SURGICAL NEUROLOGY INTERNATIONAL

OPEN ACCESS - Editor:
Daniel Silbergeld, University

SNI: Neuro-OncoIogy For entire Editorial Board visit : of Washington Medical Center,

http://www.surgicalneurologyint.com  Seattle, Washington, USA

Technical Note

Parasagittal meningiomas: Our surgical experience and the
reconstruction technique of the superior sagittal sinus

Alessandro Ricci, Hambra Di Vitantonio!, Danilo De Paulis, Mattia Del Maestro!, Massimo Gallieni!,
Soheila Raysi Dechcordi', Sara Marzi, Renato Juan Galzio'

Department of Neurosurgery, San Salvatore City Hospital L’ Aquila, 'Department of Life, Health and Environmental Sciences (MESVA), University of L’ Aquila,
L'Aquila, Italy

E-mail: Alessandro Ricci - hambra81(@libero.it; Hambra Di Vitantonio - habra.divitantonio(@gmail.com; *Danilo De Paulis - d.depaulis@alice.it;

Mattia Del Maestro - mattiadelmaestro(@gmail.com; Massimo Gallieni - massimogallieni(@gmail.com; Soheila Raysi Dechcordi - soheilaraysi@gmail.com;
Sara Marzi - saramarzi@gmail.com; Renato Juan Galzio - renato. galzio@cc.univaq.it

*Corresponding author

Received: 01 June 16 Accepted: 08 November 16 Published: 19 January 17

Abstract

Background: The radical resection of parasagittal meningiomas without
complications and recurrences is the goal of the neurosurgeon. Nowadays, different
managements are proposed. This study describes our surgical technique during
the lesional excision and the reconstruction of the superior sagittal sinus (SSS).

Methods: The total removal (Simpson | and Il) of parasagittal meningiomas (WHO
grade | and Il) was obtained in 75 patients from September 2000 to January 2010.
The indocyanine green videoangiography was used before the dural opening and,
when necessary, to identify and preserve the cortical veins. The surgery of the SSS
was performed in accordance with Sindou’s classification, and its reconstruction
was achieved through the use of a patch of galea capitis.

Results: We had no cases of recurrence and thrombotic occlusion of the SSS in
5 years after the reconstruction. No complications were observed in 65 patients,
and no cases of mortality were reported. Neurological focal deficits were observed

in 5 patients. A brain swelling and a venous infarction were observed in 1 patient. T (O D Grlli

Only one case of thrombotic occlusion was observed. A cerebrospinal fluid leak Website:

was observed in 2 patients, and a systemic complication was found in 1 patient. www.surgicalneurologyint.com
DOI:

Conclusion: Several factors contribute to the success of the parasagittal
meningioma surgery. We consider the preservation of the cortical veins to be
important, and, when possible, we recommend the reconstruction of the anterior
third of the SSS. Our experience has led us to believe that until now surgery is a
winning choice if practiced by expert hands.

10.4103/2152-7806.198728
Quick Response Code:

Key Words: Collateral and cortical veins, galea capitis, parasagittal meningioma,
superior sagittal sinus

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Ricci A, Di Vitantonio H, De Paulis D, Del Maestro M, Gallieni M, Dechcordi SR, et al. Parasagittal meningiomas: Our surgical experience and the
reconstruction technique of the superior sagittal sinus. Surg Neurol Int 2017;8:1.

http://surgicalneurologyint.com/Parasagittal-meningiomas:-Our-surgical-experience-and-the-reconstruction-technique-of-the-superior-sagittal-sinus/

© 2017 Surgical Neurology International | Published by Wolters Kluwer - Medknow



Surgical Neurology International 2017, 8:1
INTRODUCTION

The radical resection of the parasagittal meningiomas
without complications is the goal of the neurosurgeon.
Therefore, it is very important to preserve and/or repair
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.!

Moreover, because of the lack of a published large series
regarding the parasagittal meningiomas invading the
superior sagittal sinus (SSS), there are no definitive
guidelines for the management of these complex cases.”!

Nowadays, different managements are  proposed.
Some neurosurgeons consider the SSS invasion as a
contraindication for a complete resection, although the
subtotal resection is associated with a high rate of tumor
recurrence, %! which can be treated afterwards with
adjuvant radiotherapy!'®*! or stereotactic radiosurgery.!">2*%"!
Other neurosurgeons consider important to perform
tumor excisions when the SSS is completely occluded
and sufficient collateral venous pathways have been
established,'*#2% whereas others prefer to advocate the
total resection with a sinus reconstruction depending on
the degree of the venous occlusion.!'*513.17.18.32]

In this study, we describe our experience during the
surgical excisions of the parasagittal meningiomas
involving the anterior, middle, and posterior third, as
well as in detail the surgical technique used for the sinus
reconstruction and the preoperative and perioperative
patient management. Finally, we examine the frequency
and nature of the complications.

MATERIALS AND METHODS

This study is a retrospective review of 75 parasagittal
meningiomas operated at our center by the senior author
between September 2000 and January 2010. In all the
patients included in the study, a total removal of the
meningiomas equivalent to Simpson grade 1 or Il and
a histopathological diagnosis of the meningiomas with
WHO grade I and II were obtained.

The data regarding the topography of meningiomas, sex,
and average age of the patients are reported in Table 1.

The preoperative  diagnosis  of the meningioma
was done on computed tomography (CT) scan
and contrast-enhancement magnetic resonance
imaging (MRI). The patients also underwent a

preoperative vascular imaging with the venous MRI
angiography (vMRI), however, we did not use the digital
subtraction angiography (DSA) with any of them.

The intraoperative neurophysiologic monitoring with
electroencephalography (EEG), somatosensory evoked
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potentials (SSEPs), motor evoked potentials (MEPs) and,
in selected cases, visual evoked potentials (VEPs) were
performed.

A computerized neuronavigation was used to plan the
skin incision and the craniotomy to completely remove
the lesion avoiding damages to the SSS.

In all cases of treated meningiomas, a flap of galea capitis
was always prepared during the surgical approach both for
the possibility of reconstructing the SSS and substituting
the dura mater infiltrated by the meningioma. In the last
case, if the galea capitis was not sufficient, the author
used a flap of autologous fat.!""!

The indocyanine green videoangiography (ICGV) was
used during the following: before opening the dura,®’!
during the tumor resection,™? and after the sinus
reconstruction to control the patency of the SSS.

The degree of invasion of the sinus was defined according
to the Sindou’s classification,® which is simplified
compared to the Merrem-Krause’s®™ and Bonnal-
Brotchi’s®! classifications [Figure 1]. The cases related to
this classification are shown in Table 2.

In most patients, the anti-edema therapy with
dexamethasone was used for 48-72 hours after the
surgery, and the enoxaparin was administered for 20 days
after the surgery; no antiplatelet therapy was prescribed
after the hospitalization.

A postoperative contrast-cnhancement  MRI and a
vMRI were performed within 24 hours after the surgery.
After the hospitalization, the postoperative radiological
follow-up consisted of an MRI with contrast, plus a vMRI
at 6 months and once a year for 5 years.

Surgical technique

The patient is placed
anesthesia-target  controlled
propofol and remifentanil.

total intravenous

(TIVATCI)  of

under
infusion

For the parasagittal meningiomas of the anterior third
and the anterior portion of the middle third, the patient
is positioned in the supine position, whereas for the
tumors of the posterior third and the posterior portion of
the middle third we use the prone position.

The preparation of the galea capitis begins with the skin
infiltration. The infiltration is made with carbocaine 2%

Table 1: Total patient data and localization meningiomas
in SSS

Topography of  Number of Patients  Average age Sex
meningioma

Anterior Third 33 61.3 25f/8m
Middle Third 25 58.1 15110 m
Posterior Third 17 63.3 10f/7Tm
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Table 2: Total patients related to Sindou classification
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Topography of meningioma Type | Type ll Type llI Type IV Type V Type VI
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Anterior Third 6 (8%) 4(5.3%) 8(10.5%) - 5 (6.5%) 10(13.3%)
Middle Third 4 (5.3%) 3 (4%) 2 (2.5%) 3 (4%) 2(2.5%) 11(14.6%)
Posterior Third 5 (6.5%) - 1(1.3%) 3 (4%) 2(2.5%) 6 (8%)
Total 15 (20%) 7(9.5%) 11(14,5%) 6 (8%) 9 (12%) 27 (36%)

Type V

Figure |: Reproduction of the Sindou classification. Type I:
Meningioma attached to the outer surface of the sinus wall;Type II:

lateral recess invaded; Type IlI: lateral wall invaded; Type IV: entire
lateral wall and roof of the sinus both invaded;Type V: sinus totally
invaded with one wall being free; Type VI: sinus totally invaded
without any wall being free

and 20 cc of saline solution and it is performed in two
steps. The superficial infiltration is performed between
the dermis and the galea capitis and the second one under
the periostium. The skin incision is performed up to the
dermis for separating it from the superficial layer of the
galea [Figure 2a]. Thereafter, the galea capitis is incised
along the edge of the skin flap up to the underlying
bone [Figure 2b]. When necessary, the lateral incision of
the galea should not exceed the superior temporal line.
In the end, a pedicled galea flap is made [IFigure 2c¢]. In
general, this is conserved inside a sandwich of collagen

Figure 2:The skin incision is performed up to the dermis for separating
it from the superficial layer of the galea (a).The galea capitis is incised
along the edge of the skin flap up to the underlying bone (b).In the end,
a pedicled galea flap is made (c). It is conserved inside a sandwich of
collagen sponge or wet gauzes and then is turned on the skin flap (d)

sponge or wet gauzes, and then it is turned on the skin
flap [Figure 2d].

Based on the neuronavigation data, we perform a
craniotomy slightly larger than that of the meningioma of
approximately 1.5 ecm. Then, owing to a bone flap which
extends laterally, the SSS is completely exposed at least
2 cm beyond the SSS to permit the visualization of both
sides of the sinus. This is done by making two or more burr
holes placed laterally at the SSS and then connected with
the craniotome. Before removing the bone flap, the bone is
carefully separated from the dura with a periosteal clevator.

Before the dural opening, under microscopic vision, a
saline solution with indocyanine green (ICG) is injected
as intravenous bolus®**! to preserve the cortical veins
and identify the SSS occluded segment. Subsequently,
the dura mater is opened relying on the ICGV data.l”’!

In general, no brain retraction is used.

During the tumor resection, when possible, the collateral
veins are recognized and preserved, whereas the tumor
drainage veins are coagulated. Through the use of other
injections of ICG (the maximal daily dose should not
exceed 5 mg/kg), it is possible to distinguish the veins
that drain the tumor from the collateral pathways.
According to Ferroli et al. ™% it could be useful a
temporary clipping of the collateral veins to distinguish
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the direction of the blood flow and decide if the veins
have to be preserved or coagulated.

The tumor is dissected free from the brain parenchyma
throughout its circumference if necessary it is used an
ultrasonic aspirator to perform the lesion debulking. The
last part of the procedure is directed at the portion of the
tumor invading the SSS.

Based on Sindou’s classification,*?'*] the surgery of the
SSS is performed according to the following scheme:
e Type I: peeling of the external layer keeping the inner
layer clean, and coagulation of the site of the dura
attachment; 2531331
e Type II: resection of the intraluminar fragment
within the lateral recess,?**'®] and suture of the
recess defect with polytetrafluoroethylene (¢PTFE)
nonabsorbable monofilament No. 6-0;
e Type III: resection of the invaded wall, and repair with
a patch of galea capitis sutured with ePTEFE No. 6-0;
e Type IV: resection of the invaded wall and, when
possible, peeling with coagulation of the site of the
dura attachment, or subtotal resection of the SSS
roof. Subsequent reconstruction with a patch of the
galea capitis sutured with ePTFE No. 6-0;
e Type V: after a direct surgical exploration of the sinus
lumen, based on the absence or presence of the
cortical veins draining in the SSS, it is possible to
choose between the two different surgical strategies:
* Resection of both invaded walls, without
reconstruction, with closure of the SSS at a distance
of at least 1 cm from the bridging veins;

e Removal of both invaded walls and reconstruction
with a patch of galea capitis sutured with ePTFE
No. 6-0.

e Type VI: removal of the entire involved portion of
the sinus without venous bypass.

When the reconstruction is performed, under microscopic
vision, a patch of galea capitis is harvested from the
previously prepared pedicled galea flap. The size of the
patch depends on the size of the repair and the patch is
conserved temporarily in a saline solution.

The SSS is opened with excision of the wall
infiltrated [Figure 3a and b]. Both the extremities of
SSS are filled with microsurgical patties to avoid air
embolism or excessive blood loss. If an intrasinusal part
of the tumor is present, it is removed using an ultrasonic
aspirator [IFigure 3c]. Then, the sinus is reconstructed
with a patch of autologous galea capitis sutured with a
running locked ePTFE No. 6-0 suture on the edge of the
remaining walls of the SSS [Figure 3d and ¢].

During the running locked suture, the edges of the galea
capitis must be stretched [Figure 3d]. It is very important
that the patch is intact and without lacerations. Before
ending the closure of the SSS, micropatties are pulled
out permitting the restoration of blood flow.

http://www.surgicalneurologyint.com/content/8/1/1

In all cases of reconstruction, another injection of ICG
is performed to confirm the patency of the reconstructed

SSS [Figure 3f].

When possible, to avoid the risk of a thrombotic
occlusion, in type V and VI meningiomas it is important
to close the SSS at a distance of 1 ¢cm from the bridging
veins. This is particularly important in the bridging veins
of the central group in the middle-third portion of the
sagittal sinus.

In the end, the infiltrated dura mater is reconstructed
with another patch of galea capitis or of abdominal
autologous fat.!""

ILLUSTRATIVE CASE

A 53-year-old female patient with a parasagittal
meningioma of the middle third (type V of Sindou’s
classification) was operated. The preoperative brain MRI,
in axial, coronal, and sagittal T1 weighted images with
Gadolinium, revealed a left parasagittal extra-axial tumor
with a homogencous enhancement, originating from the
middle-third of the superior sagittal sinus [Figure 4a-c|.

A double skin infiltration and a pedicled flap of galea
capitis were performed [Figure 2].

Using neuronavigation, the lesion was exposed through
a tailored craniotomy to permit an optimal exposition of
the SSS [Figure 3a]. After the dura mater opening, based
on ICGV data, the lesion was progressively debulked
with removal of the infiltrated dura mater, sparing all the
perilesional veins. The SSS was opened [Figure 3b] with
excision of its superolateral wall and both the extremities
were filled with microsurgical patties. The intrasinusal

Figure 3: The lesion was exposed through a tailored craniotomy
(a), with optimal exposition of the superior sagittal sinus (SSS).
The lesion was progressively debulked with removal of the
infiltrated dura mater, sparing all the perilesional veins. The SSS
was opened (b) with excision of its superolateral wall and both the
extremities were filled with micropads.The intrasinusal part of the
tumor was removed using an ultrasonic aspirator (c).Then, the sinus
was reconstructed with a patch of autologous galea capitis sutured
with a running ePTFE No. 6-0 suture. Subsequently, micropatties
were pulled out with restoration of the blood flow (d, e).At the end
of the procedure, the patency of the SSS and bridging veins was
evidenced by intraoperative ICGV (f)
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part of the tumor was removed using an ultrasonic
aspirator [Figure 3c]. Then, the sinus was reconstructed
with a sutured patch of galea capitis [Figure 3d and e].
At the end of the procedure, the patency of the SSS and
the bridging veins were evidenced by the intraoperative
ICGV  [Figure 4f]. The histopathological diagnosis
was “psammomatous meningioma” (WHO grade 1).
A postoperative brain MRI, in axial, coronal, and sagittal
T1 weighted images with gadolinium revealed the
complete removal of the lesion and the patency of the
reconstructed superior sagittal sinus [Figure 4d-f].

RESULTS

At our institute, between September 2000 and January
2010, 75 patients underwent the excision of a parasagittal
meningioma obtaining Simpson grade I or II and a
histopathological diagnosis WHO grade [ or II. In
21 cases, we performed the reconstruction of SSS with
the galea capitis. The technique was applied in all cases
for the types III and IV. For the presence of suppletive
venous drainage, in type V, we performed the SSS
reconstruction only in 4 patients; 2 cases of anterior third,
1 case of middle third, and 1 case of posterior third.

No perioperative  complications were observed in
65 patients and no cases of mortality were reported. We
had no cases of recurrence and thrombotic occlusion of

the SSS in 5 years after the reconstruction.

The summary of the complications according to the types
of meningiomas is discussed in Table 3, while the types of
complications related to the location of the meningiomas
in the SSS are discussed in Table 4.

Figure 4: Preoperative brain MRI in axial, coronal, and sagittal
T1 weighted images with gadolinium revealed a left parasagittal
extra-axial tumor, with homogeneous enhancement, originating

from the third median part of the superior sagittal sinus (a-c).

Postoperative brain MRI in axial, coronal and sagittal T|1 weighted
images with gadolinium revealed the complete removal of the lesion
and the patency of the reconstructed superior sagittal sinus (d-f)
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A brain swelling and a venous infarction were observed in
1 patient with type IV meningioma of the middle third,
which were caused by an infarction secondary to the
injury of the collateral veins. After the re-operation, the
patient survived with severe neurological disabilities.

Another thrombotic occlusion with consequent infarction
was observed in a parasagittal meningioma of the middle
third (Type V, without reconstruction of the SSS). In
this case, the patient was re-operated with a complete
restoring of the neurological abilities.

Neurological deficits were observed in 5 patients with
meningiomas type VI. These deficits were observed in
2 patients with meningiomas of the anterior-third and
in 3 patients with meningiomas of the middle-third.
The patients with anterior-third meningiomas presented
permanent mental disorders and personality changes due
to the coagulation of the frontal veins. In the middle-third
meningiomas, neurological deficits were transient.

A cerebrospinal fluid (CSF) leak was observed in
2 patients with middle-third meningiomas, and a systemic
complication (septicemia) was found in 1 patient.

No cases of intracranial hypertension, progressive loss of
vision, and/or encephalopathy were observed after the
removal of the meningiomas type V and VI located in the
posterior third of the SSS.

DISCUSSION

Cushing  and  Eisenhardt  defined  parasagittal
meningiomas as tumors filling the parasagittal angle with
no brain tissue between the tumors themselves and the
SSS. Sometimes, they partially or completely invade the

SSS.16261 Their correct management is still discussed in
literature, [+5:9.1820.2224.2930,32]

Nowadays, radiosurgery offers a valuable aid,® but it
cannot replace the surgery. According to Brotchi” and
Sindou,B? several factors contribute to the success of
the surgery. One of these factors is represented by the
position of the patient. The semi-sitting and sitting
positions allow a good venous return, but the risk of air
embolisms is not to be underestimated. However, today
both a precordial Doppler probe and a central venous right
atrial catheter are placed to detect and treat this possible
complication.””) We prefer to adopt the supine or the prone
position, controlling the intracranial pressure with the use
of burst suppression,® hypotension, and hypothermia./?”

We recommend the preparation of a galea capitis
flap because it is an autologous material, inexpensive,
well-tolerated, casy to obtain, and wuseful for the
reconstruction of the SSS. Furthermore, the use of a
pericranium patch avoids the heterologous material
implant or the need for a levy of autologous veins.
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Table 3: Summary of the complications according to type of meningioma

Complications Type | Type ll Type Il Type IV Type V Type VI
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Neurological Deficits - - - - - 5 (6.5%)
Brain swelling, venous infarction - - - 1(1.3%) 1(1.3%) -
CSF* leak - - - - 1(1.3%) 1(1.3%)
Systemic - - 1(1.3%) - - -
Dead - - - - - -
Recurrence - - - - - -
None 15 (20%) 7(9.5%) 10(13.3%) 5 (6.5%) 7(9.5%) 21(28%)

*CSF: Cerebrospinal fluid

Table 4: Type of complications related to the location of
the meningioma in SSS

Complications Anterior Middle Posterior
Third Third Third
No. (%) No. (%) No. (%)
Mental disorder, personality changes 2 (2.5%) - -
Mono or hemiparesis - 2 (2.5%) -
Akinesia - 1(1.3%) -
Brain swelling, venous infarction - 2 (2.5%) -
CSF* leak - 2 (2.5%) -
Septicemia - - 1(1.3%)
Dead - - -
Recurrence - - -
None 31(41%) 18(24%) 16(21.3%)

*CSF: Cerebrospinal fluid

The skin flap and the craniotomy must be wider than
the meningioma.® It is important that the bone flap
extends at least 2 cm beyond the midline to permit the
visualization of both sides of the sinus and to perform
an easy tumor excision and sinus reconstruction,?’l
reducing the venous manipulation as a result of the wide
exposure.

The use of the neuronavigation is always recommended
because it first allows to perform a surgical approach tailored
to each patient, second to decrease the recurrence rate, the
blood loss, and the length of stay, and finally to improve the
recurrence-free survival and the performance status.”) We
think that a correct position of the patient’s head and a right
craniotomy can eliminate the need for a brain retraction.

According to Nussbaum,!” before the dural opening,
the ICGV is a safe, fast, inexpensive, and an accurate
investigation that allows the surgeon to strategically
plan and protect the important parasagittal dural venous
drainage. The role of the ICGV is very important during
the surgical excision because it permits to distinguish the
tumor’s drainage veins from the collateral ones!” owing
to the use of a temporary clipping.''1?!

During the excision of the tumor, it is mandatory to preserve
the bridging, especially those of the rolandic area through
their dissection from the tumor and adjacent brain. #2532

According to the literature data, the anterior third of the SSS
has traditionally been thought expendable.!*? Although in
our experience the greatest number of complications was
observed in meningiomas of the middle third (7 cases),
in 2 patients with meningiomas of the anterior third, who
underwent a complete resection without reconstruction,
we noted neurological deficits [Table 4].

To our knowledge, before the reconstruction of the SSS
with a galea capitis, a temporary occlusion of the distal
and proximal lumen of the sinus can be performed with
surgical patties without the use of small pledgets of
haemostatic material. Sindou® recommends not to use
intraluminal balloons, because they may injure the sinus
endothelium, nor vascular clamps, and not even aneurysm
clips to avoid injuring the sinus wall and afferent veins.*%?

Sindou et alP? suggest to perform a sino-jugular
bypass with autologous veins (saphenous or external
jugular vein) in meningiomas of the posterior-third of
type V and VI to prevent intracranial hypertensions and
neurological deficits. In our experience, no bypasses were
performed and no cases of intracranial hypertensions,
venous occlusions, or neurological deficits were observed.
According to our experience, we think that, in the cases of
parasagittal meningiomas of type V or VI, it is possible to
perform a complete removal of the tumor and a complete
resection of the SSS owing to the development of a
collateral venous network.*’! However, we think that, to
reduce the risk of a thrombotic occlusion of the bridging
veins placed near the resection site, it is important that
the excision of the occluded SSS is performed at a
distance of at least 1 cm from the bridging veins.

CONCLUSIONS

We have presented our surgical experience and technique
of reconstruction of the SSS during the removal of
parasagittal meningiomas. The success of this surgery
is achieved through a management that starts from the
patient’s position. It is a surgery that requires a limited
and careful manipulation of the venous structures. The
use of the ICGV plays a valuable aid in the preservation
of collateral veins and it allows to avoid the DSA.
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Sindou’s classification provides a great help. It allows
to cstablish an appropriate operative scheme during
the surgery. Furthermore, we also recommend the
reconstruction of the anterior-third of the SSS to avoid
changes in personality or mental disorders. In this manner,
the respect for the patient’s quality of life is prime.

Although new technologies are not available for most
neurosurgical centers around the world, in our opinion
Intraoperative neurophysiologic monitoring (EEG, VEPs,
SSEPs, MEPs), ICGV, burst suppression, control hypotension,
and hypothermia facilitate the success of the surgery, even
though they are not mandatory for a good result.

The absence of mortality, the recurrence at 5 years,
and low complications in low-grade meningiomas let us
believe that at present surgery is a winning choice, if
practiced by expert hands.
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Commentary

The authors should be congratulated for presenting a
large series of parasagittal meningiomas treated using
surgical excision with excellent results. This group has
emphasized the use of reconstruction of the sagittal sinus
as an important aspect of aggressive surgical treatment,
and we agree with many of the thoughtful points raised
by the authors.

At our center, we prefer surgery to stereotactic radiosurgery
as the primary treatment modality for parasagittal
meningiomas. Aneccdotal evidence suggests that these
lesions in particular may be at higher than average
risk for radiation-induced swelling, possibly because of
delayed local venous occlusion. In our experience, the
preservation of cortical draining veins at the time of
surgery, particularly larger vessels, is critically important.
It can be difficult to predict with certainty which veins
can be sacrificed safely, and we have therefore used ICGV
as a surgical adjunct to help optimize the dural opening,
and in particular, to avoid inadvertent injury to cortical
veins stretched or distorted by the tumor! It should be
noted that a stretched vein can appear smaller than it
really is because of tumor mass effect, and hence we are
careful to avoid intentional sacrifice of any vein in this
setting. In agreement with the authors, we avoid opening
the sinus in proximity to a large cortical vein, and have
at times left a small amount of tumor behind rather
than risk injuring a large vein. In fact, we have described
the repair of an inadvertently injured large cortical vein
in this setting.”! In our experience, when the sinus is
significantly narrowed by the tumor, there are often
collateral channels running parallel to or around the
true sinus, which should be identified using preoperative

http://www.surgicalneurologyint.com/content/8/1/1

angiography and preserved at surgery to avoid venous
ischemic injury.

When the lateral wall of the sagittal sinus is invaded
by tumor, we will often open the sinus, remove
tumor, and oversew the opening with some form of
patch graft. We agree with the authors that even the
anterior one-third of the sagittal sinus deserves such
reconstruction as we see no disadvantage to attempting
local repair, which may be beneficial in selected cases.
We have not resected long segments of the sinus using
a patch to repair the sinus in an end-to-end fashion,
although other centers have supported the use of
this technique. When a limited amount of residual
tumor is present, we will follow this closely and use
radiosurgery as needed. This paradigm has worked well
in our experience allowing us to achieve good long-term
tumor control balanced with excellent outcomes in the
majority of cases. Again, we congratulate the authors
on their experience.
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