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To the Editor:

Olfactory loss impacts around 20% of the population and is
associated with the reduction of pleasure from eating and
drinking, sex and depression . Encouragingly, research findings
have consistently demonstrated that olfactory training (OT) can
improve olfactory function in people with olfactory loss due to
various aetiologies ?. The most commonly used method for OT
involves smelling four different odours (lemon, eucalyptus, rose
and cloves), twice daily, for 12 weeks.

Significant research attention has also been focussed on olfac-
tory bulb (OB) volume of patients with olfactory loss, because
of their important role in the olfactory processing pathway ©
and that larger OB volume is associated with better olfactory
function . Moreover, the neuroplasticity of the OBs © suggests
that olfactory function may improve with OB regeneration and
OT may enhance OB volume. However, whether OT will increase
OB volumes in patients with idiopathic olfactory loss remains
unknown. Therefore, the aim of the current, two-part study was
to first investigate whether patients with idiopathic olfactory
loss differed from controls in terms of their OB volume and
second, to investigate whether OT will enhance OB volumes in
idiopathic patients.

Materials and methods

Participants

Fifty-four participants completed Part 1 of the study. Twenty-se-
ven were patients (12 males, 15 females), aged 46 - 81 years (M
=66.1, SD = 10.1) with idiopathic olfactory loss for an average
of 4.4 years (SD = 4.5). Twenty-seven participants with the same
sex distribution (12 males, 15 females) and very similar age
range (50 - 82 years) and mean age (M = 65.3, SD = 10.1) formed
the control group. Only the 27 patients with idiopathic olfactory
loss completed Part 2. The Ethics Committee at the Medical
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Faculty of the TU Dresden approved the study. All participants
gave informed, written consent. Further details are provided in
the supplementary section.

Eligibility criteria

Participants were interviewed in Part 1 regarding the nature and
duration of their olfactory dysfunction using a medical history
that included a nasal endoscopy. Idiopathic olfactory loss was
diagnosed if a patient had no history of brain injury, olfactory
loss did not coincide with an upper respiratory infection, medi-
cation usage, or environmental factors, neurological evaluations
revealed no indications of neurodegenerative or neurovascular
diseases.

Procedure

A two-part, prospective cohort study was conducted. In Part 1,
each participant had a health assessment, an MRI of their OBs,
and an assessment of the olfactory function using the Snif-

fin' Sticks. In Part 1, the OB volume and olfactory function of
idiopathic patients (N = 27) and controls (N = 27) was compared.
After a minimum of six months OT, patients (only) returned

to complete Part 2 which involved a second MRI of their OB
volumes, olfactory function assessment and a self-assessment of
their olfactory function.

Sniffin’ Sticks: olfactory testing

Olfactory function was tested in Part 1 and Part 2 using the
“Sniffin’ Sticks”. Four variables were created based on the Sniffin’
Sticks test performance: odour threshold, odour discrimination,
odour identification and a combined score of all three sub-tests.,
referred to as the TDI (Threshold Discrimination Identification)
score.
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Table 1. Descriptive statistics and statistical comparisons of control and patients in Part 1 and 2.

Olfactory Test Type

Controls (N =27) Mean (SD)

Part 1 (Pre-OT)

Part 2 (Post-OT)

Patients (N = 27) Mean (SD) Patients (N = 27) Mean (SD)

Odour Threshold 8.20 (3.51)
Odour Discrimination 12.78 (1.19)
Odour Identification 14.30 (1.07)
TDI 34.36 (3.59)
Left OB volume (mm?3) 47.35(9.77)
Right OB volume (mm?3) 50.41(7.21)

1.70 (1.25)° 2.20(1.50)
7.74 (3.37) 8.00 (2.86)
6.89 (3.39)° 8.78 (3.18)¢
16.23 (6.32)° 18.98 (6.26)¢
39.60 (5.81) 40.64 (5.97)
40.43 (7.45)° 42.20 (7.96)¢

TDI = sum of odour threshold, discrimination and identification scores. OB = olfactory bulb. OT = olfactory training. Superscript letters a and b indi-

cate significant difference compared to controls, ? p < 0.01,® p < 0.0001. Superscript letters c and d reflect p-value of pairwise t-tests comparing pre-

and post-OT means; <p < 0.05,¢p < 0.01.

Structure Image acquisition

MRI scans were performed in Part 1 and 2 using a 3T GE scanner
(Discovery MR-750, General Electric Healthcare, Chicago, IL, USA)
with a 8-channel phase-array head coil (HDNV-Head). Full details
are provided in the supplementary section.

OB volume measurement

A segmentation of each OB was performed using open source
software 3D Slicer Version 4.10.2 to process T2-weighted images
using previously described procedures . OB volumes were ob-
tained by manual bordering and following addition of all slices,
which were multiplied by the slice thickness to yield volume.

Olfactory training protocol

In Part 2 of the study, participants completed a commonly used
OT protocol, that is, smelling of four different odorants; rose,
eucalyptus, lemon, and eugenol (cloves). Patients were instruc-
ted to smell each of the four odours individually, twice per day.
The average duration of OT was 213 days, with a range of 181
days to 266 days.

Results

Olfactory bulb volume

A one-way ANOVA revealed controls had significantly larger

left (F(1,53) =12.53, p < 0.001) and right (F(1, 53) =25.02, p <
0.001) OB volumes than patients (Table 1). After OT, patients had
significantly larger left (t(26) = 2.11, p = 0.045) and right (t(26)
=3.04, p =0.005) OB volumes. An increase of 5.5 in TDI score is

a clinically significant improvement in olfactory function and
based on this benchmark, after OT, six of 27 patients (i.e., 22%)
demonstrated a clinically significant improvement.

Olfactory function
Patients performed significantly worse than controls on the
three Sniffin’ Sticks tests (Table 1). After OT, patients had signi-

ficantly higher identification score (t(26) = 3.47, p = 0.002), but
the threshold score (t(26) = 1.81, p = 0.082) and discrimination
score (t(26) = 0.45, p = 0.65), were not significant different after
OT. However, patients’ overall olfactory function score (i.e., TDI),
significantly increased after OT (t(26) = 3.45, p = 0.002).

Discussion

Consistent with previous findings, patients with idiopathic
olfactory loss had significantly lower olfactory function and
significantly smaller OB volumes © compared to controls.
Moreover, patients with idiopathic olfactory loss demonstrated
a significant increase in overall olfactory function score after six
months of OT, congruent with earlier research “. After OT, the
idiopathic patients demonstrated a significant increase in OB
volumes; a finding that is inconsistent to previous studies with
TBI- and URTI-olfactory loss patients who evidenced no increase
in OB volume 79,

Reasons as to why only some types of patients with olfactory
loss experience an increase in OB volume after OT may be due
to the cause of the olfactory loss; with post-infectious patients
particularly responsive to OT ?. However, TBI patients with
olfactory loss may have reduced neural plasticity due the nature
of damage, such as axonal shearing and olfactory cleft obstruc-
tion. Methodological differences between OT studies may also
explain why some olfactory loss patients do not evidence an in-
crease of OB volume and others do, such as the use of different
brain scanning equipment, volume measurement techniques,
and software for OB volumetric measurement.
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Improvement in Threshold Performances:

SUPPLEMENTARY INFORMATION

Participants

Of the 27 patients with idiopathic olfactory loss, two reported phan-
tosmia, two reported parosmia, one reported both phantosmia and
parosmia and one patient reported dysgeusia. Two patients were current
smokers. The reported mean duration of smell loss was 54 months (SD =

55). Only four controls were current smokers.

Olfactory function: self-assessments

To determine each participant’s self-assessment of olfactory function
after OT, in Part 2, they were asked three questions upon returning for
the second MRI: 1) Did your olfactory function improve after OT? (worse,
same or better?); 2) Did your parosmia symptoms improve after OT?
(worse, same, better or gone/cured?); 3) Did your phantosmia symptoms

improve after OT? (worse, same, better and gone/cured?).

Self-assessment of changes in olfactory ability, parosmia and phan-
tosmia

Based on patients’ qualitative, self-assessments regarding the impact of
the OT: 56% patients indicated there was no change, 41% indicated it
had improved and 3% said it has worsened. In terms of the two patients
who reported experiences of phantosmia before OT: one indicated there
was no difference in their symptoms and one indicated their symptoms
disappeared after OT. In terms of the two patients who reported experi-
ences of parosmia before OT, both indicated there was no difference in
their symptoms after OT. Finally, the one patient that reported experi-
ences of both phantosmia and parosmia before OT, reported no change

in either phantosmia or parosmia symptoms after OT.

Structure image acquisition

MRI scans were performed in Part 1 and 2 using a 3T GE scanner
(Discovery MR-750, General Electric Healthcare, Chicago, IL, USA) with a
8-channel phase-array head coil (HDNV-Head). Using a 3D magnetization
prepared isotropic fast spoiled gradient inversion recovery (FSPGR IR

iso) sequence the T1-weighted images were acquired, with parameters:
TR 7900 ms; TE 3.1 ms; TI 450 ms; FOV 240 mm; voxel size 1x1x1 mm;

flip angle 12°, 152 contiguous slices of 1 mm thickness. Images were
acquired in the sagittal plane oriented parallel to the cerebral falx. From
this dataset axial and coronal images were reformatted with identical
voxel size. OB-sequence included acquisition of 2-mm-thick T2-weighted
fast spin-echo images, with 2 mm x 2mm pixel dimension, without
inter-slice gap in the coronal plane covering the anterior and middle seg-

ments of skull base.

Statistical analysis

Data analysis was performed using SPSS (version 25, SPSS Inc., Chicago,
IL, USA). The patients and controls were compared on the means scores
on each of the six dependent variables using a one-way analysis of vari-
ance (ANOVA). There were no significant differences between controls
and patients in terms of age, F(1,69) < 1, p = 0.81.The alpha level was
set at p = 0.05 for all statistical tests. A Bonferroni correction was used for

post-hoc tests to control for Type-1 errors.
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