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Abstract

OGM.

additional neurological deficits postoperatively.

Background Olfactory groove meningioma (OGM) is characterized by slow-growing tumors that are frequently
bilateral as opposed to unilateral & asymmetrical and may cause progressive frontal lobe compression. We aimed to
evaluate the value of extradural devascularization as a golden step in bilateral subfrontal approach in management of

Results The mean operative time was 158.32 4 24.88. Blood loss ranged from 500 to 1000 cc with a mean value of
763.64 +155.98. The number of patients requiring blood transfusion was 5 (22.7%). Based on Simpson classification,
19 (86.4%) patients had whole tumor excision (grade |, Il) & 3 (13.6%) patients had grade lll and IV. The incidence of
complications among the studied patients is: CSF leak did not occur to any case, pneumocephalus occurred in 1
(4.5%) patient, anosmia occurred in 1 (4.5%) patient, focal CNS deficit occurred in 1 (4.5%) patient, wound infection
occurred in 1 (4.5%) patient and hematoma occurred in 1 (4.5%) patient. Only 1 (4.5%) case died due to pulmonary
embolism, whereas behavioral manifestations occurred in 9.09% of patients.

Conclusions The extradural devascularization is a golden step in this approach in management of OGM associated
with lower incidence of blood loss intraoperatively (total blood loss was 500-1000 mL, recurrence rate, mortality and

Keywords Extradural devascularization, Resection, Giant olfactory, Meningioma, Bilateral subfrontal

Background

Olfactory groove meningiomas (OGMs), which com-
prise 4.5-18% of intracranial meningiomas, are arach-
noid cell neoplasms of the frontoethmoidal suture &
lamina cribrosa [1]. These meningiomas constitute 10%
of all meningiomas in the brain and are believed to origi-
nate from arachnoid granulations’ arachnoid cap cells in
this area [2].
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OGM is characterized by slow-growing tumors that are
frequently bilateral as opposed to unilateral & asymmet-
rical and may cause progressive frontal lobe compression.
Up to 15—20% of patients exhibit intra-tumoral calcifica-
tions [3]. OGM can harm vision by optic chiasma & optic
nerve compression if large enough to project toward the
sella [4].

Headache alone, or in conjunction with personal-
ity changes, visual impairment & anosmia are the most
prevalent presenting symptoms [5]. Seizures & intracra-
nial hypertension are uncommon early manifestations.
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OGMs anatomic placement may result in extended psy-
chological symptoms before the appearance of more pro-
nounced neurologic impairments. OGM are therefore
among the largest brain tumors that produce optic chi-
asma and optic nerve compression leading to visual acu-
ity impairments [6].

OGMs can expand substantially prior to the manifesta-
tion onset because of plasticity of the frontal lobe & their
insidious growth. OGMs can negatively affect a patient’s
health & quality of life despite being histologically classi-
fied as benign tumors [3].

Magnetic resonance imaging (MRI) & brain computed
tomography (CT) scans reveal the meningiomas’ typi-
cal characteristics in the mid-subfrontal area, the edema
around the brain & tumor’s extent. In addition, MRI
determines the tumor’s relationship with the anterior
cerebral arteries & optic nerves, as well as its extension
into the ethmoidal sinus [7].

Endo-skull base methods are gaining popularity
because of specialized training & emergence of strong
endoscopic tools in this field of modern neurosurgery,
with comparable morbidity & mortality rates [8]. Open
techniques continue to be the global standard, includ-
ing at our hospital and department, for surgery of
OGM [9].

However the tumor size, the key vascular and neuro-
logical structures encasement, & their migration into the
paranasal sinuses create considerable surgical problems
during these procedures, surgical resection remain the
treatment of choice for most OGMs [10].

Preoperative embolization may be essential to limit
intraoperative bleeding as meningioma excision in par-
ticular is typically accompanied by high blood loss
[11, 12]. This is an issue as considerable intraopera-
tive bleeding, i.e.,>2000 mL, is related to morbidity &
mortality. Additionally, excessive bleeding during sur-
gical procedures can necessitate blood donations of
platelets, coagulation factors or red cells [13]. Extradural
devascularization associated with total blood loss was
500-1000 mL.

There are a few researches discussing the extradural
devascularization outcome in resection of giant OGM
in bilateral subfrontal approach. Therefore, we aimed to
evaluate the value of extradural devascularization as a
golden step in bilateral subfrontal approach in manage-
ment of OGM.
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Methods

Study design and population

This retrospective study was performed on 22 cases
aged > 18 years diagnosed with OGM more than 4.5 cm
operated by bilateral subfrontal approach at Neurosur-
gery Department, Faculty of Medicine, Menoufia Univer-
sity hospitals.

Informed written consent was obtained from the
patient or relatives of the patients. The research was per-
formed after being approved by the institutional ethical
committee.

When the diameter of a tumor exceeded 4.5 cm, it was
classified as a giant [14].

All patients subjected to full history taking (age, sex,
complaint, comorbidities, present, past & family history).
Clinical evaluation: through general and neurological
examination according to standard patient information &
routine laboratory examination: as (liver, renal functions,
complete blood picture, coagulation profile & blood
sugar). ECG and chest X-ray were done as well with the
routine preoperative workup. Imaging studies as CT
brain and MRI brain were done.

Operative management

After general anesthesia administration to each patient,
we inserted a lumbar drain using a lumbar puncture nee-
dle and then sealed it. Preoperatively, 8 mg of dexameth-
asone, 1 gm of a 3" generation cephalosporin antibiotic,
& 17 mg/kg of phenytoin (loading doses) were provided
intravenously to all patients. The patient was placed
supine with the trunk & legs slightly flexed. The head was
placed in a three-point fixation head holder and elevated
above the heart 15° to help venous drainage. Eyes were
protected. The vertex was tilted down 15-30° allowing
the frontal lobes to fall away without traction. Bicoronal
scalp incision was performed. Scalp flap including the
pericranium was sharply dissected from the bone. To
prevent the facial nerve frontal branch injury, the tem-
poral fascia & adipose tissue were raised in one layer by
constructing a plane between them & the deep tempora-
lis fascia. After the skin flap was repositioned, 200 mL of
mannitol was supplied. During surgery, somewhat more
hydration was preserved.
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Bilateral subfrontal bone flap was carefully separated
from underlying dura, especially in the midline overly-
ing the sagittal sinus. Extradural devascularization is a
golden step in bilateral subfrontal approach in manage-
ment of OGM, by using bipolar cauterization to coagu-
late the extradural vascular feeders of the meningioma
as anterior ethoidal and posterior ethoidal arteries.
Before reaching the cistern, and to achieve optimal brain
relaxation, the lumbar drain was blocked until the dura
opened & around 20 mL of cerebrospinal fluid (CSF)
was drained. Following this step, the dura was incised on
both sides proximally; superior sagittal sinus was secured
and divided. In our experience, sinus scarification in this
area did not result in any difficulties. Falcine dura was
detached from the crista galli, and the frontal lobes were
gradually fallen back. At this time, the operating micro-
scope was used to open basilar cisterns to allow drainage
of cerebrospinal fluid.

Because of the gravity effect, it was simple to retract
the frontal lobes and approach the tumor. Always, we
were avoiding the use of a fixed retractor on the fron-
tal lobes. The lumbar drain & CSF drainage from nearby
cisterns made this possible. The suction tip was suffi-
cient for retraction. Initially, a meticulous extracapsular
coagulation & internal debulking were conducted. The
capsule was subsequently pushed toward the center, and
a good plane between it and the surrounding brain tis-
sue was established. Due to the fact that meningiomas
have a dural origin and push the arachnoid in front of
them, they are located in the subdural space outside the
arachnoid. This is of considerable assistance while dis-
secting the tumor with regard to the arachnoid layer in
order to avoid vascular damage. As expected, we first
had difficulties visualizing the anterior communicating
artery complex & optic chiasma, but we were ultimately
able to see the anterior cerebral arteries, their branches,
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& the optic apparatus by the tumors’ excision from ante-
rior to posterior & with patience. Except for one tumor
that was linked to vessels, we were able to successfully
remove the tumor capsule from this essential neurovas-
cular system. A small piece of the tumor was left behind
in this patient.

With respect to the arachnoid plan, gradual debulking
and dissection of the tumor was initiated from the ante-
rior to posterior direction, starting at the deepest level of
the tumor in the anterior fossa.

After tumor removal, dura was closed watertight, with
dural hitching to the periosteum or to small holes in the
bone edges. Additional dural defects were reconstructed
with pericranium if needed or with artificial dura. The
bone flap was held with several sutures through small
holes made in the bone edges.

Due to tumor attachment to neurovascular systems, we
were able to achieve grade 1, 2 Simpson resection in 19
cases & grade 3, 4 Simpson resection in 3 cases.

Follow-up: from first day of excision by CT brain and
every 3 months after discharge clinically by neurological
status and radiological by MRI brain with contrast.

Statistical analysis

SPSS version 26 was used for the statistical analysis (IBM
Inc., Armonk, NY, USA). To determine whether the data
followed a normal distribution, we utilized the Shapiro-
Wilks test & histograms. Median & interquartile range
(IQR) were used to represent quantitative data that did
not fit a normal distribution. The quantitative parame-
ters were shown as mean & standard deviation (SD). The
qualitative factors were shown as frequencies and per-
centages (%).

Case 1
See Fig. 1.
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(E) (F)
Fig. 1 A Sagittal MRI with contrast shows preoperative large OGM. B Coronal MRI with contrast shows preoperative large OGM. C Axial MRI with
contrast shows preoperative large OGM. D Immediate postoperative CT brain with contrast shows postoperative excision of OGM with no residual.
E Sagittal MRI with contrast shows postoperative complete excision of OGM with no residual. F Coronal MRI with contrast shows postoperative
complete excision of OGM with no residual. G Axial MRI with contrast shows postoperative complete excision of OGM with no residual
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Case 2
See Fig. 2.

(a)

(D)
Fig. 2 A Sagittal MRI with contrast shows preoperative large OGM. B Axial MRI with contrast shows preoperative large OGM. C Coronal MRI with
contrast shows preoperative large OGM. D Immediate postoperative CT brain with contrast show postoperative excision of OGM with no residual

Case 3
See Figs. 3 and 4.

MENOUFTYA UNIV HOSPITAL

(D) (E)
Fig. 3 A Axial MRI with contrast shows preoperative large OGM. B Coronal MRI with contrast shows preoperative large OGM. C Sagittal MRI with

contrast shows preoperative large OGM. D Preoperative CT brain shows preoperative large OGM. E Immediate postoperative CT brain with contrast
shows postoperative excision of OGM with no residual
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A)
Fig.4 A Intraoperative photograph shows the start of extradural devascularization of large OGM. B Intraoperative photograph shows the effect of
devascularization during removal of the tumor

Results

Table 1 shows that patients’ age ranging from 25 to
75 years with a mean of 44.14 +14.27, 45.5% were males,
and 54.5% were females.

Table 2 shows the clinical presentation among the
studied patients, 100% of patients had headache, 63.6%
of patients had anosmia, 54.5% of patients had mental
disturbance, 9.1% of patients had visual disturbance, and
4.5% of patients had seizures.

Table 1 Baseline characteristics and comorbidities among the
studied patients

N=22

Age (years) 4414 £14.27
Sex

Male 10 (45.5%)

Female 12 (54.5%)
BMI (kg/m?) 2536+2.19
DM 7 (31.8%)
Hypertension 7 (31.8%)
Dyslipidemia 8 (36.4%)
Hb (g/dL) 10.56+1.54
Platelets (*10%/uL) 19536+ 2893

Data are presented as mean + SD or frequency (%)
BMI body mass index, DM diabetes mellitus, Hb hemoglobin

Table 2 Clinical presentations among the studied patients

N=22
Headache 22 (100%)
Anosmia 14 (63.6%)
Mental disturbance 12 (54.5%)
Visual disturbance 2 (9.1%)
Seizures 1 (4.5%)
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B)

Table 3 shows the operative data among the stud-
ied patients, and the mean intraoperative time was
158.32+24.88. The blood loss ranged from 500 to
1000 cc with a mean value of 763.64 +155.98. The num-
ber of patients requiring blood transfusion was 5 (22.7%).

Table 4 shows radiological findings among the studied
patients, and tumor diameter ranged from 5 to 12 cm
with a mean value of 8.82+2.08 cm. Bony hyperosto-
sis occurred in 6 (27.3%) patients, tumor calcification
occurred in 4 (18.2%) patients, and extension in parana-
sal sinuses occurred in 5 (22.7%) patients.

Table 5 shows according to Simpson classification, total
tumor removal (grade I, II) was achieved in 19 (86.4%)

Table 3 Operative data among the studied patients

N=22
Intraoperative time (min) 158.32+24.88
Blood loss(cc) 763.64+155.98
No. of patients requiring blood transfusion 5(22.7%)

Data are presented as mean + SD or frequency (%)
Hb hemoglobin

Table 4 Radiological findings among the studied patients

N=22
Tumor diameter (cm) 8.82+2.08
Bony hyperostosis 6 (27.3%)
Tumor calcification 4 (18.2%)
Extension in paranasal sinuses 5(22.7%)

Table 5 Extent of tumor removal among the studied patients

Tumor removal Total removal grade I and Il 19 (86.4%)

Subtotal removal grade llland IV 3(13.6%)

Data are presented as frequency (%)

Data are presented as frequency (%)
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Table 6 Incidence of postoperative complications among the
studied patients

N=22
CSF leak 0 (0.0%)
Pneumocephalus 1 (4.5%)
Anosmia 1(4.5%)
focal CNS deficit 1 (4.5%)
Wound infection 1 (4.5%)
Hematoma 1 (4.5%)
Mortality 1 (4.5%)
Behavioral manifestations 2 (9.09%)

Data are presented as frequency (%)

patients, and grade III& IV was achieved in 3 (13.6%)
patients.

Table 6 shows the incidence of complications among
the studied patients, CSF leak did not occur to any case;
pneumocephalus occurred in 1 (4.5%) patient, anosmia
occurred in 1 (4.5%) patient, focal CNS deficit occurred
in 1 (4.5%) patient, wound infection occurred in 1 (4.5%)
patient, and hematoma occurred in 1 (4.5%) patient.
Only 1 (4.5%) case died due to pulmonary embolism. The
behavioral manifestations occurred in 9.09% of patients.

Discussion

Cushing and Eisenhardt [15] described for the first time
in 1938 the surgical concepts of OGM management.
While a multitude of distinct & updated techniques
have been created since then, there is still no consensus
regarding the most effective approaches [3].

Over time, the strengths & drawbacks of prevalent
techniques have been well defined. With wide exposure
of the anterior cerebral region, bilateral procedures facili-
tate the hyperostosis removal from the cribriform region
& the radical resection of the tumor [16]. However, it
results in delayed vital structures vision, including the
visual apparatus & the anterior cerebral/communicat-
ing arteries. In both subcarinal & subfrontal methods,
the frontal sinuses are frequently required to be opened,
which raises the infection risk [3].

It is generally known that tumor volume is a signifi-
cant factor in technique selection, with bilateral opera-
tions providing larger operational areas enabling larger
tumor excision. The tumor volume was inversely and
positively correlated with GTR for bilateral & unilat-
eral procedures, respectively, but only the latter was
shown to be statistically significant. While these pat-
terns appear contradictory, in practice they may not be
entirely significant [17].

Herein, we aimed to evaluate the value of extradural
devascularization as golden step in bilateral subfrontal
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approach in management of OGM. If possible, early
devascularization & debulking should be applied to all
intracranial tumor surgeries in order to ease dissection
of the tumor capsule.

Our research describes a group of individuals who were
surgically treated for giant olfactory groove meningi-
omas using a bilateral subfrontal approach. The subfron-
tal approach without frontal lobe tissue removal was first
described by Tonnis in 1938 [18] & subsequently utilized
by a number of publications [6, 19].

This technique allows for direct access to the tumor
without excessive brain retraction, reaching the primary
tumor attachment and vascular feeders of the meningi-
oma, preoperative devascularization by bipolar coagula-
tion, thereby dividing the ethmoidal arteries and small
meningeal feeding vessels, devascularizing, and debulk-
ing the tumors from the inferior aspect.

In patients with severe bone involvement, it may be
necessary to drill the front cranial base and do secondary
reconstruction using a vascularized pericranial flap [20].

Predissection devascularization by bipolar coagulation
is a golden step to decrease bleeding loss during opera-
tion, decrease the need for blood transfusion, decrease
time of surgery and for better removal of the tumor [21].

In the same context with our findings, Wei et al. [22]
did a case report giant OGM resection with extradural
devascularization and discovered that the tumor was
totally excised with 500—1000 ml of total blood loss.

During the primary phase, the tumor of our patient
was extremely vascular. Once the ethmoidal arter-
ies from the base were cauterized and divided at the
cribriform plate, there was a significant reduction in
bleeding. The frontal lobe function preservation was
an advantage of this strategy. The devascularization
success may be influenced by the tumor size as well
as location & region of dura attachment. When the
connection is large or buried behind a large tumor,
intradurally frontal or pterional approaches may be
problematic for excision [23].

The extradural method as initially reported by Cushing
[15] and later by Derome and Guiot [24] could cut off the
blood supply surrounding the crista galli before the dura
was opened for tumor removal. Typically, the branches of
the ethmoidal arteries [25] are the primary blood vessels
feeding these tumors. The extradural route via a frontal
or front-orbital craniotomy appears to be a good tech-
nique for the ethmoidal blood supply devascularizing
prior to tumor excision [26].

Inevitably, the frontal sinus will be exposed, increasing
the risk of meningitis is a disadvantage [27]. Our find-
ings revealed that anosmia is an early symptom of OGM,
which was found in 63.6% of patients. The olfactory
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function loss is progressive, comparable to that observed
in the elderly, and initially just one side is affected.

It appears that lateralized assessment of olfactory func-
tion is required for an early diagnosis [28]. Olfaction
maintenance during surgery is tough. Although the olfac-
tory tract remains anatomically continuous following
meningioma resection [29], 4.5% of patients may develop
postoperative anosmia due to a functional lesion of the
fila olfactoria or ischemia resulting from loss of blood
supply to the olfactory neurons during operation. In the
study by Bassiouni et al. [29] comparing various surgical
approaches, there was no difference in the preservation
of olfaction. Limited frontal lobe retraction is necessary
to avoid future injury to the olfactory nerves.

45% of patients presented with anosmia, according to
El-Sisi et al. [27] findings about the outcome of bilateral
subfrontal approach to giant OGM. Only 2 of 11 individ-
uals with preoperative unilateral normal olfactory func-
tion have preserved olfaction after surgery.

Regarding our findings, total removal (grade I, II) was
achieved in 19 (86.4%) patients and grade III& IV was
achieved in 3 (13.6%) patients.

In the same context, El-Sisi et al. [27] found that
67-100% of patients with olfactory meningiomas have
been reported to have undergone full resection.

Moreover, in our series, subtotal removal grade III&IV
was found in 3 (13.6%) patients.

These tumors’ recurrence rate ranges from 5 to 41%;
however, numerous authors have reported a very low or
nonexistent recurrence rate following a mean follow-up
time of 4.4-9 years [30].

Meningioma recurrence may emerge from insufficient
resection or occur even after extensive resection after a
lengthy follow-up period [31]. The tumor excision strat-
egy does not appear to affect tumor recurrence [32].

In contrast, Hentschel et al. [33] ran a OGM series.
11 cases were operated, and each case was completely
excised. Two patients underwent subtotal extraction,
and both instances were recurring. Also, Nakamura et al.
[34] found that the technique has no effect on the rate of
tumor clearance. The rate of tumor eradication Simpson
grades I & II was 92.7% utilizing frontal lateral approach
and 91.2% using the frontal method. In the series OGM
performed by El-Bahy [35], subtotal removal was
achieved in 4 patients (22.2%) & entire removal of Simp-
son grades I & II was achieved in 78% (14 of 18 cases).

CSF leakage is a significant issue for anterior skull
base tumors, particularly enormous olfactory groove
meningioma. CSF was not detected in any cases.

Compared to El-Bahy [35] series of 18 cases, 3 out of
18 patients (16.7%) experienced CSF leaks that resolved
with repeated lumbar puncture & medical treatment.
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In our present study, only 1 (4.5%) case died due to
pulmonary embolism. The mortality rates vary from 0
to 17% in the recent literature. This came in line with
EL-Sisi et al. [27] who found on the 17th postoperative
day, one fatality due to a major pulmonary embolism,
but none directly related to surgery.

Conclusions

Based on our findings, it can be concluded that extra-
dural devascularization is a valuable step in the manage-
ment of OGM using bilateral subfrontal approach and
that careful monitoring is necessary to prevent compli-
cations and ensure a good postoperative outcome. The
extradural devascularization is a golden step in manage-
ment of OGM associated with lower incidence of blood
loss intraoperatively (total blood loss was 500—1000 mL),
recurrence rate, additional neurological impairments &
mortality postoperatively. This approach may be consid-
ered as a good choice for these tumors more than 4.5 cm
in diameter.

Abbreviations

OGM Olfactory groove meningioma
IQR Interquartile range

SD Standard deviation

BMI Body mass index

DM Diabetes mellitus

Hb Hemoglobin

MRI Magnetic resonance imaging
cT Computed tomography

CSF Cerebrospinal fluid
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