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Abstract Objectives The aim of this study was to determine the clinical characteristics and
cephalometric risk factors associated with decreased postoperative olfaction in
patients in whom the transplanum and transtuberculum expanded endonasal ap-
proach (EEA) was performed.
Methods A retrospective cohort of 41 patients treated with the transplanum and
transtuberculum EEA was divided into two groups based on the maximum change in
the postoperative 22-item Sino-Nasal Outcome Test (SNOT22) olfaction score: pro-
longed olfactory loss group (n¼5) with a DSNOT22 olfaction score of � 4 without a
return to baseline and a preserved olfaction group (n¼ 36) with a DSNOT22 olfaction
score � 3 with return to baseline on follow-up of at least 3 months. Demographics,
operative details, and cephalometric measurements were compared between the two
groups.
Results There were no differences in terms of the type of surgical approach (trans-
planum and transtuberculum), resection of turbinates (middle and superior), use of
reconstructive flap (nasoseptal flap and reverse flap), or tumor pathology between the
two groups. In the prolonged olfactory loss group, there was a smaller angle between
the planum and the face of the sella (89.75� 9.18 vs. 107.17�16.57 degrees,
p¼0.05) and a smaller angle between the anterior nasal spine and the sphenoid sinus
face (21.20� 2.49 vs. 25.89� 4.90 degrees, p¼ 0.047) compared with the preserved
olfaction group.
Conclusion Patients with a narrow angle between the planum and the face of the sella
or that between the anterior nasal spine and the sphenoid sinus face are at a higher risk
of prolonged olfactory dysfunction with the transplanum and transtuberculum
approaches.
Level of Evidence IV.
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Introduction

The use of expanded endonasal approaches (EEAs) for the
resection of suprasellar pathologies offers advantages over
transcranial skull-based approaches such as early identifica-
tion of the optic apparatus and less manipulation of the
surrounding neural structures and vasculature.1 Despite its
advantages, endoscopic access to the planum sphenoidale
can compromise postoperative olfaction, significantly
impacting the quality of life of patients.2,3

The olfactory mucosa distribution at the nasal septum,
lateral nasal wall, and turbinates is variable and may impact
postoperative olfactory outcomes if disrupted in the opera-
tivefield.4 In addition to intraoperative trauma, several other
factors may contribute to postoperative olfactory dysfunc-
tion including inflammation or obstructive problems caused
by packing, crusting, or scar formation, which may restrict

odorants from reaching the olfactory receptors.5,6 Lee et al
assessed the olfactory outcomes after endoscopic transsphe-
noidal hypophysectomy and analyzed the risk factors for
postoperative olfactory dysfunction based on several factors
including demographics, intraoperative variables, and ceph-
alometric measurements in the coronal and sagittal planes.7

However, the transplanum and transtuberculum EEAs may
be at a significantly greater risk of olfactory injury as these
approaches require removal of thebony skull base anterior to
the sella turcica, and the olfactory mucosa of the septum lies
immediately anterior to this necessary bony removal from an
endonasal anterior approach. The objective of this study was
to determine the risk factors associated with the postopera-
tive olfactory dysfunction in the transplanum and trans-
tuberculum EEAs with an emphasis on cephalometric
measurements, extent of sinonasal tissue manipulation,
and patient demographics.

Fig. 1 Cephalometric angles. Reference diagram for cephalometric angles. (A) Angle of overall anterior skull base (re: 0-degree reference line).
(B) Angle between the cribriform plate and the planum. (C) Angle between the planum and the face of the sella. (D) Angle between the planum
and the posterior aspect of the clivus. (E) Angle between the anterior nasal spine and the superior and inferior aspect of the sphenoid sinus face.
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Materials and Methods

Institutional review board approval was obtained (STUDY
20040320). A retrospective chart review was performed to
query all patients who underwent a transplanum or trans-
tuberculum EEA at a tertiary academic center from 2016 to
2021. The exclusion criteria included age younger than
18 years, use of EEAs not involving the transplanum or the
transtuberculum, follow-up less than 3 months, and missing
22-item Sino-Nasal Outcome Test (SNOT-22) data on follow-
up clinic visits.

All the patients completed a SNOT-22 survey preopera-
tively and at each postoperative visit. The primary measured
olfactory outcomewas the change in SNOT-22 olfaction score

(DSNOT-22), based on item no. 21 in the survey. Patients
were divided into two groups based on the worst DSNOT-22
olfaction score in follow-up: (1) prolonged olfactory loss
(n¼5) with DSNOT-22 olfaction score �4 (“severe problem”

or “problem as bad as it can be”) post-op without a return to
baseline on follow-up after 3 months and (2) preserved
olfaction group (n¼36) with DSNOT-22 olfaction score �3
(“no problem,” “very mild problem,” “mild problem,” or
“moderate problem”). The first postoperative visit for pack-
ing removal was excluded. Patients were seen in clinic for
postoperative debridement every fewweeks andmaintained
on either nasal saline spray or irrigations. Demographics,
clinical history, and intraoperative details including the
extent of surgical resection, resection of the middle and

Fig. 2 Cephalometric distances. Reference diagram for cephalometric distances at the skull base and sinonasal cavity. (A) a: Planum height; b:
sphenoid sinus height—between the sphenoid floor and the planum; c: distance between the sphenoid floor to the base of the sella turcica. (B) d,
e: Depth of the olfactory fossa; f, g: width of the middle turbinates; h, i: distance between the orbital struts and the septum; j, k: distance
between the lamina papyracea and the midline cribriform. (C) m: Maximum width of the pyriform aperture. (D) l: Maximum septal deflection
from the midline at the deepest part of the cribriform plate.
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superior turbinates, use of reconstructive flaps and grafts,
and tumor details were collected. Preoperative computed
tomography (CT) and magnetic resonance imaging (MRI)
were assessed by two radiologists independently to deter-
mine the cephalometric distances and angles at the midsag-
ittal and coronal cuts at the anterior skull base (►Figs. 1

and 2). The cephalometric angles were defined as follows:
angle of the overall anterior skull base from the 0-degree
reference line (angle A), angle between the cribriform plate
and the planum (angle B), angle between the planum and the
face of the sella (angle C), angle between the planum and the
posterior aspect of the clivus (angle D), and angle between
the anterior nasal spine and the superior and inferior aspect
of the sphenoid sinus face (angle E).

Statistical Analysis
Quantitative variables such as SNOT-22 olfaction scores,
cephalometric angles, and distances were analyzed using a
comparison of means tests. Relative risks (RRs) along with
95% confidence intervals (CI) were calculated for categorical
variables such as gender, ethnicity, and other clinical varia-
bles. A p-value of �0.05 was considered statistically
significant.

Results

Demographics and Baseline Information
A total of 41 patients were enrolled in the study (►Table 1).
The majority of the patient cohorts were males (58% in
preserved olfaction and 60% in prolonged olfactory loss)

and Caucasians (97% in preserved olfaction and 60% in
prolonged olfactory loss). The mean age of the patients in
the preserved olfaction group was 56.98�17.92 years and it
was 53.34�12.74 years for the prolonged olfactory loss
group. Of those with preserved olfaction, the most common
tumor pathology was pituitary adenoma (42%) followed by
craniopharyngioma (22%), meningioma (17%), chordoma
(8%), and Rathke’s cleft cyst (6%). The five patients with
prolonged olfactory loss had the following pathology: pitui-
tary adenoma (n¼3), meningioma (n¼1), and craniophar-
yngioma (n¼1). Non-Caucasian ethnicities were associated
with higher risk of prolonged olfactory loss (RR: 14.40; 95%
CI: 1.58–131.36). Therewere no significant differences in the
baseline prevalence of chronic rhinosinusitis without polyps,
chronic rhinosinusitis with polyps, septal deviation, prior
endoscopic sinus surgery, asthma, and hypothyroidism be-
tween the two groups. Two patients in the preserved olfac-
tion group were diagnosed with COVID-19 but had no
reported olfactory changes: none of the patients in the
prolonged olfactory loss group experienced COVID-19
infection.

Intraoperative Findings
There were no differences between the preserved olfaction
and prolonged olfactory loss groups in terms of the type of
surgical approach (transplanum and transtuberculum), ex-
tent of tumor resection (complete and partial), resection of
turbinates (middle and superior), use of reconstructive flap
(nasoseptal flap and reverse flap), or tumor pathology
(►Table 2).

Table 1 Demographic information and baseline characteristics

Preserved
olfaction (n¼ 36)

Prolonged olfactory
loss (n¼ 5)

RR (95% CI) p-value

Age, average (y) 56.98�17.92 53.34�12.74 –20.49 to 13.21 0.66

Gender (%)

Female 42 40 0.96 (0.31–3.00) 0.94

Male 58 60

Ethnicity (%)

Other 3 40 14.40 (1.58–131.36) 0.02

Caucasian 97 60

CRSsNP (%) 0 0 6.17 (0.13–282.33) 0.35

CRSwNP (%) 6 0 1.23 (0.07–22.67) 0.89

Septal deviation (%) 47 40 0.85 (0.27–2.62) 0.77

Prior FESS (%) 39 40 1.03 (0.33–3.25) 0.96

Diabetes (%) 42 40 0.96 (0.31–3.00) 0.94

Hypothyroidism (%) 42 40 0.96 (0.31–3.00) 0.94

Asthma (%) 11 20 1.80 (0.25–13.06) 0.56

Presence of neurologic disorders (%) 33 40 1.20 (0.37–3.86) 0.76

Follow-up time frame (d) 271.00�240.41 143.80� 49.65 –347.59 to 93.19 0.25

Abbreviations: CI, confidence interval; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; FESS,
functional endoscopic sinus surgery; RR, relative risk.
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Olfaction Measures
There was no significant difference in the baseline SNOT-22
olfaction survey between the two groups (►Table 3). In the
preserved olfaction group, 58.33% of patients experienced no
change or an improvement in olfaction post-op (DSNOT-22
olfaction score �0), whereas 41.67% had some worsening
olfaction post-op that resolved on follow-up. In the pro-
longed olfactory loss group, three patients (60%) had some
olfactory improvement after initially reporting severe olfac-
tory loss albeit not returning to baseline. Patients reported
attaining their best post-op olfaction at 68.47�47.49 days
for the preserved olfaction group and 88.00�67.55 for the
prolonged olfactory loss group. None of the patients in this
study used olfactory training in the post-op period.

Cephalometric Measures
There was no significant difference between the preserved
olfaction and prolonged olfactory loss groups with regard to
the following metrics: supraplanum tumor height, supra-
sellar tumor width, depth of tumor involvement in the sella,
planum height, sphenoid sinus height, distance between the
sphenoid sinus floor and the base of the sella, width of the

middle turbinates, distance between the orbital strut and the
septum, and distance between the lamina papyracea and the
cribriform plate (►Table 4). The preserved olfaction group
had a larger angle between the planum and the face of the
sella (angle C, 107.17�16.57 vs. 89.75�9.18 degrees;
p¼0.050) and a larger angle between the anterior nasal
spine and the sphenoid sinus face (angle E, 25.89�4.90 vs.
21.20�2.49 degrees; p¼0.047; ►Fig. 3). The prolonged
olfactory loss group had a greater depth of the olfactory
fossa (left: 0.70�0.16 vs. 0.55�0.16 cm, p¼0.059; right:
0.74�0.21 vs. 0.58�0.16 cm, p¼0.053) as compared with
the preserved olfaction group.

Discussion

Twelve percent of the patients undergoing the transtubercu-
lum and transplanum approach did not return to their subjec-
tive level of olfaction postoperatively. Our study demonstrates
that patients with prolonged olfactory loss postoperatively
after these two approaches tend to have a smaller angle
between the planum and the face of the sella (angle C) and
between the anterior nasal spine and the sphenoid sinus face

Table 2 Intraoperative findings

Preserved
olfaction
(n¼ 36)

Prolonged olfactory
loss (n¼5)

RR (95% CI) p-value

Partial tumor resection (%) 15 0 0.53 (0.03–8.40) 0.65

Transplanum approach (excluding transtuberculum), % 31 0 0.27 (0.02–3.98) 0.34

Transtuberculum approach (excluding transplanum), % 25 60 2.40 (0.96–5.98) 0.06

Both transplanum and transtuberculum approaches (%) 44 40 0.90 (0.29–2.80) 0.86

Resection of one or both middle turbinates (%) 58 80 1.37 (0.82–2.30) 0.23

Partial resection of the superior turbinates (%) 22 20 0.90 (0.14–5.76) 0.91

Septoplasty (%) 11 0 0.69 (0.04–11.17) 0.79

Nasoseptal flap (%) 86 60 0.70 (0.34–1.44) 0.33

Reverse flap (%) 61 40 0.65 (0.22–1.98) 0.45

Optic canal or nerve involvement (%) 46 40 0.85 (0.27–2.62) 0.77

Abbreviations: CI, confidence interval; RR, relative risk.

Table 3 Olfaction measures

Preserved
olfaction (n¼ 36)

Prolonged olfactory
loss (n¼ 5)

RR (95% CI) p-value

Baseline SNOT-22 olfaction score 0.69� 1.45 0�0 –2.02 to 0.64 0.30

Worst DSNOT-22 olfaction score post-op 0.50� 1.61 4.40�0.55 2.42 to 5.38 <0.0001

Best DSNOT-22 olfaction score post-op –0.53�1.21 2.60�1.52 1.93 to 4.33 <0.0001

Time to worst DSNOT-22 olfaction score (d) 49.69�47.79 61.80� 64.75 –35.96 to 60.18 0.61

Time to best DSNOT-22 olfaction score (d) 68.47�47.49 88.00� 67.55 –28.66 to 67.72 0.42

Use of olfactory training (%) 0 0 6.00 (0.13–274.59) 0.36

Abbreviations: CI, confidence interval; RR, relative risk; SNOT-22, 22-item Sino-Nasal Outcome Test.
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(angle E) as described in ►Figures 1 and 3. Smaller angles C
and E may predispose to greater trauma in the region of the
olfactory neuroepithelium with repeat instrumentation
during the transtuberculum and transplanum EEAs. With a
smaller angle C, there is less visualization from an endonasal
approach as the skull base is flatter. This predisposes to more
manipulationof the olfactorymucosa andmaycausedifficulty
with bony removal. Inpatientswith smaller angle E, theremay
be a narrower sagittal endonasalworking corridor thatmay, in
turn, increase the risk of trauma to the olfactory mucosa.

There are exceptionally few studies assessing the olfacto-
ry outcomes from the transplanum and transtuberculum

approaches. Riva et al utilized the Sino-Nasal Outcome Test
for Neurosurgery (SNOT-NC) for 300 patients with anterior
skull base disease and demonstrated that those undergoing
transtuberculum and transplanum approaches had greater
olfactory disturbances compared with other approaches
such as the transsphenoidal, transclival, or transpterygoid
approach.8 However, the authors did not delineate which
specific risk factors are associated with worse olfactory
outcomes with the two approaches. Rioja et al used the
Barcelona Smell Test 24 (BAST-24) to compare olfactory
outcomes 1 year after the transsphenoidal approach versus
EEAs such as the transplanum and transtuberculum.9 In the

Table 4 Cephalometric data

Cephalometric measure Preserved olfaction (n¼36) Prolonged olfactory loss (n¼ 5) p-value

Supraplanum tumor height (cm) 0.88�0.56 0.7�0.61 0.545

Suprasellar tumor width (cm) 1.81�0.95 2.14� 0.41 0.447

Angle of the overall anterior skull base (angle
of the cribriform plate to 0-degree reference
line) (A)

12.22� 5.03 11.25� 6.95 0.729

Angle between the cribriform plate and the
planum (B)

15.63� 7.48 22.25� 6.55 0.101

Angle between the planum and the face of
the sella (C)

107.17� 16.57 89.75� 9.18 0.050

Angle between the planum and the posterior
aspect of the clivus (D)

112.07� 7.83 106.75�9.11 0.218

Angle between the anterior nasal spine and
the superior and inferior aspect of the sphe-
noid sinus face (E)

25.89� 4.90 21.20� 2.49 0.047

Depth of tumor involvement in the sella
(length from the tuberculum to the deepest
portion of the sella involved by tumor), cm

1.26�0.64 1.60� 0.22 0.308

Planum height (distance from the frontobasal
line to the top of the planum), (a, cm)

0.61�0.32 0.63� 0.13 0.903

Sphenoid sinus height (between the sphenoid
floor and the planum) (b, cm)

2.53�0.40 2.53� 0.13 1.000

Distance between the sphenoid floor to the
base of the sella turcica (c, cm)

1.33�0.41 1.00� 0.32 0.135

Depth of the left olfactory fossa (d, cm) 0.55�0.16 0.70� 0.16 0.059

Depth of the right olfactory fossa (e, cm) 0.58�0.16 0.74� 0.21 0.053

Width of the left middle turbinate (f, cm) 0.79�0.31 0.85� 0.24 0.713

Width of the right middle turbinate (g, cm) 0.77�0.24 0.78� 0.15 0.937

Distance between the left orbital strut and
the septum (h, cm)

1.43�0.22 1.50� 0.23 0.515

Distance between the right orbital strut and
the septum (i, cm)

1.41�0.20 1.48� 0.36 0.520

Distance between the left lamina papyracea
and the midline cribriform plate (j, cm)

1.25�0.17 1.30� 0.16 0.541

Distance between the right lamina papyracea
and the midline cribriform plate (k, cm)

1.23�0.17 1.20� 0.14 0.710

Maximum septal deflection from midline at
the deepest part of the cribriform plate (l, cm)

0.59�0.27 0.36� 0.15 0.075

Maximum width of the pyriform aperture
(m, cm)

2.35�0.19 2.38� 0.16 0.740
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expanded endonasal group, there was no significant differ-
ence in smell detection, memory/recognition, and forced
identification categories compared with the preoperative
time frame; however, this group did demonstrate greater
decrease in the mucociliary clearance time compared with
the standard transsphenoidal approach.9 In another case
series of craniopharyngioma patients who underwent the
transtuberculum approaches, the prevalence of persistent
and transient anosmia was reported to be 5.5 and 1.4%,
respectively.10

Lee et al analyzed the risk factors associatedwith olfactory
dysfunction after endoscopic transsphenoidal approaches.7

Although EEAs were excluded, the authors determined that
use of abdominal fat grafting, smoking history, and a smaller
anglebetween theplanumsphenoidale and thefaceof thesella
turcica increased the risk of postoperative olfactory dysfunc-
tion.7 This corroborates the cephalometric data in our trans-
tuberculumand transplanumcase serieswhere the prolonged
olfactory loss group had a more acute angle between the
planumand the face of the sella, nearly a right angle. However,

our cephalometric analysis also revealed that a larger working
angle between the anterior nasal spine and the face of the
sphenoid is a protective factor against post-op olfactory dys-
function. This finding was not present in the Lee et al series.
The use of nasoseptal flap, reverse flap, middle turbinate
removal, and partial resection of the superior turbinates did
not appear to increase the risk of postoperative olfactory
dysfunction in our study. This is consistent with reports in
the literature regarding the safety of the nasoseptal flap and
partial resection of the superior turbinates from an olfactory
standpoint.11–13

There was a significantly higher percentage of non-Cau-
casian ethnicities in our prolonged olfactory loss group
compared with the preserved olfaction group. The underly-
ing reason for this difference in demographics is unclear.
Given that the prolonged olfactory loss group had a small
sample size (n¼5), this could be a result of sampling bias.
Our olfaction data are based on the SNOT-22 olfactory
domain score, which has been utilized in prior studies for
tracking outcomes in chronic rhinosinusitis and endoscopic

Fig. 3 Cephalometric angles of significance. Examples of cephalometric angles that are protective against or predispose to prolonged
postoperative olfactory dysfunction in the transplanum and transtuberculum approaches. (A) An acute Angle C, between the planum and the
face of the sella, is associated with increased risk of post-op olfactory dysfunction. (B) A smaller Angle E, between the anterior nasal spine and the
superior and inferior aspect of the sphenoid sinus face, is associated with increased risk of post-op olfactory dysfunction.
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pituitary surgeries.14,15 While the SNOT-22 survey has been
validated for various populations including Italian, Greek,
and Brazilian Portuguese with good internal reliability, it is
unclear whether differences in survey interpretation across
ethnicities may have contributed to these results.16–19 Fur-
ther studies using cross-culturally applicable olfaction test-
ing, such as the modified University of Pennsylvania Smell
IdentificationTest (UPSIT), may clarify the role of ethnicity as
an independent risk factor for postoperative olfactory dys-
function in EEAs.20,21

There are a few limitations to this study. The patient
cohort is small, and there was no standardized follow-up
time frame for both the preserved olfaction and prolonged
olfactory loss groups given the retrospective nature of the
study. Olfactionwas assessed via patient-reported outcomes
measures, SNOT-22 olfaction domain, rather than objective
olfactory testing such as UPSIT or Sniffin’ sticks.

Conclusion

This is one of thefirst studies to reviewolfactory outcomes in
the transplanum and transtuberculum EEAs. Only 12% of
patients experienced prolonged olfactory loss greater than
3months. Patients with a narrow angle between the planum
and the face of the sella or a narrow angle between the
anterior nasal spine and the sphenoid sinus face were at a
higher riskof prolonged olfactory dysfunction.Measurement
of these angles can help stratify patients at the greatest risk
for prolonged olfactory dysfunction and perhaps necessitate
the use of angled endoscopy to avoid manipulation of the
olfactory mucosa. Surgeons should exercise additional cau-
tion to avoid inadvertent trauma to the olfactory mucosa in
these patients.
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