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Abstract

Abstract Objectives: Treatment for olfactory dysfunction is challenging due to limited therapeutic options. Olfactory training
has shown improvement in smell identification, discrimination, and threshold for odor detection. The primary objective is to
assess the effect of olfactory training in patients with olfactory dysfunction after pituitary surgery, using functional Magnetic
Resonance Imaging (fMRI). Design: This study was designed as a two-arm pilot clinical trial. Setting: Chilean tertiary hospital
providing endoscopic pituitary surgery and olfactory evaluation and treatment. Participants: We included two cohorts of
subjects: healthy subjects, and patients with post-surgical olfactory dysfunction. Healthy patients were recruited voluntarily
at the ENT clinic to assess fMRI testing paradigms and as a control group for the olfactory dysfunction group. Main outcome
measures: The main outcome measures were functional activation analysis obtained by fMRI. Olfactory test assessment scores
were also obtained during each testing session. Results: 119 patients that underwent an endoscopic transsphenoidal approach
were contacted and surveyed for olfactory dysfunction. Twelve patients met inclusion criteria, but six of them declined to
participate. Six patients were randomized using computer-generated random numbers. The patients in the trained group
showed a significant improvement in the olfactory test results after olfactory training compared to the no-training group (P <
0.05). The group that underwent olfactory training showed more areas of activation after training than in baseline analysis (P
< 0.05). Conclusion: Patients that underwent olfactory training showed significant improvement in olfactory testing. fMRI

results showed more activated areas in the olfactory training group, which could be compatible with neuroplasticity.

Abstract

Objectives: Treatment for olfactory dysfunction is challenging due to limited therapeutic options. Olfactory
training has shown improvement in smell identification, discrimination, and threshold for odor detection.
The primary objective is to assess the effect of olfactory training in patients with olfactory dysfunction after
pituitary surgery, using functional Magnetic Resonance Imaging (fMRI).

Design: This study was designed as a two-arm pilot clinical trial.

Setting: Chilean tertiary hospital providing endoscopic pituitary surgery and olfactory evaluation and
treatment.

Participants: We included two cohorts of subjects: healthy subjects, and patients with post-surgical
olfactory dysfunction. Healthy patients were recruited voluntarily at the ENT clinic to assess fMRI testing
paradigms and as a control group for the olfactory dysfunction group.



Main outcome measures: The main outcome measures were functional activation analysis obtained by
fMRI. Olfactory test assessment scores were also obtained during each testing session.

Results: 119 patients that underwent an endoscopic transsphenoidal approach were contacted and surveyed
for olfactory dysfunction. T'welve patients met inclusion criteria, but six of them declined to participate. Six
patients were randomized using computer-generated random numbers. The patients in the trained group
showed a significant improvement in the olfactory test results after olfactory training compared to the no-
training group (P < 0.05). The group that underwent olfactory training showed more areas of activation
after training than in baseline analysis (P < 0.05).

Conclusion: Patients that underwent olfactory training showed significant improvement in olfactory testing.
fMRI results showed more activated areas in the olfactory training group, which could be compatible with
neuroplasticity.

Key words : Olfaction disorders, Nasal surgical procedures, Olfactory mucosa, Nasal cavity, Olfactory
dysfunction.

Key points

e All patients in the treatment group improved to a normosmic level, in comparison with the control
group, where the 3 patients maintain their anosmic status.

e Six-point difference was observed between the scores of two patients in the treatment group before and
after olfactory training.

e fMRI showed an increased amount of activating areas in the treatment group in comparison with the
no-treatment group after the intervention.

e After training, nine cluster areas activated in the treatment group, and one big voxel cluster in the
cerebellum area.

e All patients showed an activation of the trigeminal related areas.

Introduction

Post-surgical olfactory dysfunction after an endoscopic endonasal approach has been reported in several
series, ranging from 0% to 10.9%(1,2). This complication is attributed to surgical resection or excessive
instrumentalization of the lateral nasal wall, especially the superior turbinate and the mid-superior part of
the middle turbinate, areas that include olfactory epithelium(3).

Even though post-surgical olfactory dysfunction is not an uncommon condition, its treatment remains chal-
lenging due to the limited therapeutic options(4,5). Currently, some treatment options have been proposed,
like administration of alpha-lipoic acid, theophylline, and corticosteroids. Nonetheless there is no gold stan-
dard therapy to treat this condition(4,6).

Recently, olfactory training has shown promising results in improving smell identification, discrimination and
threshold for odor detection in patients with postinfectious olfactory dysfunction(5,7-9). Also, a systematic
review and meta-analysis published by Pekala et al. 2016, suggests that it may be an effective treatment for
olfactory dysfunction due to multiple etiologies(6).

Additionally, it has been reported that olfactory training can induce reorganization in functional connectivity
networks in major olfactory areas(8,10,11). Nevertheless, no study has evaluated the effect of olfactory
training in patients with post-surgical olfactory dysfunction. The primary objective of this pilot study is
to assess the effect of olfactory training in patients with post-surgical olfactory dysfunction using fMRI,
while patients undergo an olfactory stimulation protocol. Additionally, as a secondary objective, the effect
of olfactory training in olfactory identification was assessed using “Sniffing Sticks Screening Test”.

Materials and methods

This prospective single-center, randomized controlled pilot study was conducted in accordance to the Ethics
Committee (Blinded for review) (ID 170728010).



In this study, we included two cohorts of subjects: healthy subjects, and patients with post-surgical olfactory
dysfunction. Healthy patients were recruited voluntarily at the ENT clinic to assess fMRI testing paradigms
and as a control group for the olfactory dysfunction group. Three healthy subjects with normal olfactory
function participated in the study (two males and one female, with mean age 47 years, range 27 — 60). All
119 patients that underwent a transsphenoidal pituitary surgical approach were contacted. Forty-six patients
that referred a smell impairment with onset after the surgical procedure were invited for further assessment.
Twelve patients were enrolled (4 males with mean age 62 years, range 50 - 75; 8 females with mean age 45
years, range 36 — 64). Only patients with a definitive olfactory dysfunction diagnosis were finally included
(determined by Sniffing Sticks Screening Test). Six patients were excluded from the study due to voluntary
retirement.

Six patients and three healthy controls completed the study protocol. Healthy subjects completed only the
first evaluation session, and all subjects in the patient group performed two evaluation sessions. In the first
session, all participants underwent olfactory measurement test in order to diagnose olfactory dysfunction
and assess severity. In addition, they were examined by an ENT specialist including a complete physical
exam and nasofibroscopy. After clinical evaluation, fMRI measurements were performed using a sniffing
paradigm and a trigeminal activation paradigm. Following the first session, the six subjects in the patient
group were randomized in two groups of three subjects each using a 1:1 allocation ratio. Randomization
sequence was generated by using computer-generated random numbers in the Statistical Package for the
Social Sciences (SPSS) version 24.0, and each patient was allocated to an intervention group according to
its assigned number. The first group was instructed to perform olfactory training over a 12-week period
at home, and the second group received no treatment initially. On the second session, after 12 weeks, all
patients were invited to repeat the olfactory testing and fMRI measurements, identical to the first session

(S.1).

Olfactory dysfunction was assessed using the “Sniffing Stick Screening Test” (12). The test classifies the
patients in three grades of severity depending on their performance, using a numerical 0-12 scale system:
normosmia (8-12), hyposmia (5-7) and anosmia (< 5). Normative studies for the 12-odor test have been
performed in several countries and is currently the only validated olfactory performance test in Chile(13-
16). The Lawton et al. conversion table was applied to our results to obtain an approximate measure of the
identification values of the 16 “Sniffing Stick Identification test” (17).

Olfactory training was performed using four essential oils: Lemon (Limonene 67.08% and b-pinen 12.52%),
eucalyptus glovus (1-8-cineole 60.00%), clove (eugenol 75.49% and eugenol acetate 13.59%) and lavender
(linalool 36.53% and linalyl acetate 32.80%). Patients were instructed to expose themselves twice a day to
each odor, taking deep sniffs for 30 seconds, and resting 10 seconds between each oil. Additionally, they were
instructed to evoke a memory or feeling during the odor exposure that was associated with the essential oil’s
smell. Patients were contacted monthly to maintain compliance and motivation during the training period,
and they confirmed that they performed smell training regularly twice per day. At the end of the 12-week
training period, both groups were assessed using an olfactory performance test and a fMRI. After the second
evaluation session, the group that did not undergo olfactory training received treatment.

For the scanning sessions, an odor infusion system was attached to a single air-line, with a nasal cannula,
in order to perform the sniffing paradigm (S.2). This paradigm consisted of four sniffing blocks, and four
normal breathing blocks. Each sniffing block consisted of 20 cycles of 40 seconds duration, and each normal
breathing block consisted of 30 cycles of 60 seconds duration. The sniffing block was characterized by an
odor intake, eucalyptus essential oil at 5Lt /hr., through the nasal cannula, to assure brain activation. On
the other hand, the normal breathing blocks were characterized by non-odorized compressed air (5Lt /hr.)
to guarantee odor cleansing of the nasal cannula during resting state fMRI. Also, a trigeminal activation
paradigm was performed to assess the trigeminal system’s indemnity. This experiment consisted of five
stimulation blocks and five resting blocks, each consisting of 10 cycles of 10-second duration. The stimulation
block was characterized by the intake of odorless CO2 (50% at 2,5Lt/hr.) through the nasal cannula.

To compare olfactory performance scores between each group after each session, a Wilcoxon test and U-



Mann-Whitney test and the alpha level for all statistical tests was set to o = 0.05.

All patients were scanned on a 1.5T MRI scanner with an 8-element head-coil. Anatomical reference images
were acquired using a T1 weighted 3D Turbo Field Echo sequence. Three hundred slices with a voxel size
of 0.9 x 0.9 x 0.6 mm3 with a Field of view (FOV) 230 x 253 mm. Repetition time (TR)/echo time (TE)
of 7.4/3.4 ms with an inversion time delay of 876 ms. fMRI images were acquired using 2D single-shot,
echo-planar imagining (EPI), gradient echo sequence. Twenty-five slices with AC-PC line orientation were
acquired with a voxel size of 3.28 x 3.28 x 5.0 mm3 with a FOV of 210 x 210 mm. TR / TE of 2000/45 ms.

fMRI data was preprocessed through realignment, slice timing correction, co-registration to the T1 weighted
images and normalization to the Montreal Neurological Institute (MNI) space and smoothing with (8x8x8
mm3), using SPM12, implemented in MATLAB 2018a. In addition, preprocessing steps were performed.
STROBE reporting guideline was followed for this study.

Results

Nine patients were recruited, 3 healthy subjects and 6 patients with post-surgical olfactory dysfunction. The
subjects in the olfactory impaired group were randomized, 3 in each group. Demographics of the groups are
shown in Table 1. The only difference between the patients in the intervention v/s no-intervention group
was that 1 patient in the no-treatment group (33%) referred a social smoking habit.

Insert Table 1
Olfactory testing

Healthy controls were categorized as normosmic, obtaining the maximum scores at olfactory testing, in
contrast with the patient group that obtained scores between 1 and 7, which characterize them as anosmic
and hyposmic(18).

The patient group was evaluated initially with the “Sniffing Stick Screening test” observing no significant
differences between the treatment and no-treatment groups before training. All patients in the treatment
group improved to a normosmic level, in comparison with the control group, where the 3 patients maintain
their anosmic status. Comparison of olfactory test after training showed a significant improvement in the
treatment group (P < 0.05), as shown in detail in Table 2. After conversion table application to the screening
scores, a six-point difference was observed between the scores of two patients in the treatment group before
and after olfactory training (Table 3).

Insert Table 2 and 3
Functional MRI results

Functional data of the sniffing paradigm was submitted for a first and second level analysis using SPM
MATLAB toolbox for both the healthy controls and the patient group. fMRI analysis of healthy controls
revealed a significant number of areas that were activated during olfactory stimulation (Table 4). Significant
differences in activation areas were determined between the healthy control group and the patient group
after performing a two-sample T-test (Fig 3).

Insert Figure 1 and Table 4

Comparison of functional data between the treatment and no-treatment group showed no significant differ-
ences in activation areas before olfactory training, after performing a two-sample T-test. After the interven-
tion, fMRI showed an increased amount of activating areas in the treatment group in comparison with the
no-treatment group. Nonetheless, no significant differences were determined. Although no differences were
found in the prior analysis, statistical significance was achieved when we compared the activation areas after
olfactory training with the activation areas before treatment in the intervention group, using each patient
as its own control. Before training, only five cluster areas activated. In contrast, after training, nine cluster
areas activated in the treatment group, and one big voxel cluster in the cerebellum area (Table 5).



All patients showed an activation of the trigeminal related areas, like the precentral gyrus, brainstem, insula,
and pars triangularis on their first fMRI. The activation of the areas described beforehand could suggest
trigeminal pathway indemnity.

Insert Table 5
Discussion

The main aim of this study was to assess the neural activation in patients with olfactory dysfunction after
pituitary surgery, before and after olfactory training. We showed that compared to healthy controls, the
patient group had fewer activation areas. After 12 weeks of olfactory training in the treatment group, we
not only achieved a significant improvement in the olfactory identification test, but also showed an increase
in activation areas compared to the no-treatment group.

Plasticity for visual and auditory senses has been widely studied over the past years, with reports of neural
reorganization processes after functional loss(11). For the olfactory sense, recent studies have shown a similar
phenomenon, which translates into structural and functional alterations of brain structures(11,19). Although
the mechanism that explains plasticity and neurogenesis of the olfactory sense is still unclear, both clinical
and basic research has shown that it is a highly plastic system that could be influenced by both bottom-up
and top-down processes that could induce continuous neurogenesis(20).

Previous studies have demonstrated that olfactory training can partially restore olfactory function due to
multiple etiologies(6,7,20). Our results also show olfactory improvement in smell identification and an in-
crease in activation areas, but specifically in post-surgical etiology patients. The treatment group presented
new activation areas after olfactory training, recovering some connections that are also present in healthy
subjects, like the orbitofrontal cortex and some areas in the cerebellum. Even though these are not classical
olfactory areas, both of them have been reported to be involved in smell perception, especially the cerebellum.
Several neuroimaging studies have found odorant-induced activation of the cerebellum, being a significant
player in odor recognition and discrimination(19). It is possible to infer that surgical trauma damages ol-
factory epithelium, causing sensory afferent information loss, which subsequently induces a central olfactory
network reorganization. This could be associated with the decreased number of activation areas described by
Kollndorfer et al(8,11). The therapeutic effects of olfactory training could be attributed to several factors.
One of them could be a bottom-up modulation that consists of a repeated exposure of the patient ‘s olfactory
epithelium to different essential oils, hence producing an increase in afferent olfactory inputs. Additionally,
when we combine this with a top-down modulation task, like asking the patient to associate the smell with a
memory or feeling, we can evoke and activate other brain areas linked to the sense of smell(21,22). Another
factor to have in consideration is the indemnity of the trigeminal pathway. Trigeminal perception is indepen-
dent from olfactory processing, given that it is due to a specific interaction between chemicals and trigeminal
chemoreceptors(23). However, almost all odorants also stimulate the trigeminal system in addition to the
olfactory system, at least in higher concentrations(23). Consequently, the olfactory and trigeminal systems
interact intimately and work together in the perception of an odorant(23). Additionally, Kollndorfer et al.
also suggested the intact trigeminal pathway may trigger olfactory function recovery after olfactory training.
In our study, at the initial evaluation, all of our patients showed trigeminal related areas activation, such as
the precentral gyrus, brainstem, insula, and pars triangularis, which could suggest pathway indemnity(10).

A limitation of this study is the small sample size of six patients with olfactory dysfunction who completed
all measurements. Even though our study had statistically significant findings and raised the possibility that
olfactory training could induce neuroplasticity processes and improve olfactory identification, larger scale
randomized control trials (RCT) are needed to confirm these findings. Another limitation is the lack of a
placebo group, because in our study one of the groups did not receive any intervention. This issue has been
reported by other authors, citing that odorless training jars are usually detected by the patients or relatives
resulting in intervention abandonment(6). Damm et al. faced this matter by using a high-odor olfactory
training group, and a low-odor olfactory training group to better control the placebo effect(7). Nonetheless,
in our study the low-odor stimulation could have triggered neural reorganization processes; thus, we used no



stimulation. On the other hand, the use of “Sniffing Sticks Screening Test” could be considered a limitation,
due to the fact that we are only able to assess odor identification with this instrument. To date, this is
the only validated olfactory performance test in our country, and several other studies have also assessed
olfactory function using the same tool(13,14,16,24). Additionally, Lawton et al. calculated and published a
conversion table between the 12 Sniffing screening test and the extended 16 Sniffing identification test(17).
After this conversion’s application, a six-point difference in the score was observed between the before and
after olfactory assessment in the treatment group. This result is particularly important because, according
to Gudziol et al., TDI score changes greater than 5,5 points are considered clinically significant(25). Since
TDI scores are composed of 3 subtests (identification, discrimination, and threshold), a change in 6 points
in one of them will result in a clinically significant change in two of our subjects.

Conclusion

Our results suggest that olfactory training may be a valid therapeutic option in patients with post-surgical
olfactory dysfunction. It also shows that the improvement in an olfactory performance test could be associated
with an increase in activation of smell related brain areas and a possible reorganization process in the olfactory
network, compatible with neuroplasticity. This pilot study supports the idea that a full scale multicenter
RCT is needed to confirm these initial findings.
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Figures captions

Fig. 1. Axial mean anatomical images overlaid with: (A) Activation areas of healthy control subjects, and
(B) activation areas of the patient group resulting from a combined group Two sample T-test (Uncorrected
p-value, thresholded at 0.05).

S.1 Participant flow diagram.

S. 2 fMRI experiment setting: (A) Sniffing paradigm setting for fMRI experiment. (B) nasal cannula setup.
(C) 1.5T MRI scanner setup.

S. 3 Significant FWE-corrected clusters for olfactory disfunction patients under trigeminal stimulation.



No-training group (n =

Healthy subjects’ group

Parameters Training group (n = 3) 3) (n=3)
Age 55 (26 — 75) 55 (37 — 64) 54 (27 — 60)
Male (%) 1(33) 1(33) 2 (67)
Tobacco (%) 0 1 (33) 0

Time since olfactory 3(2-5) 3(3-5) 0

dysfunction onset
(years)

Table 1: Demographics.

Olfactory test score

Olfactory test score

Olfactory test score

Healthy control group
Patient 1

Patient 2

Patient 3

Patient group
Treatment group
Patient 4

Patient b

Patient 6
No-Treatment group
Patient 7

Patient 8

Patient 9

Before Training
Healthy control group
12

12

12

Patient group
Treatment group

3

5

4

No-Treatment group
7

1

5

After Training
Healthy control group

Patient group
Treatment group

8

10

8

No-Treatment group
7

1

2

Median
Healthy control group
12

Patient group
Treatment group
8

No-Treatment group
2

P-value
Healthy control group
0.01

Patient group
Treatment group
0.04 P

No-Treatment group

& U-Mann-Whitney test between healthy control group and patient group before training.

b U-Mann-Whitney test between treatment group and no-treatment group after training.

Table 2: Olfactory test results screening scale: normosmia (8-12), hyposmia (5-7) and anosmia (<

5).

Olfactory test score

Olfactory test score

Olfactory test score

Healthy control group
Patient 1

Patient 2

Patient 3

Patient group
Treatment group
Patient 4

Patient 5

Patient 6
No-Treatment group
Patient 7

Patient 8

Patient 9

Before Training
Healthy control group
15

15

15

Patient group
Treatment group

4

6

5

No-Treatment group
9

2

6

After Training
Healthy control group

Patient group
Treatment group

10

12

10

No-Treatment group
9

2

3

Difference®
Healthy control group

Patient group
Treatment group

6

6

5

No-Treatment group
0

0

-3

P-value
Healthy control group
0.01

Patient group
Treatment group
0.04 ®

No-Treatment group




& U-Mann-Whitney test between healthy control group and patient group before training.

b U-Mann-Whitney test between treatment group and no-treatment group after training.

¢ Difference between olfactory scores before and after olfactory training.

Table 3: Olfactory test results after conversion from the 12 sniffing score to the 16 sniffing score.

MNI coodinates

MNI coodinates

MNI coodinates

p-value # Cluster Size P X

0.005 46 26
0.02 26 -42
0.001 78 -50
0.000 464 -8

0.000 9015 -48
0.000 3366 56
0.000 397 -40
0.000 476 16
0.000 444 -30
0.000 408 -4

Y
68
56
36
52
6

6
44
4
-66
-58

y/ Anatomical Label

-6 Inferior Temporal gyrus left
-10 Frontal Middle Orbital gyrus
-14 Frontal Inferior Orbital gryrus
-20 Orbitofrontal cortex

-6 Superior Temporal Gyrus left
-10 Superior Temporal Gyrus right
6 Pars Triangularis left

-12 Putamen Right

-28 Cerebelum 6 left

6 Posterior Cingulate

& p < 0.05 FWE-corrected at the cluster level.

b Significantly activated clusters with 10 or more voxels.

Table 4: Significant FWE-corrected clusters for healthy controls.

Before olfactory training

Before olfactory training After olfactory training

After olfactory training

Anatomical Label

Left Precentral gyrus

Left Inferior frontal operculum
Left Cerebellum

Left Corpus collosum

Left Insula

Cluster size
35
72
32
12
28

Anatomical Label

Left Precentral gyrus

Right Inferior frontal operculum
Left Cerebellum

Left Medial frontal gyrus

Left Medial orbitofrontal cortex
Right Cerebellum

Left Cingulate gyrus

Right Fusiform gyrus

Left Inferior orbitofrontal cortex

Cluster size
17

32

37

14

9

129

40

18

36

Uncorrected p-value, thresholded at 0.001

Table 5: Significant clusters for patients in the treatment group before and after olfactory training.
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