Septoplasty and/or inferior turbinoplasty produce significant
improvements of the sense of smell*

Paula Mackers'#, Maria Jesus Rojas-Lechuga’, Cristébal Langdon', Rhinology 61: 5,421 - 431, 2023
Anna Nogués'®, Joaquim Mullol?3, Isam Alobid'**” https://doi.org/10.4193/Rhin22.461
' Rhinology and Skull Base Units, Smell Clinic, Otorhinolaryngology Department Hospital Clinic of Barcelona, *Received for publication:
University of Barcelona, Barcelona, Catalonia, Spain December 1, 2022

2 Clinical & Experimental Respiratory Immunollergy, IDIBAPS, Barcelona, Catalonia, Spain Accepted: July 11,2023

3 CIBER of Respiratory Diseases (CIBERES), Health Institute Carlos Ill, Spain

4 Otorhinolaryngology Department, Hospital del Mar, Barcelona, Catalonia, Spain

? Otorhinolaryngology Department, Hospital Sant Joan de Deu, Barcelona, Catalonia, Spain

¢ Otorhinolaryngology Department Consorci Sanitari Alt Penedeés Garraf. Barcelona, Catalonia, Spain

7 Unidad Alergo Rino, Centro Médico Teknon, Barcelona, Catalonia, Spain

Abstract
Background: Patients with septal deviation and/or turbinal hypertrophy may experience olfactory disfunction (OD). The aim of
this study was to analyse the effect of septoplasty and/or turbinoplasty on both lateralized and bilateral olfactory function.

Methodology: Prospective study of 47 patients with nasal obstruction secondary to septal deviation and/or turbinal hypertrophy
and 20 healthy controls. The Barcelona Olfactory test (BOT-8), a new supraliminal orthonasal subjective olfactometry, was applied
3 times in a row (in each nostril separately and in both simultaneously). The 8 items were applied randomly to minimize the possi-
ble risk of learning. The test has not established the minimal clinically important difference (MCID). Anterior rhinomanometry and
acoustic rhinometry were performed. All participants self-assessed smell loss and nasal obstruction using a visual analogue scale
(VAS) and completed questionnaires for nasal obstruction (Nasal Obstruction Symptom Evaluation, NOSE) and for quality of life
(Qol), using disease-specific (SinoNasal Outcome Test-22, SNOT-22) and generic (Short Form-12 Health Survey, SF-12) question-
naires. Nasal measurements and questionnaires were performed preoperatively and 12 months after surgery.

Results: Before surgery, patients reported worse VAS on smell loss and on nasal obstruction compared to controls. Patients scored
lower BOT-8 than controls. Lateralized preoperative olfactory function showed that all BOT-8 characteristics were lower at the nar-

row side than the wider one. Smell function and QoL improved significantly one year after surgery.

Conclusions: Nasal septal deviation and turbinal hypertrophy lead to an olfactory impairment on the obstructed nostril. Nasal
surgery provides a positive outcome on olfactory function, as well as on subjective and objective outcomes.
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Introduction The most common form of nasal obstruction is mechanical “
A lateralized difference in olfactory function is present in 15% of ~ and it could be associated with lateralized OD secondary to

healthy people and 23.4% of patients presenting with olfac- decreased nasal airflow. Septum deviation and inferior turbinate
tory dysfunction (OD) 2. Studies focusing on the association hypertrophy are the most prevalent types of nasal mechanical
between intranasal airflow and olfactory function have shown obstruction “. A clinically significant nasal septal deviation may
that the structure of the nasal cavity, which determines the pat- be associated with changes in olfactory function, nasal resistan-
tern of nasal airflow, affects the magnitude of odorant molecu- ce, nasal cycle, and mucociliary clearance ©. In addition, turbinal

les that reach the olfactory epithelium ©. hypertrophy is often accompanied by OD since olfactory recep-
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tors cannot be adequately reached by odour molecules ©. Nasal
surgery, both septoplasty and turbinoplasty, usually produce an
improvement in nasal respiratory airflow. This change in nasal
airflow and intranasal volumes improves the transport of air
molecules to the olfactory region and seems to be beneficial to
the patient's olfactory function .

To date, few studies have quantitatively compared the differen-
ces between both sides of nasal obstruction 7= with differing
results. It is important to test olfactory perception in each nasal
cavity to evaluate the effect of nasal septal deviation and turbi-
nal hypertrophy on olfactory function and thus be able to assess
the impact of septoplasty and turbinal surgery on smell function
and quality of life (QoL).

We hypothesized that septal deviation and turbinal hypertrophy
may lead to OD secondary to reduction of nasal airflow, and this
OD may improve after surgery.

The main objective of this study was to investigate olfactory
function in patients with septal deviation and/or turbinal hyper-
trophy and evaluate the effect of surgical therapy (septoplasty
and/or turbinoplasty) on both lateralized and bilateral olfactory
function. The secondary aim was to determine the changes in
nasal airflow, nasal volumes, mucociliary transport, and patients'
QoL before and after nasal surgery.

Materials and methods

Study population and design

A prospective observational study was conducted between
May 2016 and July 2020 in a tertiary care centre (Hospital Clinic,
Barcelona, Spain). The present study received approval from the
clinical research ethics committee (HCB/2015/0053). Informed
consent was obtained from all the enrolled participants.
Patients aged from 18 to 65 years with symptomatic nasal
obstruction due to nasal septal deviation and/or turbinal
hypertrophy without response to medical treatment (intranasal
corticosteroids for 3 months), candidates for surgical treatment,
were included. The age of the group was selected to be repre-
sentative of the population with nasal obstruction secondary to
these pathologies, further considering that young people is not
a representative sample of the patients visited with these diag-
noses. And supported by literature that demonstrates olfactory
function decline markedly after the age of sixty-five 9.

The diagnosis of septal deviation and turbinal hypertrophy

was established based on clinical examination with anterior
rhinoscopy and nasal endoscopy. Exclusion criteria included
pregnancy, allergic rhinitis, chronic rhinosinusitis with or wit-
hout nasal polyps, previous nasal surgery, septal perforation,
and sinonasal malignancies. Patients were also excluded if they
suffered known post-viral or post-traumatic hyposmia or any
neurological or systematic diseases associated with decreased
smell perception. Skin prick allergy testing completed the clini-
cal investigation to identify participants that met the exclusion

criteria.

Healthy individuals without nasal obstruction who had neither
septal deviation nor turbinal hypertrophy were recruited as con-
trols. Nasal measurements and questionnaires were performed
preoperatively and 12 months after surgery.

Nasal outcomes

Subjective evaluation of nasal symptoms

A visual analogue scale (VAS), ranging from 0 to 10cm, was used
to assess the severity of smell loss (0, normal smell; 10, total
smell loss) and nasal obstruction (0, no obstruction; 10, fully
obstructed).

Nasal endoscopy

Nasal examination was carried out with a 0-degree nasal
endoscope. According to the side of nasal obstruction, the

nasal cavities were divided into narrow (more obstructed) and
wide side. Septal deformity was categorized as obstruction of
less than or more than 50% of the nostril. Turbinate size was
categorized by Camacho’s classification ": grade I, 0%—-25% of
airway space; grade Il, 26%-50%: grade lll, 51%- 75%; and grade
IV, 76%-100%. Then the participants were regrouped as follows:
obstruction up to 50% or more than 50% of the nostril. After
initial evaluation, the nostrils were classified into narrow nostril
(>50% obstruction due to septal deviation o turbinal hypertrop-
hy) and wide nostril.

Barcelona Olfactory Test (BOT-8)

The olfactory function was determined by the BOT-8 2. This
olfactory test is a supraliminal orthonasal subjective test valida-
ted in Spanish population. It contains 8 odorants to study smell
detection, memory/recognition, and identification.

The smell test was always performed in the same room. A quiet,
noise isolated, well-ventilated room, with controlled humidity
and temperature (21-23°C). The smell test, like the rest of the
tests, was always performed by the same two investigators.
Olfactory tests were performed for each nostril separately (while
the other nasal airway was obstructed) and for both nostrils
(birhinal olfaction). Testing started at the narrower side.

The different odours were presented in randomized order using
semi-solid state odorants contained in glass jars and placed
about 3 cm below the nostrils for 3-5 seconds, with a latency of
30 seconds between odorants. Test were done with unforced
nasal inspiration. Eight odorants were used: banana, chocolate,
lemon, rose, coffee, onion, mint and vinegar.

Participants were asked to answer Yes or No to the following
questions: 1) Can you smell anything? (detection); 2) Do you
remember having smelt it before? (memory/recognition); and 3)
Which of these 4 odorants is correct? (forced-choice identifica-
tion). The score was calculated independently for detection, me-
mory, and identification as a percentage, with 8/8 (100%) being
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Figure 1. Diagram shows patient flow (NO, nasal obstruction).

the maximum score. The cut-off point for anosmia is <37.5% and
for hyposmia is <75%.

Anterior rhinomanometry

All participants underwent active anterior rhinomanometry
(Rhinospir Pro, Sibelmed, Barcelona, Spain). Nasal flow was
measured on each side with and without decongestants. Using
a facial mask, one of the nostrils was sealed hermetically with an
adhesive transparent tape, crossed by a plastic tube which was
used for recording the pressure variations, whereas the flow was
measured free field through a connection with the mask. The
value of nasal airflow at 150 Pa was taken for all assessments of
nasal airflow. Decongestion was obtained by using a spray con-
taining 0.5% xylometazoline hydrochloride in both nasal cavities
10 minutes before obtaining the measurements.

Acoustic rhinometry

Acoustic rhinometry (SRE2000, Rhinometrics, Lynch, Denmark)

was performed for under standardized form. Minimal cross-sec-
tional area 1 (MCAT1) and volume 1 (Vol 1) were measured from

each nostril. MCA 1 represented the region coinciding with the

nasal valve (0.4 - 2.2cm). Vol 1 described the nasal cavity within

the nasal valve region.

Mucociliary clearance

Mucociliary clearance was measured using Saccharin Clearance
Time (SCT) 3. Patients were asked to sit with minimal head
extension, and not to speak, sniff, sneeze, or cough. A quarter
tablet of saccharin was placed 0.5cm behind the anterior end
of the inferior turbinate. Patients were asked to swallow every
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60 seconds. The time between placement of the tablet and
perception of the sweet taste of saccharin was noted. A normal
SCT time is determined to be up to 20 minutes ¥,

Disease-specific and overall QoL questionnaires

NOSE

NOSE is a five-item, disease-specific questionnaire for the mea-
surement of nasal obstruction . Each item is scored from zero
to four. The sum of scores is multiplied by five, resulting in a final
score that ranges from 0 (no symptoms) to 100 (severe nasal
obstruction). Participants filled the Spanish-validated version (9,

SNOT-22

The Spanish version of SNOT-22 is a health-related questionnaire
in which patients grade 22 different symptoms related to both
nasal and general health, and physical and emotional status on
a scale from 0 (no symptoms) to 5 (severe symptoms) 7.

SF-12

The Spanish version of SF-12 ® s a self-reported outcome mea-
sure assessing the impact of health on an individual's everyday
life. It is often used as a generic QoL questionnaire. The SF-12
uses eight domains: limitations in physical activities, limitations
in social activities, limitations in usual role activities, bodily pain,
general mental health, limitations in usual role activities, vitality,
and general health perception. These domains are then summa-
rized by physical and mental aspects. It is scored from 0 (lowest)
to 100 (greatest) impact in QoL.

Surgical procedure

All surgical procedures were performed by two senior surgeons
(IA and CL). Depending on the type of obstruction, the fol-
lowing surgeries were performed: septoplasty, turbinoplasty,
or septoplasty plus turbinoplasty. Septoplasty was performed
according to Cottle technique. Silicone splints were fixed on the
nasal septum to prevent septal hematoma and synechiae for

2 weeks. Surgery was completed by intranasal packing for 48
hours. Macrolide antibiotics were prescribed for 3 days. Partial
turbinoplasty was performed with Heymann nasal scissors.

The resection started at the head of the turbinate and conti-
nued to its tail. The turbinoplasty ended with cauterization of
the surgical bed with bipolar electrocautery. No silastic or no
intranasal packing was used. After the surgical procedure, the
surgeon rated his own sense of satisfaction with the surgery. It
was measured with a VAS ranging from Ocm (not compliant) to
10cm (fully compliant).

Statistical analysis

Continuous variables were analysed with means and standard
deviation (SD), categorical variables with frequency (n) and
percentages (%). We used T-Student and Chi-square tests
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Table 1. Baseline characteristics of patients and healthy control subjects.

Characteristics

Control group (n=20)

Patient group (n=47)

Age, years; mean (SD) 38.2(10.9) 37.4(12.7) 0.779
Sex, female; n (%) 6 (30) 15 (32) 1.000
VAS (0-10 cm); mean (SD)

Loss of smell 1.6(1.8) 34(23) <0.001
Nasal obstruction 1.0(1.3) 7.0(1.9) <0.001
BOT-8 (0-100), mean (SD)

Smell detection 100.0 (0.0) 97.3 (6.4) 0.006
Smell recognition/memory 95.0(11.0) 91.5(16.3) 0.310
Smell dentification 92.8 (10.5) 84.6 (16.3) 0.019
Anterior Rhinomanometry (cm?/sec), mean (SD)

Baseline nasal airflow 806.0 (207.0) 647.0 (263.0) 0.020
Post-vaconstriction nasal airflow 962.0 (214.0) 893.0 (351.0) 0.344
Acoustic rhinometry; mean (SD)

MCA 1 (cm?) 0.4 (0.2) 0.3(0.2) 0.002
Volume 1 (cm?) 7.6(2.3) 5.6 (2.5) 0.003
Saccharin test (minutes); mean (SD) 6.5 (4.10) 8.4 (4.1) 0.096
NOSE (0-100); mean (SD) 11.0(8.8) 68.9 (18.0) <0.001
SNOT-22 (0-110); mean (SD) 12.8(13.0) 40.3(18.7) <0.001
SF-12 physical summary (0-100); mean (SD) 93.1(7.6) 73.4(20.4) <0.001
SF-12 emotional summary (0-100); mean (SD) 87.4(12.6) 74.9 (15.6) <0.001

SD: standard deviation, VAS: visual analog scale, BOT-8: Barcelona Olfactory Test, MCA1: Minimal cross-sectional area 1, NOSE: Nasal Obstruction

Symptom Evaluation, SNOT-22: SinoNasal Outcome Test-22, SF-12: Short Form-12 Health Survey.

for comparing the control group versus the patient group at
baseline time. Baseline olfactory assessment and objective nasal
measurements between wide and narrow side, and subjective
and objective measurements preoperatively versus one year
after surgery, were analysed using a mixed-effect model for
repeated measures (MMRM) with patients as a random-effect
factor. The correlation of olfactory scores and nasal objective
measurements was assessed using Pearson's correlation coef-
ficient. All analyses have been conducted using R, version 4.0.0.
The significance level was set as p<0.05.

Results

From the 67 participants enrolled in the study, 47 corresponded
to patients and 20 to healthy controls (Figure 1). The patient
group included 32 men (68%) and 15 women (32%), with a
mean age of 37.4 £ 12.7 years (ranged from 18 to 65 years old).
The control group included 14 men (70%) and 6 women (30%),
with a mean age of 38.2 £ 10.9 years (ranged from 25 to 57 years
old) (Table 1). There were no significant differences between
age and gender of the patient and control groups. Forty-four
patients completed the 12-month follow-up (one patient did
not attend the last control visit, one moved to another city, and
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the last one had a smell loss due to covid infection) (Figure 1).
Regarding the preoperative olfactory function, patients presen-
ted a worse rated olfactory function measured by VAS compared
to controls. Besides, they presented lower olfactory scores (smell
detection, memory/recognition, and identification) on BOT-8
compared to controls. Detection and identification reached
statistical significance (Table 1).

With respect to nasal obstruction, patients had higher subjec-
tive nasal obstruction (VAS), lower nasal patency (MCA1, Vol 1)
as well as lower nasal airflow compared to controls (Table 1). The
values of the anterior rhinomanometry and acoustic rhinometry
of treatment subgroup can be seen in Table 2.

Patients had longer SCT than controls without a statistically
significant difference. Additionally, the patient group had signi-
ficant severe nasal obstruction measured by the questionnaire
(higher NOSE scores) and worse QoL (measured by SNOT-22 and
SF-12 test) than controls (Table 1). At baseline, there were no
significant correlations between subjective (smell loss and nasal
obstruction VAS) and nasal objective measurements.

The analysis of lateralized preoperative olfactory function in
patient group, showed that all BOT-8 characteristics (smell de-
tection, memory/recognition, and identification) were lower at
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Table 2. Airway measurements in the three treatment subgroups.

Septoplasty (n=10) Turbinoplasty (n=16) S +T(n=21) p overall

Anterior Rhinomanometry (cm3/sec), mean (SD)

Baseline nasal airflow 725 (195) 587 (235) 681 (322) 0.408
Post-vaconstriction nasal airflow 921 (290) 852 (393) 917 (360) 0.843
Acoustic rhinometry; mean (SD)

MCA 1 (cm?) 0.32(0.14) 0.30(0.13) 0.27 (0.24) 0.802
Volume 1 (cm?) 6.94 (2.30) 5.43(1.78) 5.01 (2.90) 0.131

SD: standard deviation, MCA1: Minimal cross-sectional area 1, S+D: septoplasty + turbinoplasty.

Table 3. Comparison of baseline olfactory assesment and objective nasal measurements between wide and narrow sides.

Tests Wide side Narrow side p-value
BOT-8 (0-100); mean (SD)

Smell detection 94.4(10.4) 85.1(23.4) 0.006
Smell recognition/memory 77.4(21.9) 70.5(31.5) 0.065
Smell identification 72.9(19.0) 67.6 (26.2) 0.126
Anterior Rhinomanometry (cm?/sec), mean (SD)

Baseline nasal airflow 359.7 (176.0) 288.5 (176.0) 0.056
Post-vaconstriction nasal airflow 478.4 (199.0) 414.7 (202.0) 0.037

Acoustic rhinometry; mean (SD)
MCA 1 (cm?) 0.4 (0.3) 0.2 (0.1) 0.032
Volume 1 (cm?3) 6.6 (3.1) 4.6 (2.9) <0.001

SD: standard deviation, BOT-8: Barcelona Olfactory Test, MCA1: Minimal cross-sectional area 1.

the narrow side than the wider one (Table 3), indicating a worse NOSE test, nasal QoL (SNOT-22) and SF-12. The NOSE difference

olfactory function in the obstructed nostril. When we evaluate before and after surgery was 50.3 (68.9 to 18.6), which demon-
the other objective nasal measurements, the anterior rhinoma- strates a significant clinical improvement of nasal obstruction
nometry showed significant lower nasal airflow after but not symptoms.

before vasoconstrictor in the narrow nostril. The MCA1 and the One year after surgery, there were no significant correlations
Vol 1 were significantly lower on the narrower nostril. between subjective (smell loss and nasal obstruction VAS) and
One year after surgery patients had a better subjective rating nasal objective measurements. After the surgical procedure, the
of smell loss and nasal obstruction, both statistically significant mean VAS score of satisfaction of the surgeon with the proce-

(Table 4). The postoperative quantitative assessment of patients'  dure was 8.2 + 1.6cm. No complications during surgery or 1 year
unilateral and bilateral olfactory function revealed a significant follow-up were observed.

improvement in all olfactory scores of BOT-8 (detection, me-

mory, and identification) (Table 4). Prior to surgery, 64% (n=30) Discussion

of patients were normosmic, 34% (n=16) were hyposmicand 2%  The main findings of our study were:

(n=1) was anosmic, whereas postoperative results indicated that 1) Sense of smell measured by VAS and BOT-8, were significantly
88% (n=38) of patients were normosmic, 12% (n=5) were hypos-  worse in patients with septal deviation and/or turbinal hyper-

mic and there were no anosmic patients. No patient presented trophy than healthy control.

impairment of their olfactory function. 2) Smell test score was lower on the narrower nasal cavity.

There was a unilateral and bilateral improvement in patients' 3) Nasal surgery (septoplasty and/or inferior turbinate surgery)
MCA, Vol1 and nasal airflow values, indicating that there was a produced significant improvements in the sense of smell.
significant nasal patency increase one year after surgery (p < 4) Nasal surgery improved subjective (VAS, NOSE) and objective
0.05 for all parameters) (Table 4). (rhinomanometry, acoustic rhinometry) nasal function, mucocili-
Regarding to QoL, patients showed an improvement of the ary function (SCT), and quality of life (SNOT-22 and SF-12).
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Table 4. Subjective and objective nasal measurements of the patients (preoperative and 1 year after surgery).

Characteristics

Pre-operative Post-operative

(n=44)

(n=47)

VAS (0-10 cm); mean (SD)

Loss of smell

Nasal obstruction

BOT-8 (0-100), mean (SD)

Narrow side
Wide side

Smell detection

Bilateral
Narrow side

Wide side

Smell recognition/memory

Bilateral
Narrow side

Wide side

Smell dentification

Bilateral
Anterior Rhinomanometry (cm>®/sec), mean (SD)
Narrow side

Wide side

Baseline nasal airflow

Bilateral
Narrow side

Wide side

Post-vaconstriction nasal airflow

Bilateral
Acoustic rhinometry; mean (SD)
MCA 1 (cm?) Narrow side
Wide side
Bilateral
Narrow side

Wide side

Volume 1 (cm?)

Bilateral
Saccharin test (minutes); mean (SD)
NOSE (0-100); mean (SD)
SNOT-22 (0-110); mean (SD)
SF-12 physical summary (0-100); mean (SD)

SF-12 emotional summary (0-100); mean (SD)

34(23) 0.5 (0.7) <0.001
7.0(1.9) 1.5(2.2) <0.001
85.1(23.4) 98.5 (4.9) <0.001
94.4 (10.4) 98.8 (4.6) 0.041
97.3 (6.4) 100.0 (0.0) 0.006
70.5(31.5) 93.0 (13.4) <0.001
77.4(21.9) 93.9 (11.0) 0.041
91.5(16.3) 98.8 (3.7) 0.005
67.6 (26.2) 84.6 (20.0) <0.001
72.9 (19.0) 85.2 (18.6) 0.041
84.6 (16.3) 91.9 (14.1) 0.001
288.5 (176.0) 512.6 (168.6) <0.001
359.7 (176.0) 504.3 (166.6) 0.041
647.0 (263.0) 1017.0 (294.0) <0.001
414.7 (202.0) 567.6 (217.8) <0.001
478.4 (199.0) 603.1(201.3) 0.001
893.0 (351.0) 1171.0 (376.0) <0.001
0.2(0.1) 0.5(0.3) <0.001
0.4(0.3) 0.5(0.2) 0.010
0.3(0.2) 0.4(0.2) 0.010
4.6 (2.9) 9.0 (3.8) <0.001
6.6 (3.1) 9.4 (3.8) <0.001
5.6 (2.5) 8.0 (3.6) 0.002
8.4 (4.1) 5.7 (3.1) <0.001
68.9 (18.0) 18.6 (19.2) <0.001
40.3 (18.7) 10.9(12.8) <0.001
73.4(20.4) 87.5(15.2) <0.001
74.9 (15.6) 81.8(21.8) 0.070

SD: standard deviation, VAS: visual analog scale, BOT-8: Barcelona Olfactory Test, MCA1: Minimal cross-sectional area 1, NOSE: Nasal Obstruction

Symptom Evaluation, SNOT-22: SinoNasal Outcome Test-22, SF-12: Short Form-12 Health Survey

Using VAS and smell test, the authors demonstrated that bila-
teral smell scores of the patient’s group preoperatively were
significantly lower than the control group. Our findings are in
line with the only study that has investigated the presence of
lateralized olfaction in patients who underwent septoplasty/
turbinal surgery, including a control group . Valsamidis et al
studied 60 patients’ candidates for septoplasty and turbinoplas-
ty with radiofrequency. They reported a higher smell loss at VAS
and a decreased bilateral olfactory function (Sniffin' sticks) in the
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patients' group compared to the controls.

When nasal obstruction was preoperatively analysed in both
groups, the observation demonstrated that septal deviation and
turbinal hypertrophy caused nasal obstruction using subjective
(VAS, SNOT-22, and NOSE) and objective (MCA1,VOL 1) as-
sessments. These preoperative findings mean that despite nasal
obstruction being the leading symptom in patients with nasal
septal deviation, olfactory dysfunction is also common.

With reference to lateralized nasal function prior to surgery, our
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Table 5. Olfaction in patients with nasal septal deviation and/or turbinal hypertrophy treated with septoplasty + turbinate surgery.

Olfactory Lateral-
test ized

Type of
surgery

Pre-operative
olfaction

Post-operative olfaction

olfactory
asses-
ment

Damm et al.
2003 (25)

Pfaar et al.
20049

Pade et al.
2008 ©2

Philpott et al.
2008 (40)

Garzaro et al.
2010 @

Fyrmpas et al.
2012®

Schriever et al.
2013 @Y

Dengiz et al.
20’| 5 (42)

Gupta et al.
2015 @

Berkiten et al.
201667

Dalgic et al.
2016 (*

Kilicaslan et al.
2016 %9

Randhawa et al.

2016«

Choi et al.
20" 6 (44)

Haytoglu et. al
2017 %

Turk et al.
2017 @®

30

25

150

30

40

30

a4

53

37

50

39

37

116

30

SST(OT,
0D, OI)

SST (OT,
OD, Ol)

SST (Ol)

cor

SST

12 SST (Ol)

SST (Ol)

BSIT

CCCRC (OT,
Ol, COS)

CCCRC (OT,
Ql)
SST (OT,
OD, Ol)

CCCRC (OT,
Ql)

SST (OD)

BTT

BSIT

SST(OT,
0D, OI)

Yes (OT)

Yes

No

No

No

Yes

No

No

Yes

Yes

No

No

No

Yes

No

No

SP,IT

SP

SP

SP

SP£IT

SP,IT

SRP

SP

SP

SP (ts,m)

SP,IT

SRP

SP

SP

SP

4mo

4mo, 9mo

4mo

12mo

2mo

2mo

12mo

4wk, 12wk

4wk

6wk

1wk, 3mo

1wk, 6wk,
6mo, 1yr

12wk

6mo

Tmo, 3mo

6wk

427

7% were anosmic; 60%
hyposmic and 33%
normosmic

80% normosmics, 20%
hyposmics, Narrow side:
OT worse

Mean identification
score of 12.3 (2.3)

OT reduced, Ol good, SR:
46.7% reduced olfaction

5% were anosmic, 82%
hyposmic and 12%
normosmic.

20% lateralized olfaction

Mean identification
score of 12.1 (3.7)

Mean preoperative score
of 10.1 (1.3)

VAS - COS and SFNQ -
COS (obstructed side)
correlated

Mean score of 3.8 (0.9)

Mean composite score
of hyposmia (29.6 group
A (ts); 29.5 group B (m))

2.7% had moderate
hyposmia, 10.8% mild
hyposmia, and 86.5%
normosmia

NR

NR

Mean preoperative
scores of 8.8 (1.2) in
smokers and 8.6 (1.2)
in non-smokers. No
differences between
smoking habit

33.3% of patients were
normosmic, 60.0%
hyposmic, and 6.7%
anosmic

0% were anosmic; 20% hy-
posmic and 80% normosmic.
Significant improvement of OT
(5%), OD (70%), Ol (80%) scores,
albeit modest in OT

No OT side-difference postop.
No change of overall olfactory
function

Mean identification score of
12.8 (2.0). Improvement: 13%;
no change: 81%; decrease: 7%

Improvement in olfaction
(COT), mainly in OT

2% were anosmic, 12% hypos-
mic and 85% normosmic. The
means of preoperative OT, OD
Ol and the overall TDI score
improved significantly posto-
peratively.

13% lateralized olfaction, decre-
ase of subjective hyposmia

Mean identification score of
12.6 (2.5). No significant change
in identification score

Change in mean BSIT score
was not significant at 4wk, but
became significant at 12wk
postoperatively

Improvement of SR and COS for
the obstructed side. Improve-
ment of smell in 70.6%

Statistically significant impro-
vement

QOT, OD and Ol scores increased
significantly at 3mo

Total olfaction worsened at
1wk, was the same as pre-op
after 3wk, and improved after
6mo and 1yr. By 6mo all pa-
tients had become normosmic.

Significant change in SST score.
58% improved, 35% remained
the same, 7% worsened

Improved birhinal BTT

BSIT scores worsened at 1Tmo,
but improved above baseline
at 3mo in both smokers and
non-smokers

Significant improvement in SST
scores. 63.3% of patients were
normosmic, 36.7% hyposmic,
and none anosmic 6wk after
surgery.
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Pre-operative
olfaction

Post-operative olfaction

Olfactory Lateral- Type of
test ized surgery
olfactory
asses-
ment
Aydogdu et al. 39 CCCRC Yes SP
20" 9 27)
Kokubo et al. 34 UPSIT No SRP
2019 4o
Valsamidis et al. 60/25 SST (OT, Yes SPIT
2019 controls OD, O1)
Mackers et al. 47 pa- BOT-8 Yes SPIT
(current) tients/20
controls

4

8wk Mean preoperative Significant improvement. No
scores of 3.0 (0.6) and differences between surgical
2.9 (0.5) for conventional techniques
and extracorporeal sep-
toplasties, respectively

wk, 12wk 79.4% of patients had 76.5% of patients had normos-
normosmia, 14.7% mild  mia, 20.6% mild hyposmia, and
hyposmia, and 5.9% 2.9% moderate hyposmia. No
moderate hyposmia change in USPIT score after 4wk
nor 12wk postoperatively

6mo 31.7% were normosmic  Significantly improved olfactory
and 68.3% had olfactory  function, but still worse than
deficits. Significantly lo-  controls
wer scores than controls
in all SST sub-tests

12mo Lower scores than con-  Significantly improved olfactory

trols in BOT-8 parame- function.
ters. Narrow side: BOT-8

worse than wide nostril.

n: number of patients; FU: follow-up, mo: months, wk:weeks, yr: years; SP: septoplasty; SRP: septorhinoplasty; IT: surgery of the inferior turbinate; SST:
Sniffin' Sticks Test; UPSIT: University of Pennsylvania Smell Identification Test; BTT: Butanol Threshold Test; BSIT: Brief Smell Identification Test; CCCRC:

Connecticut Chemosensory Clinical Research Center test; BOT-8: Barcelona olfactory test; Ol:Olfactory identification; OT: Olfactory threshold; OD:

olfactory discrimination; COT: Combined Olfactory Test; COS: combined olfactory score; SFNQ: Short form nasal questionnaire; SR: Subjective report;

VAS: visual analog scale; ts: transseptal sutures; m: merocele packing; NR: Not Reported.

study showed a difference in olfactory function, including odour
detection, memory, and identification between the two nostrils.
These findings are consistent with those described in the lite-
rature 79192 The same results were found in measurement of
nasal volume, MCA1 and nasal airflow when the narrow nostril
was compared with the wider one.

Despite that few patients complain about unilateral olfactory
loss, we believe it is important to assess lateralized olfactory
function. In fact, significant side differences of odour perception
have been described in 15% of healthy subjects . Welge-Lusen
et al. @, evaluated patients with olfactory disorders due to dif-
ferent etiologies using the extended “Sniffin’ Sticks” test battery
applied to each nostril separately. They found a differences of
six or more points in the TDI-score between the right and left
nostrils in 23.4% of patients. Gudziol et al. ?? provide an additio-
nal strong reason for lateralized olfactory function testing. They
studied, using “Sniffin’ Sticks”, 35 normosmic individuals with
side differences (difference group) and 58 subjects who did not
demonstrate side differences (control group). Re-test were done
on average 4.6 years after baseline investigations. Olfactory tes-
ting at follow-up indicated lower olfactory function in the “dif-
ference group”than in the “control group” These results suggest
that individuals with side differences of olfactory function are

at risk to develop bilateral olfactory loss within 4.5 years. Thus,
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the degree of lateralized smell function could be an indicator for
future smell loss.

It seems reasonable to think that the nasal airway patency is cri-
tical to determine the odorant transport that reach the olfactory
mucosa, with the consequent changes in olfactory function. The
association between the intranasal airflow and olfactory func-
tion have shown that the structure of the nasal cavity, which has
a significant effect on intranasal airflow, is affecting olfactory
function 4192329,

Zhao et al. ® developed a method to convert nasal CT scans
from an individual patient into a 3-D numerical nasal model
that can be used to predict air flow and odorant transport,
which may ultimately determine olfactory sensitivity. Their
results suggest that anatomical changes in the olfactory region
(upper meatus below the cribriform plate) and the nasal valve
region will strongly affect airflow patterns and odorant trans-
port through the olfactory region, with subsequent effects on
olfactory function.

Previous studies demonstrated that nostrils transmit the odour
molecules present in the air to the olfactory neuroepithelium
areas which are located on the superior nasal septum, the cri-
briform plate region, and the superior turbinate, with a variable
surface area . During sniffing and snoring, turbulence airflow
occurs, and odour molecules are directed to the mucosa of the



olfactory area by diffusion ©.

Another important parameter to mention, is how the sniffing
behavior affects the abundance of odorants transferred to the
olfactory cleft and in turn influences odor perception. In this
field of research, Beauchamp et al. ?® studied using a spectro-
meter with an odorant pulse delivery olfactometer, the intrana-
sal odorant concentrations of butane-2,3-dione at the interior
naris and the olfactory cleft. They concluded that the highest
concentrations at both areas in the nose were observed during
normal sniffing, with the lowest concentrations correlating with
periods of forced sniffs.

Regarding the effect of septal dysmorphia and turbinate hyper-
trophy on smell function, previous investigations have found
that septal deviation results in decreased olfactory function at
the obstructed nasal side (Table 5). Concerning the isolated ef-
fect of turbinate hypertrophy on smell, the published literature
is limited. As demonstrated in radiological and clinical studies,
the volume around the inferior turbinates is correlated with
olfactory function ©. Garzaro et al. © studied smell function in
40 patients with turbinal hypertrophy candidates to turbinal
surgery, using TDI score (Table 5).

Nasal surgery produces a change in nasal respiratory airflow,
which many patients experience as an improvement. This chan-
ge of nasal respiratory airflow also seems to be beneficial to the
patient's olfactory abilities ©. In the current study, septoplasty
and/or turbinoplasty, produce significant improvements in the
sense of smell. One year after surgery, the detection, memory,
and identification of the narrower nostril showed an improve-
ment compared to baseline. Patients also reported an improve-
ment on the BOT-8 score at the wider nostril. Even the difference
between obstructed and non-obstructed sides disappeared at
12 months. Our results suggest that septoplasty and inferior
turbinate surgery provide excellent results in terms of subjective
measures and objective assessment of both olfactory function
and nasal airflow. These results are in line with previous studies
that report that nasal septoplasty is associated with a decrease
in nasal resistance, and increased nasal patency leads to an
improvement in smell function . Previous studies evaluating ol-
faction before and after surgery presented controversial results
(Table 5). Most of them showing an improved smell perception
721252731 others reported no significant changes ©3?, and even
some showed temporary smell impairment ©°.

Another important finding was that NOSE, SNOT-22, and SF-12
questionnaires, showed significant improvement one year after
surgery. The minimal clinically important difference (MCID)

has been previously assessed as 19.4 for NOSE ®¥ and in 8.9 for
SNOT-22 7. In our study, the score difference between patient
groups pre- and post-surgery was -50.3 for NOSE and -29.4 for
SNOT-22, which demonstrates a significant clinical improvement
of nasal and general symptoms. Previous findings have also con-
firmed that a preoperative high NOSE score predicted a greater

Septoplasty and/or turbinoplasty improve smell

improvement of NOSE score after surgery . Another study
demonstrated that nasal obstruction symptoms’ severity rather
than olfactory function was a prognostic factor of patients’
general QoL improvement after septoplasty 4.

Although the subjective and objective variables presented a
significant improvement 12 months after surgery, the study was
not able to demonstrate a positive correlation between VAS
loss of smell and BOT-8, nor between VAS nasal obstruction and
nasal patency. We didn't find either a correlation between nasal
patency and smell function.

The order in which the VAS of smell and olfactometry were
perform could act as a determining factor in the correlation of
both variables. Landis et al. % found that when VAS preceded
measurements of olfactory function, there was no significant
correlation between the two parameters. However, VAS of smell
correlated significantly with ratings of nasal airway patency.
This last correlation could not be demonstrated in our study
probably to patients were more aware of the degree of nasal
obstruction than of the olfactory deficit. This lack of correlation
between objective and subjective parameters is an aspect that
could be improved by designing a study that evaluates the
subjective parameters (mainly nasal obstruction) of each nostril
separately, both in the narrow and the wider one.

An ongoing discussion among rhinologists is whether it is reaso-
nable to routinely perform objective measurements of nasal
patency before and after surgery. The main argument against it
is a huge discrepancy in results 9. Gungor et al. ¢” did not find
correlations between VAS and acoustic rhinometry during the
nasal cycle and Yepes-Nunez et al. ®® found that symptom score
correlated weakly with acoustic rhinometry (Vol0-6 and MCSA).
Regarding mucociliary transport measured by the saccharin test,
this improved one year after surgery. Although the turbino-
plasty technique may be a more aggressive technique than the
submucosa one, with greater complications and with a greater
decrease in the efficiency of mucociliary transport (39), our pa-
tients did not present complications due to this procedure, and
even the function ciliary improved in all surgery groups one year
after the intervention.

To our knowledge this is the first long-term (12 months),
prospective and controlled study that investigate the presence
of lateralized olfaction in patients who underwent septoplasty
and/or turbinoplasty.

The present study indicates that surgical changes in the nasal
pathways may change olfactory function and, consecutively,
may have a considerable impact on the patient's QoL. Besides,
we score the surgeon satisfaction during the surgery to avoid
human bias on the results. Both main surgeons had high VAS
satisfaction score.

The limitations of our study were: 1st) The sample size did not
allow a specific analysis on the sense of smell between the three
groups of surgical techniques (septoplasty, turbinoplasty, or
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combined surgery), being unable to demonstrate differences
between these three types of surgery (it was not designed to
test that hypothesis due to insufficient sample size and statis-
tical power to detect a difference). 2nd) no imaging methods
(MRI, CT scan) were used to evaluate the size of olfactory bulb
and nasal air pathways after surgery; and 3rd) We used a psy-
chophysical test in sequence, preoperative and one year after
surgery. The authors are aware that repetitive application of an
8-item odor identification test 3 times in a row can be accompa-
nied by learning effects. In order to reduce bias, all odors were
applied to each nostril in a randomized order and no feedback
regarding test results were provided to patients until completi-
on of the testing one year after surgery. Despite this, the authors
cannot rule out a certain degree of learning.

Conclusion

Nasal septal deviation and turbinal hypertrophy may lead to an
olfactory impairment on the obstructed nostril while septo-
plasty and/or turbinoplasty may provide a positive outcome

on olfactory function. Surgery was also effective to improve
subjective and objective measurements of nasal function. Nasal
obstruction has a negative impact on QoL while septoplasty
and/or turbinoplasty improved QoL at the level of healthy popu-
lation; this improvement remaining one year after surgery. These
results provide further insight into the effects of such surgical
procedures on olfaction and serve as a reference for the surgeon
when prospectively counselling patients.
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