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-BACKGROUND: The transfrontal-sinus-subcranial appr-
oach (TFSSA) allows for direct exposure and removal of
olfactory groove meningiomas (OGMs), without any brain
retraction. Compared with other skull base approaches
(e.g., fronto-orbitobasal, transbasal, subcranial, fronto-
orbitozygomatic, and one-and-half approach), it could
offer the same advantages but is less invasive.

-OBJECTIVE: We report the results in a series of 21
consecutive patients with OGMs and operated on through
TFSSA, to propose a viable alternative approach.

-METHODS: Mean maximum tumor diameter was 45.9 �
3.4 mm (range, 25e70 mm). The aim of surgery was Simpson
grade I removal. Surgical, clinical, and functional out-
comes were reported. Mean follow-up was 87 � 7 months
(range, 36e176 months).

-RESULTS: In all patients, magnetic resonance imaging
after surgery confirmed complete tumor removal. The
recurrence-free survival rate was 100% and 85.7% at 5
and 10 years, respectively. Surgery-related mortality and
major morbidity were 0% and 4.8%, respectively. Risk of
anosmia significantly correlates with meningioma size
(P < 0.001) and smell sense was preserved only in pa-
tients with tumors less than 4 cm in maximum diameter
(4/7; 57.1%). A significant improvement of Mini Mental
Standard Examination score was recorded at follow-up
(P < 0.001) and no patients worsened their cognitive

profile. Visual function improved in 7/8 (87.5%). Karnof-
sky Performance Scale score after surgery significantly
increased (P < 0.001). According to the Glasgow
Outcome Score, good outcome was achieved in 20
patients (95.2%).

-CONCLUSIONS: Based on reported results, TFSSA
allows complete tumor removal with good outcome and
low complication rate. It may be proposed as a safe and
effective approach to treat large and giant OGMs.

INTRODUCTION

After the first successful resection of an olfactory groove
meningioma (OGM) in 1885,1 many approaches have been
adopted: from bifrontal and pterional routes to skull base

approaches to minimize brain retraction, even if the skull base
approaches are too time consuming and technically
demanding.2-9 Furthermore other techniques, such as the endo-
scopic endonasal approach (EEA) and supraorbital approach have
been proposed.10-18 There are 2 main strategies in the treatment of
OGMs. Several investigators recommended the removal of only the
visible tumor and dural coagulation,19-25 whereas others suggested
an extensive resection of the meningioma, dura, and bone,
particularly in young patients, because recurrence is frequent
when a massive tumor infiltration into the ethmoid is
evident.2,5-7,9,26,27

Key words
- Anterior cranial base
- Meningiomas
- Olfactory groove
- Skull base surgery
- Surgical outcome

Abbreviations and Acronyms
CSF: Cerebrospinal fluid
CT: Computed tomography
EEA: Endoscopic endonasal approach
GOS: Glasgow Outcome Scale
KPS: Karnofsky Performance Scale
MMSE: Mini Mental State Examination
MRI: Magnetic resonance imaging
OGM: Olfactory groove meningioma

SG: Simpson grade
TFSSA: Transfrontal-sinus-subcranial approach
WHO: World Health Organization

Department of Neurosurgery and Gamma Knife Radiosurgery, San Raffaele Scientific
Institute and Vita-Salute University, Milan, Italy

To whom correspondence should be addressed: Alfio Spina, M.D.
[E-mail: spina.alfio@hsr.it]

Citation: World Neurosurg. (2017) 101:315-324.
http://dx.doi.org/10.1016/j.wneu.2017.02.039

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2017 Elsevier Inc. All rights reserved.

WORLD NEUROSURGERY 101: 315-324, MAY 2017 www.WORLDNEUROSURGERY.org 315

Original Article

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2017.02.039&domain=pdf
mailto:spina.alfio@hsr.it
http://dx.doi.org/10.1016/j.wneu.2017.02.039
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
http://www.WORLDNEUROSURGERY.org


Hyperostosis of underlying bone in OGMs occurred commonly,
and it was reported in 17%e78% of cases.6,10,16,25,28-30 It is
generally accepted that hyperostosis is the result of tumor
microinvasion.31 The histologic examinations have shown bone
tumor cell infiltration in more than 70% of meningiomas with
hyperostosis, probably mediated by a specific pattern of matrix
metalloproteinase.32,33 The frequency of ethmoidal bone invasion
(occurring in 15%e73.7% of OGMs) may be supported by the
thinness of the cribriform plate.3-5,7,9,10,16,27,29 The involved bone
has to be considered a potential point of recurrence after surgery,
shown by the recurrence rate of 30% and 41% reported after 5 and
10 years, respectively.34

Bone invasion is not considered among the World Health Or-
ganization (WHO) criteria for grading meningiomas; however,
there is some evidence that the extent of bone invasion can in-
fluence the clinical behavior of meningiomas and patient
outcome.31,33,34

OBJECTIVE AND STUDY SIZE

Since 2001, the senior author has been using the transfrontal-
sinus-subcranial approach (TFSSA), already described,35 to
achieve Simpson grade I (SGI) removal in midline anterior
cranial base meningiomas, as a less invasive route, compared
with other skull base techniques previously adopted. We report
a series of 21 OGMs operated through TFSSA, analyzing surgical
results, complications, and clinical and functional outcome.

METHODS

Population and Setting
Twenty-one consecutive patients harboring OGM, operated on
through TFSSA from 2001 to 2014 at our institute, were consid-
ered. Inclusion criteria were 1) meningiomas originating from the
midline anterior cranial fossa, along the dura of the crista galli,
cribriform plate, and frontoethmoidal suture, and 2) newly diag-
nosed meningiomas. Medical charts, surgical records, and
radiologic studies of the patients were prospectively collected and
retrospectively analyzed. Informed surgical and research consents
for data collection were routinely obtained for all patients. All
procedures were in accordance with the ethical standards of the
institutional research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards.

Variables, Data Source, and Measurement
All patients underwent complete neurologic and ophthalmologic
evaluations before surgery, 6 and 12 months after. Anosmia was
evaluated with a questioning test.
The Mini Mental State Examination (MMSE) was performed in

all cases, except 1 amaurotic patient, to evaluate the cognitive
function. The Karnofsky Performance Scale (KPS) was used to
evaluate the functional impairment. The postoperative MMSE, the
KPS, and the Glasgow Outcome Scale (GOS) were assessed 12
months after discharge.
All patients underwent head computed tomography (CT) scans

before surgery and brain magnetic resonance imaging (MRI)

before surgery, 6 and 12 months after surgery, and then yearly.
Digital subtraction angiography was performed in only 3 cases of
giant meningiomas; all other cases underwent angio-MRI
(Figure 1).
The aim of surgery was SGI resection, confirmed on post-

operative MRI. Recurrence was considered if new tumor was
observable at follow-up MRI evaluation.

Surgical Technique
The patient is placed in the supine position, with the chest raised
and the head elevated above the heart level; the head is extended
with the vertex toward the floor. A bicoronal skin incision far
posterior to the hairline is made. The pericranium and the skin are
raised together to expose the orbital rim, the frontozygomatic
suture, and the nasal process of the frontal bone up to the fron-
tonasomaxillary suture in the midline. The supraorbital foramina
are opened with a chisel and the supraorbital nerve and artery are
freed. Six osteotomies are performed with reciprocating saw
(Figure 2). The first 2 cuts are made vertically on the sagittal plane
along each lateral border of the frontal sinus, usually at the
supraorbital foramina/notches, from the orbital rim to the
frontal bone. Then, a horizontal cut is made on the axial plane,
connecting the previous 2, along the superior border of the
frontal sinus. A fourth horizontal osteotomy is made at the level
of the frontonasomaxillary suture and extended in depth along
each medial orbital wall just anterior to the lacrimal crest. This
osteotomy is linked bilaterally to the first 2 made on the orbital
rim, completing the 2 cuts along the medial wall and orbital
roof. The anterior wall of the frontal sinus is then lifted above
with a chisel inserted as levers through the bone cuts. Frontal
sinus boundaries can be assessed on CT preoperative images. In
case of small sinus, the bone flap has to be extended slightly
beyond the superior and lateral limits of the sinus, including the
external layer of the frontal vault, which is cut obliquely nearly
tangentially to augment the opening surface, allowing TFSSA to
be performed in almost all cases.
The sinus mucosa is completely removed and the frontonasal

ducts are packed with Surgicel (Ethicon Inc., Sommerville, New
Jersey, USA) rolls, powered by vancomycin. The anterior
ethmoidal arteries are identified, coagulated, and cut. The pos-
terior wall of the frontal sinus is removed using the diamond burr.
The crista galli is dissected from the dura mater and removed. In
case of extension of the meningioma into the ethmoid, olfactory
filaments are coagulated and cut at the extradural side, and the
dura mater is dissected from the cribriform plate. The cranial base
is drilled according to the bone invasion.
The dura mater is opened transversely on both sides of the

midline near to the olfactory grooves. After coagulation of its
implant, the tumor is debulked using an ultrasonic aspirator. The
brain parenchyma is not retracted in any phase of the surgical pro-
cedure because gravity takes the frontal lobes away from the surgical
field. Some pieces of absorbable hemostatic gelatin sponge are used
to keep the brain away from the tumor during the dissection.
After removal of the tumor, a pericranium patch is sutured

under the microscope. A wide pedicled frontal pericranium flap is
reflected along the anterior cranial base to separate the cranial and
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Figure 1. (A and B) Preoperative angiography during
injection of internal carotid artery, showing anterior and
posterior ethmoidal arteries. (C and D) Preoperative
magnetic resonance imaging of large olfactory groove
meningioma on coronal and sagittal view. (E and F)

Magnetic resonance imaging on coronal and sagittal
view obtained 24 months after surgery, showing
complete tumor removal and skull base reconstruction
with autologous tissue.
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the nasal compartments. If basal bone has been drilled extensively
and a dead space is still present, some abdominal fat can be
harvested and positioned between the 2 layers of the pedicled
frontal pericranial flap. The anterior wall of the sinus is then
repositioned and fixed with titanium microplates and screws.

Statistical Methods
All calculations were performed using the statistical package Stat
View 5.0 (Abacus Concepts, SAS Institute Inc., Cary, North Car-
olina, USA). Continuous data were expressed as mean � standard
error. Categorical variables were compared with the Fisher exact
2-tailed test. Continuous variables of the 2 groups were compared
with the unpaired t test, whereas for more than 2 samples the
analysis of variance test was used. The paired t test was applied to
dependent samples. The simple regression was used to analyze
the relation between 2 continuous variables. Tumor recurrence-
free survival was calculated using the Kaplan-Meier survival
function. A P value of less than 0.05 was considered to indicate
statistical significance.

RESULTS

Participants and Descriptive Data
Twelve patients were female (57.1%) and 9 male (42.9%). Patients’
age ranged from 28 to 69 years (mean, 54.1 � 2.5 years). The mean
maximum diameter was 45.9 � 3.4 mm (range, 25e70 mm).
Tumors were classified according to their maximum diameter on
MRI in small (<4 cm), large (4e6 cm), and giant meningiomas
(>6 cm).
Clinical symptoms and signs at presentation are summarized in

Table 1. Anosmia was the most frequent sign (11/21; 52.4%) and
was related with tumor size (P ¼ 0.02). Visual impairment and
cognitive or mood disorders were recorded in 8 patients
(38.1%), and they were associated with large or giant tumors in
all cases. Frequency of anosmia, visual loss, cognitive
dysfunction, bony changes, and extension into the ethmoidal
sinus increased significantly with tumor size.
MMSE and KPS scores were inversely related with the maximum

tumor diameter (P < 0.001; R2, 0.702 and 0.571; Figure 3).

Figure 2. Intraoperative images. (A) Frontonasal osteotomy was planned;
(B) anterior wall of the sinus was elevated and sinus mucosa removed;
(C) a wide frontal pericranium flap was shown with a vascular pedicle;

(D and E) the pericranium is reflected along the anterior cranial base to
separate cranial and nasal compartments; (F) the anterior wall of the frontal
sinus is repositioned and fixed with titanium microplates and screws.
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Histologic examination was diagnostic in 19 cases (90.5%) for
WHO grade I meningiomas and in the remaining 2 (9.5%) for
WHO grade II atypical meningiomas.

Outcome Data
In all patients, postoperative MRI detected complete tumor
removal. The dura mater and infiltrated basal bone were removed,
achieving SGI (Figure 1). Mean follow-up was 87 � 7 months
(range, 36e176 months). One giant meningioma (4.8%) recurred
88 months after SGI surgery and was successfully treated by
Gamma Knife radiosurgery (Elekta, Stockholm, Sweden). The
recurrence-free survival was 100% and 85.7% at 5 and 10 years,
respectively (100%e59% upper and lower 95% confidence
intervals).

Main Results
No surgery-related mortality was recorded. Major morbidity,
causing reoperation or permanent neurologic defect (excluding
anosmia), occurred in 1 case (4.8%). The patient with a large OGM
developed, 2 days after operation, a thrombocytopenia related to
therapy with low-molecular-weight heparin: bruising throughout
the body and left severe hemiparesis occurred caused by the CT
right basal ganglia hemorrhage. Serial CT scans showed reab-
sorption of hemorrhage and complete recovery of the hemiparesis.
Minor transient complications occurred in 3/21 patients (14.3%):

2 cases of transient diplopia in vertical gaze, lasting a few weeks,
and 1 deep vein thrombosis that required anticoagulant therapy for
6 months.
All 11 anosmic patients remained stable. Among 10 patients

with normal smell sense or hyposmia before surgery, preservation

of smell sense occurred in 4 patients (40%), all of whom had small
tumors (4/7, 57.1% vs. 0/3, 0%; P < 0.001). However, anosmia has
not been referred as an invalidating handicap for any of these
patients.
Mental changes, documented in 8 patients before surgery,

recovered completely after surgery in 4 cases (50%), improved in 2
(25%), and was unchanged in 2 (25%). No patients worsened their
cognitive performance after surgery. The MMSE score improved
significantly at follow-up (P < 0.001; Figure 4).
Among 8 patients with preoperative visual impairment, 6

showed complete recovery (75%) and 1 (12.5%) improvement of
visual defect; only a long-standing blind patient did not recover
(12.5%).

Other Analyses
The KPS score 12 months after surgery was significantly higher
than before surgery (P < 0.001; Figure 4) and it improved in all
cases (100%). Globally, a final good outcome (GOS score ¼ 5)
was achieved in 20 patients (95.2%) and moderate (GOS
score ¼ 3) in 1 (4.8%). Cosmetic outcome was highly
satisfactory in every case.

DISCUSSION

Key Results
TFSSA allows removal of the infiltrated dural attachment and
drilling the bone beneath the tumor insertion, achieving an SGI
resection in all patients in our series, as confirmed at post-
operative MRI. The only relapse occurred after long time and the

Table 1. Preoperative Characteristics of Patients According to Meningioma Size

Characteristics Small (n [ 9; 42.9%) Large (n [ 7; 33.3%) Giant (n [ 5; 23.8%) Total (n [ 21) P

Asymptomatic* 5 (55.5) 1 (14.3) — 6 (28.6)

Neurologic unrelated symptoms/signsy 2 (22.2) 1 (14.3) — 3 (14.3)

Seizures 1 (11.1) 1 (14.3) 1 (20) 3 (14.4) NS

Intracranial hypertension syndrome — 4 (57.1) 1 (20) 5 (23.8)

Cognitive and psychiatric disturbance — 4 (57.1) 4 (80) 8 (38.1) 0.006

Visual deficit — 4 (57.1) 4 (80) 8 (38.1) 0.006

Anosmiaz 2 (22.2) 4 (57.1) 5 (100) 11 (52.4) 0.02

Hyperostosis or bone invasion 3 (33.3) 6 (85.7) 5 (100) 14 (66.7) 0.02

Ethmoid invasion — 1 (14.3) 3 (66) 4 (19.1) 0.02

Mini Mental State Examination
(mean � standard error; range)

29.8 � 0.2 24.3 � 2.3 21.5 � 1.5 26.2 � 1.1; 16e30 0.0046

Karnofsky Performance Scale
(mean � standard error; range)

97.8 � 1.5 74.3 � 7.2 54 � 7.5 80 � 5; 40e100 0.001

Values are number (%) except where indicated otherwise.
NS, not statistically significant.
*Six tumors were diagnosed incidentally during computed tomography scan performed for other reasons than minor head injury or headache.
yTinnitus (1), vertigo (1), essential tremor (1).
zAnosmia present at hospital admission.
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recurrence-free survival at 5 years and 10 years was excellent
(100% and 85.7%, respectively).
Reviewing the literature, the heterogeneity of approaches, the

lack of distinction in SGI and II for each approach, together with
the extreme variability of follow-up periods and criteria to
evaluate the extent of removal (intraoperative view, post-
operative CT scan, or MRI) explain why data are not conclusive
in defining the role played by approach type and SGI or II in
preventing recurrence of OGMs. Against this background, a
reliable literature comparison of published data is unworkable

and Table 2 summarizes the series including SGI and II
evaluated by the postoperative MRI and follow-up longer than
5 years. Bitter et al.36 report the longest follow-up (10 years): this
study comprised 61 OGMs operated on through the pterional
route; tumor removal, including both SGI and II, was achieved
in 98% of patients; recurrence occurred in 5% of patients during
follow-up.
Few investigators have performed a statistical analysis

comparing anterior, lateral, or skull base approaches in terms of
surgical removal and recurrence rates,28,29,38 and only 1 study by

Figure 3. Upper scattergram of simple regression
between Karnofsky Performance Scale (KPS) score and
maximum diameters (cm); lower scattergram of simple

regression between Mini Mental State Examination
(MMSE) score and maximum diameters (cm).
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Pallini et al.38 has reported a significant difference in favor of skull
base techniques: SGI and II resection was achieved in all
fronto-orbitobasal operations compared with 80% of bifrontal
approaches and 81% of pterional approaches, but both SGI and II
were a positive prognostic factor for longer overall survival.
Conversely, Mukherjee et al.39 have shown that complete versus
incomplete (grades IIeV) resection had a higher complication
rate (50% vs. 23%; P ¼ 0.16), including cerebrospinal fluid
(CSF) leak, but no recurrence (0% vs. 25%; P ¼ 0.07).
EEA may have some advantages, such as the direct tumor access

avoiding any brain retraction, early tumor devascularization, and
removal of involved bone and dura; however, the disadvantage is
the difficulty of achieving SGI resection in tumors larger than 40
mm in maximum diameter.11,14,15 Recently, in an EEA series,
Koutourousiou et al.14 reported SGI removal in 67% of OGMs,
with 7% of recurrence during a mean follow-up of 32 months.
Another important matter of discussion is the complication rate

in different types of approaches. TFSSA allows excellent exposure
of the midline anterior cranial base with a direct route and a
favorable working angle to the skull base, greatly reducing or

avoiding the need of brain retraction, which may contribute to
avoiding intraoperative and postoperative edema or contusion
hemorrhages. The only cerebral hemorrhage that occurred in our
series was located in the basal ganglia, caused by a coagulation
disorder, and no brain retractor was used during surgery. The
reported incidence of cerebral hemorrhage after surgery for OGMs
varies between 0% and 13% in series adopting the bifrontal
approach,20,21,27,34,40 around 5% with the interhemispheric
approach,41 and ranges between 0% and 5% in series adopting the
pterional approach.22,23,25,36,42,43 When orbital osteotomies were
added to standard craniotomies or in cases using the subcranial
approach, this rate ranges between 0% and 10%.2,5,6,29,37 In a
series reported by Pallini et al.,38 hemorrhages occurred in 13% of
bifrontal approaches, in 5% of pterional approaches, and in 0% in
bifrontal craniotomies with orbital osteotomies; brain swelling
was reported in 17%, 19%, and 0% respectively, suggesting that
skull base approaches allow a good tumor removal rate with a
lower risk of life-threatening complications. Results of TFSSA
are similar to those described earlier; nevertheless, this approach
is less invasive in brain tissue.

Figure 4. (A) Mini Mental State Examination (MMSE) score before and 12
months after surgery for each patient (paired t test was significant); (B)
Karnofsky Performance Scale (KPS) score before and 12 months after
surgery for each patient (paired t test was significant); (C) frequency of

different classes of Mini Mental State Examination score before surgery;
(D) frequency of different classes of Karnofsky Performance Scale score
before surgery.
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In OGM surgery, another frequent complication is CSF
rhinorrhea. TFSSA makes an easy and satisfactory cranial base
repair possible, which is essential to prevent CSF leak and in-
fections. We report no cases of CSF rhinorrhea or meningitis. The
reported rate of CSF rhinorrhea in the literature ranges from 0% to
40%; in series using EEA and more aggressive subcranial or
transbasal approaches, this complication is more frequently
encountered; the meningitis rate is up to 6%, secondary to CSF
leak or through direct contamination, which represents a serious
complication, whereas surgical mortality is up to 20%, in the
pertinent literature.2,3,5-7,9,14,16,20,21,23-25,27-29,34,36-38,40-42,44-46

TFSSA allows earlier coagulation of the anterior ethmoidal
arteries on both sides within the orbit, obviating preoperative
embolization, which is sometimes associated with a significant
risk of visual loss.30

Changes in cognition and personality are the most common
clinical manifestations in OGMs, ranging between 26% and 72%
in reported cases; remarkable improvement of the cognitive status
and attention functions after resection of OGMs has been reported

in 22%e100% of patients.3,5,6,10,14,23,27,28,36,41,43,44 TFSSA should
allow a further improvement of impaired cognitive function with a
good final cognitive status. In this series, the postoperative MMSE
score improved significantly and 90% of patients had a normal
score after surgery with no worsening in their cognitive functions.
In our experience, this is the most remarkable advantage of
TFSSA, keeping the postoperative quality of life at the highest
possible level.
Visual loss is one of the most frequent onset symptoms,

occurring in 21%e61% of cases, usually related to very large
OGMs.3,5,9,21,27-29,38,40 In this series, the rate of visual function
improvement after surgery (87.5%) is comparable with those
reported in the literature, ranging from 20% to
100%.5,6,10,14,16,21,23,25,27-29,36,41,43

Hyposmia/anosmia is generally present on preoperative exam-
ination in 43%e78% of patients3,9,14,15,19,21,28,29,36,38,41,43 and only
occasionally recovered after surgery.5,28,30,47 In our series, the rate
of functional olfaction preservation was 40% in all tumors and 57.
1% in small tumors. Sense of smell preservation has been reported

Table 2. Literature Review of the Olfactory Groove Meningioma Surgical Series with Follow-Up Longer Than 5 Years: Surgical Outcome,
Follow-Up Data, Recurrence, And Mortality

Author, Year Patients/Approach

GTR-MRI, n (%)

Mean Follow-Up
Recurrence

After GTR, n (%) Mortality, n (%)
Simpson Grade
I and II, n (%)

Simpson Grade I and
Simpson Grade II, n (%)

Tomasello et al., 201125 18 PT 17/18 (94) NR 93 months 3/17 (18) 0

Bitter et al., 201336 61 PT 60/61 (98) NR 122 months 3/60 (5) 1 (2)

Tamaki et al., 199937 5 BFON 4/5 (80) I: 3/5 (60)
II: 1/5 (20)

6 monthse23 years 0 0

Obeid and Al-Mefty, 20036 15 SO/U-BSF 14/15 (93) NR 3.7 years 0 0

Spektor et al., 20059 35 BF
9 USF
12 SB
18 PT
7 FOZ

72/81 (90) NR 71 months 0/72 (0) 1 (1)

Bassiouni et al., 200728 36 BF þ 4 UF 56/56 (100) I: 23/40 (57.5) 5.6 years 5/56 (9) 3 (5.4)

13 PT þ 3 SO I: 1/16 (6)

Overall I: 24/56 (43)
II: 32/56 (57)

Nakamura et al., 200729 46 BF 93% NR 5.3 years 6% 9%

36 FL 91% 3% (NS) 0%

Pallini et al., 201538 70 BSF 56 (80) NR 89 months 13 (11) 4 (6)

21 PT 17 (81) 0

22 BSF þ OS 22 (100) 0

Overall 95/113 (84) 4 (3)

Present series 21 TFSSA 21/21 (100) 21/21 (100) 87 months 1/21 (4.8) 0

GTR, gross total tumor resection; MRI, magnetic resonance imaging; PT, pterional approach; NR, not reported; BFON, bilateral fronto-orbitonasal approach; SO, supraorbital approach;
BSF, bilateral subfrontal approach; BF, bifrontal approach; U-BSF, unilateral or bilateral subfrontal approach; USF, unilateral subfrontal approach; SB, subcranial approach; FOZ, fronto-orbital-
zygomatic approach; UF, unilateral frontal approach; FL, frontolateral approach; NS, not statistically significant; OS, orbitalosteotomy; TFSSA, transfrontal-sinus-subcranial approach.

322 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.02.039

ORIGINAL ARTICLE

LINA RAFFAELLA BARZAGHI ET AL. THE TRANSFRONTAL-SINUS-SUBCRANIAL APPROACH

www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2017.02.039


in 10%e93% after surgery, depending on surgical approach, tu-
mor size, and preoperative status.5,21,23,25,28,35,40,41,43,44,46,47

Although the anatomic preservation of the olfactory nerves does
not always mean a functional preservation, a significantly higher
preservation rate was reported in patients who underwent a
frontolateral approach (71.4%) compared with a bifrontal
approach (36.8%).47 The same investigators reported that olfactory
preservation occurred more frequently in patients without
preoperative olfactory dysfunction than in those presenting with
olfactory dysfunction (84.6% vs. 40.7%; P ¼ 0.016) and it was
related to tumor size (78.6% in <4 cm vs. 42.3% in >4 cm;
P ¼ 0.035).

Limitations, Interpretation, and Generalizability
A potential pitfall affecting TFSSA, as with other anterior ap-
proaches, is the late exposure of optic nerves, internal carotid
arteries, anterior cerebral arteries, and anterior communicating
artery, which come into view at the final stages of tumor resec-
tion.2,9,43,48 In most cases, the arachnoid is intact and creates a
cleavage plane between the tumor and these structures. Infre-
quently, the arachnoid was not preserved with vessel encasement;
in this case, the risk of vessel damage was high even if the tumors
were approached laterally; a complementary treatment, such as
intensity-modulated radiation therapy or radiosurgery, is effective
and safest in achieving residual tumor control, suggesting that a
less aggressive approach may be preferred.49

The main limitation of our study is the relatively small sample
size and the lack of statistical analysis between different ap-
proaches, as pointed out by other previously published series.
Inversely, our data underscore that the bone involvement in OGMs
is a key point. Bony changes have been detected in only 33.3% of

small meningiomas and none invaded the ethmoid. When dealing
with larger tumors, hyperostosis and cranial base infiltration were
detected in 85.7% of large OGMs and in all giant OGMs. MMSE
and KPS correlate with tumor diameter. To achieve complete
surgical resection in these bigger tumors, the dura and the bone
have to be removed. TFSSA represents a less invasive skull base
technique associated with a good outcome. The KPS score
improved significantly: it was higher than 80 in 66.7% of patients
preoperatively and in 85.7% after surgery. A good clinical outcome
was achieved in most patients (95.2%), and the reported rate in
the literature ranges from 75% to 95%.2,3,7,9,16,25,27-29,34,38,40,42,46

Advantages in terms of low recurrence in SGI removal have still
to be confirmed, but our results are encouraging.
The trend is to adopt the pterional route or other techniques,

such as EEA or an endoscopic supraorbital approach, for small or
medium OGMs, and to adopt the anterior bifrontal, transbasal,
subcranial approaches, or the lateral fronto-orbitozygomatic
approach and perhaps TFSSA for large or giant OGM.2,3,9,14,18,38

CONCLUSIONS

Given the high rate of complete tumor removal (100%), the rela-
tively few recurrences (4.8%), low major morbidity (4.8%), and no
surgery-related mortality, TFSSA seems to be a safe and effective
surgical approach when dealing with OGMs. This approach is easy
to perform, giving an early direct view of the lesion and early tu-
mor devascularization and obviating brain retraction. Adopting
TFSSA, the MMSE, KPS, and GOS scores increased, and visual
function recovered in almost all patients. Based on these findings,
TFSSA should be considered for the treatment of large and giant
OGMs.

REFERENCES

1. Durante F. Estirpazione di un tumore endo-
cranico. Arch Soc Ital Chir. 1885;2:252-255 [in
Italian].

2. Aguiar PH, Tahara A, Almeida AN, Simm R,
Silva AN, Maldaun MV, et al. Olfactory groove
meningiomas: approaches and complications.
J Clin Neurosci. 2009;16:1168-1173.

3. Ciurea AV, Iencean SM, Rizea RE, Brehar FM.
Olfactory groove meningiomas: a retrospective
study on 59 surgical cases. Neurosurg Rev. 2012;35:
195-202 [discussion: 202].

4. Derome PJ. Surgical management of tumours
invading the skull base. Can J Neurol Sci. 1985;12:
345-347.

5. Hentschel SJ, DeMonte F. Olfactory groove me-
ningiomas. Neurosurg Focus. 2003;14:e4.

6. Obeid F, Al-Mefty O. Recurrence of olfactory
groove meningiomas. Neurosurgery. 2003;53:
534-542 [discussion: 542-533].

7. Pepper JP, Hecht SL, Gebarski SS, Lin EM,
Sullivan SE, Marentette LJ. Olfactory groove me-
ningioma: discussion of clinical presentation and
surgical outcomes following excision via the
subcranial approach. Laryngoscope. 2011;121:
2282-2289.

8. Sekhar LN, Nanda A, Sen CN, Snyderman CN,
Janecka IP. The extended frontal approach to tu-
mors of the anterior, middle, and posterior skull
base. J Neurosurg. 1992;76:198-206.

9. Spektor S, Valarezo J, Fliss DM, Gil Z, Cohen J,
Goldman J, et al. Olfactory groove meningiomas
from neurosurgical and ear, nose, and throat
perspectives: approaches, techniques, and out-
comes. Neurosurgery. 2005;57:268-280 [discussion:
268-280].

10. El-Bahy K. Validity of the frontolateral approach
as a minimally invasive corridor for olfactory
groove meningiomas. Acta Neurochir (Wien). 2009;
151:1197-1205.

11. Fernandez-Miranda JC, Gardner PA,
Prevedello DM, Kassam AB. Expanded endonasal
approach for olfactory groove meningioma. Acta
Neurochir (Wien). 2009;151:287-288 [author reply
289-290].

12. Gardner PA, Kassam AB, Thomas A,
Snyderman CH, Carrau RL, Mintz AH, et al.
Endoscopic endonasal resection of anterior cranial
base meningiomas. Neurosurgery. 2008;63:36-52
[discussion: 52-54].

13. Greenfield JP, Anand VK, Kacker A, Seibert MJ,
Singh A, Brown SM, et al. Endoscopic endonasal
transethmoidal transcribriform transfovea eth-
moidalis approach to the anterior cranial fossa

and skull base. Neurosurgery. 2010;66:883-892
[discussion: 892].

14. Koutourousiou M, Fernandez-Miranda JC,
Wang EW, Snyderman CH, Gardner PA. Endo-
scopic endonasal surgery for olfactory groove
meningiomas: outcomes and limitations in 50
patients. Neurosurg Focus. 2014;37:E8.

15. Liu JK, Hattar E, Eloy JA. Endoscopic endonasal
approach for olfactory groove meningiomas:
operative technique and nuances. Neurosurg Clin
North Am. 2015;26:377-388.

16. Romani R, Lehecka M, Gaal E, Toninelli S,
Celik O, Niemelä M, et al. Lateral supraorbital
approach applied to olfactory groove meningi-
omas: experience with 66 consecutive patients.
Neurosurgery. 2009;65:39-52 [discussion: 52-53].

17. Webb-Myers R, Wormald PJ, Brophy B. An
endoscopic endonasal technique for resection of
olfactory groove meningioma. J Clin Neurosci. 2008;
15:451-455.

18. Wilson DA, Duong H, Teo C, Kelly DF. The su-
praorbital endoscopic approach for tumors. World
Neurosurg. 2014;82:E243-E256.

19. Bakay L, Cares HL. Olfactory meningiomas.
Report on a series of twenty-five cases. Acta Neu-
rochir (Wien). 1972;26:1-12.

WORLD NEUROSURGERY 101: 315-324, MAY 2017 www.WORLDNEUROSURGERY.org 323

ORIGINAL ARTICLE

LINA RAFFAELLA BARZAGHI ET AL. THE TRANSFRONTAL-SINUS-SUBCRANIAL APPROACH

http://refhub.elsevier.com/S1878-8750(17)30201-2/sref1
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref1
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref1
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref2
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref2
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref2
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref2
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref3
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref3
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref3
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref3
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref4
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref4
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref4
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref5
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref5
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref6
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref6
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref6
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref7
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref7
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref7
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref7
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref7
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref7
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref8
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref8
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref8
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref8
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref9
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref9
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref9
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref9
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref9
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref9
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref10
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref10
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref10
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref10
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref11
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref11
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref11
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref11
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref11
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref12
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref12
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref12
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref12
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref12
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref13
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref13
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref13
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref13
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref13
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref13
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref14
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref14
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref14
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref14
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref14
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref15
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref15
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref15
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref15
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref16
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref16
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref16
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref16
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref16
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref17
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref17
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref17
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref17
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref18
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref18
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref18
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref19
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref19
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref19
http://www.WORLDNEUROSURGERY.org


20. El Gindi S. Olfactory groove meningioma: surgical
techniques and pitfalls. Surg Neurol. 2000;54:
415-417.

21. Gazzeri R, Galarza M, Gazzeri G. Giant olfactory
groove meningioma: ophthalmological and
cognitive outcome after bifrontal microsurgical
approach. Acta Neurochir (Wien). 2008;150:1117-1125
[discussion: 1126].

22. Hassler W, Zentner J. Pterional approach for
surgical treatment of olfactory groove meningi-
omas. Neurosurgery. 1989;25:942-945 [discussion:
945-947].

23. Schaller C, Rohde V, Hassler W. Microsurgical
removal of olfactory groove meningiomas via the
pterional approach. Skull Base Surg. 1994;4:189-192.

24. Symon L. Olfactory groove and suprasellar me-
ningiomas. In: Mingrino S, Pertuiset B, Symon L,
Troupp H, Yasargil MG, Krayenbühl H, et al., eds.
Advances and Technical Standards in Neurosurgy.
Vienna: Springer; 1977:67-91; Vol. 4.

25. Tomasello F, Angileri FF, Grasso G, Granata F, De
Ponte FS, Alafaci C. Giant olfactory groove me-
ningiomas: extent of frontal lobes damage and
long-term outcome after the pterional approach.
World Neurosurg. 2011;76:311-317 [discussion: 255-
318].

26. Snyder WE, Shah MV, Weisberger EC,
Campbell RL. Presentation and patterns of late
recurrence of olfactory groove meningiomas. Skull
Base Surg. 2000;10:131-139.

27. Tuna H, Bozkurt M, Ayten M, Erdogan A, Deda H.
Olfactory groove meningiomas. J Clin Neurosci.
2005;12:664-668.

28. Bassiouni H, Asgari S, Stolke D. Olfactory groove
meningiomas: functional outcome in a series
treated microsurgically. Acta Neurochir (Wien). 2007;
149:109-121 [discussion: 121].

29. Nakamura M, Struck M, Roser F, Vorkapic P,
Samii M. Olfactory groove meningiomas: clinical
outcome and recurrence rates after tumor removal
through the frontolateral and bifrontal approach.
Neurosurgery. 2007;60:844-852 [discussion: 844-
852].

30. Rosen CL, Ammerman JM, Sekhar LN, Bank WO.
Outcome analysis of preoperative embolization in
cranial base surgery. Acta Neurochir (Wien). 2002;
144:1157-1164.

31. Pieper DR, Al-Mefty O, Hanada Y, Buechner D.
Hyperostosis associated with meningioma of the

cranial base: secondary changes or tumor inva-
sion. Neurosurgery. 1999;44:742-746 [discussion:
746-747].

32. Pei J, Jung S, Jin SG, Moon KS, Wen M, Li SY,
et al. Possible role of matrix metalloproteinases
(MMPs) in hyperostosis of intracranial meningi-
omas. Acta Neurochir (Wien). 2012;154:611-620
[discussion: 620].

33. Salehi F, Jalali S, Alkins R, Lee JI, Lwu S,
Burrell K, et al. Proteins involved in regulating
bone invasion in skull base meningiomas. Acta
Neurochir (Wien). 2013;155:421-427.

34. Mirimanoff RO, Dosoretz DE, Linggood RM,
Ojemann RG, Martuza RL. Meningioma: analysis
of recurrence and progression following neuro-
surgical resection. J Neurosurg. 1985;62:18-24.

35. Boari N, Gagliardi F, Roberti F, Barzaghi LR,
Caputy AJ, Mortini P. The trans-frontal-sinus
subcranial approach for removal of large olfac-
tory groove meningiomas: surgical technique and
comparison to other approaches. J Neurol Surg A
Cent Eur Neurosurg. 2013;74:152-161.

36. Bitter AD, Stavrinou LC, Ntoulias G, Petridis AK,
Dukagjin M, Scholz M, et al. The role of the
pterional approach in the surgical treatment of
olfactory groove meningiomas: a 20-year experi-
ence. J Neurol Surg B Skull Base. 2013;74:97-102.

37. Tamaki N, Yin D. Giant olfactory groove menin-
giomas: advantages of the bilateral fronto-
orbitonasal approach. J Clin Neurosci. 1999;6:
302-305.

38. Pallini R, Fernandez E, Lauretti L, Doglietto F,
D’Alessandris QG, Montano N, et al. Olfactory
groove meningioma: report of 99 cases surgically
treated at the Catholic University School of Med-
icine, Rome. World Neurosurg. 2015;83:219-231.e1-3.

39. Mukherjee S, Thakur B, Corns R, Connor S,
Bhangoo R, Ashkan K, et al. Resection of
olfactory groove meningiomaea review of com-
plications and prognostic factors. Br J Neurosurg.
2015;29:685-692.

40. Tsikoudas A, Martin-Hirsch DP. Olfactory groove
meningiomas. Clin Otolaryngol Allied Sci. 1999;24:
507-509.

41. Mielke D, Mayfrank L, Psychogios MN, Rohde V.
The anterior interhemispheric approach: a safe
and effective approach to anterior skull base le-
sions. Acta Neurochir (Wien). 2014;156:689-696.

42. Paterniti S, Fiore P, Levita A, La Camera A,
Cambria S. Basal meningiomas. A retrospective
study of 139 surgical cases. J Neurosurg Sci. 1999;43:
107-113 [discussion: 113-114].

43. Turazzi S, Cristofori L, Gambin R, Bricolo A. The
pterional approach for the microsurgical removal
of olfactory groove meningiomas. Neurosurgery.
1999;45:821-825 [discussion: 825-826].

44. Hallacq P, Moreau JJ, Fischer G, Beziat JL. Trans-
sinusal frontal approach for olfactory groove me-
ningiomas. Skull Base. 2001;11:35-46.

45. Mayfrank L, Gilsbach JM. Interhemispheric
approach for microsurgical removal of olfactory
groove meningiomas. Br J Neurosurg. 1996;10:
541-545.

46. Stefini R, Zenga F, Giacomo E, Bolzoni A,
Tartara F, Spena G, et al. Following the canyon to
reach and remove olfactory groove meningiomas:
surgical experience. J Neurosurg Sci. 2017;61:
164-172.

47. Jang WY, Jung S, Jung TY, Moon KS, Kim IY.
Preservation of olfaction in surgery of olfactory
groove meningiomas. Clin Neurol Neurosurg. 2013;
115:1288-1292.

48. Hassler W, Zentner J. Surgical treatment of ol-
factory groove meningiomas using the pterional
approach. Acta Neurochir Suppl (Wien). 1991;53:
14-18.

49. Mortini P, Barzaghi LR, Serra C, Orlandi V,
Bianchi S, Losa M. Visual outcome after fronto-
temporo-orbito-zygomatic approach combined
with early extradural and intradural optic nerve
decompression in tuberculum and diaphragma
sellae meningiomas. Clin Neurol Neurosurg. 2012;
114:597-606.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 13 September 2016; accepted 7 February 2017

Citation: World Neurosurg. (2017) 101:315-324.
http://dx.doi.org/10.1016/j.wneu.2017.02.039

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2017 Elsevier Inc. All
rights reserved.

324 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.02.039

ORIGINAL ARTICLE

LINA RAFFAELLA BARZAGHI ET AL. THE TRANSFRONTAL-SINUS-SUBCRANIAL APPROACH

http://refhub.elsevier.com/S1878-8750(17)30201-2/sref20
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref20
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref20
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref21
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref21
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref21
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref21
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref21
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref22
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref22
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref22
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref22
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref23
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref23
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref23
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref24
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref24
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref24
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref24
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref24
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref25
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref25
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref25
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref25
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref25
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref25
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref26
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref26
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref26
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref26
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref27
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref27
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref27
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref28
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref28
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref28
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref28
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref29
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref29
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref29
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref29
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref29
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref29
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref30
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref30
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref30
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref30
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref31
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref31
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref31
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref31
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref31
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref32
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref32
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref32
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref32
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref32
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref33
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref33
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref33
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref33
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref34
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref34
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref34
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref34
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref35
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref35
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref35
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref35
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref35
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref35
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref36
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref36
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref36
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref36
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref36
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref37
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref37
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref37
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref37
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref38
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref38
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref38
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref38
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref38
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref39
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref39
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref39
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref39
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref39
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref39
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref40
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref40
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref40
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref41
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref41
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref41
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref41
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref42
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref42
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref42
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref42
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref43
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref43
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref43
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref43
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref44
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref44
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref44
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref45
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref45
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref45
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref45
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref46
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref46
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref46
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref46
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref46
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref47
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref47
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref47
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref47
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref48
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref48
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref48
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref48
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://refhub.elsevier.com/S1878-8750(17)30201-2/sref49
http://dx.doi.org/10.1016/j.wneu.2017.02.039
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2017.02.039

	Transfrontal-Sinus-Subcranial Approach to Olfactory Groove Meningiomas: Surgical Results and Clinical and Functional Outcom ...
	Introduction
	Objective and Study Size
	Methods
	Population and Setting
	Variables, Data Source, and Measurement
	Surgical Technique
	Statistical Methods

	Results
	Participants and Descriptive Data
	Outcome Data
	Main Results
	Other Analyses

	Discussion
	Key Results
	Limitations, Interpretation, and Generalizability

	Conclusions
	References


