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Abstract
Background Olfaction is an undervalued sense in neurosurgery. Attempted surgical resection of anterior cranial fossa meningi-
omas puts the olfactory pathway at risk. Preservation of olfaction may increase the postoperative quality of life. Objective
assessment of olfaction may inform clinical decision-making and influence the selection of operative approaches for surgical
resection.
Methods We reviewed all patients who underwent surgical resection for midline anterior skull base meningiomas from July 1,
2014, through December 31, 2017. Patient demographics, tumor size, operative approach, pre- and postoperative deficits, and
Simpson grade were collected and analyzed. Postoperative olfaction was assessed by clinical evaluation as well as objective
evaluation using the University of Pennsylvania Smell Identification Test (UPSIT).
Results Twenty-eight patients (10 male, 18 female) were included with an average age of 53.8 years (range 27–80 years).
Twenty-six patients underwent craniotomy for resection, while 2 patients had endoscopic approaches. Average tumor
volume was 402.1 cm3 (6.6–2507.7 cm3). Preoperatively, five patients (17.8%) presented with olfactory impairment.
Objectively, 50% of patients (14/28) consented and completed the UPSIT. The average postoperative UPSIT score was
25.8/40 (9/40–38/40). Two patients not identified on clinical assessment alone demonstrated postoperative olfactory
deficit on UPSIT (2/14).
Conclusion There are limited published studies evaluating olfaction in patients who undergo skull-based approaches for anterior
fossa meningiomas. Our series showed the highest olfaction preservation rate (87.5%) using a comprehensive strategy and
multitude of surgical approaches based on the olfactory function and tumor characteristics.
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Introduction

The ability to smell allows an individual to experience their
environment in a unique and personal way. Each person
senses the world a little different and the ability to smell the

world creates emotional relationships with other people, ani-
mals, and organic objects. Philosophers have led us to believe
that vision is the primary sense in theorizing perception. The
abstract nature of the secondary experience of olfaction and
the debate between dispositionalism and projectivism as the-
ories for olfaction lead to the long-standing neglect of the
sense of smell. Neurosurgeons inherited such bias against ol-
faction and have been unsuccessful in prioritizing it in their
surgical planning.

The olfactory epithelium is located superiorly in the
nasal cavity, along the cribriform plate, the superior poste-
rior nasal septum, inferiorly along the superior turbinate,
and medially on the middle turbinate. The olfactory path-
way is highly connected to the limbic system, and the abil-
ity to smell has been crucial for survival. It allows an
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individual to sense environmental hazards, as well as cre-
ate a relationship with other individuals. It heightens our
ability to taste food and is intimately involved in the de-
velopment of our human traits, defense mechanisms, and
personalities. Recent research has revealed lateralization of
olfaction in humans, and in right-handed individuals, there
is a right nostril and hemispheric predominance of olfacto-
ry processing for pleasant smells [1, 2]. Unfortunately, ap-
proaches to the anterior cranial fossa put the olfactory path-
way as risk—especially with traditional bifrontal cranioto-
my and bilateral transcribiform approaches to the anterior
cranial fossa for resection of lesions such as olfactory
groove meningioma (OGM) [3–10].

Anterior midline skull base meningiomas such as OGM,
planum, and tuberculum sella are anatomically intimate to the
olfactory apparatus. Tumor growth can cause compression of
the olfactory nerves and may result in loss of olfaction bilat-
erally. Damage to the olfactory pathway may also occur dur-
ing surgical resection secondary to retraction and dissection
injury. This risk is increased during resection of giant-sized
olfactory groove meningiomas where it may be difficult to
visualize the olfactory structures. Endoscopic approaches
have been associated with loss of olfaction except in a few
reports [10].

Anterior midline skull base meningiomas require careful
surgical planning with consideration of olfactory function
and preservation of adjacent neurovascular structures.
Thorough preoperative evaluation of olfaction and the possi-
ble lateralization, in addition to the tumor size, and location
may help the surgeon in making better choices for manage-
ment strategies. Contralateral olfactory preservation can be
achieved with complete tumor resection through an open or
an endoscopic approach [10].

To this date, there are limited published studies evaluating
olfaction in patients who undergo open and endoscopic ap-
proaches for resection of anterior cranial fossa meningiomas
[6, 11, 12]. In this study, we report the olfactory outcome after
using a comprehensive strategy and multitude of surgical ap-
proaches based on the olfactory function. The UPSIT is used
to objectively evaluate olfaction in patients with midline an-
terior skull base meningiomas.

Methods

Patient selection

Prior to initiation of this study, local Institutional Review
Board approval was obtained to conduct a retrospective study
evaluating olfaction in patients who underwent surgery for
midline anterior skull base meningiomas from July 1, 2014,
through December 31, 2017. Selection criteria for the study
included patients’ age more than 18 years and pathology

consistent with a diagnosis of meningioma along the midline
in the anterior cranial fossa. Only primary surgical patients
were included in this study. Demographic data were collected
for each patient and included: age, location of tumor, preop-
erative tumor volume, extent of surgical resection, and pre-
and postoperative olfaction.

All patients were evaluated by magnetic resonance (MR)
imaging before surgery as well as immediately within the
postoperative period (within 24 h). Preoperative tumor vol-
ume was calculated by the maximal height, length, and width.
Postoperative resection volume and Simpson grade [13] were
determined by both the neurosurgeon(s) and confirmed by
postoperative imaging. All patients underwent surgical resec-
tion by either craniotomy, endoscopic, or a combination of the
surgical techniques. Final tumor pathology and World Health
Organization grading were completed by a neuropathologist.

Olfaction assessment

Preoperative olfaction was clinically determined as document-
ed in the patients’ electronic medical record. After patient
selection, patients were sent the University of Pennsylvania
Smell Identification Test (UPSIT) [5]. Postoperative olfaction
was both assessed clinically and objectively. Clinical assess-
ment was conducted during clinic visit. A more comprehen-
sive objective assessment was done by using the UPSIT.
UPSITs were scored using the provided scorecard [5].
Student’s t test and an Analysis of Variance (ANOVA) were
used to assess demographic factors such as sex, age, and
Simpson grade. A Pearson correlation was used to assess for
significance as related to tumor volumes and UPSIT scores.
Statistical significance was determined by a P value < 0.05.
Statistical analysis was performed using PRISM GraphPad
(La Jolla, CA, USA).

Surgical approach

The surgical approach was selected based on olfactory func-
tion and tumor size. Tumor size is based on the largest
anteroposterior tumor diameter according to Mohr classifica-
tion [14].

1. Small lesions (less than 2 cm):
Intact olfaction: keyhole unilateral approach with or

without endoscopic assistance
Lost olfaction: endonasal endoscopic approach
In the rare case of an olfactory groove meningioma

with a unilateral cribriform plate origin, we perform a
unilateral endoscopic transcribriform approach with pres-
ervation of the contralateral olfactory function [10].

2. Moderate size lesions (2–4 cm):
Intact olfaction: unilateral fronto-orbital approach with

or without endoscopic assistance
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Lost olfaction: endonasal endoscopic approach or uni-
lateral fronto-orbital approach

3. Large to giant lesions (more than 4 cm):
Unilateral tailored fronto-orbital approach [15] regard-

less of olfactory function

Results

Study demographics

In total, 28 patients were identified and included in this study
(Table 1). There were 10 male and 18 female patients with and
average age of 53.8 years (range 23–75 years). Preoperatively,
the average tumor size was 402.13 cm3 ranged from 6.6 to
2507.7 cm3. Of the patients that presented with anterior cranial
fossa meningioma, two patients underwent purely endoscopic
resection and 26 patients underwent craniotomy and
endoscopic-assisted surgical resection. Patients initially present-
ed with visual impairment (75%, 21/28) as the most common
initial manifestation. Preoperative steroids were given to 11/28
(30.2%) of the patients and 3/28 (10.7%) of patients underwent
preoperative endoscopic transnasal or transcaruncular ligation of
ethmoidal arteries prior to planned craniotomy for neurosurgical
resection [16].

Outcomes

Histopathological analysis indicated WHO grade II meningi-
oma in 2 patients andWHO Imeningioma in the remaining 26
patients. Postoperative complications were observed in a sin-
gle patient who experienced syndrome of inappropriate
antidiuretic hormone secretion (SIADH). Simpson grading
was used to classify extent of meningioma tumor resection.
Overall, our cohort had 9 patients with Simpson grade I, 13
patients with Simpson grade II, and 6 patients with Simpson
grade IV tumor resection as determined by intraoperative re-
ports and postoperative image evaluation (Table 1). Near total
resection was favored if tumor was adherent to neurovascular
structures namely anterior cerebral arteries complex or olfac-
tory bulbs with intact olfaction.

Olfactory function

Preoperative olfaction was determined clinically during pre-
operative clinical evaluation. Preoperative olfactory impair-
ment was initially present in five patients based on preopera-
tive clinical examination. There was no statistically significant
difference when comparing male versus female patients in
preoperative olfactory dysfunction, P value 0.33. There was
also no statistical difference in age-related preoperative olfac-
tory dysfunction, P value 0.22. Patients who presented with
olfactory dysfunction had larger lesions when compared with
those with intact sensation, P value 0.03. The anatomical tu-
mor locations were as follows: nine planum sphenoidale, eight
tuberculum sellae, seven olfactory grooves, two clinoidals,
and two midline basal convexities. Among the five patients
with smell dysfunction, three had planum sphenoidale and
two had olfactory groove meningiomas (Table 2).

Postoperative olfaction was assessed both in the clinical
setting as well as by UPSIT. Clinically, one patient with
tuberculum sellae meningioma acquired new postoperative
olfactory deficit. Four patients with tuberculum sellae menin-
giomas who initially presented with olfactory deficit contin-
ued to have persistent olfactory deficit after surgical resection
and 1 patient had improvement in his ability to smell based on
clinical assessment. In 23 patients without preoperative olfac-
tory deficit, olfactory preservation was achieved in 22 pa-
tients, a surgical olfactory preservation rate of 95.7% based
on clinical evaluation. In patients who presented with dimin-
ished olfaction, 1/5 (20%) of patients had improvement of
their olfaction.

All patients included in this study were also contacted and
asked to participate in a postoperative evaluation of olfaction.
Of the 28 that were contacted, 14 consented to and returned
their UPSIT (50%). The average postoperative UPSIT score
was 25.8/40 (range 9–38/40). When Simpson grading was
included, no statistical significance was observed in terms of
postoperative UPSIT scores, P value 0.96. Male patients had

Table 1 Demographic data

Demographic data

Total patients 28

Male 10

Female 18

Age 53.8 years; range (23–75 years)

Tumor characteristics

Size 402.13 cm3; range (6.6–2507.7 cm 3)

WHO grade

I 26

II 2

Tumor location

Planum sphenoidale 9

Tuberculum sellae 8

Olfactory groove 7

Clinoidal 2

Midline basal convexity 2

Simpson grade

Grade I 9

Grade II 13

Grade III 0

Grade IV 6
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decreased UPSIT (12.0/40) postoperative scores when com-
pared with women (27.8/40), P value 0.01. Additionally, a
larger tumor volume was significantly correlated with postop-
erative UPSIT scores, P value 0.01. However, tumor location
did not impact UPSIT scores. Preoperative steroid administra-
tion was not associated with a statistically significant differ-
ence in UPSIT scores (P value 0.36).

Additionally, postoperative clinical assessment was com-
pared with objective UPSIT results. In our 14/28 patients who
completed their UPSIT, two patients were noted to have post-
operative anosmia on UPSIT scoring that were not found on
clinical assessment alone. The average UPSIT score of these
patients was 9.5/40 and an UPSIT score ≤ 10 is considered a
failing score (Table 2).

Discussion

Olfaction assessment and preservation should be a major goal
in anterior midline skull base meningiomas. A comprehensive
approach that includes an UPSIT and a tailored surgical ap-
proach selection based on olfactory function and tumor size
can improve olfactory outcomes as reported in our study.

Published olfactory outcomes

Very few studies reported postoperative olfactory outcomes
after anterior skull base meningiomas resection, and it is often
not clear if a comprehensive smell test was used. Current
literature suggests olfactory preservation rates between 24.4
and 55% in patients undergoing anterior skull base meningi-
oma resections [3, 6, 12, 17]. Important factors include tumor
sizes less than 4 cm, preoperative olfactory function and sur-
gical approaches such as fronto-lateral approaches have been

correlated to increased postoperative olfaction rates [6, 17].
All prior studies recommend a conscious effort in saving ol-
faction in patients with either normal or diminished preopera-
tive olfaction. Radiosurgery has evolved as a valid treatment
option for small- to medium-sized tumors in patients with
intact olfaction. However, there is a paucity of reports that
comprehensively evaluate olfaction after radiosurgery.
Gande et al. retrospectively reported subjective assessment
of olfaction after gamma knife treatment with a median clin-
ical and radiographic follow-up period of 76 and 65 months
respectively. There was no patients’ reported loss of olfaction
in their series [18].

Our case series

Our study included 28 patients and had a greater predomi-
nance of females versus males. In patients with preoperative
anosmia, risk factors included location and size of the tumor.
All of our five patients with preoperative anosmia had planum
sphenoidale or olfactory groove meningioma. Interestingly,
29.4% of patients with lesions located within either planum
sphenoidale or olfactory groove had olfactory dysfunction.
Not surprisingly, tumor size had a significant association with
olfactory pathology. Likely, a larger tumor may cause adjacent
compression of the olfactory bulbs and cortical pathways.
Patient sex and age had no effect on preoperative olfactory
disruption.

Postoperative evaluation included both a clinical assess-
ment as well as an objective marker for olfaction—the
UPSIT (Sensonics International, Haddon Heights, NJ,
USA). On clinical evaluation alone, only one of 23 patients
without preoperative olfactory dysfunction went on to develop
new postoperative deficit. Therefore, based on clinical evalu-
ation alone, we were able to preserve olfaction in 95.7% of our

Table 2 Olfaction
Pre- and postoperative olfactory evaluation

Preoperative P value

Sex 0.03

Age 0.22

Lesion size 0.03

Postoperative No deficit Olfactory deficit Preservation rate

Clinical assessment alone (N = 23) 22/23 1/23 95.7%

UPSIT score Average score

UPSIT (N = 14) 25.8; range (9–38 / 40)

Male Female P value

Sex 12/40 27.8/40 0.01

Tumor size 0.01

Preoperative steroid 0.36

No deficit Olfactory deficit Preservation rate

Comprehensive evaluation (clinical + UPSIT) 21/24 3/24 87.5%
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surgical patients who did not present with olfactory deficit.
One patient had overall improvement in their ability to smell
postoperative and four patients continued to have olfactory
dysfunction on clinical evaluation—a clinical improvement
in 20% of patients with preoperative deficit.

Comprehensive assessment of olfaction

As an objective assessment of postoperative anosmia, we uti-
lized the UPSIT. The UPSIT was chosen for its simplicity in
administration and non-bias scoring system. Briefly, the
UPSIT test is composed of 40 Bscratch and sniff^ questions
separated into four booklets. All questions contain four an-
swer choices in a multiple-choice format. Patients then select
an answer for each of the 40 items (20 familiar and 20 unfa-
miliar smells) and the total is scored based on an answer key
provided. Scores are out of 40 and a score of less than 10/40
would be considered Bguessing^ or inability to smell [5].
Whereas clinical assessment of olfaction often leads to a bi-
nary and subjective classification, the UPSIT is a reproducible
method that allows for a range of scoring and long-term pa-
tient assessment.

In patients that completed the UPSIT study, the average
score was 25.8/40 with a range from 9 to 38 out of 40.
Postoperative risk factors associated with postoperative anos-
mia included male patient and tumor size. Postoperative
UPSIT scores for men averaged less than ½ of women scores,
12.0 versus 27.8 respectively. Furthermore, patients with larg-
er tumor had decreased postoperative UPSIT score. This as-
sociation was also seen in patients who presented with

preoperative dysfunction. Likely, this significant finding can
be attributed to preoperative irreversible damage to the olfac-
tory pathway. Similarly, patients who presented with olfactory
dysfunction continued to have increased risk of continued
dysfunction after surgical resection. Tumor location and pre-
operative treatment with steroids did not have a significant
association with postoperative UPSIT scores. Significantly,

Anterior Midline Skull Base Meningioma

Tumor Size

Small
< 2 cm

Large
> 4 cm 

Medium
2 – 4 cm 

Olfac�on Olfac�on

Intact/Diminished Complete Loss Intact/Diminished Complete Loss

Tumor Origin

Bilateral Unilateral

Fronto-orbital 
Approach

Transnasal
Endoscopic Approach  

Fronto-Orbital
Approach

Fronto-Orbital
Or 

Transnasal Endoscopic

Tailored
Fronto-Orbital

Unilateral Bilateral

Fig. 1 Surgical management of
anterior skull base meningiomas

Fig. 2 Unilateral right transcribrifrom approach with direct visualization
of the left-sided olfactory apparatus and optic tract
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UPSIT assessment identified 2 patients with postoperative
deficits not otherwise clinically identified and allowed our
team to identify three total patients with postoperative olfac-
tory dysfunction, an olfactory preservation rate of 87.5% (21/
24). To the best of our knowledge, this is the highest rate of
preservation of olfaction in anterior midline skull base

meningiomas to date. We believe that this is attributed to our
comprehensive management algorithm that is based on olfac-
tory function and tumor characteristics (Fig. 1). Our multitude
of surgical approaches focused on the anatomical preservation
of the olfactory apparatus starting from the nasal cavity all the
way to the entorhinal cortex in patients with intact olfaction.
For example, a unilateral transcribriform approach was uti-
lized to preserve the contralateral olfactory apparatus in a
small olfactory groove meningioma of unilateral origin
(Fig. 2). The anatomical preservation of the olfactory bulbs
and tracts in an extra-arachnoidal fashion was pursued in
transcranial approaches even for giant tumors. We believe that
this preserves the nerve vascularity and contribute to a better
functional outcome (Fig. 3). For giant tumors, we performed a
tailored unilateral fronto-orbital approach [15] rather than a
bifrontal approach. We make an effort to preserve at least the
contralateral olfactory nerve in these giant tumors (Fig. 4). As
previously reported, unilateral approaches have been associ-
ated with higher olfaction preservation [6].

Study limitation and future direction

Our study is limited by the overall study size, patients’
consenting to UPSIT evaluation, retrospective nature, and
the absence of preoperative UPSIT assessment. However,
we feel strongly about introducing and promoting the con-
cept of Bolfaction first^ through our cohort data. Future
studies will include a larger population that may allow us

Fig. 4 A 61-year-old male patient
with a giant olfactory groove
meningioma, a-c MRI T1
contrasted images demonstrate a
70 mm× 63 mm× 69 mm lesion
in the anterior cranial fossa. d A
tailored unilateral fronto-orbital
approach with preservation of the
contralateral olfactory apparatus

Fig. 3 Direct microscopic view of the olfactory tract with arachnoid
preservation during a meningioma resection
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to fully elucidate risk factors for preoperative and postop-
erative anosmia and the ability to preserve olfaction in
skull base meningioma patients.
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