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Endoscopic endonasal resection of skull base meningiomas:
the significance of a “cortical cuff”” and brain edema
compared with careful case selection and surgical experience
in predicting morbidity and extent of resection
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Object. This paper describes a consecutive series of skull base meningiomas resected using an endoscopic
endonasal approach through various corridors at a single institution over 7 years. The impact of case selection and
experience, the presence of a cortical cuff between the tumor and surrounding vessels, and brain edema on morbidity
and rates of gross-total resection (GTR) were examined.

Methods. A retrospective review of a series of 46 skull base meningiomas from a prospective database was con-
ducted. The series of cases were divided by location: olfactory groove (n = 15), tuberculum and planum (n = 20), sel-
lar/cavernous (n = 9) and petroclival (n = 2). Gross-total resection was never intended in the sellar/cavernous tumors,
which generally invaded the cavernous sinus. Clinical charts, volumetric imaging, and pathology were reviewed to
assess the extent of resection and complications. Cases were divided based on a time point in which surgical tech-
nique and case selection improved into Group 1 (surgery prior to June 2008; n = 21) and Group 2 (surgery after June
2008; n = 25) and into those with and without a cortical cuff and with and without brain edema.

Results. Improved case selection had the greatest impact on extent of resection. For the entire cohort, rates of
GTR went from 38% to 76% (p = 0.02), and for cases in which GTR was the intent, the rates went from 63% to 84%
(not significant), which was mostly driven by the planum and tuberculum meningiomas, which went from 75% to
91.7% (nonsignificant difference). The presence of a cortical cuff and brain edema had no impact on outcomes. There
were 3 CSF leaks (6.5%) but all were in Group 1. Hence, CSF leak improved from 14.2% to 0% with surgical experi-
ence. Lessons learned for optimal case selection are discussed.

Conclusions. Surgical outcome for endonasal endoscopic resection of skull base meningiomas depends mostly
on careful case selection and surgical experience. Imaging criteria such as the presence of a cortical cuff or brain
edema are less important.

(http://thejns.org/doi/abs/10.3171/2014.7. FOCUS14321)
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ENINGIOMAS of the anterior skull base have been
M traditionally approached through transcrani-

al approaches or, when paranasal regions are
involved, combined craniofacial resections.!-1422.27.28:40.46
While these approaches offer wide exposure and work-
ing space, brain retraction, postoperative seizures, neuro-
vascular manipulation, sinus obliteration, wound healing,
and cosmesis can be significant issues. With the evolution
of endoscope-assisted surgery, endonasal endoscopic ap-
proaches through the ethmoids, fovea ethmoidalis, crib-

Abbreviations used in this paper: DI = diabetes insipidus; GTR =
gross-total resection; SPGR = spoiled gradient recalled echo; STR
= subtotal resection.
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riform plate, clivus, and planum sphenoidale have been
developed as useful alternatives.>6:13:15.19.20.24.3345.49
However, the use of extended endonasal endoscopic
approaches in the surgical treatment of skull base menin-
giomas is perhaps the most controversial application of
this technique. The criticisms have focused on the follow-
ing key issues. First, the approach is through an infected
field, resulting in a potentially higher risk of intracranial
infection. Second, the risk of CSF leak has been high in
many of the reported series. Third, the exposure is too
limited to remove the dural tail and obtain a complete
resection. Fourth, the corridor is too narrow to permit
microsurgical dissection of blood vessels attached to the
tumor capsule, requiring a “cortical cuff” to be present
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between the tumor and the vessels.?? Fifth, any evidence
of edema in the adjacent brain indicates possible brain in-
vasion requiring complex brain dissection and hemostasis
techniques not possible with endonasal surgery.”> While
each of these points has merit, they are primarily derived
from results achieved in the early years of endonasal
surgery before the development of a variety of technical
advances that have made these approaches both more ef-
fective and safer. Likewise, recommendations regarding
appropriate case selection were not clear given the lack of
experience and consensus within the endonasal surgical
community.

As our center gained more experience applying en-
donasal surgery to meningiomas, our thinking evolved
regarding the role and applicability of these approaches to
a variety of meningiomas and our selection of cases ma-
tured. In this paper we review a relatively large series of
meningiomas in which endonasal skull base approaches
were used either alone or in combination with a cranioto-
my, and demonstrate not only the evolution of our results
but also the lessons we have learned that help us select ap-
propriate cases for surgery. Our purpose is not to convince
the reader that endonasal endoscopy should replace crani-
otomy, but rather demonstrate how this technique can be
used to complement transcranial surgery. In particular, we
examine the relative role of case selection and technique
development compared with other previously identified
factors, such as the presence or absence of a cortical cuff
and brain edema, in determining outcome such as extent
of resection and morbidity.

Methods
Study Population

Patients were drawn from a prospective database of
a consecutive series of patients who underwent endonasal
endoscopic surgery between March 2005 to April 2013.
The surgeries were performed by the senior authors, an
otolaryngologist (V.K.A. and a neurosurgeon (T.H.S),
and only histologically confirmed meningiomas were
identified. Institutional Review Board approval at Weill
Cornell Medical College was obtained for this study. Pa-
tients were divided into 2 historical groups. Group 1 con-
sisted of patients who underwent operations before June
2008, while Group 2 underwent surgery after June 2008.
Group 1 represented cases early in our experience dur-
ing our “learning curve.” We chose these data specifically
because in June 2008 we adopted the nasoseptal flap for
closure and routinely used the “gasket-seal” and a lumbar
drain (described below; Table 1).

Data entered prospectively into our database included
information on the approach, presence of an intraopera-
tive CSF leak, closure materials, and use of lumbar drain-
age. Other end points discussed below were acquired
retrospectively from chart and radiology review. Some of
these patients were included in earlier studies but without
investigation of the presence of a cortical cuff or brain
edema.>¥4

Clinical and Radiological Evaluation

Medical records were retrospectively reviewed for
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medical history, physical examination results, neurolog-
ical signs, visual function, patient imaging, operative
reports, surgical technique, operative results, patient out-
comes, and follow-up office visits. Complete endocrino-
logical assessments of all pituitary axes were performed
pre- and postoperatively. Prior to surgery all patients
underwent stereotactic Gd-enhanced T1-weighted and
FLAIR MRI for image guidance. Following surgery,
all patients had an MRI scan with contrast, including
a spoiled gradient recalled echo (SPGR) 1-mm coronal
scan at both 2 days and 3 months. Extent of resection was
determined by a neuroradiologist performing volumet-
ric calculations comparing preoperative SPGR images
acquired for neuronavigation with postoperative images,
and classified as gross-total resection (GTR), near-total
resection (= 95%), or subtotal resection (STR; = 95%).
The radiologist also determined preoperatively if there
was edema in the brain, based on examination of the
FLAIR images, and whether there was a “cortical cuft,”
i.e., brain juxtaposed between the tumor and adjacent
cortical vessels. The radiologists were not blinded to the
extent of resection when these determinations were made,
but they were not aware that these data points were going
to be correlated with outcome.

Operative Approach

The details of the surgical approaches have been
described previously.?*>-344 However, there are certain
specifics that are worth discussing with respect to patient
selection and technique that inform our results. Meningi-
omas are given 3 antibiotics preoperatively: vancomycin,
ceftriaxone, and metronidazole. Intraoperative cranial
nerve or somatosensory monitoring was used intermit-
tently depending on the location of the pathology and
the patient’s preoperative examination. A lumbar drain
was placed at the start of the operation if a large dural
opening was anticipated, which is generally the case for
meningioma surgery. Otherwise, a lumbar puncture was
performed to administer 0.25 ml of 10% fluorescein (AK-
Fluor, Akorn) with 10 ml of CSF to help visualize CSF
leaks and to ensure there was no leak after reconstruc-
tion of the skull base.?#+47 Glucocorticoids and antihista-
mines were given to prevent a hypothetical allergic reac-
tion to fluorescein. Once in rigid head fixation, patients
were registered with the frameless stereotactic equipment
to preoperatively acquire MRI and/or CT angiography.
Our closure technique has evolved over time, with some
overlap between the periods they were used.’” We started
by using intracranial fat with an overlay of fascia lata and
then artificial tissue sealant, either Tisseel (Baxter) in the
earlier years or Duraseal (Covidien) starting in 2006. This
closure evolved into the “gasket seal” closure, which con-
sisted of an overlay of fascia lata buttressed with a coun-
tersunk piece of Medpore (Porex).®% After June 2008,
we adopted the nasoseptal flap?' in addition to the gasket
seal'®® for floor reconstruction.®* If a lumbar drain is
placed, it is generally left in place for only 24 hours at a
rate of 5 ml/hour and removed on postoperative Day 1 at
night so the patients can get out of bed on postoperative
Day 2.
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TABLE 1: Significance of surgeon experience, cortical cuff, and brain edema

Entire Cohort (%) Olfactory Groove (%) Planum/Tuberculum (%)
Variable GTR Complications GTR Complications GTR Complications

Group 1 38 29 75 50 75 375
Group 2 76* 25 73 27 917 8.3
cortical cuff 10 29 100 33 0 0

no cortical cuff 53.3 1.4 66.7 33 85 15

brain edema 40.9 29 75 30 100 12.5
no brain edema 25 8.8 66.7 30 75 16.7

*p=0.02.
Statistical Analysis however, we are only presenting those cases in which an

Student t-tests, chi-square, and Fisher exact tests were
used to identify significance between groups. A p value >
0.05 was not considered significant. Patients were also di-
vided into those with and without a cortical cuff (defined
as brain tissue separating the tumor capsule from vessels),
and those with and without brain edema, for statistical
purposes (Table 1).

Results

Olfactory Groove Meningiomas

Our thought process on surgery for olfactory groove
meningiomas evolved over time. In our early experience,
we attempted to use the endonasal approach alone for ap-
propriate tumors, namely those that did not extend later-
ally more than 1 cm beyond a vertical extension of the
lamina papyracea, regardless of the anterior-posterior
extent. The ability to remove the entire cribriform plate
early in the operation would devascularize the tumor and
decrease recurrence rates from invaded bone, and also de-
crease brain retraction. However, we found that those me-
ningiomas whose anterior extent was in contact with the
back wall of the frontal sinus created unique challenges.
First, the angle of approach rendered removal of the front
of the tumor difficult, and closing a defect in the anterior
fossa that extended to the back of the frontal sinus was
challenging. However, our center did not use a Lothrop
or Draf III surgical approach in this approach, which may
have biased our impression of the resulting exposure and
should be taken into account. The nasoseptal flaps often
do not reach this far anteriorly and there is no ledge upon
which to rest an inlay graft. Another consideration was
olfaction. The endonasal approach uniformly results in
a loss of olfaction when the cribriform plate is resected.
Thus, for smaller tumors in which there was not only good
preoperative olfaction but the possibility of preservation
of olfaction postoperatively, a transcranial approach was
less morbid, particularly a supraciliary “eyebrow” inci-
sion with endoscope assistance, which we used routinely.
For this reason, after 2008 we began using the endonasal
approach selectively, depending on the specific anatomy
of the tumor, and often combined the endonasal approach
with a craniotomy depending on the anatomy of the tumor
and the anticipated defect in the skull base. In this series,

Neurosurg Focus / Volume 37 / October 2014

endonasal endoscopic approach was used either by itself
or in combination with a craniotomy. In Fig. 1 we present 4
cases, 2 of which we consider appropriate for purely endo-
nasal resection and 2 of which we used either a combined
cranionasal surgery (i.e., an endonasal endoscopic as well
as a transcranial approach) or an eyebrow approach to
preserve olfaction. This last case is not included in this
surgical series but is useful as a comparison for surgical
selection criteria.

Clinical Presentation and Radiological Findings. There
were 15 patients who underwent 16 endoscopic approach-
es for olfactory groove meningiomas, including 4 patients
in Group 1 and 11 patients in Group 2. One patient under-
went a staged procedure consisting of a biopsy followed by
surgical removal. In Group 1 all surgeries were uniquely
endoscopic. and 4 patients in Group 2 (36%) underwent
an endoscopic approach combined with a craniotomy in
either a staged or combined fashion. Mean age at surgery
was 59.7 years (range 42—77 years). There were 4 males
(26.7%) and 11 females (73.3%). The majority of patients
presented with multiple complaints, with 5 patients report-
ing visual disturbance (33%), 5 with headaches (33%), 4
with personality changes (26.7%), and 1 with facial pain
(6.7%). There were no endocrine abnormalities. In Group
I, 1 patient underwent a previous surgery 30 years ago.
In Group 2, 4 patients had previously undergone a remote
craniotomy for tumor removal. In Group 2, 1 patient had
prior fractionated stereotactic radiosurgery and 1 had
Gamma Knife surgery.

Average tumor volume was 44.4 cm? (range 13.5-90.3
cm?®) in Group 1 and 28.8 cm? (range 1.95-130.1 cm?) in
Group 2 (p = 0.47). Brain edema was present in 4 patients
(100%) in Group 1 and in 6 patients (54.6%) in Group 2 (p
= 0.23, nonsignificant). Tumor was juxtaposed to the optic
apparatus in 2 cases (50%) in Group 1 and 6 cases (55%) in
Group 2 (nonsignificant difference). No patient in Group 1
(0%) had a cortical cuff, and in Group 2, 3 patients (27.3%)
had a cortical cuff (nonsignificant difference).

Operative Approach and Closure. All cases in both
Group 1 and Group 2 underwent a transethmoidal trans-
cribriform approach, but the transsphenoidal transplanum
approach was also used for larger tumors that extended
back above the planum sphenoidale, as in 1 case in Group
1 and in 7 cases in Group 2 (p = 0.28). The endoscope was
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Fie. 1. Sagittal and coronal Gd-enhanced MR images of olfactory groove meningiomas (in each panel, preoperative images
on the left, postoperative on the right).  A: A purely endonasal case in which GTR was achieved. The fat graft can be noted in
the surgical cavity on postoperative images on the right. However, olfaction was lost, and it is unclear if it could have been saved
using a transcranial approach. B: Another case involving endonasal removal. The fat graft can be observed in the surgical
cavity. Olfaction was lost, but likely could have been preserved if a transcranial approach had been used.  C: Meningioma that
extended up toward the back wall of the frontal sinus and had an intracranial and intranasal component. This tumor was removed
using a combined eyebrow and endonasal, above and below approach.  D: Although this tumor could be removed endonasally,
we elected to perform this surgery through an eyebrow approach because the skull base closure would have been challenging
given the anterior extent off the tumor and the fact that the patient had good olfaction prior to surgery. We were able to preserve
olfaction. The limitation of the eyebrow approach is the residual hyperostotic bone at the base, likely infiltrated with tumor that

may require radiosurgery at some point.

the sole means of resection in all 4 cases (100%) in Group
1, whereas in Group 2, 7 cases (64%) were purely endo-
scopic. Reconstruction of the skull base defect in Group 1
involved a turbinate flap in 1 case and fat with fascia lata
in 3 cases. The nasoseptal flap with a gasket seal was used
in all cases in Group 2. An intraoperative lumbar drain
was used in all cases in Group 1 and in 9 cases in Group 2.

Surgical and Clinical Outcome. Gross-total resection
was achieved in 3 patients (75%) in Group 1 and 8§ patients
(73%) in Group 2 (p = 0.93, nonsignificant). For the purely
endoscopic cases in Group 2, the GTR rate was 86%. GTR
rates were 100% in patients with a cortical cuff and 66.7%
in patients without a cortical cuff (p = 0.52, nonsignifi-
cant). GTR rates were 75% in patients with brain edema
and 66.7% in patients without brain edema (p = 1, nonsig-
nificant). Residual volume was 24.4 cm?® in Group 1 and
8.7 cm® in Group 2.

The total permanent complication rate was 33%,
which included 50% in Group 1 and 27% in Group 2 (p
= 0.56). Complication rates were 33% in patients with a
cortical cuff, 33% in patients without a cortical cuff (non-
significant), 30% in patients with brain edema, and 30% in

4

patients without brain edema (nonsignificant differences).
There were no postoperative endocrinopathies in Group
1, whereas 1 patient in Group 2 had transient postopera-
tive diabetes insipidus (DI) and another had transient syn-
drome of inappropriate antidiuretic hormone. There were
no visual complaints preoperatively in Group 1, with no
subsequent complaints postoperatively. Four patients in
Group 2 experienced improvement of vision postopera-
tively (80%), and 1 patient had no improvement (20%).
In Group 1 there was 1 CSF leak (25%) that required a
craniotomy for repair. There were no CSF leaks (0%) in
Group 2. In Group 1 there was 1 patient who had a postop-
erative posterior sellar collection believed to be infection
that required endoscopic exploration, with final cultures
and pathology negative for infection, consistent with a re-
solving hematoma. In Group 2 there were 2 postopera-
tive infections. The first patient developed nasal discharge
and vomiting that required an endoscopic washout with-
out floor reconstruction and was discharged with 6 weeks
of intravenous antibiotics. Another patient developed a
postoperative abscess of the back wall of the sphenoid
sinus that required craniotomy for appropriate washout.
In Group 2 there was 1 patient who developed a postop-
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erative deep venous thrombosis and pulmonary embolus
treated with anticoagulation, and subsequently developed
an intracerebral and subdural hemorrhage on postopera-
tive Day 9 that required a craniotomy for evacuation.

Pathology revealed WHO Grade I meningioma in all
patients in both groups, except 1 patient in Group 2 who
had a WHO Grade III meningioma. Two patients in Group
2 were referred for radiation treatment for a residual tumor.
The average follow-up in Group 1 was 85.5 months (range
65—-103 months), and 27 months (range 3—53 months) for
Group 2. There was 1 recurrence after 4 years of follow-
up from a patient in Group 1 (25%) who required a crani-
otomy for resection.

Tuberculum and Planum Meningiomas

As opposed to olfactory groove meningiomas, our
philosophy on planum and tuberculum meningiomas is
somewhat different. We offer endonasal surgery for all
planum and tuberculum meningiomas that do not extend
laterally beyond the internal carotid artery bifurcation or
laterally beyond the optic nerves. Contraindications in-
clude extension to the anterior clinoid processes and clear
encasement of the internal carotid artery, anterior cere-
bral artery complex, or optic nerves. However, even these
factors are not absolute contraindications if the goals of
surgery are debulking and not GTR. In most situations,
however, the goals of surgery are GTR for planum and tu-
berculum meningiomas. Tumor in the medial optic canals
is not a contraindication because the optic canals can be
opened endonasally.? Figure 2 shows examples of 4 cases,
with descriptions of some of the key considerations in
choosing appropriate cases.

Clinical Presentation and Radiological Findings. There
were 20 patients in this cohort (tuberculum and planum
meningiomas), 8 in Group 1 and 12 in Group 2. In this se-
ries all patients were selected to undergo a purely endona-
sal expanded endoscopic approach. No staged or transcra-
nial approaches were required. The mean age at surgery
was 56.5 years (range 31-81 years). There were 6 males
(30%) and 14 females (70%). Two patients had undergone
transcranial surgery previously and 1 had prior transsphe-
noidal surgery with STR, which were all performed at out-
side institutions. No patients had any prior radiation treat-
ment. Preoperative symptoms included visual impairment
only (50%), visual impairment and headaches (30%), vi-
sual impairment and panhypopituitarism (5%), headaches
only (5%), and endocrine abnormalities only (5%).

Average tumor volume in Group 1 was 11.92 cm?, and
in Group 2 was 12.02 cm? (nonsignificant difference). Sev-
en (35%) of 20 meningiomas showed peritumoral brain
edema. Nine meningiomas (45%) originated from the tu-
berculum sellae, 7 (35%) from the planum sphenoidale,
3 (15%) from both the tuberculum sellae and the planum
sphenoidale, and 1 (5%) that was within the third ventricle.
The tumor was juxtaposed to the optic apparatus in all 20
patients. In no patient was a cortical cuff identified, except
for the tumor within the third ventricle.

Operative Approach and Closure. The surgical ap-
proach for all cases was transsphenoidal transtuberculum
transplanum, with the addition of the transethmoidal tran-
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scribriform approach in 2 cases in which the tumor ex-
tended more anteriorly than just the planum sphenoidale.
Closure was conducted with a variety of materials and
techniques in Group 1, including inlays of fat and fascia
lata, onlays of fat and fascia lata, and intermittent buttress-
ing with vomer and MEDPOR (Stryker) in select cases.
However, in Group 2, all patients had a gasket-seal closure
covered with a nasoseptal flap. Sixteen patients had an in-
traoperative lumbar drain placed prior to surgery, which
was continued postoperatively for 24 hours at 5 ml/hour.
Lumbar drains were placed in 50% in Group 1 and 100%
in Group 2.

Surgical and Clinical Outcome. Gross-total resection
was achieved in 17 patients (85%) in this group. In the
remaining patients with STR, the extent of resection was
66.6%, with an average residual volume of 0.63 cm?. For
Group 1, GTR was 75%, and for Group 2, GTR was 91.7%.
Although this was a dramatic increase in GTR rate, the
difference was not statistically significant (p = 0.54). The
reason for STR was a tumor extending lateral to the an-
terior clinoid process (2 cases) and tumor attached to A,
branches (2 cases). The latter cases occurred in the early
part of our series when our bone openings were not as
large; we used pistol-gripped instead of bayonetted instru-
ments and we were less comfortable operating with a 30°
endoscope. There was no significant relationship between
tumor volume and GTR (p = 0.526). GTR rates were 0%
in patients with a cortical cuff and 85% in patients without
a cortical cuff (nonsignificant difference). GTR rates were
100% in patients with a brain edema and 75% in patients
without brain edema (p = 0.24, nonsignificant).

The clinical symptoms described above improved in
most of the cases. Among the 17 patients with preopera-
tive visual complaints, 14 (82.4%) had improvement of
vision, while 3 (17.6%) had no improvement. No patients
experienced deterioration of vision. Visual improvement
was 87.5% for Group 1 and 80% for Group 2. Although
visual improvement was better in Group 1, the differ-
ence was not statistically significant (p = 1). Headaches
resolved in all cases. The endocrine abnormalities in 2 pa-
tients remained unchanged.

The total permanent complication rate was 15%,
which was 0% in patients with a cortical cuff, 15% in pa-
tients without a cortical cuff (nonsignificant difference),
12.5% in patient with brain edema, and 16.7% in patients
without brain edema (nonsignificant differences). A CSF
leak occurred in 2 patients in Group 1 (25%). One patient
was treated with a lumbar drain while the other required
an endonasal reexploration as well as a craniotomy. This
same patient, who was operated upon at the beginning of
our series (Group 1), had a history of sarcoidosis, renal
failure, and steroid dependence, and suffered multiple
complications resulting in sepsis and death. Our rate of
transient complications in Group 1 was 37.5% (2 patients
with CSF leak, 1 with DI) and in Group 2 was 8.3% (1
patient with DI). The CSF leak rate was 25% in Group 1
and 0% in Group 2. The differences in complication rate
(p=1) and CSF leak rate (p = 0.15) between Groups 1 and
2 were not statistically significant (Table 1). The postop-
erative histopathological analysis of the tumors revealed
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Fic. 2. Sagittal and coronal Gd-enhanced MR images of planum and tuberculum meningiomas showing GTR of planum
sphenoidale meningiomas. Note that there is no cortical cuff in either of these patients.

that all meningiomas included in this study were WHO
Grade I.

Follow-Up and Recurrence. Follow-up ranged from 5
to 96 months (average 51.5 months). There were 2 tumor
recurrences. One patient has received postoperative 3D
confocal external beam radiation for residual tumor sur-
rounding the anterior circulation. One patient with residu-
al tumor superior and lateral to the internal carotid artery
and optic nerve has undergone a craniotomy to remove her
recurrent tumor.

Sellar/Cavernous Sinus Meningiomas

Philosophically, in our opinion patients with cav-
ernous sinus meningiomas are not candidates for GTR.
However, biopsy may be useful to ensure the diagnosis of
meningioma, and an endonasal approach allows this pro-
cedure to be conducted in a minimally invasive manner.
Likewise, patients with tumors in the sella or adjacent to
the optic nerves and chiasm may require removal of the
tumor and placement of a fat graft to mobilize the chiasm,
optic nerve, and pituitary gland away from the residual
cavernous sinus tumor in preparation for radiosurgery, to
reduce the risk of post—stereotactic radiosurgery hypopitu-
itarism or radiation-induced optic neuropathy. The utility
of this type of pituitary transposition or “hypophysopexy”
has been described by other authors.*¢# Figure 3 dem-
onstrates examples of sellar and cavernous meningiomas
suitable for endonasal surgery.

Clinical Presentation and Radiological Findings. There
were 9 patients with sellar/cavernous sinus meningiomas,
7 in Group 1 and 2 in Group 2. The mean age at surgery
was 49.8 years (range 23-58 years). There was 1 male and
6 females in Group 1, and 2 females in Group 2. All pa-
tients (100%) in Group 1 had visual disturbances, whereas
Group 2 had 1 patient with amenorrhea and the other with
headache. Group 1 had 1 patient with endocrinopathy with
hypothyroidism, and all in Group 2 had amenorrhea. All
patients in Group 1 had undergone a craniotomy before
the endoscopic approach, including 2 at an outside facility.
No patient had previously undergone cranial irradiation.

The average tumor volume was 30.4 cm? (range 1.36—
10727 cm?) and 1891 cm?® (range 1.36-36.46 cm?®) in

6

Groups 1 and 2, respectively. Brain edema was present in
85% of Group 1 and 0% of Group 2. The tumor involved
the optic apparatus in all patients in Group 1, and in only
1 patient in Group 2. There was no cortical cuff identified
in either Group.

Operative Approach and Closure. The surgical ap-
proach for Group 1 was via transsphenoidal, transsellar,
and transplanum, with 2 pituitary transpositions for ad-
juvant postoperative radiotherapy. For Group 2, the ap-
proach was transsphenoidal transsellar in both cases, with
pituitary transposition in 1 patient. Reconstruction of the
skull base was achieved with a nasoseptal flap in all cases
in Group 2. A combined open and endoscopic approach
was used in 4 cases (57%) in Group 1 and O cases (0%) in
Group 2. Only 3 patients (43%) had an intraoperative lum-
bar drain placed in Group 1, and none in Group 2.

Surgical and Clinical Outcome. GTR was never the
goal in this cohort but was achieved in 1 patient. Average
residual tumor volume in Group 1 was 30.4 cm? (range
0.78-56.42 mm?), and 18.9 cm? (range 1.36-36.5 cm?®) in
Group 2. In 6 (86%) of the patients in Group 1, residual
volume was located in the cavernous sinus. No cortical
cuff was identified in any of the 9 cases. In Group 1, 6
cases (86%) had brain edema. No brain edema was identi-
fied in Group 2.

The total permanent complication rate was 22%, in-
cluding 33% in patients with brain edema and 0% in pa-
tients without brain edema (nonsignificant difference).
There were no CSF leaks (0%). One patient in Group 1
had transient DI. One patient who underwent a combined
approach required a ventriculoperitoneal shunt for hydro-
cephalus in the postoperative period of the same hospi-
tal admission, and another patient in the same group had
meningitis after the craniotomy, which required antibiotic
treatment. In Group 1, 5 patients experienced visual im-
provement (71.4%); 1 had no change (14%), while another
had visual deterioration (14%). In Group 1, pathology was
WHO Grade I in 4 cases and WHO Grade II in 3 cases,
whereas in Group 2 pathology was Grade I in all cases.
Four patients in Group 1 received postoperative radiation
therapy, as did both patients in Group 2. The average fol-
low-up duration was 20.6 months (range 6—34 months) in
Group 1 and 7.5 months (range 6—9 months) in Group 2.
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Fic. 3. Coronal MR images of sellar and cavernous meningiomas in 2 patients. Preoperative contrast-enhanced (left column),
postoperative contrast-enhanced (center column), and postoperative nonenhanced (right column) images show pituitary trans-
position with a fat graft to protect the pituitary gland from radiosurgery.

Clival and Petroclival Meningiomas

Although we offered endonasal surgery to 2 patients
with petroclival meningiomas at the beginning of our se-
ries, our experience with these tumors in which GTR was
the goal of surgery was not as encouraging as with other
types of meningiomas. Therefore, our experience in this
area is limited. Although brainstem decompression is cer-
tainly feasible, resection of tumor lateral to the petrous
apex is quite challenging, and resection of tumor adherent
to the basilar artery and its perforators and brainstem is
also difficult from a ventral angle. Likewise, if the dural
attachment extends past the medial wall of the vertical ca-
rotid artery, there is likely to be residual tumor. Although
the endonasal approach clearly offers improved visual-
ization of the tumor arising from the midline clivus over
any transcranial approach, if the goal is complete tumor
removal, we found a transcranial approach to be more ap-
propriate to reach all components of the tumor. However,
a combined approach is also reasonable whereby the lat-
eral components are removed transcranially and ventral
components removed endonasally.

Clinical Presentation and Radiological Findings. There
were 2 female patients in this cohort, both in Group 1. The
mean age at surgery was 70.5 years (range 70-71 years).
One case was uniquely endoscopic and brainstem decom-
pression was the goal, and the other was combined with a
craniotomy to reach the lateral part of the tumor to achieve
GTR. Presentation for both patients was headache, with 1
also having visual disturbance. No endocrine dysfunction
was identified. Average tumor volume was 6.47 cm? (range
2.94-10.0 cm?®). Brain edema was present in 1 patient. No
cortical cuff was identified in either case.

Operative Approach and Closure. Surgical approach
was transsphenoidal transclival in the patient with a de-
compression, with pituitary transposition in the second pa-
tient who also underwent a craniotomy. Reconstruction of
the skull base was not conducted using a nasoseptal flap,
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but with a gasket seal with fascia lata, fat, vomer, Gelfoam
(Pfizer), and Floseal (Baxter). A lumbar drain was placed
in the operating theater for the patient with pituitary trans-
position, but neither patient required postoperative inser-
tion of a lumbar drain.

Surgical and Clinical Outcome. Gross-total resection
was not achieved in either of these cases. Average residual
tumor volume was 1.07 cm? (range 1-1.14 cm?). Subtotal
resection achieved a 75.6% reduction in volume. The com-
plication rate was 50%. There were no CSF leaks. There
were no postoperative endocrinopathies. One patient had
a brainstem stroke resulting in hemiparesis and unilateral
hearing loss. Pathology revealed WHO Grade I meningi-
oma in both patients. One patient was referred for postop-
erative radiosurgery. Average follow-up was 42.5 months
(range 15-70 months).

Significance of Case Selection and Technical
Improvements, Cortical Cuff, and Brain Edema on GTR,
Complications, and CSF Leak for the Entire Cohort

For the entire cohort (n = 46) the rate of GTR was
63%, and for the cases in which GTR was the intent of
surgery (n = 37), the rate was 76%. Rates of GTR were
38% in Group 1 (n = 21) and 76% in Group 2 (n =25; p =
0.02). If we exclude the cases in which GTR was not the
intention of surgery, the GTR rates were 64% in Group
1 (n = 14) and 84% in Group 2 (n = 23; nonsignificant
difference). The rate of complications was 29% in Group
1 and 25% in Group 2 (p = 0.73, nonsignificant). There
were 3 CSF leaks (4.6%), all in Group 1, so the rate de-
creased from 14.3% in Group 1 to 0% in Group 2. Rates of
GTR were 10% and 53.3% in patients with and without a
cortical cuff, respectively (nonsignificant difference), and
40.9% and 25% in patients with and without brain ede-
ma, respectively (nonsignificant difference). The rates of
complications were 2.9% and 11.4% in patients with and
without a cortical cuff, respectively (nonsignificant differ-
ence), and 2.9% and 8.8% in patients with and without
brain edema, respectively (nonsignificant difference).
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If we exclude patients who also underwent a crani-
otomy and only examine those who underwent a purely
endoscopic approach (n = 35), the rates of GTR were 5.7%
and 65.7% in patients with and without a cortical cuff,
respectively (nonsignificant difference), and 42.9% and
28.6% in patients with and without brain edema, respec-
tively (nonsignificant difference). The rates of complica-
tions were 2.9% and 26.5% in patients with and without a
cortical cuff, respectively (nonsignificant difference), and
20% and 8.6% in patients with and without brain edema,
respectively (nonsignificant difference).

Discussion

Anterior skull base meningiomas comprise approxi-
mately 10% of meningiomas.3!!5! Although classically
approached via a craniotomy, over the last 2 decades the
endonasal endoscopic approach has grown in popularity,
arising from a collaboration with otolaryngologists, ad-
vances in technology, and evolving techniques in cranial
fossa floor reconstruction. Although the extended trans-
sphenoidal approach for anterior skull base meningiomas
was originally conceived by Weiss, Mason et al.,’® Kitano
and Taneda,* Kaptain et al.,>> and Couldwell et al."° using
a microscope, several groups have now reported results
of endonasal, transsphenoidal, purely endoscopic menin-
gioma surgeries.”1215:16:19294249 T date, limited large series
have been reported that combine meningiomas in various
locations and also discuss principals of case selection and
factors correlating with results. Moreover, several recent
papers have tried to outline factors that correlate with
higher morbidity to assist the clinician with patient selec-
tion. In this paper we examined 2 of these factors, namely
the absence of a cortical cuff indicating the proximity of
small perforators to the tumor capsule,’? and the pres-
ence of brain edema as an indication of brain invasion.*
Our results in this large series of meningiomas indicate
that these factors may not be as important as careful case
selection and technical skills that are acquired over time.

In fact, a cortical cuff is almost never present in most
anterior skull base meningiomas that are large enough to
require surgery because the anterior cerebral arteries lay
so close to the back of most of these tumors. Requiring a
cortical cuff would eliminate almost all tumors from con-
sideration. In our entire series, we only found a cortical
cuff in 3 cases, all within the olfactory groove meningi-
oma cohort. Likewise, brain edema is frequently encoun-
tered in these cases and the ability to perform careful bi-
manual surgery is adequate to manage these cases without
a significant increase in morbidity. Hence, these criteria
should not be considered as contraindications for surgery
in experienced hands.

With experience, of course, also comes careful case
selection. For this reason, we presented several of the
more critical lessons we have learned in choosing me-
ningiomas for surgery. These include avoiding endonasal
surgery for olfactory groove meningiomas that approach
the back wall of the frontal sinus, where closure is chal-
lenging, and avoiding those patients with preserved smell
in whom surgery from above might be able to preserve
a working olfactory nerve. For those patients we prefer
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to use an endoscope-assisted, supraciliary “eyebrow”
incision. Likewise, we do not offer endonasal surgery to
patients with petroclival meningiomas if the dural attach-
ment of the tumor extends beyond the medial wall of the
extradural vertical internal carotid artery. In these cir-
cumstances a combined above and below approach may
be indicated.”” Likewise, the aim of GTR should not be
the goal in all meningiomas in the skull base.*!* In some
instances, an STR followed by radiosurgery is adequate,
such as in elderly or infirm patients who may not tolerate
arisky surgery or in those with cavernous sinus invasion.

Although the complication rate in this series appears
high, we included even more minor transient complica-
tions such as deep venous thrombosis, sinusitis, and tran-
sient DI. We included these more minor complications to
fully explore the role of the cortical cuff and brain edema
in surgical outcomes. In general, we found that the cor-
tical cuff and brain edema were not significant because
almost all meningioma surgeries require the surgeon to be
able to dissect the capsule of the tumor off the surround-
ing vessels and pia or invaded brain, and these skills can
be acquired by an experienced endonasal surgeon. More-
over, the most feared complication (postoperative CSF
leak) is not affected at all by the absence of a cortical cuff
or presence of brain edema. In fact, only improvements in
technical skill and new closure techniques play a role in
this outcome metric. While earlier groups reported rates
of CSF leak as high as 32%-40% for meningiomas,'*
we reported an overall rate of only 14.3%, and that rate
has dropped to 0% over the last 6 years. The relatively low
number of complications for endonasal surgery compared
with transcranial surgery for meningiomas is supported
by studies of de Deviitis et al.” and Kitano et al.,! which
showed that non—CSF leak complications were lower in
the endonasal group. In agreement with our recent data,
other series of endonasal meningioma surgeries have also
been able to achieve a 0% CSF leak rate in smaller series
of patients.#

Conclusions

In this study we demonstrate that the most important
factor in successful endonasal meningioma surgery is sur-
gical experience, not only as it is related to technical skill,
but also to case selection. This factor far outweighs other
radiological criteria such as the presence of a cortical cuff
or brain edema. Surgeons endeavoring to perform endo-
nasal meningioma surgery should be well versed in bi-
manual microdissection and multilayer closure techniques
prior to embarking on these challenging cases.
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