurgical recurrence
rates approaching 50 and 90%, respectively, at 5 years.'' In
general, however, complete resection including the area of
infiltrated dura and bone is associated with significantly
improved progression-free survival (PFS) and local control,
regardless of WHO grade.'>"3

The majority of cranial meningiomas occur at the convex-
ity of the periorbital and frontoparietal regions, along the
skull base, and along cranial sutures.'®'® In some instances,
parasagittal meningiomas can invade one major dural ve-
nous sinus, but simultaneous invasion of multiple venous
sinuses at the level of the torcula is exceedingly rare, and such
tumors present a unique challenge for treating clinicians.'®
Review of the pertinent literature demonstrates heteroge-
neity in the application of surgical techniques and adjuvant
therapies aimed at the management of such torcular menin-
giomas specifically.

Here, we describe our experience with a particularly
challenging case requiring an interdisciplinary and staged
approach for the treatment of a young female with an
aggressive meningioma involving the parasagittal occipital
area from where it invaded the torcula and transverse sinus
(TS) reaching as far as the jugular bulb. The surgical and
adjuvant management of this case is being discussed in the
context of the pertinent literature to demonstrate the com-
plex management of such highly complicated intravascular
meningiomas requiring ligation and en bloc resection of
involved major venous sinuses.

Case Illustration

History and Presentation

A 21-year-old female college student presented to her oph-
thalmologist after experiencing 5 months of intermittent
blurry vision, left-sided visual field disturbances, and pro-
gressive headaches. Her medical history was unremarkable,
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and she had no other active medical issues. Home medica-
tions included over the counter nonsteroidal anti-inflamma-
tory drugs and oral contraception only. Physical examination
revealed bilateral papilledema and notable left homonymous
hemianopsia, but the patient had no other focal neurological
deficits. The patient was referred to neurosurgery for further
assessment and imaging was arranged. Initial standard mag-
netic resonance imaging (MRI) with gadolinium demon-
strated a multilobulated approximately 3cm x 5cm x 4 cm
measuring and avidly enhancing mass of the right parafal-
cine occipital area with transdural extension into the torcula,
left TS and sigmoid sinus reaching as far laterally as the
proximal internal jugular vein (=Fig. 1). Presurgical conven-
tional cerebral digital subtraction angiography (DSA) dem-
onstrated an extra-axially supplied mass abutting the torcula
with predominant feeders arising from the posterior men-
ingeal artery as well as some parasitized pial vessels from the
posterior cerebral artery. The left TS was already completely
occluded at this time, but there remained residual flow to the
torcula and the right TS, although there was a high degree of
stenosis at the most posterior portion of the superior sagittal
sinus (SSS). Despite the presence of some early parasagittal
collaterals, most of the supratentorial veins drained through
the SSS that remained patent into the right TS and jugular
system. There was further evidence of venous congestion/
hypertension with flow diversion through the external jug-
ular system via transosseous and scalp veins, the superficial
temporal cavernous system, deep venous system, as well as
the spinal muscular veins (=Fig. 2).

Given the fact that the patient was symptomatic from
significant mass effect as appreciated on imaging, the team
saw a clear indication for surgical intervention. Surgery was
carried out in two stages. The goal of the first operation was
to achieve decompression of the occipital lobe by resecting
the large extra-axial portion of the mass causing the hemi-
anopia. This would also provide a histopathological diagno-
sis. A second-stage surgery was envisioned at a later time
when the torcula would be completely occluded.

Image-guided microsurgery was carried out in the third-
fourth prone position through a right occipital paramedian
linear incision followed by a standard craniotomy that was
brought to the midline. An excellent peritumoral plane could
be developed, and the bulk of the lesion was removed with
the exception of a 5-mm parasagittal “tumor plug” which
was intentionally left attached to the SSS. Resection of the
intravascular portion of this lesion was not attempted at the
initial session since the confluens remained patent. Allograft
duraplasty was performed, and the wound was closed in
layers. Pathological analysis of the specimen revealed an
atypical meningioma (WHO II) with mixed fibrous and
transitional architecture and high mitotic index. Postopera-
tively, the patient did not show any new neurological deficits,
and she had an unremarkable course in hospital prior to
discharge on postoperative day 2.

MRI on day 2 after resection showed postsurgical changes
only, with residual disease as expected and described earlier
(=Fig. 3). The patient was subsequently presented at multi-
disciplinary rounds, and the decision was made to follow the
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Fig.1 Preoperative MRI/MRV of the brain showing (A, B) T1-weighted
noncontrast axial images demonstrating large, homogeneous right-
sided occipital, parafalcine mass with extension into the torcula and
left transverse sinus (red arrow); (C, D) coronal T1-weighted gado-
linium-enhanced sequence demonstrating the mass with extension to
the left sigmoid sinus (red arrow); (E, F) T1-weighted sagittal gado-
linium-enhanced sequences demonstrating the midline tumor at the
level of the superior sagittal sinus as well as left sigmoid sinus
involvement to the level of the jugular bulb (red arrow); (G, H) MRV 3D
reconstruction; coronal and oblique view demonstrating partial oc-
clusion of the torcula, occlusion of the left transverse sinus with flow
through the right transverse sinus. MRI, magnetic resonance imaging;
MRV, magnetic resonance venography; 3D, three-dimensional.

patient closely with sequential imaging including repeat
computed tomography venography (CTV) every 2 to
3 months. Approximately 6 months later, the patient
returned urgently to our outpatient clinic after acute onset
of significantly worsened headaches with recurrence of
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visual disturbances. Repeat CT and MRI of the brain revealed
substantial swelling of the occipital parenchyma, thought to
be vasogenic in nature as well as from venous congestion.
Cerebral DSA was performed the next morning which dem-
onstrated further intravascular tumor expansion resulting in
cessation of the flow which had previously been seen at the
level of the distal SSS. There now was complete occlusion of
the confluens at the level of the torcula. Furthermore, there
was new evidence of progression of extensive venous rerout-
ing through the anterior cortical veins into the superficial
sylvian vein, via the sphenopalatine and cavernous sinus, and
via the pterygoid plexus. There was significant transosseous
flow at the level of the vertex along the mid-portion of the
SSS with venous outflow through the scalp veins as well as
venous drainage into the deep venous system via the basal
veins of Rosenthal, and drainage through the occipital sinus
into the foramen magnum and down the muscular venous
outflow (~Fig. 4).

At this time, the neurosurgical team decided to urgently
pursue the second stage of surgery, and the patient was taken
back to the operating room the next morning. Goal of
this second intervention was to undertake an aggressive en
bloc surgical resection of the tumor including the torcula to
remove the entire intravascular portion of the tumor as well
as the extension into the TS and adjacent involved structures.

Surgery
The patient was again placed in the lateral decubitus position
with the head turned third-fourth prone in a Mayfield
headrest, rotated 20 degrees to the left so that the occluded
TS would be positioned at the apex of the surgical field. For
intraoperative image guidance, presurgical CTV and post-
contrast MP-RAGE (magnetization prepared rapid gradient
echo) sequences had been fused which allowed us to identify
the entire extent of tumor outside and inside the sinus. Using
stereotactic neuronavigation, an extended “barn-door” inci-
sion was planned to incorporate the previous linear access
for the right occipital craniotomy with an extension to a new
left-sided supratentorial occipital and suboccipital cranioto-
my with the inferior margin of the bone flap running 2 cm
below the nuchal line. A standard myocutaneous flap was
dissected out and deflected caudally with holding sutures.
The previous right osteoplastic trepanation was reopened,
and new left-sided burr holes were placed both supratento-
rially and infratentorially to give access to the occipital lobe
and also the posterior fossa to facilitate dissection of the TS.

Once the durotomy was done bilaterally and inferiorly,
careful parasagittal dissection was carried out superiorly
toward the point where the upper dural margin of the falx
was identified as tumor free, and the SSS appeared patent
by image guidance. The posterior segment of the SSS was
then tied off just distal to the last remaining patent draining
vein, which was achieved with a double loop of 0-silk ties
and closure of the free end was further enforced with a
Weck-clip.

The right TS was identified and the junction where its
lumen appeared patent was separated medially from the
torcula by a second set of double silk ties and clips. We now
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Fig. 2 Preoperative digital subtraction cerebral angiography; (A) coronal view of a left vertebral artery injection demonstrating the right-sided
parafalcine tumor (asterisk) and occlusion of the left transverse sinus (red arrow); (B) sagittal view of a left internal carotid artery injection
demonstrating engorged veins of the scalp and neck musculature (red arrows); (C) sagittal view of a left vertebral artery injection showing

engorged veins of the neck musculature (red arrow).

Fig. 3 Postoperative head imaging following the initial operation
showing (A, B) axial and sagittal CT bone windows illustrating
placement of burr holes at the midline and partially over the superior
sagittal sinus, and inferiorly partially over the transverse sinus; (C, D)
axial gadolinium-enhanced MRI and noncontrast CT demonstrating
excellent parenchymal decompression of the occipital lobe; (E, F)
coronal and sagittal gadolinium-enhanced MRI showing the residual
tumor of the torcula (red arrows). CT, computed tomography; MRI,
magnetic resonance imaging.

Fig. 4 Preoperative imaging prior to the second operation showing (A, B)
axial T1-weighted MRI pre- and postcontrast demonstrating progression of
the mass from the torcula causing mass effect on the surrounding occipital
lobe; (C, D) gadolinium-enhanced T1-weighted images again showing the
torcular mass as well as the progression of the left transverse sinus
component (red arrow); (E) oblique view of an MRV 3D reconstruction
showing occlusion of the torcula; (F) digital subtraction angiography of the
left vertebral artery; coronal view showing complete occlusion of the
torcula with evidence of venous rerouting to the right transverse sinus (red
arrows). MRI, magnetic resonance imaging; MRV, magnetic resonance
venography; 3D, three-dimensional.
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had isolated the occluded posterior SSS and torcula as well as
the left TS segment, which was internally completely plugged
with tumor tissue. The torcula with the tumor left inside was
now excised from the falx and resected en bloc. The posteri-
or-lateral dissection was then continued along the left
sigmoid sinus which was extended along the petrous seg-
ment just proximal to the jugular bulb. The medial TS was
resected, and the lateral part of the sinus was split open
horizontally (along its long axis). The intravascular tumor
could then be shelled out easily resulting in clearly visible
smooth endothelial lining. The walls of the empty TS were
resected to the tentorial margin. The most lateral portion of the
intravascular tumor of the TS was removed using microdissec-
tion techniques until we encountered venous backflow from
the JB. At this point, we decided to plug the inner lumen of the
JBwith Gelfoam (Pfizer Inc, New York, New York, United States)
and Surgicel (Johnson & Johnson, NV, Belgium), which was
secured in place and augmented with fibrin sealant. Once
complete hemostasis was achieved, bilateral allograft dura-
plasties were performed, and the epidural space of the cra-
niectomy site was covered with gel foam before the bone flap
was secured with a miniplating system. The wound was closed
in a conventional, multilayered fashion.

Postoperative Course

The patient had an uncomplicated course in the hospital with
no new neurological deficits and minimal headaches and
could be discharged home on the third postoperative day.
Her vision improved to the point that she no longer displayed
any left-sided homonymous hemianopsia on confrontational
testing, and she continued to only have mild intermittent
blurry vision. On discharge, the patient was prescribed
acetylsalicylic acid 81 mg daily to prevent extension of her
JB-venous sinus thrombosis.

Histopathology

Microscopic examination of the tissue specimen was consis-
tent with an atypical meningioma (WHO II). In contrast to
the first tumor resection, this specimen demonstrated more
aggressive features with marked hypercellularity and multi-
focal necrosis, though no direct brain invasion was noted.
There were 4 to 10 mitotic figures observed per x10 high
power field. Immunohistochemistry demonstrated cells that
were largely positive epithelial membrane antigen, with
negative progesterone receptor and estrogen receptor status,
and with an increased Ki67 proliferation index of up to 20% in
many areas. Germline testing was also conducted, though no
genetic variants associated with cancer predisposition or
therapeutic actionability were identified.

The patient was then seen again on postoperative day 14
in our multidisciplinary brain tumor clinic. Given the recur-
rent nature of this meningioma and the pathological diagno-
sis of an atypical WHO II tumor, our neurosurgical oncology
team recommended a course of adjuvant radiation therapy to
the surgical bed to cover any possible residual disease
including the left transverse and sigmoid sinus, and jugular
bulb (=Fig. 5). Four weeks postoperatively, the patient
received conventional three-dimensional-intensity modu-

Journal of Neurological Surgery Reports  Vol. 84 No. 3/2023 © 2023. The Author(s).

Power et al.

Fig. 5 Postoperative brain images following the second operation
showing (A, B) axial T1-weighted gadolinium-enhanced images
demonstrating the resection of the torcula, left transverse sinus, and
incorporated tumor; (C) coronal noncontrast CT demonstrating the
level of superior sagittal sinus ligation which was performed using silk
sutures and reinforced with a Weck clip (red arrow); (D) coronal T1-
weighted gadolinium-enhanced MRI sequence showing the en bloc
resection of the torcular mass; (E) sagittal noncontrast CTshowing the
postoperative resection cavity; (F) sagittal T1-weighted, gadolinium-
enhanced image again showing the resection cavity without damage
to the integrity of the straight sinus. CT, computed tomography; MRI,
magnetic resonance imaging.

lated external beam radiation therapy with a cumulative
dose of 60 Gray in 30 fractions, delivered in equal doses over
a period of 6 weeks. Subsequent repeat MRI with gadolinium
shows no recurrence in the surgical bed and a small area of
stable residual disease at the left jugular bulb at 6 and
12 months (~Fig. 6).

Discussion

Meningiomas invading or occluding the torcula herophili are
rare entities, accounting for only approximately 1% of all
intracranial meningiomas.* The first attempt at surgical
removal was undertaken in 1871; however, the patient
succumbed in the immediate postoperative period. One of
the early detailed accounts of such tumors was described by
Cushing and Eisenhardt in their 1938 seminal textbook on
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Fig. 6 (A-C) Conventional 3D intensity modulated external beam radiation maps; radiation commenced 4 weeks postoperatively with a
cumulative dose of 60 Gy in 30 fractions delivered in equal doses over a period of 6 weeks; (D-F) T1-weighted, gadolinium-enhanced MRI at
1-year following showing stable disease on axial, sagittal, and coronal images. MRI, magnetic resonance imaging; 3D, three-dimensional.

meningiomas.!” Since then, there have been relatively few
reports of the surgical techniques needed for removal of
torcular meningiomas, and significant controversy still
exists regarding the optimal management strategy.";'19
Key surgical considerations include the timing of surgery,
the optimal approach, the degree of resection that should be
pursued, and whether or not ligation of associated major
dural venous sinus can be safely performed. Only a handful of
centers have investigated whether or not reconstruction
efforts should be attempted.’?° An overview of the literature
on the management of torcular meningiomas is shown
in =Table 1.

Consensus exists, that the extent of surgical resection
should be weighed against the risk in light of the patient’s life
expectancy, symptomatology, and the risk of recurrence
necessitating retreatment. In general, a well-accepted strat-
egy for surgical management of meningiomas which are
invading, but not occluding, major venous sinuses was
originally described for parasagittal meningiomas based on
a classification proposed by Sindou and Hallacg.?'

Based on these observations and further studies (e.g., by
Mathiesen et al??), those patients who harbor low-grade
meningiomas that cause incomplete occlusion of the SSS
(Sindou Types II-1V) should undergo resection of the extra-
vascular portion of the tumor while leaving a cuff of coagu-
lated tissue along the wall of the venous sinus.’>-*4 Patients
are then followed up postoperatively with sequential imag-

ing to monitor residual disease until progression is docu-
mented, at which point radiotherapy can be added. For more
aggressive WHO Il or WHO IIl meningiomas, surgeons should
consider the eventual necessity of a more radical excision.* In
the case of a completely occluded dural venous sinus (Sindou
Types V and VI), ligation and resection of the occluded
portion of the sinus without any attempt at sinus reconstruc-
tion may be considered.?>2% However, this maneuver places
the venous collateral system at risk of injury and has the
potential to cause malignant swelling, edema, and hemor-
rhagic transformation. 827

Debernardi et al observed that the degree of preoperative
venous engorgement may be inversely correlated with post-
operative edema and hemorrhage risk, serving as an indirect
measure to be considered when setting surgical goals for
extent of resection during the preoperative planning phase.
These authors also described the presence of four distinct
peritumoral venous patterns which need to be taken into
account during surgical planning: (1) compensatory, dilated
venous channels of the brain, (2) normal veins of the brain,
(3) veins exclusively draining the tumor, and (4) veins with
shared drainage of the tumor and of normal brain parenchy-
ma.?® Importantly, collateral venous flow may traverse the
calvarium and surrounding muscle and soft tissue. Careful
evaluation of preoperative angiography and the use of intra-
operative vascular imaging and neuronavigation are imper-
ative in designing a suitable skin incision as well as an osseus
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© access corridor in order to preserve these essential venous
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w oo & o] . . .
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E — 2w g Y experience with using primary suture repair and autologous
= —_— -
E’g D 5 dural patch repair of the affected venous sinus. In this
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- _'g 2 = a study by Sindou and Alvernia, radical tumor removal and
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after surgery, angiographic data revealed sinus patency in
all eight patients treated with primary repair and 13 of 15
patched cases. Furthermore, 7 of 10 saphenous bypass
grafts remained patent as well—including one bypass
from the SSS to the external jugular vein following the
resection of a torcular meningioma. Of note, those patients
who underwent saphenous vein bypass grafts that later
thrombosed remained asymptomatic. It is postulated that
the temporary bypass allowed more time for venous collat-
erals to emerge.

When a gross total resection is not feasible, or where
histopathological diagnosis reveals an aggressive atypical or
anaplastic meningioma (WHO II/WHO III), external beam
radiation is considered the adjuvant therapy of choice to
prolong PFS.3234 Current National Comprehensive Cancer
Network guidelines recommend radiotherapy for incom-
pletely resected or recurrent WHO Il meningiomas and for
all WHO 11l meningiomas (Level 2A).3> Although there is a
relative paucity of long-term data or randomized controlled
trials in the literature, retrospective data have shown a trend
toward improved outcomes with immediate postoperative
radiation following gross total resection with certain WHO
Grades Il and Il meningiomas.3® Initial results of two pro-
spective trials, EORTC 22042 and RTOG 0539, have also
shown promising results with 3-year PFS rates of 88.7 and
93.8%, respectively, following adjuvant radiotherapy.’’-38
Caution must be exercised when irradiating meningiomas
with venous sinus involvement as venous occlusive compli-
cations may affect collateral flow and has been shown to lead
to a higher morbidity rate.3®*° Given our patient’s age,
histopathological diagnosis, and near total yet incomplete
tumor resection status, our center also offered adjuvant
radiotherapy in an attempt to improve our patient’s chances
for better local control and improved PFS. As of now, only
18 months after her complex second-stage surgery and
subsequent radiation therapy, the patient remains in good
health and with no evidence of recurrence. Given the rarity of
this entity, we recommend the establishment of multicenter
registries, collecting the outcome data in these infrequent
cases of torcular meningioma, which will tell us whether this
combined treatment strategy confers the highest benefit to
this vulnerable patient population.

Conclusion

We advocate for a tailored approach to each patient when
determining the optimal timing of surgery and designing a
surgical strategy in torcular meningiomas. The use of pre-
operative cerebral angiography has proved to be an invalu-
able adjunct to MRI and CT/CTV for evaluating the adequacy
of collateral venous flow and should be utilized to determine
the timing and safety of venous sinus ligation and resection.
Staged resection may be the most suitable and safest ap-
proach to this scenario, allowing the formation of collaterals
prior to complete resection. When encountering atypical
meningiomas, adjuvant radiation therapy may be needed to
achieve local control and prolonged PFS.
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