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ABSTRACT

Background: Parasagittal meningiomas involving the superior
sagittal sinus (SSS) pose formidable obstacles to surgical
management. Invasion is often considered a contraindication to
surgery because of associated morbidity, such as cerebral venous
thrombosis.

Aim of the work: was to evaluate the risk/benefit ratio in
attempting radical excision of parasagittal meningiomas involving the
superior sagittal sinus.

Patients and methods: The study consisted of 25 patients who
had undergone surgery for parasagittal meningioma. Patients with
meningioma involving the anterior third of the sinus underwent
radical removal. Patients with meningioma that was involving the
middle and posterior third of the sinus had a radical removal if the
sinus was completely obliterated, and subtotal removal of tumors that
are infiltrating but not obliterating the SSS.

Results: 23 patients (92%) had radical tumor resection achieving
Simpson Gl and 2 patients (8%) had subtotal tumor resection
achieving Simpson GIV. There were 3 postoperative transient
neurological deterioration (12%) and 2 postoperative deaths (8%).
The recurrence rate in the study was 5%, with a follow-up for 24
months.

Conclusion: The benefits must be carefully weighed against the
risks deciding between more aggressive, radical, or less aggressive
subtotal resections. The less aggressive subtotal resections if the sinus
ispartially occluded may be a reasonable choice.

Keywords:  Meninges, Venous  Sinuses,

Parasagittal Meningiomas.

Meningiomas,

INTRODUCTION:

Parasagittal

meningiomas are

Parasagittal meningiomas are classified
according to which third of the sinus they

those . . ) .
involve; as anterior third (from the crista

tumors that fill the parasagittal angle, just off
the midline and adjacent to the SSS and falx,
with no brain tissue between the tumor and
the superior sagittal sinus (SSS)."’Such
tumors may invade partially or completely
the superior sagittal sinus.*” They
comprise approximately 19.5 to 45% of all
intracranial meningiomas.®

galli to the coronal suture), middle third
(from the coronal to the lambdoid suture), or
posterior third (from the lambdoid suture to
the torcular)">” . And they are classified by
Sindou according to what extent the superior
sagittal sinus is affected that guide surgical
decision  making and  preoperative
planning.®'?
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Most parasagittal meningiomas as well
as falcine meningiomas gain a greater
clinical and surgical relevance due to their
location close to the superior sagittal sinus,
associated bridging veins and frequent
closeness to eloquent areas, especially the
tumors located in the posterior two-thirds of
the superior sagittal sinus." In this case, the
optimal surgical management 1S
controversial; pose various challenges to
neurosurgeons all over the world.-'%!*17

The radical resection of the parasagittal
meningiomas without complications is the
goal of the neurosurgeon. Therefore, it is
very important to preserve the venous
circulation. However, the high risk of
damage to the cerebral venous system and
the possibility of severe neurological
complications make the surgical strategy
debatable."®!'”"The advantages of a radical
resection should be weighed against the
potential additional risks related to the

opening of the sinus and its wall
resection.?2)
Some neurosurgeons consider the

invasion of the middle and posterior third
parts of the sinus as a contraindication for a
complete resection”*”and have proposed
alternately more or less aggressive treatment
modalities to manage this dilemma by
resecting the tumor mass outside the sinus
wall(s) and coagulate the remnant® %',
Other neurosurgeons consider important to
perform tumor excision when the SSS is
completely occluded and sufficient collateral

venous pathways have been
established, ! +16:22-23)

AIM OF THE WORK

The aim of this study was to evaluate
the risk/benefit ratio in attempting radical
excision of parasagittal —meningiomas
involving the superior sagittal sinus.
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PATIENTS AND METHODS
PATIENT POPULATION:

This prospective study will include
twenty five patients with a radiological
diagnosis of parasagittal meningioma with
variable degrees of SSS involvement who
will be admitted to  neurosurgery
Departments of Ain Shams University
Hospitals and Sohag Teaching Hospital in
the period that will begin in 2014 and will
end in 2018.

Inclusion criteria:

- Any patient with primary or recurrent
parasagittal (falcine) meningioma.

- Any patient with significant mass effect
and edema.

Exclusion criteria:

We excluded the cases that did not
fulfill all essentials for this series like:

= Presentation of other comorbidities

contraindicating surgery.

* Presentation of venous infarction with
neurological deficit prior to surgery.

Preoperative evaluation:

All patients in this study will be
subjected to both neurological and
radiological evaluation.

Neurological evaluation:

All  cases will be  examined
neurologically preoperative and will be rated
according to the Karnofsky Performance
Scale (KPS); patients will be classified into
1 of3 groups. (1) Those with normal
function or minimal symptoms and can work
(KPS score, 80-100); (2) those who are
independent but cannot work (KPS score,
50-70); and (3) those with moderate or
severe disability (KPS score, 40 and below).
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Radiological evaluation:

All patients will be evaluated using
magnetic resonance imaging (MRI); pre and
post contrast and magnetic resonance
venography (MRV) of the brain and venous
sinuses to evaluate the degree of sinus
involvement.

Patients will be classified into 1 of 3
groups (1) patients with patent sinus (2)
Patients with partially invaded sinus (3)
Patients with totally occluded sinus; this
classification determine surgical strategy.

Management:

Written informed consent will be
obtained from all patients after an open
discussion about the underlying disease,
expected morbidity and mortality.

Surgical technique:

e Patient position

Patient positioning will be tailored
according to the tumor location. It is crucial
to position the head in a way that the
meningioma is located at the uppermost part
of the operative field; this provides an
excellent view of the tumor and sinus with
good control of blood loss and avoids
unnecessary brain retraction by using the
effect of gravity.

e Surgical Incision

When planning the size and location of
the skin flap, the location of prominent scalp
veins must be observed and preserved.

The incision should follow the rule of 2
cm, which places all skin edges at least 2 cm
away from the craniotomy. The incision
extends at least 2 cm across the midline
exposing both sides of the lesion. The base
of the flap should be at least as wide as its
length.

e (Craniotomy:

A large craniotomy flap of sufficient
extent centered over the tumor (2 to 3 cm
posterior and 2 to 3 cm anterior to the tumor

boundaries) will be performed crossing the
midline to permit visualization of both sides
of the sinus.

e Dural opening:

A semilunar dural flap will be based
along the SSS; taking care not to
compromise the adjacent bridging veins to
the sinus. Remove any dura that has been
invaded along with the tumor.

e Tumor Resection:

Tumor resection will start as

follows:

1- Devascularization of the tumor: the
attachment of the meningioma to the
lateral wall of the sinus will be detached
by using the cutting mode of the bipolar
coagulation forceps.

2- Internal tumor debulking: working
inside the meningioma by piecemeal
tumor excision, so that the remaining
capsule of the tumor can be easily
mobilized without brain retraction.

3- Sharp dissection of the arachnoid plane:
freeing the capsule from the brain tissue
by identifying the layer of arachnoid at
the brain-tumor interface which is
sharply cut with microscissor.

Superior sagittal sinus surgical strategy:

The strategy of the operation depends
on the status of the superior sagittal sinus
(SSS).

- Patent sinus:

The attachment of the tumor to the SSS
will be coagulated with bipolar forceps and
will be peeled until a clean, shiny dural

surface will be obtained, and the sinus will
be preserved.

- Totally occluded sinus:

“en-bloc” resection of the meningioma
will be done. The dura will be opened
bilaterally in a butterfly fashion based on the
SSS. The sinus will be palpated anterior and
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posterior to the invaded occluded part,
transfixing stitches through the falxcerebri
will be placed and the sinus will be resected
with preservation of the collateral venous
channels

- Partially occluded sinus:

The strategy of surgery will depend on
the site of occlusion along the SSS:

Partially occluded anterior third of the
SSS

We will resect the sinus wall for
removal of the intraluminal fragment then
we will repair the dural defect by suturing or
by closing it with a patch of galeacapitis or
pericranium.

Partially occluded posterior two thirds
of the SSS

We prefer subtotal tumor excision;
preserving the sinus intact; leaving the
intraluminal fragment. The outer leaf of the
dura mater will be cauterized extensively
with a bipolar cautery.

e (Closure

We will do duroplasty by pericranial
graft and will be closed in watertight
fashion.

Postoperative care:

Radiologic studies will be performed
within 24 hours after the operation. A CT
scan with contrast and/or a MRI will be
performed to look for a tumor remnant, to
assess the extent of resection and immediate
postoperative complications.

Follow up:

We will follow up the cases for at least
24months clinically and radiologically.

- Radiological follow up:

In normal course of the cases we will
requestMRI Brain pre-& post contrast plus
MRV after three months then every 6months
interval for the first 2 years to detect any
recurrence.
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- Clinical follow up:

Evaluation of the patients clinically will
be performed, and they will be rated
according to the Karnofsky Performance
Scale (KPS); imaging studies will be
requested if there will be any neurological
deterioration.

RESULTS
Patient Characteristics:

25 patients had parasagittal (falcine)
meningioma underwent surgical tumor
resection in the period that began in 2014
and ended in 2018. The patients ranged in
age from 28 to 82 years (mean, 53.2 years).
There were 14male (56%) and 1lfemale
(44%). two patients had undergone surgery
previously. Time to follow-up was at least
24 months. Three patients could notbe
contacted and were lost to follow-up.

Tumor Characteristics:

In the majority of cases (18 patients,
72%), the location of the tumor was the
middle third of the sagittal sinus. the anterior
third of SSS was involved in 4 patients
(16%), the posterior third in 3 patients
(12%). The SSS was patent in 14 patients
(56%), partially occluded in 3 patients
(12%), and totally occluded in 8 patients
(32%)

Tumor Resection

Twenty-three patients (92%) had radical
tumor resection achieving Simpson grade I
resection (Fig.1) and two patients (8%) with
partially occluded posterior third in whom
total tumor removal would have required
sacrificing the sinus, we decided to resect
the tumor subtotally only the extrasinusal
portion without interrupting sinus patency
achieving Simpson grade IV (Table 1).
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Fig. (1) Intraoperative photo showing macroscopic radical resection of the tumor.

Table (1): Tumor resection in relation to status of SSS

Variables Status of SSS Total
Patent Partially Totally
Occluded Occluded
Tumor Radical Count 14 1 8 23
Resection % of Total 56.0% 4.0% 32.0% 92.0%
Subtotal Count 0 2 0 2
% of Total 0.0% 8.0% 0.0% 8.0%
Total Count 14 3 8 25
% of Total 56.0% 12.0% 32.0% 100.0%

There was a statistically significant
relationship between tumor resection and
status of SSS by Fisher’s exact test (P-value
=0.01<0.05)

Histopathological findings

Tumors were classified and divided into
histological subtypes according to World
Health Organization (WHO) criteria (table2)

Table (2): Histopathological classification of 25 patients with parasagittal meningioma according to

WHO grading
Pathology Number of patients Percentage WHO grading
Meningothelial 9 36.00% GI
Fibroblastic 3 12.00% GI
Mixed  transitional 3 12.00% GI

and fibroblastic
Psammomatous 5 20.00% GI
Atypical 5 20.00% GII

Postoperative morbidity and mortality

Overall, morbidity occurred in 3
patients (12%); transient neurological
deterioration due to brain swelling occurred
in patients with middle third SSS
meningiomas. Two of them had totally

occluded sinus and one patient had patent
sinus. In all of them, the tumor had been
removed through radical resection. All of
these patients recovered from their
complications  within few days by
corticosteroid and osmotic diuretic use.
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Two patients (8%) died during the

postoperative period, one secondary to
postoperative brain swelling and one
because of myocardial infarction.
Neurological outcome:

Early  postoperative  analysis  of
functional status in our patient group

demonstrates (2 patients; 8%) were died, (3
patients; 12%) had mild transient worsening

of their preoperative status, and most
patients improved or remained unchanged
(20 patients; 80%).

All living patients were examined
neurologically for functional statusearly
postoperative and3 to 6 months after surgery
and were rated according to the Karnofsky
Performance Scale (KPS)(table 3& Fig.36);

Table (3): Comparison of preoperative neurological functional status with neurological outcome of

living patients at early and late postoperative period

Neurological functional status | Preoperative | Early Postoperative | Late Postoperative
KPSscore, 80-100 32% 43.5% 95%
KPS score, 50-70 52% 47.8% 5%
KPS score, 40 and below 16% 8.7% -

There was a statistically significant
relationship between preoperative, early
postoperative, and late  postoperative

neurological functional status by Friedman
Test (P-value= 0.001<0.05).

Diagram (1): Comparison of preoperative neurological functional status with neurological outcome of

living patients at early and late postoperative period.
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Recurrence Rate:

Clinical and radiological follow up for
at least 24 months revealed only one patient
(5%) had a tumor recurrence after 18
months; the histopathological diagnosis
was" atypical meningioma" WHO GII.

Statistical analysis

Data was analyzed using Statistical
Package for Social Science (IBM SPSS
statistics) package version (24), and Epicalc
(2000) package.Friedman test was used to
compare between more than two dependent
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variables via their mean rank, Chi-square
test or Fisher exact test were used to
investigate the statistically significance
relationship between variables. Also, Chi-
square test was used to detect whether there
was a statistically significance differences
between the percentages of the variables or
not, i. e., P-value as considered significant if
it was less than 0.05.

Illustrative Case

A 28 years old male patient presented
with paraparesis that had been present for 2
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months, andhad several episodes of
generalized seizures and behavioral changes
for 6 months. Neurological examination
revealed bilateral lower limbs hyperreflexia,
and bilateral positive Babinski sign.
Preoperative imaging with MRI brain
revealed a  bilaterally  parasagittal
frontoparietal lesion with homogeneous
dense enhancement following contrast
infusion invading the anterior third of the
sagittal sinus (Fig.3). MRV demonstrated
segmental obstruction of the anterior third
of sinus with formation of perilesional
collateral venous channels (Fig.4). The
bicoronal skin incision is performed up to
the dermis.Bilateral craniotomy flap was
performed centered over the tumor. The dura
was opened bilateral in a butterfly fashion
based on the SSS. The attachment of the
meningioma to the lateral wall of the sinus
was detached by using the cutting mode of
the bipolar coagulation forceps, thus cutting
off the tumor dural supply. Then the tumor
was debulked by piecemeal tumor excision,
so that the tumor can be easily mobilized

from the underlying cortex without brain
retraction then sharp dissection of the
arachnoid plane for freeing the capsule from
the brain tissue with microscissor. Wet
cottonoid strips are applied in this plane
continuously till complete tumor removal
until the falx was clearly visible. The sinus
was palpated anterior to and posterior to the
invaded occluded part, transfixing stitches
through the falx cerebri were placed and the
sinus was resected with preservation of the
collateral venous channels (Fig.5). The
tumor was totally removed with the
infiltrated dura achieving Simpson grade I
resection.No intraoperative or postoperative
complications were encountered. An
immediate postoperative CT brain was done
revealed no residual lesion. Postoperatively,
paraparesis improved gradually over 6
weeks. The histopathological diagnosis was
“Atypical meningioma” (WHO grade II). A
follow up MRI brain with intravenous
contrast was performed at the third month
postoperatively revealed complete removal
of the lesion with no recurrence (Fig.6).

Fig. (2): Preoperative brain MRI in axial, coronal, and sagital T1 weighted images with gadoliniumn
revealed a bilateral parasagittal extra-axial tumor, with a homogenous enhancement at the anterior

third of the superior sagittal sinus.
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Fig. (3): Preoperative MRV lateral view, showing total occlusion of the anterior third of the sinus and
compensatory collateral vessels through intra-osseous emissary veins.

Fig.(4): Intraoperative photo showing the sinus exposure and the bilateral dural opening. The tumor
was completely removed and the tumor bed. Transfixing stitches through the falx cerebri were placed
and the sinus was resected.
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Fig. (5):3" month postoperative MRI brain in sagittal T1 weighted images with gadolinium and MRV

showing complete removal of the lesion.

DISCUSSION:
Despite technical advances, surgical
removal of parasagittal meningiomas

represents a  surgical challenge to
neurosurgeons, mainly because of their
intimate relationships with the sagittal sinus
and bridging veins. The neurosurgeon
should balance aggressive surgery to achieve
radical resection with preservation of venous
flow that is the major cause of postoperative
morbidity and mortality.'****"

The radical resection of parasagittal
meningiomas without complications and
recurrences is the goal of the
neurosurgeon.'”

Sindou et al ®'" reported that

meningioma invading the superior sagittal
sinus, present the surgeon with dilemma of
whether to 1) leave the fragment invading
the sinus, thus creating high risk of
recurrence or 2) attempt total removal with
or without venous reconstruction and expose
the patient to a potentially greater operative
danger.

Radical removal can be done if the sinus
is totally occluded, it is ligated at the
proximal and distal ends of the involved
sinus and then resected, allowing en bloc

tumor removal without significant risks.*"”
28)

Ricci et al and Huo et al., reported that
radical resection of the tumors with the
obstructed segment of the SSS was safe
without the need for SSS reconstruction as
the collateral venous pathways developed
during the progressive course of the
disease."**”

Lesions that partially occlude the sinus
without collateral pathways are at particular
risk for complications suggesting a more
conservative treatment aimed at resecting
only the extrasinusal portion of the
meningioma while preserving major cortical
veins, and leaving tumor remnants that
significantly involve the sinus and awaiting
for sinus occlusion by residual tumor with
the hope of promoting the development of
collateral venous outflow. 571424303

This strategy was agreed and reported
by Colli et al in their series, they opted to
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perform a subtotal resection when the
posterior two thirds of the sinus was
significantly invaded by a tumor and they
never interrupted and reconstructed the
sinus.”

Sughrue et al. postulated that the
residual small tumor portion which invades
SSS will not increase in short period even
without adjuvant radiation-based treatments.
Because the most common histopathological
grade was benign one and ifit happened they
prefer to shift to radiotherapy®”.

Our management paradigm has been to
achieve Simpson grade I resection but with
the goal of preservation of venous structures.
Support for this paradigm is highlighted by
the lower morbidity, mortality and
comparable recurrence rate in our series in
comparison with the literature highlighted
by previously published data indicating
recurrence even in the face of Simpson
grade I resection. Our study demonstrated
that the most significant and prevalent
complication is short term neurological
deterioration due to cerebral venous
thrombosis/infarction(12%), and long-term
recurrence rate of (5%). These results raise
the importance of understanding risk factors
for operative complications in addition to
factors  influencing  recurrence  and
underlying treatment paradigms.

In the study of Tomasello et al which
conducted on 67 patients aiming at
attempted radical removal of parasagittal
meningioma, where (5%) developed venous
infarction. ©?

Sughrue et al postulated that the
majority of the recurrences that they
observed resulting from higher-gradetumor
histopathological features.*”

The low incidence of recurrence in our
series is due to the longer period of follow
up in other studies. Our mean follow up
period was 24 months as compared to long-
term 25-year follow-up of surgically treated
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parasagittal meningiomas by Segerlind et
al.®

In light of these considerations, our
management strategy primarily consists of
attempts at Simpson grade [ resection
without sacrifice of critical vascular
structures. Even if the resection is subtotal,
the residue can remain stable for years. If
regrowth occurs, it may be a few millimeters
per year with a progressive evolution of the
collateral circulation and progressive sinus
thrombosis.

Conclusion

The benefits must be carefully weighed
against the risks deciding between more
aggressive, radical, or less aggressive
subtotal resections. The less aggressive
subtotal resections if the sinus is partially
occluded may be a reasonable choice.
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Attempted Radical Removal Of Parasagittal Meningioma: Risks And Benefits
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