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Expanded endonasal endoscopic resection of anterior fossa
meningiomas: report of 13 cases and meta-analysis of the
literature
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Object. Transnasal endoscopic (TNE) approaches have been proposed for the resection of anterior cranial base
meningiomas. The purpose of this article was to evaluate the results of endoscopic resection of anterior cranial fossa
meningiomas by reviewing available published data in addition to the authors’ experience with 13 cases.

Methods. The literature was searched via OVID to identify all available disaggregate data pertaining to anterior
fossa meningiomas treated primarily by TNE. In addition, the authors reviewed the records of a personal series of 13
patients who underwent TNE removal of parasellar meningiomas through a pure TNE approach.

Results. Meta-analysis from studies included a total of 69 patients with adequate disaggregated data to summa-
rize. Mean age (+ SD) at surgery was 53.3 + 13.0 years (range 27-80 years); 78% of the patients were women. Tumor
size was skewed toward smaller lesions, with a mean volume of 24.4 + 2.9 cm®. Intraoperative impressions were of
gross-total resection in 76% of cases. The most common complication reported was CSF leakage, occurring in 32%
of the cases (22 of 69). The rate of CSF leakage was not affected by size (p = 0.52), location of tumor (p =0.9), or age
(p =0.56). There was 1 death overall. The mean duration of follow-up was 21 + 18 months.

Conclusions. Transnasal endoscopic resection of anterior cranial base meningiomas is feasible in selected cases.
Reported resection rates are adequate, although the follow-up in the reported series is too short (mean 21 months) to
make definitive conclusions regarding the long-term effectiveness. Cerebrospinal fluid leakage is a common com-
plication, although it appears not to be associated with additional morbidity except for the need for reoperation.
Long-term results are necessary before considering TNE resection as a valid alternative, in selected cases, to the more

established transcranial techniques. (DOI: 10.3171/2011.1 FOCUS118)
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IDLINE anterior fossa meningiomas, such as ol-
Mfactory groove and parasellar (including both

tuberculum sellae and planum sphenoidale) tu-
mors constitute approximately 12%—-20% of all intracra-
nial meningiomas.?® Treatment for anterior fossa menin-
giomas typically entails resection. Standard transcranial
surgery includes unilateral frontotemporal, or subfrontal
and bifrontal approaches.?*> Newer approaches include
minimally invasive supraorbital keyhole craniotomies
with endoscopic assistance.”!”

In the past 10 years, there has been an explosion of
interest in the application of TNE therapy for sellar and
anterior cranial fossa lesions. With increased experience,
surgeons have tackled more formidable pathologies such
as larger and more technically difficult anterior fossa
meningiomas.? Advantages of TNE over transcranial ap-
proaches include minimization of brain retraction and
optic apparatus manipulation, earlier identification of the
pituitary gland, and a cosmetically appealing postopera-

Abbreviation used in this paper: TNE = transnasal endoscopic.
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endoscopic approach  *

endonasal approach

tive result with no visible scar. Endoscopic transnasal sur-
gery is also appealing to patients because it is perceived
as being less invasive than the more traditional transcra-
nial route.>> However, despite several small single-center
series, the potential role of TNE resection for anterior
cranial base meningiomas is not defined, and to date
there has been no critical evaluation of the literature re-
garding its effectiveness. In this report, we systematically
analyze the available literature regarding TNE surgery
for anterior skull base meningiomas. We also include a
personal series of patients surgically treated by 2 of the
authors (G.F. and E.P)).

Methods

Chart Review

The records of 13 consecutive patients who under-
went TNE removal of parasellar meningiomas through a
pure TNE approach performed by 2 of the authors (G.F.
and E.P.) were retrospectively reviewed. Standard extended
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endoscopic transtuberculum approaches were performed
(Video 1).

VmEO 1. Case 2. An edited recording of the removal of a
parasellar meningioma, demonstrating representative portions
of the approach and resection and, at the end of the video clip,
the closure with fascia lata. Click here to view with Windows
Media Player. Click here to view with Quicktime.

Literature Search

Unique articles were identified by means of Ovid
MEDLINE using the following MeSH headings: “endo-
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nasal,” “endoscopic,” “extended transphenoidal,” “menin-
gioma,” “sellar,” “transnasal,” “olfactory groove,” “tuber-
culum sellae,” “planum,” alone and in combination. We
then searched all references in these manuscripts. The
inclusion criteria for this set of articles were as follows: 1)
individual patient data were reported in a disaggregated
fashion, 2) the primary treatment modality was clearly re-
ported and limited to endonasal endoscopic surgery, and
3) outcome data were reported, including follow-up dura-

tion and/or time until death.

Data Extraction

Data from individual reports and case series were
extracted. Manuscripts reporting only sum-aggregate re-
sults were not used, as these data did not permit meaning-
ful analysis; however, these articles are included in our
discussion. Tumors with posterior fossa extension were
excluded due to unknown origin; this applied to the case
series reported by Gardner et al.,'”* from which 7 tumors
were excluded as being possibly petroclival. Follow-up
duration was tabulated in months. Disease status, mortal-
ity, and cause of death were extracted and coded for as
of death or the termination of follow-up. There was inad-
equate follow-up to permit survival analysis. We did not
distinguish between tuberculum sellae and planum sphe-
noidale tumors, we simply included this as one group, la-
beled PS (parasellar). This was done because the differ-
ence between these two locations was often not clearly
defined in the original manuscripts, and also the largest
series on this topic did not distinguish these tumors, rec-
ognizing the difficulty in separating them.'"

Statistical Analysis

The Pearson chi-square test was used to analyze for
differences in preoperative categorical factors. The re-
sults of statistical tests were considered significant at p
< 0.05. Continuous variables are presented with the SE
unless otherwise noted. Differences in age were tested
for significance using the independent-sample t-test after
demonstrating normality of the data. All descriptive and
statistical analysis was performed using JMP 8.0.

Results
Patient Series

Thirteen patients were treated by 2 of the authors
(G.F. and E.P) for meningioma using a TNE approach
between 2003 and 2010. There were 11 women and 2 men
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with a mean age of 62 + 15 years (range 31-77 years, me-
dian 67 years). Two patients (15%) had undergone prior
resection via a craniotomy. The maximum diameter of
tumors ranged from 13 to 35 mm, with an average of 24.3
+ 6.6 mm. Figure 1 shows the lesions in the first 8 con-
secutive cases as examples of the spectrum of pathology
treated. Twelve of the 13 patients presented with visual
deficit and 1 had persistent headaches (Table 1). At sur-
gery, tumors were judged to be soft in 3 cases, firm in 5,
fibrotic in 3, and calcified in 2. Of the 12 patients with
documented postoperative visual examinations, vision
was found to have improved in 8, remained unchanged
in 4, and worsened in none. Postoperative imaging con-
firmed complete tumor resection in 7 of 13 cases; in 6
cases there were small remnants. In these last 6 cases, 3
patients had undergone TNE resection with the only goal
being decompression of the optic apparatus. Therefore, of
the 10 cases in which radical resection was the goal, it was
achieved in 7. Figure 2 demonstrates a typical postopera-
tive appearance after TNE resection. Significant postop-
erative complications occurred in 1 patient, who suffered
a postoperative left anterior cerebral artery stroke causing
right leg weakness. There were no episodes of postop-
erative CSF leakage in this series. Follow-up data were
available in 10 patients (mean duration of follow-up 13
months, median 8 months). All but 1 of these 10 patients
were alive at the time of this writing (December 2010);
in the single patient who died, the cause of death was not
related to the tumor or the surgery.

Meta-Analysis

On the basis of the literature search, we identified a
total of 69 patients with adequate disaggregated data to
summarize. There were 50 parasellar and 19 olfactory
groove tumors.>>61014.18.24 Patient age was parametrical-
ly distributed with a mean (= SD) of 53.3 + 13.0 years
(range 27-80 years) at the time of surgery. There were
50 women (78%) and 14 men (21%). Tumor size was sig-
nificantly skewed toward smaller lesions with minimum,
first quartile, median, third quartile, and maximum val-
ues of 1.4, 8.6, 20, 26, and 109 cm?, respectively. Average
maximum diameter was 27.5 mm. In 27% of cases, the
patients had prior treatment either by a transsphenoidal
or transcranial approach. Of the 69 resections, 76% were
qualified as gross total; there were equal proportions of
those declared subtotal (12%) or near total (12%). Overall,
the CSF leakage rate was 32% (with CSF leak occurring
in 22 of 69 cases). The CSF leakage rates for olfactory
groove and parasellar tumors were 26% (5 of 19) and 34%
(17 of 50), respectively; this difference was not significant
(p =0.9). The CSF leakage rate was not affected by tumor
size (p = 0.5) or patient age (p = 0.6). There was 1 death
overall. The mean (+ SD) duration of follow-up was 21 +
18 months.

Discussion

Midline anterior fossa meningiomas, specifically ol-
factory groove and parasellar meningiomas, have conven-
tionally been removed via various transcranial subfrontal
approaches. In the modern era of microneurosurgery, the
first report of extended transnasal removal of a meningi-
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Fic. 1. Preoperative sagittal (left) and coronal (right) contrast-enhanced T1-weighted MR images obtained in the first 8 cases
(as numbered) in the senior authors’ series of 13, demonstrating typical lesions treated with TNE resection. In general these le-
sions are midline, do not extend outside the carotid arteries, and are relatively small.

oma is credited to Weiss and coworkers in 1987.> Follow-
ing the pioneering work of Jho and others, TNE resec-
tion has been applied to a variety of lesions of the cranial
base including anterior cranial fossa meningiomas.!>¢
Transnasal endoscopic surgery allows a window to the

anterior skull base of the approximately 15-20 mm left to
right by 25-30 mm anterior to posterior.” The approach is
relatively straightforward. However, it has been suggested
that resection of complex tumors such as meningiomas
through a TNE approach is for the “virtuosos only.”!:2

TABLE 1: Clinical and demographic characteristics in 13 patients who underwent TNE resection of parasellar

meningiomas*

Age (yrs),  Tumor Previous

Case No. Sex  Size (mm) Treatment Presenting Symptoms Postop Vision Postop MRI FU (mos) Complication

1 70, F 22 x 16 none BTHA normal negative 20 none
2 31, F 26 x18 none BTHA & rt AD improved negative " none
3 59, M 25x 14  craniotomy Itblindness & rt AD stable remnant 65 none
4 68, M 28 x27 none rt AD improved remnant 8 none
5 77, F 30x25 none [t AD & rt AD stable remnant 3 stroket
6 32,F 13x10 none headache normal negative 3 none
7 72,F 14 x12  craniotomy Itblindness improved remnant 8 none
8 76, F 31x18 none rt blindness & It AD stable remnant 13 none
9 67, F 17 x22 none [t AD & rt AD improved negative 3 none
10 69, F 25x12  none BTHA NA negative NA none
11 57 F NA none BTHA & AD improved negative NA none
12 64, F 20x 18 none BTHA normal negative 0 none
13 62, F 30x35 none It blindness & rt AD stable remnant NA none

* AD = acuity deficit; BTHA = bitemporal hemianopia; FU = follow-up; NA = data not available.
1 Left anterior cerebral artery ischemia, right lower-extremity hemiparesis.
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Fic. 2. Case 1. Preoperative (left) and postoperative (right) T1-
weighted contrast-enhanced coronal (upper) and sagittal (lower) MR
images demonstrating a complete resection and the typical postopera-
tive appearance.

We report a meta-analysis of various studies that in-
cludes a total of 69 cases of anterior fossa meningiomas
treated with TNE therapy and for which enough infor-
mation was available to allow for a disaggregate analy-
sis. Overall, there were 50 parasellar and 19 olfactory
groove meningiomas in addition to the 13 from our se-
ries.>>6:10.1424 Ag one would expect, there was a large pro-
portion of women in this series, which is concordant with
other large meningioma series."!* The major shortcoming
of evaluating a series of TNE resections of anterior fossa
meningiomas at this time is the lack of adequate long-
term data. Most currently available reports are relatively
limited, as they are series that report the direct surgical
accomplishments of the technique and do not focus on
appropriate outcome assessment for meningiomas. Most
of these studies have 6—24 months of follow-up (mean 21
+ 18 months).?* Therefore, no conclusions can be made
about the effectiveness of this surgical strategy.

Direct comparison within one institution between
TNE and TC surgery for anterior cranial fossa meningio-
mas suggested that the amount of resection is similar in
the 2 approaches (86.4% gross-total resection with TNE
treatment and 83.3% gross-total resection with transcra-
nial surgery).”> However, removal is most typically re-
ported as gross total in TNE series and is not gradable
in the Simpson grading system, therefore making direct
comparison difficult.>'° Overall, the reported gross-total
resection rates for TNE surgery are 50%—84%, whereas
total resection rates vary between 70% and 100% with
trancranial surgery.}6210.142224 T a series of 51 patients
with parasellar meningiomas, de Divitiis et al.’> reported
that morbidities attributed to transcranial resection, such
as hematomas, seizures, and injuries to surrounding neu-
rological structures, were lower in patients treated with a
transnasal approach. However, CSF leak was increased
with the transnasal approach. A comparison between
transcranial and TNE resection is not feasible based on
the available data. The major limit of TNE surgery for
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meningiomas is the lateral extent of the tumor and there-
fore, surgical series of TNE surgery are skewed toward
smaller, midline lesions, while transcranial surgery series
encompass the entire variety of these tumors, which often
are asymmetrical with significant lateral extension and,
especially in cases of the olfactory groove variant, can
reach a large size.

Cerebrospinal fluid leaks are common after TNE
removal of anterior fossa meningiomas (Table 2). The
overall CSF leakage rate for this meta-analysis was 32%
(with leaks occurring in 22 of 69 reported cases).>36:10-14.24
Cerebrospinal fluid leaks were reported to occur between
0% and 40% of the time in individual experiences.®?** In
the only interinstitutional series reported, the rate of CSF
leakage after TNE was 14%, whereas for transcranial
surgery it was 0%.>1° Despite advances in reconstruction
techniques, postoperative CSF leakage remains a sig-
nificant complication associated with TNE. However, the
rate of morbidities such as meningitis is very low despite
the need at times for multiple repeated treatments for a
recalcitrant CSF leak.>!® Furthermore, although most pa-
pers discuss the drastic reduction in postoperative CSF
leaks in these patients using vascularized nasoseptal
flaps, such as the Janus flap, there is no case series or re-
port formally supporting this notion.? In the series of 13
patients reported herein, we did not encounter any case of
CSF leakage. Important factors to consider to explain the
very low incidence in our series are the careful selection
of patients (many more patients were treated via the tran-
scranial route during the period of this study by one of the
senior authors [G.F.]) and the fact that the senior authors
(G.F. and E.P)) embraced the TNE approach for anterior
cranial base meningioma “late” in their evolution after
many years of experience with a variety of other primary
sellar lesions.

Visual improvement is the norm after optic nerve
decompressive therapy, which appears to be enhanced
by the TNE approach.?* Authors laud the TNE approach
for early decompression of the optic canal and 270° re-
lease compared with transcranial approaches.*® Typi-
cally, visual improvement is reported in 70%-80% of
patients who had deterioration of vision preoperatively,
and 7%—-12% of patients experience worsening of vision
postoperatively.>'© Regarding transcranial approaches
for parasellar meningiomas, deterioration of vision has
been reported as occurring in 19% of cases.! Further, Na-
kamura et al.?’ evaluated vision outcomes based on the
size of parasellar meningiomas and the transcranial ap-
proach. They reported that for patients with meningiomas
less than 30 mm in diameter, the rate of visual decline
after surgery was 9.7% versus 16% in those with menin-
giomas greater than 30 mm. Overall, there appears to be
no difference in reported visual outcomes for transcra-
nial versus TNE procedures.?? However, we think that the
TNE approach may offer some advantages for resection
of small midline (usually pure parasellar tumors) caus-
ing early visual deficits. In these cases, management of
the portion of the tumor under the ipsilateral optic nerve
can be challenging, especially in the setting of marginal
preoperative visual function. Management of the optic
apparatus may not be as challenging or traumatic from
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TABLE 2: Summary of reported series of anterior skull base meningiomas series treated via TNE approaches*

Total No. of
Authors & Year Cases 0G PS Years No. of Cases w/ CSF Leak (%) Mean FU (mos)
Fatemi et al., 2009 14 0 14 2000-2008 4(29) 27
Wang et al., 2009 7 0 7 2002-2007 1(14) 23
Gardner et al., 20081 28 15 13 2002-2005 12 (43) —
de Divitis et al., 2008 1" 4 7 2004-2007 3(27) 19
Dehdashti et al., 2009 1 0 1 — 1(100) —
Cook et al., 2004 3 0 — 0(0) —
Laufer et al., 2007 5 0 5 — 1(20) 9
present series 13 0 13 2003-2010 0(0) 14

* OG= olfactory groove; PS = parasellar.

t Seven cases were excluded due to probable petroclival origin of tumor.

an “inferior” view/approach like the one provided by the
TNE exposure.

As expected, patient selection and the surgeon’s de-
gree of comfort with one approach over the other are
crucial when determining the best surgical strategy for
the resection of anterior fossa meningiomas. Patient age,
comorbidities, tumor size, relationship to surrounding
neurovascular structures, and lateral extension are also
important issues to consider. An additional important
factor is the consistency of the meningioma. There is an
expanding number of series in the literature in which MR
imaging has been used to try and predict whether a me-
ningioma is soft/suckable or firm/fibrous."”!” Determining
this consistency might assist the surgeon in preoperative
planning, patient counseling, and intraoperative decision-
making.

Conclusions

A review of early series and our own experience
suggests that TNE resection of anterior cranial fossa
meningiomas can be safely achieved in selected cases
(usually involving small and midline lesions). Cerebro-
spinal fluid leakage is a significant complication of this
approach although its incidence may be decreasing with
more experienced and better closure techniques. Visual
outcomes are comparable to those achieved with a tran-
scranial approach. However, there is not adequate infor-
mation regarding the long-term efficacy of TNE surgery
for anterior cranial base meningiomas, given that the
mean follow-up of published series is only 21 months. Of
course, patient selection and surgeon degree of comfort
with one approach over the other are important factors in
determining the surgical strategy to follow. However, for
small, purely midline meningiomas arising from the pos-
terior portion of the planum and/or the tuberculum, the
TNE approach may provide some advantages over classic
transcranial techniques especially in regard to manage-
ment of the tumor/optic apparatus interface.
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