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Abstract

Introduction: The coronavirus disease 2019 (COVID-19) is surrounded
the world and is associated with multiorgan damage. Olfactory dysfunction
is a common manifestation in COVID-19 patients, and in some cases,
presents before the coryza signs. We conducted this umbrella review to
provide a practical guide on managing, imaging findings, and follow-up of
COVID-19 patients with olfactory dysfunction (OD).

Materials and Methods: A comprehensive search was performed
in PubMed, Embase, Scopus, and Web of Science databases from
December 2019 until the end of July 2022. Systematic reviews and meta-
analyses addressing management and imaging findings of the olfactory
manifestations of COVID-19 were included in the study. The quality
assessment of included articles was carried out using the Assessment of
Multiple Systematic Reviews-2 (AMSTAR-2) tool.

Results: A total of 23 systematic reviews were reviewed in this umbrella
review. The number of included studies varied between 2 to 155 articles.
Several demographic variables were not adequately reported across
all the included systematic reviews, including age, gender, preexisting
comorbidities, or whether participants had been hospitalized or admitted
to the intensive care unit (ICU) due to COVID-19.

Conclusion: It seems that the coronavirus can infect olfactory system
structures that play roles in the transmission and interpretation of smell
sense. Based on studies, a large proportion of patients experienced OD
following COVID-19 infection, and the majority of OD was resolved
spontaneously. The possibility of long-lasting OD was higher in young
adults with moderate clinical manifestation. Olfactory training (OT)
was the most effective therapy. Intranasal corticosteroids (ICS) are also
recommended.
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Introduction

The novel severe acute respiratory syndrome coronavirus 2 (SARS-
Cov-2) virus was a siege on the world and imposed a massive burden on
the healthcare system [1]. The disease (COVID-19) caused by this virus can
involve multiple organs [2]. Involvement of the olfactory system and OD can
affect patients’ quality of life [3,4]. Loss of smell is a well-known clinical
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manifestation of COVID-19-infected patients and can be
associated with direct and indirect complications such as
poisoning [5] and psychological and cognitive disorders [6].
OD has been reported to involve between 22% and 85.6% of
COVID-19 patients [7,8].

The OD sustains in 75% of the patients with persistent
COVID-19 manifestations (Long COVID) [9]. Given the
COVID-19 pandemic and the high prevalence of OD in
this disease, otolaryngologists encounter challenges in
diagnosing, treating, and following up on COVID-19 patients
with OD.

Currently, the data related to the diagnosis, management,
and follow-up of COVID-19 patients with OD is disputable,
while definitive evidence is required to treat these patients.
Here, we sought to provide accurate and reliable evidence
regarding the challenging aspects of managing COVID-19
patients with OD. To address these issues, in this review, we
directed a comprehensive umbrella review on the systematic
reviews (SR)/systematic reviews and meta-analysis (SRMA)
to give definitive information regarding the imaging findings,
management, and follow-up of COVID-19 patients with OD
and reduce the dilemmas.

Methods and materials

The present umbrella review was completed according
to Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) [10] and the guideline of umbrella
review designed by Aromataris et al [11].

Search strategy

A comprehensive literature review was performed on 31
July 2022 to identify systematic reviews and meta-analysis,
which provided data on the neuroimaging, management,
and follow-up of olfactory manifestation of COVID-19.
PubMed, Embase, Scopus, and Web of Science databases
were systematically searched from December 2019 until
the end of July 2022 using related keywords that were
extracted from terms in related articles. These terms were as
follow: “COVID-19”, “coronavirus disease 20197, “SARS-
CoV-2”, “severe acute respiratory syndrome coronavirus 2”,

“olfactory”, “systematic review”, and “meta-analysis”. A
search strategy was designed for each database by combining
these keywords with appropriate Boolean operators (OR/
AND) and searching within the titles, abstracts, Medical
Subject Headings (MeSH), Emtree, and other search fields.
These strategies are summarized in Table 1. Results of
the systematic search were complemented by the manual
addition of eligible articles found by checking reference lists
of primary selected studies in the Google Scholar database.

Eligibility criteria
All of the peer-reviewed systematic reviews, with
or without meta-analysis that addressed the treatment,

neuroimaging, and follow-up of OD in COVID-19 patients
were included. PICO items are defined as follows:

P (Population): COVID-19 patients who affected by OD

I (Intervention): Treatment with different approaches such
as OT

C (Comparator): COVID-19 patients who are not affected
by OD

O (Outcome): Recovery from OD or persistent symptoms

Exclusion criteria were: (1) the other types of studies
include primary articles (experimental, cross-sectional,
interventional, and longitudinal studies), narrative reviews,
and grey literature, (2) studies with no report on the OD
manifestations of COVID-19, (3) studies focusing on other
viral diseases, (4) studies without available English full-text,
(5) The pre-prints and not peer-reviewed publications also
were excluded.

Study selection process

The search findings were transferred into EndNote X9,
and duplicates were removed. Two reviewers (A.As and
MA.H), independently selected potentially relevant studies
based on their title and abstracts. Then, the same reviewers
conducted the full-text assessment of studies for the final
inclusion. The disagreements were dissolved by referring to a
third reviewer (M.E).

Table 1: Search strategies for various databases.

Database Search strategy Number
(Olfactory[tiab]) AND (“COVID-19"[mesh] OR “SARS-CoV-2"[mesh] OR COVID-19[tiab] OR SARS-CoV-2[tiab]
PubMed OR coronavirus disease 2019[tiab] OR severe acute respiratory syndrome coronavirus 2[tiab]) AND (systematic 89
review[tiab])
(‘Olfactory’:ab,ti) AND ('coronavirus disease 2019’/exp OR ’severe acute respiratory syndrome coronavirus
Embase 2’/exp OR 'COVID-19’:ab,ti OR 'SARS-CoV-2":ab,ti OR ’coronavirus disease 2019’:ab,ti OR ’severe acute 85
respiratory syndrome coronavirus 2':ab,ti) AND (‘systematic review’:ab,ti)
Scopus (TITLE-ABS (“Olfactory”)) AND (TITLE-ABS (“COVID-19” OR “SARS-CoV-2" OR “coronavirus disease 2019” 87
P OR “severe acute respiratory syndrome coronavirus 2”) AND (TITLE-ABS (“systematic review”))
Web of (TS= (“Olfactory”)) AND (TS= (“COVID-19” OR “SARS-CoV-2" OR “coronavirus disease 2019” OR “severe
. . . ” _ H : ” 83
Science acute respiratory syndrome coronavirus 2”)) AND (TS= (“systematic review”))
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Data extraction

Two independent reviewers (M. SS, F.K, and A.Az)
investigated the full texts of the included articles and the
following data were collected by using an Excel worksheet:
first author’s name, year of publication, searched databases,
study designs (systematic review and/or meta-analysis),
number of the included studies, Number of patients, duration
of symptoms, type of manifestations, and main findings. The
extracted data were reassessed through a third investigator
(SH. K) and the missed data was added to the worksheet.

Quality assessment

Two reviewers (M. SS, F.K, and A.Az) independently
evaluated the quality of the comprised articles with the
Assessment of Multiple Systematic Reviews-2 (AMSTAR-2)
tool [12]. They categorized the quality of reviews into
critically low, low, moderate, or high. Then, a third reviewer
(SH. K) rechecked the included articles’ quality assessment
to ensure the studies’ scoring.

Data synthesis

A qualitative review of the included studies was carried
out and their characteristics were summarized in the tables
below. Statistical analysis was not performed due to the
heterogeneity of the systematic reviews and missing data
about the overall effect sizes of each outcome.
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Results
Study selection

After removing the identical studies from a total of
344 studies, 102 articles remained for screening the titles
and abstracts. Twelve irrelevant articles were removed
and 90 studies were investigated in full-text assessment.
For further analysis, 23 manuscripts met all criteria of this
umbrella review. Figure 1 shows the PRISMA flowchart to
summarize the process. The quality assessment results based
on AMSTAR-2 are presented in Table 2.

Quality assessment table by AMSTAR-2 tool. Items from
1 to 16 are as follows:

1. Did the research questions and inclusion criteria for the
review include the components of PICO?

2. Did the report of the review contain an explicit statement
that the review methods were established prior to conduct
of the review and did the report justify any significant
deviations from the protocol?

3. Did the review authors explain their selection of the study
designs for inclusion in the review?

4. Did the review authors use a comprehensive literature
search strategy?

5. Did the review authors perform study selection in
duplicate?

Tt e ﬁcc‘gﬂ’:‘u}ﬂfﬂmba“ SEREEHOE Additional records identified manually
Scopus | Web of Science | PubMed | Embase ™N=1)
(n=287) (n=83) n=289 | (n=283)

1 | Identification

Records excluded (n=12):

- Smudies excluded by tule

+| screeming (n=7T)
= Smudies excluded by abstract

screening (n= 3)

L4
Duplicated articles removed
(n=243)
g
g
E k.
A Records screened
(n=102)
M
—
=
= Full-text articles assessed for
= eligibality (n =90):
a5 -Full-text access
-English language
-Addressed the neurommaging,

management, and follow up aspects of
- the olfactory and gustatory
dysfuncnion in covid-19 panents

Full-text articles excluded, wath
reasons (n = 67)

- Prevalence of the olfactory
and'er gustatory dysfunctions (n
=10)

-Pathogenesis of olfactory
dysfunction (n = 3)

- Dhagnostic role of olfactory
and/or gustatory dysfunctions (n

Included

=3
- Papers without full-text access
(n=9)

- Full-text not i1 English (n= 1)
- Preprint (n=2)

Final included smdies

- Not relevant (n = §)

B (n=23)

Figure 1: PRISMA Flowchart
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6. Did the review authors perform data extraction in
duplicate?

7. Did the review authors provide a list of excluded studies
and justify the exclusions?

8. Did the review authors describe the included studies in
adequate detail?

9. Did the review authors use a satisfactory technique for
assessing the risk of bias (RoB) in individual studies that
were included in the review?

10. Did the review authors report on the sources of funding
for the studies included in the review?

11.If meta-analysis was justified did the review authors use
appropriate methods for statistical combination of results?

12. If meta-analysis was performed did the review authors
assess the potential impact of RoB in individual studies
on the results of the meta-analysis or other evidence
synthesis?

13.Did the review authors account for RoB in individual
studies when interpreting/ discussing the results of the
review?

14. Did the review authors provide a satisfactory explanation
for, and discussion of, any heterogeneity observed in the
results of the review?
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15.1f they performed quantitative synthesis did the review
authors carry out an adequate investigation of publication
bias (small study bias) and discuss its likely impact on the
results of the review?

16.Did the review authors report any potential sources of
conflict of interest, including any funding they received
for conducting the review?

Characteristics of included studies

This umbrella review included 23 systematic reviews
(and Meta-Analysis) published in English from inception to
July 2022. All of these publications used different databases
to retrieve primary studies. The number of recruited
electronic databases varied from 1 to 10, whereas MEDLINE
and EMBASE databases are the dominant information
sources across all reviews. The number of primarily included
studies in different reviews varies from 2 to 155. Several
demographic variables were not adequately reported across
all the included systematic reviews, including age, gender,
preexisting comorbidities, or whether participants had been
hospitalized or admitted to the intensive care unit (ICU) due
to COVID-19. Incomplete data present a limitation since all
of these factors may impact the post-COVID experience. The
length of olfactory dysfunction (OD) varies from 1 week to
6 months through different reviews. Studies have generally

Table 2: Quality assessment table

Articles 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | AMSTAR-
2 Score
Printza et al. No No Tes Tes No No  Partial Partial No No  Nometa-analysis No meta-analysis No No No meta-analysis No 4
Yes Yes conducted conducted conducted
Boscuttietal.  Yes  Partial Tes Tes Tes No Tes Yes Yes Yes Nometa-analysis No meta-analvsis Yes Yes No meta-analysis No Il
Yes conducted conducted conducted
da Costaetal. Yes Yes Yes Yes Yes Yes Yes Yes Yes No Nometa-analysis No meta-analysis Yes Yes No meta-analysis No 11
conducted conducted conducted
Jafar et al No Yes Yes  Partial Yes Yes Yes Yes Yes No Nomefa-analysis No meta-analysis Yes Yes No meta-analysis No 10
Yes conducted conducted conducted
Utomo etal.  Yes Yes Yes  Partial Yes Yes Yes Yes Yes No Nometa-analysis No meta-analysis Yes Yes No meta-analysis No 11
Yes conducted conducted conducted
Mohammadi No Yes Yes  Partial Yes Yes Partial Yes Yes No Yes Yes Yes Yes No No 12
etal. Yes Tes
Manca etal.  Yes No Yes Yes Yes Yes Yes Yes No  Yes Nometa-analysis No meta-analysis No  Yes No meta-analysis No 9
conducted conducted conducted
Hwa Kimet  Yes No Yes Yes  Yes Yes Yes Yes No No Yes No No  Yes No No 9
al.
Jing-WenTan Yes Yes Yes Yes Yes Yes Partial Yes Yes No Yes No No  Yes No No 11
etal. Yes
Keshavarzet  No No Yes Yes Yes Yes Partial Yes No No Nometa-analysis No meta-analysis No  Yes No meta-analysis No 7
al. Yes conducted conducted conducted
Beigi- No No Yes  Partiall No Yes Partial Partial No No Nomefa-analysis No meta-analysis No  Yes No meta-analysis No 6
khoozani et al. Yes Yes Yes conducted conducted conducted
Najt et al. Yes  Yes Yes Yes Yes Yes  Yes Yes  Yes No Nomefa-analysis No meta-analysis No Yes  Nometaanalysis No 10
conducted conducted conducted
Addison et al.  Yes No Tes Tes Noe No  Parfial Yes Yes No  Nometa-analysis No meta-analysis No No No meta-analysis No 6
Yes conducted conducted conducted
O'Byrneetal. Yes Partial Yes Yes  Yes Yes Yes Yes Yes No Nometa-analysis No meta-analysis Yes No Yes No 11
Yes conducted conducted
HymKimet Yes  Yes Yes Yes Yes Yes Partial Yes Yes Yes Yes No No  Yes No No 12
al. Yes
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Table 3. Data extraction table.
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First N. of N. of . Manifestations P AMSTAR-2
Year of databases - . Duration Main findings
author studies | patients of OD Score
Study used
Acute PIOD management:
Conservative
Persistent PIOD
management:
1. OT for 12 weeks
PubMed,
Google 2. Short course of steroids in
Addi Scholar, H . selective patients
ison yposmia
ot al 2021 | SR Cochrane, 37 4983 4 weeks Anosmia 3. Definitely do: Modified OT 6
’ WOS,
Scopus 4. Possibly do: oral steroids,
Embase; intranasal steroids, vitamin
A drops, sodium citrate,
theophylline, a-Lipoic acid
5. Definitely not do:
Minocycline, Zinc sulfate,
vitamin B, caroverine
Neuroimaging findings of
OD:
1. The changes in OC are
PubMed greater than in OB
ubMed, . .
Beigi- ProQuest, 03 Anosmia 2. Increase in the width
khoozani | 2021 | SR Scopus, 8 359 ” Hyposmia and volume of the OC, 6
etal. WOS, Google weeks complete or partial
Scholar destruction of OC, and
complete occlusion of OC
3. Deformation and
degeneration and
asymmetry in OB
The results of this study
PubMed, showed that:
Cochrane,
Embase 1. OD recovery occurs
Lilacs ’ mainly within the first two
Scopus, weeks
Google Anosmia 2. Impaired smell is most
Da Costa 2020 SR Scholar, 6 1457 2 weeks Hyposmia_l prevalent among women 11
etal. Oggngrely.eu, Pgantosrpla 3. SARS-CoV-2 can lead
T 'S; n |$e, K arosmia to OD even without
Ae dew 0; the presence of nasal
|\(;|a d?my 0 obstruction/rhinorrhea and
R:s:::cef; with the onset of OD
Gate 4. 0D is a strong predictor of
SARS-CoV-2 infection
The results of this study
showed that:
Embase, 1. Herbal supplements
Ovid, may help patients with
Cochrane, COVID-19
Feng CBM, Hyposmia 2. Zinc sulfate is likely to
otal 2021 | SR PubMed, 12 1952 NR Anosmia shorten the duration of OD 11
: CENTRAL, .
Scopus 3. Dietary supplements
WOS. CNKI therapy and herbal
War,]Fang ’ medicine appear to be

safe and effective adjuvant
therapies for patients with
COVID-19.
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SR/
MA

SR

SR

PubMed,
Embase,

Cochrane,

medRxiv

Scopus

PubMed,
EMBASE,
WOS

151

99

155

1,285,407

5134

70920

NR

NR

1-2
weeks

NR

NR

Anosmia
Hyposmia
Dysosmia

Volume 6 ¢ Issue 2

The results of this study
showed that:

13

1. Younger adults are at
higher risk of OD

The results of this study
showed that:

1. probiotics show a
Reduction in the duration 7
of the disease and the
severity of olfactory
dysfunction

Neuroimaging findings of
OD:

1. Thickening and obstruction
of the olfactory cleft at the
CT.

2. Mucosal edema as
suggested by MRI T2
hyperintensity.

3. Enlargement along with
an increase in T2 signal
intensity.

4. Decrease in the size of
the OB.

5. Alterations in signal
intensity within the
olfactory bulbs =
diffuse hyperintense
foci resembling
microhemorrhages.

6. T2 FLAIR signal
abnormalities and injury of
the olfactory bulbs.

7. OB hyperintensities in
T2-FLAIR are a relatively
common finding in healthy
subjects.

11

8. Involvement of the
olfactory tracts,
bilateral T2 FLAIR,
and fat suppression
hyperintensities, and DWI
abnormalities

9. Alterations in cortical
regions involved in the
processing of olfactory
inputs of patients with
anosmia

10.Alterations of the right
gyrus rectus were found
in the form of FLAIR
hyperintensity and
hemorrhage

11.FDG brain PET imaging
found rectal gyrus
metabolism to be greatly
reduced on the right side.

6. FLAIR hyperintensity in
the entorhinal cortex.

83

Citation: Mohammadreza Kalantarhormozi, Houman Sotoudeh, Mohammad Amin Habibi, Mehdi Mahmudpour, Ramin Shahidi, Fattaneh Khalaj,
Shaghayegh Karami, Ali Asgarzadeh, Mansoureh Baradaran, Fatemeh Chichagi, Sara Hassanzadeh, Narjes Sadat Farizani Gohari,
Mahsa Shirforoush Sattari, Amir Azimi, Ali Dadjou, Mahsan Eskandari Olfactory Dysfunction in the COVID-19 Era: An Umbrella Review
Focused on Neuroimaging, Management, and Follow-up. Journal of Radiology and Clinical Imaging. 6 (2023): 78-98.



Journals

De Luca
etal.

Helman
et al.

Jafar et al.

Jing-Wen
Tan et al.

2022

2022

2021

2022

Kalantarhormozi M, et al., J Radiol Clin Imaging 2023
DOI:10.26502/jrci.2809075

PubMed,
Scopus,
Google

Scholar

SR

PubMed,

SR Embase

Pubmed,
Embase,
LitCovid,
Cochrane

SR

PubMed,
SR/ Embase,

MA Cochrane,

Scopus

16 5582
22 798
44 5813
30in

SR
18 in 519
MA

75%-
85%
recovery
in 60-
days

NR

Most
recover
in 30
days

months

Olfactory
Disturbance

Hyposmia
Anosmia

Anosmia
Hyposmia

Anosmia
Hyposmia

Volume 6 ¢ Issue 2

The results of this study
showed that:

1. OD was more reported in
long-term COVID.

2. Acute OD is a key
symptom in COVID-19
disease 6

3. The risk of developing
long-lasting anosmia is
related to the severity of
the baseline OD, which
highly severe cases more
likely to experience a
persistent deficit

The results of this study
showed that:

1. OT is first-line therapy

2. Topical corticosteroids,
sodium citrate, oral
vitamin A, and traditional
Chinese acupuncture are

considered as optional 11

therapies

3. no recommendation
for alpha-lipoic acid,
caroverine, G. biloba,
insulin, minocycline,
theophylline, systemic
corticosteroids, zinc
sulfate, and vitamin B.

The results of this study
showed that:

1. Poor olfaction was
associated with poor
recovery rates

2. Factors such as age,
gender, or medical co-
morbidities did not play
a major role in olfactory
recovery

The results of this study
showed that:

1. Similar olfactory bulb
signal abnormalities
and olfactory mucosa
abnormalities in cases and
controls

2.55.6% and 43.5%
of patients with OD
had morphological
abnormalities of the
olfactory bulb and olfactory
nerve, respectively

11

3. 60.0% had abnormal
olfactory bulb volumes

4. OC opacification is a key
radiological marker of
COVID-19-associated OD.

10

84
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The results of this study
showed that:

1. The improvement of
olfactory score at 2 and 4
weeks post-treatment was
greater in the treatment
than control group.

2. No difference in the
PubMed, incidence of fully recovery
Embase, from anosmia/hyposmia

Do Hyun SR/ WOs, 2.4 Hyposmia between the treatment and

2022 SCOPUS, 5 696 control groups. 12

Kim et al. MA weeks Anosmia

Cochrane,
Google 3. No improvement of

Scholar olfactory score at >4
weeks post-treatment.

4. Topical steroids improved
the acute-onset olfactory
dysfunction

5. No difference in the rate
of full olfactory recovery
between treated and
control patients.

Neuroimaging findings of
OD:

1. Olfactory bulb
Pyeong abnormalities were the
. SR/ PubMed, .
Hwa Kim | 2021 MA EMBASE 17 1394 NR Anosmia mogt commonly observed 9
et al. finding

2. MRI showed T2
hyperintensity in the
olfactory bulbs/tracts

The results of this study
showed that:

1. Viral DNA was detected

Manca PubMed, . mainly in olfactory,
2021 | SR 90 1007 NR Anosmia orbitofrontal and brainstem 9

etal. WOS
areas indicating acute
and largely irreversible
dysfunction in neural
regions
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Neuroimaging findings of
OD:

1. No differences in right
OB volume and left OB
volume.

2. Right OS depth and
left OS depth were
also not significantly
different in COVID-19
cases compared to non-
COVID-19 controls.

3. Right OB volume was
not significantly different
between those with
COVID-19 and those
without

4. There was no difference
in the right OS depth
between COVID-19
cases and non-COVID-19

controls.
Mohammadi SR/ PubMed 10in Anosmia
2022 ! SR 491 NR . 12
etal. MA EMBASE .. MA Hyposmia 5. Left OS depth showed

statistical insignificance
for the difference between
the covid-19 and non-
covid-19.

6. The widths of the right
and left OC and the
total bilateral volume of
OC were significantly
increased in covid-19
patients compared to
healthy controls

7. T2 signal intensity of the
OC area was higher than
healthy controls.

8. bilateral OC width and
total bilateral OC volume
were increased in
COQOVID-19 patients with
OD than without

Citation: Mohammadreza Kalantarhormozi, Houman Sotoudeh, Mohammad Amin Habibi, Mehdi Mahmudpour, Ramin Shahidi, Fattaneh Khalaj,
Shaghayegh Karami, Ali Asgarzadeh, Mansoureh Baradaran, Fatemeh Chichagi, Sara Hassanzadeh, Narjes Sadat Farizani Gohari,
Mahsa Shirforoush Sattari, Amir Azimi, Ali Dadjou, Mahsan Eskandari Olfactory Dysfunction in the COVID-19 Era: An Umbrella Review
Focused on Neuroimaging, Management, and Follow-up. Journal of Radiology and Clinical Imaging. 6 (2023): 78-98.



Volume 6 « Issue 2 87
Kalantarhormozi M, et al., J Radiol Clin Imaging 2023
Journals DOI:10.26502/jrci.2809075

The results of this study
showed that:

1. Alterations in olfactory
areas were associated
with the contraction of
SARS-CoV2.

2. predominant involvement
of the olfactory system

PubMed, with disruptions across
Embase, four olfactory structures.
Najt et al. 2021 SR Ps.,ycln'fo, 27 9809 NR Anosmia 3. Abnormalities also 10

b'ORX'\_/’ extended to the corpus

medRxiv callosum, cingulate
cortex, and insula, jointly
implicating the olfactory
brain network.

4. Olfactory cortical deficits
in Covid-19 patients
comprised altered cortical
volume, thickness, and
hypometabolism.

The results of this study

Cochrane, showed that:
Ovid Pubmed, Hyposmia )
OBryan | ,0-1 | SR Embase, 1 18 1-36 Anosmia 1. The effect of systemic 11
etal. WOS, ICTRP months Parosmia corticosteroids and nasal
ClinicalTrials. Phantosmia irrigation with intranasal
gov, corticosteroids is very
uncertain.
The results of this study
showed that:
Anosmia 1. Higher.pr.evalence of
Printza PubMed, 7-10 Hyposmia anosmia in COVID-19
etal 2020 | SR Cochrane, 24 18773 days Nasal obstruction patients 4
’ medRxiv . 2. Less severe COVID-19
Rhinorrhea . ;
disease is related to a
greater prevalence of
anosmia.

The results of this study

showed that:

1. No clinical markers

PubMed, . predicted the recovery of
] Anosmia ’
Puspita Embase, 1-6 Hyposmia olfactory dysfunction
Utomo 2022 | SR Google 5 2258 - .| 2. Patients who recover are 11
months | PhantosmiaParosmia
etal. Scholar, Nasal congestion of younger age, female,
medRxiv and have COVID-19-

related symptoms such
as nasal congestion and
trigeminal sensation.
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The results of this study
showed that:

1.24.13% of reports on
long-term COVID-19
symptoms were neurologic
complaints and olfactory
dysfunctions.

2. Hearing loss, tinnitus,
dizziness, spinning vertigo,
PubMed, dynamic imbalance, and
WOS, > 1 Anosmia. Hvposmia static imbalance at about
2021 | SR | Embase, 145 | 22296 - YP 1 month of follow-up were | 10
month
and Google reported.

Scholar

Salamanna
et al.

3. Anosmia and hypogeusia
are present both in mild/
moderate/severe cases of
COVID-19.

4. Populations of mild-
to-severe COVID-19
patients further confirmed
persistent loss of smell up
to 6 months after symptom
onset.

The results of this study
showed that:

1. symptoms of mild
COVID-19 persist after
3 weeks in a third of

839
% patients.

Pubmed recovery
2021 | SR | , Embase, 9 3000 in 30- NR 2. olfactory dysfunction is 7
PsychINFO day more common in patients
with a mild course of
COVID-19

Van Kessel
etal.

3. The frequency of olfactory
dysfunction is between
13% and 20%.

The results of this study
showed that:

1. There was a lack of
recovery of gustatory
and/or olfactory function

Embase, in 3-13.9% of study
WHO, participants.
Scopus,

Willietal. | 2021 | SR Pubmed, 31 48552 NR NR 2. Incomplete recovery was 1
Litcovid, observed in 33.6—-36% of

bioRxiv participants at follow-up.

medRxiv 3. Most COVID-19 sequelae
in young, previously
healthy adults, are of
transient nature, there are
indications of multi-organ
impact.
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PubMed,

WOS,
Keshavarz 2021 SR Embase,
etal. Scopus,
Google

Scholar

305

Hyposmia,
Anosmia,
Phantosmia,
Parosmia,
nasal obstruction,
Rhinorrhea

SR: systematic review, MA: meta-analysis, OC: olfactory cleft, OB: olfactory bulb

Volume 6 ¢ Issue 2

Neuroimaging findings of
OD:

1. Normal morphology and

T2/FLAIR signal intensity

in OB and OC obstruction.

. paranasal sinuses were

normal in most cases.

. MRI changes in the

morphology and signal
intensity in OB, OC, or
cortex, and abnormalities
on functional MRI.

. Both morphology and
signal intensity of OB were

normal

. OB morphology and signal

was normal in the early
and on late imaging

. The localized respiratory
epithelial involvement and

inflammation in the OC
appear as hyperintense
mucosal thickening and
obstruction

. CT findings in the

paranasal sinuses or in
OC paranasal sinuses
were mainly normal.

. Incomplete or partial

opacification of OC was
reported.

. PET/CT findings:

Reduction in
fluorodeoxyglucose
uptake in the left insula,
left inferior frontal gyrus,
left hippocampus, and
lefamygdalala compared
with the contralateral side

10.The hypometabolic

activity of the left
orbitofrontal cortex

11.Alternations in glucose
metabolism in the olfactory

tract and higher brain
networks have also been
reported in 12 patients
with anosmia

12.An increase of

abnormalities in signal
intensity and morphology

of OB on late versus early

imaging

89
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reported hyposmia and anosmia as the predominant symptoms
of OD, whereas parosmia and Phantosmia are less frequently
reported. Comprehensive data of the included articles have
been provided in Table 3.

Studies on neuro-imaging findings

Eight articles assessed the neuroimaging findings
of COVID-19 patients with OD. Several neuroimaging
modalities were applied to delineate the impression of
COVID-19 on olfactory systems, including computed
tomography (CT) scan, positron emission tomography (PET),
and magnetic resonance imaging (MRI) [13-19]. Moreover,
different Structures were evaluated to highlight the impact
of COVID-19 on the OD, such as Olfactory cleft, olfactory
bulb, olfactory tract, olfactory sulcus, olfactory gyrus, and
brain cortex related to olfactory sensation. Also, figures 2-5
illustrate the different types of involvement of the olfactory
system in MRI and CT studies.

Olfactory cleft (OC)

The imaging findings of olfactory cleft (OC) in
COVID-19 patients were reported in seven reviews [13-19]
. In the visual inspection of the MRI images, inflammation
and obliteration of the OC were observed, suggesting that the
virus has reached the brain through the olfactory nerves [14].
Complete or incomplete obstruction of the OCs with mucosal
thickening on CT [13] and mucosal thickening with T2 hyper
signal intensity on MRI are among the reported pathologies
of OC in COVID-19 [16,19].

Figure 2: 51-year-old man with COVID-19 infection. CT shows
Opacification of the left olfactory cleft in different views, arrows (A,
axial CT, B, Coronal view).

e AR \g'4 7 415

Figure 3: 60-year-old man with COVID-19 infection. Coronal T2
sequence shows T2 hypersignal intensity of the right olfactory bulb
(A and B, arrow). Swelling of the right olfactory bulb is seen more
posteriorly (B, arrow).

Figure 4: 19-year-old man with COVID-19 infection. Coronal
FLAIR sequence shows subtle sulci FLAIR hypersignal intensity of
right olfactory sulcus (marker).

Figure 5: 62-year-old woman with COVID-19 infection. Coronal
T2 sequence shows subtle edema of left olfactory tract (white arrow)
in comparison to right side (black arrow).

Another manifestation reported in two reviews is an
increase in the width and volume of OC. Enlargement of the
OC increased T2 signal intensity [ 19], and the widening of OC
[18] have been reported. An important radiological marker
of COVID-19-associated OD is the presence of opacification
in the olfactory cleft on CT or MRI imaging. Compared to
control subjects, patients with COVID-19 infection and
olfactory dysfunction (OD) had significantly higher levels of
olfactory cleft opacification [17].

Olfactory bulb (OB)

Six reviews described the imaging findings of olfactory
bulbs (OB) in COVID-19 patients [13,15-19]. It was
demonstrated that no significant differences were observed
between COVID-19 patients with OD and non-COVID-19
individuals in terms of mean volume of OB [18]. However,
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the altered dimension of OB is a common finding in other
studies. For example, considerable enlargement and edema
of bilateral OB were reported seven days after the diagnosis
of COVID-19 [17]. Conversely, a decreased volume of OB
characterized by asymmetry, thinning, and loss of standard
oval shape is reported more commonly in the later stage of
infection [13]. In most cases, OB appears normal within
the first few days following olfactory dysfunction, but
deformation and degeneration of OB are more evident in the
delayed phase and are associated with longer chemosensory
impairment [13,15,19]. Therefore, it appears that the timing of
the imaging during COVID-19-induced olfactory dysfunction
is essential in detecting abnormalities in OB imaging.

The most frequent overall MRI result was normal OB
morphology and signal in the early and late imaging [13].
However, it was reported that approximately half of the
patients have an abnormal olfactory bulb morphology
on MRI with mild irregularity of the olfactory bulb by a
preserved J-shape, contour lobulations, and rectangular-
shaped olfactory bulb [17].

In addition, altered olfactory bulb signal intensity
was frequently described, with diffuse hypointense foci
resembling microhemorrhages, abnormal T2 FLAIR signals,
and olfactory bulb inflammation with abnormal enhancement
demonstrated by pre and post-contrast fat suppression images
[13,16,18,19]. Although, one study has stated that patients
and controls seem to have an equal proportion of olfactory
bulb signal abnormalities [17].

Olfactory sulcus, gyrus, and cortex

Brain imaging findings of the olfactory sulcus, gyrus, and
cortex in individuals with COVID-19 and OD were described
in five studies [13,14,17-19]. Cortical areas responsible for
processing olfactory stimuli were shown to be altered.

Gyrus rectus changes as hyperintensity on FLAIR MRI,
and significantly lower metabolic rate in right rectal gyrus
on 18F-FDG brain PET imaging [19], bilateral cortical
hyperintensity involving the rectus gyrus and hypometabolism
of bilateral olfactory rectus gyri on 18F-FDG PET [17],
hyperintensity in the orbitofrontal and entorhinal cortices
of the right rectus gyrus and the left caudate and para-
hippocampus on early and late imaging, T2 hyperintensity
and CT hypodensity in the cortex of bilateral inferior frontal
lobes and the straight gyrus [13], and changes in the olfactory
area as well as adjacent brain regions, including the limbic and
prefrontal cortex, with the extension of the abnormalities to
the olfactory brain network, which is implicated in the corpus
callosum, cingulate cortex, and insula and altered volume,
thickness, and hypometabolism in the olfactory cortex have
been reported [14]. On the other hand, one study found no
statistically significant difference in the right olfactory sulcus
depth between COVID-19 patients and non-COVID-19
controls [18].

Other olfactory structures

Several reports have been made concerning other
olfactory structures, such as the olfactory nerves, tracts, and
paranasal sinuses. Three reviews demonstrate olfactory tract
abnormalities [17-19] with evidence of bilateral T2-FLAIR
hyperintensities, enhancement, and DWI abnormalities
indicative of olfactory tract inflammation [19], and
enlargement of the central olfactory tract, which is more
prominent on the right side[17]. In addition, a significant
reduction in the mean length of right and left olfactory tracts
in patients with COVID-19 and persistent OD in comparison
to normosmic healthy controls [18] has been noted in these
studies. One study revealed destruction in the olfactory
nerve morphology and filia architecture by the clumping
and thickness of the olfactory filia, as well as a scarcity of
them on olfactory nerve MRI [17]. The manifestation of
paranasal sinuses is discussed in two articles [13,17]. MRI
demonstrated minor mucosal thickness in the ethmoid sinuses
and inflammation or partial obliteration in the ethmoid,
sphenoid, and/or maxillary sinuses [17]. However, in another
study, the paranasal sinuses were found to be normal in most
of these scans [13].

Studies on the management of COVID-19-related
oD

Steroids

Some studies have examined the use of steroids in treating
patients with post-infectious olfactory dysfunction (PIOD)
using various formulations, routes, and doses of steroids
[20-23]. An oral steroid trial for a limited period can resolve
residual mucosal congestion related to the PIOD and improve
the therapeutic effects of other techniques (smell training,
spontaneous recovery). It is well-recognized that topical
steroids have fewer side effects than systemic steroids [24].
Nevertheless, administration instructions should be considered
carefully, as nasal steroids are most effective when sprayed
via nozzles (such as laryngeal mucosal atomization devices)
or as nasal drops in a dependent head position [20]. Treatment
with topical mometasone has been shown to improve odor
threshold and identification [22]. The other review reported
that topical steroid significantly affects the early phase of
PIOD within four weeks. However, full recovery of PIOD
is not achievable, and no significant difference was observed
between patients using topical steroids and the placebo groups
over four weeks after treatment [23]. One study assessed the
combined effect of systemic steroid and steroid irrigation and
showed the improvement of smell sense. However, recovery
and changes in olfactory function, and adverse reactions to
steroids remain uncertain [21].

Olfactory training

In classic olfactory training (OT), four different odorants
are exposed twice daily for five minutes [25]. Previous studies
have found that these four odorants (phenyl ethyl alcohol,

Citation: Mohammadreza Kalantarhormozi, Houman Sotoudeh, Mohammad Amin Habibi, Mehdi Mahmudpour, Ramin Shahidi, Fattaneh Khalaj,
Shaghayegh Karami, Ali Asgarzadeh, Mansoureh Baradaran, Fatemeh Chichagi, Sara Hassanzadeh, Narjes Sadat Farizani Gohari,
Mahsa Shirforoush Sattari, Amir Azimi, Ali Dadjou, Mahsan Eskandari Olfactory Dysfunction in the COVID-19 Era: An Umbrella Review
Focused on Neuroimaging, Management, and Follow-up. Journal of Radiology and Clinical Imaging. 6 (2023): 78-98.



Volume 6 ¢ Issue 2 92

Kalantarhormozi M, et al., J Radiol Clin Imaging 2023

Journals DOI:10.26502/jrci.2809075

eucalyptol, citronella, and eugenol) improve olfactory loss of
post-viral olfactory dysfunction after 12 weeks of training.
Olfactory training is often recommended as a treatment
that is relatively safe without adverse effects and may
be utilized combined with other therapies. It was found
that OT was effective in identifying and discriminating
odors. Furthermore, MRI studies showed alterations in
connectivity between cortical olfactory networks after OT.
Subsequently, the OT has been recommended as the first
line for treating PIOD [20,22]. In one study, the use of OT
in combination with steroids was compared to olfactory
training alone and showed that adding the nasal steroid spray
can not provide any additional benefit [26]. In the modified
OT, the four odorants are initially used for 12 weeks, the
same as in classic OT. In the following 12 weeks, the second
set of odorants (menthol, thyme, tangerine, and jasmine)
is applied, and then a third round of odorants (green tea,
bergamot, rosemary, and gardenia) for the final 12 weeks
[20]. Recent data shows that this technique over 24 to 36
weeks is better in odor discrimination and identification than
classical training.

Other treatments

Some studies have investigated other therapeutic options
for improving olfactory functions and reducing recovery
time. The therapeutic agent recruited in different studies were
summarized:

* Zinc supplements: Patients with PIOD treated with zinc
sulfate have not demonstrated statistically significant
improvements in their olfactory function [20,22].
However, one study documented that zinc therapy
significantly shortened the recovery time of olfactory
dysfunction (14).

* Retinoic acid (Vitamin A): Supplementing with 10,000
IU vitamin A did not demonstrate any benefit compared
to placebo. However, the administration of 10,000 IU of
topical vitamin A along with OT resulted in significant
clinical improvement over OT alone [20,22].

* Probiotic strains: One research examined the intranasal
delivery of L. lactis W136 to COVID-19 patients within
96 hours of their diagnosis. Intranasal treatment for 14
days resulted in a decrease in symptoms’ intensity and
olfactory impairment (15).

* Theophylline: Theophylline is a phosphodiesterase
inhibitor and it has been shown to increase olfactory
function when administered orally [20,22].

¢ Sodium Citrate: Intranasal sodium citrate showed
improved olfactory threshold and identification due to its
capacity to bind calcium ions. Intranasal sodium citrate is
believed to lower free mucosal calcium, hence decreasing
negative feedback and boosting sensitivity to odorants
[20,22].

* Minocycline: The anti-apoptotic activity of minocycline
may contribute to improving olfactory function.
However, minocycline, did not significantly improved
odor sensations compared to the placebo [20,22].

* N-Methyl D-aspartate antagonist: By avoiding
glutamatergic neurotoxicity, it is hypothesized that
Caroverine, an N-methyl-D-aspartate (NMDA ) antagonist,
can aid in treating post-viral olfactory dysfunction.
Caroverine enhanced odor thresholds in anosmic patients
and odor recognition in both anosmic and hyposmic
individuals with post-viral olfactory dysfunction [20,22].

» Topical Intranasal Insulin: topical intranasal insulin has
been studied and shown to increase odor sensitivity in 60%
of patients, with modest increases in odor discrimination
[22].

» Alpha Lipoic acid: alpha-Lipoic acid (ALA) is a fatty
acid primarily used to treat diabetic neuropathy. It also
possesses antioxidative and neuroprotective effects
and increases the production of nerve growth factors,
substance P, and neuropeptide Y. It was recognized that
applying ALA results in a modest increase in olfactory
function [20].

Studies on follow-up and outcomes in COVID-19-
related OD patients

Ten studies examined the long-term course and recovery
rate from OD [19,26-34]. According to two studies, the
majority of OD cases remained chronic, and most patients
recovered incompletely within the first weeks after the
elimination of other symptoms. Moreover, in those who
recovered from OD, recovery happened mostly within two
weeks of the onset of symptoms [19,32]. In contrast, in the
other three studies, the percentage of spontaneous recovery of
olfactory symptoms was reported to be very high [27,29,31].
In most reviews, Age, gender, and medical comorbidities
were predictors of post-COVID-19 olfactory recovery. It
is hypothesized that individuals aged<40 years have more
tissue injury resistance than older individuals, and the age
of >70 years is a predictor of poor long-term recovery from
COVID-19-related OD [28], On the other hand, another
study found that young adults are at an increased risk
of olfactory dysfunction [34]. In contrast to two studies
demonstrating a higher recovery rate in women [26,28],
another review concluded that women were more likely to
continue the olfactory dysfunction [30]. A less severe form of
COVID-19 disease in non-hospitalized patients is associated
with a greater prevalence of anosmia, and longer symptoms
[26,31,33]. Two other studies have suggested that highly
severe cases have a higher risk of developing long-lasting
anosmia and experiences a persistent deficit [28,32].

Discussion
Globally, COVID-19 has been the biggest challenge for
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health care systems since December 2019. Most patients
with Covid-19 suffer from olfactory dysfunction, which
is associated with high healthcare costs for governments.
Although most olfactory dysfunctions in covid-19 patients
spontaneously resolved, some patients with persistent
manifestations of covid-19 did not recover spontaneously,
highlighting the importance of considering the different
clinical aspects of these patients. Furthermore, several
systematic reviews and meta-analyses have been published
assessing different aspects of COVID-19 patients with OD
and showed some controversies in the care of these patients.
Considering this, it is imperative to conduct a comprehensive
review of the current scientific evidence for different aspects
of this patient's care. Based on our included studies, we can
discuss these patients in the following aspects.

Neuroimaging findings in Olfactory dysfunction

A meta-analysis of 17 cohort studies presented that 9.7%
of COVID-19 patients underwent neuroimaging which
35.5% had abnormalities associated with the SARS-Cov-2
virus. Moreover, it was shown that these abnormalities
were more common in critically ill patients [16]. Several
studies used different neuroimaging techniques to determine
the details of OD in COVID-19 patients. Although the
underlying mechanism of olfactory dysfunction (OD) is
not completely understood, investigating the mechanism of
action of the SARS-Cov-2 virus can help to understand the
exact pathophysiology of OD. According to previous studies,
the SARS-Cov-2 virus interacts with angiotensin-converting-
enzyme 2 receptors (ACE-2) [35], which are highly
expressed in the nasal epithelium. Therefore, damage to the
neuro-epithelial cells can cause inflammation, impairment of
neurogenesis in olfactory neurons, and lead to OD [36-38].
Based on neuroimaging studies, OD is associated with nasal
epithelium abnormalities. In patients aged > 60, the virus
DNA has been detected in olfactory areas, which makes it
possible to damage this area and cause olfactory symptoms.
Moreover, inflammation has been found in the olfactory
epithelium, which may be associated with underlying
mechanism of the SARS-Cov-2 virus-induced OD [39].

Despite the abovementioned facts, Mohammadi et al. [18]
conducted a meta-analysis on 180 COVID-19 patients and
308 healthy subjects. They found no statistically significant
difference between the COVID-19 patients and non-
COVID-19 controls regarding the anatomic imaging of the
olfactory system, including OB volume and OS depth.

Furthermore, pooled results of a Systematic review on
case series, case-control studies, and case reports showed
that olfactory cleft (OC) opacifications and abnormal signal
intensity of olfactory bulbs in COVID-19 patients with OD
were significantly higher [17].

Obstruction of OC is another possible underlying
mechanism of OD. In a study on 305 patients with COVID-19

and OD that underwent various neuroimaging modalities, the
most common finding was an obstruction in OC with normal
morphology and T2/FLAIR signal intensity. Also, there
were some cases of OB and OC atrophy in the late phase of
COVID-19 patients, which can explain central mechanisms
in the late stages of OD [13]. In this regard, one study showed
that changes in OC structure are greater than those in OB
which can be related to the different immune responses in
OC [15].

Another explanation for OD is the disruption in
sustentacular cells due to infection. These cells support
olfactory sensory neurons by balancing the ions. Therefore,
damage to the sustentacular cells can hamper sensory neurons
signaling to OB. Consequently, OD will happen due to the
partial lack of signal transmission [15].

Besides the olfactory structures, some adjacent areas
in the brain are also reported to be affected by the virus,
including the cingulate cortex, corpus callosum, and insula,
which are parts of the olfactory network and can influence
the senses of smell [40]. The Insula region plays an essential
role in smell processing. The Corpus callosum connects
two brain hemispheres, which contain olfactory cortices
in the temporal lobes and helps the integration of sensory
information. In terms of the cingulate cortex, an olfactory
stimulation can trigger a functional pathway in the cingulate
cortex to the olfactory system. One possible hypothesis is that
systemic response to the virus might lead to inflammation and
dysfunction of these areas, which are not direct targets of the
virus [14].

Follow-up and recovery of patients with Olfactory
dysfunction

According to case-control studies, OD is higher reported
in COVID-19 than in other respiratory infections [3,33].
The rate of OD in COVID-19 patients varied in different
groups. However, different observational studies reported
that 5.1% of hospitalized COVID-19 patients suffered from
loss of smell [41,42]. In other studies, the rate of OD in
hospitalized and home-treated patients reached 73% and
85.6%, respectively [7,43]. Moreover, nasal obstruction and
rhinorrhea were found in 12.9%-40% and 18%-28.5% of OD
patients, respectively. It was also reported that less severe
COVID-19 was associated with a higher rate of anosmia [33].

Most COVID-19 patients with OD recovered during 7-10
days [33], while in some studies, it was reported to continue
for up to 6 months [44,45]. Remarkably, some studies did
follow-up for OD patients, and only five studies concluded
that OD symptoms persisted in less than 10% of patients for
more than 20 days. Studies with longer follow-up times (117,
125 days) reported 88% and 84% recovery rates, respectively
[46,47]. Interestingly, a cohort study on 100 patients with
moderate COVID-19 symptoms conducted follow-up for one
year, and 48% of patients suffered from olfactory dysfunction.
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These patients experienced long term home-isolation, which
can be associated with OD persistence. Additionally, some
believe a higher viral load might lead to symptom persistence
[29]. On the other hand, a systematic review of the 18 original
studies reported that 33-36% of adult COVID-19 patients
experienced incomplete OD recovery, and 3-13.9% suffered
a lack of recovery during 12-39 days after symptoms onset
[27]. Primarily, the presence of OD was associated with a
mild course of COVID-19, which was indicated by lower
inflammatory markers, ICU admission, oxygen therapy,
hospitalization, intubation and mortality, and a decreased risk
of pneumonia [19]. Although OD is more likely to persist
in patients with moderate symptoms [31], anosmia was also
reported in severe COVID-19 cases [32].

It was also recognized that OD symptoms can occur
before other COVID-19 clinical manifestations and should
be taken thoughtfully [30]. Regarding risk factors for OD, no
definite consensus was reached on gender, and several studies
displayed that gender is not a risk factor for OD [26]. Mild
and severe COVID-19 patients with severe initial OD had
inferior OD recovery and outcomes [26]. A meta-analysis
reported that olfactory dysfunction is more likely to emerge
in younger adults in high-income families [34]. Thus, age
might be a risk factor for OD. It is believed that individuals
aged<40 have better tissue resilience. Considering the
results of a study demonstrating more prevalence of OD in
patients older than 70, it seems rational to consider age as
an influential factor [48]. However, there are controversial
studies in that respect [49].

Smoking Cessation may accelerate OD recovery after
COVID-19. However, researches on the effect of smoking
are controversial[20]. Parosmia, distortion in the ability to
smell known odorants, is also reported in COVID-19 patients
and studies proved it can worsen OD. The reason behind
this could be the emergence of immature neurons due to a
COVID-19 induced decrease in repairing olfactory neurons
[50]. A study reported that approximately half of COVID-19
patients suffered from parosmia for up to one and a half
year after infection. Another predictive factor is trigeminal
sensation. Some studies showed that the trigeminal neurons
could be the targets of SARS-Cov-2. Besides, the trigeminal
nerve itself is associated with the olfactory system. Thus,
poor function of the trigeminal nerve might be a predictor of
OD [51].

Dental flossing can reduce the risk of gingival
inflammation. A significant higher rate of dental flossing was
observed in the early-smell-recovery group compared to the
late-recovery group. [28]. Platelet count was also mentioned
as a predictor. SARS-Cov-2 particles can develop thrombosis
through affecting on ACE-2 receptors on endothelium,
which might occur in the olfactory system. A lower platelet
count could reduce the chance of platelet aggregation, and
thrombosis in the olfactory system [28].

Management of Olfactory dysfunction
Non-pharmacological management

Based on previous studies almost one-third of patients
with persistent symptoms of OD resolve spontaneously
without any treatment. Because many patients also do not visit
a physician, the percentage of spontaneous elimination of OD
can be even more. The recovery rate might vary depending on
the patient’s age, degree of OD, and duration [20].

Based on documents, including RCTs and meta-analysis,
olfactory training is the treatment of choice for OD [20,22].
OT therapy involves repeated exposure to odorants. It
is believed to regenerate olfactory receptor neurons and
improve olfactory information processing in patients who
suffer olfactory loss related to different etiologies. The OT
consist of using 4 odorants which should be smelled for
five minutes twice daily and continued for at least 12 weeks
[25]. Any odorant which can encourage patient’s compliance
is recommended. One interesting study used a concurrent
depiction of the scent coupled with smelling and showed
that after 4 weeks, 64% of patient’s symptoms improved.
Additionally, it was shown that earlier initiation of OT (<12
months) along with the long duration of it (up to 56weeks),
was associated with olfactory dysfunction improvement [52].

Smoking cessation is another modality that improves
olfactory function. Although it has been shown that smoking
can worsen the severity of olfactory dysfunction, there are
conflicting studies regarding its effectiveness on the loss of
olfaction. A meta-analysis found that smoking is associated
with an increased risk of olfactory dysfunction. In contrast, a
retrospective study showed no association between smoking
and olfactory function status [52].

Traditional Chinese acupuncture is a treatment for
healing that has been used for centuries. A reanalyzed
prospective study investigated its effect on PIOD and showed
no improvement in PIOD patients [22].

Pharmacological management

Pharmacological agents could also be useful for treating
PIOD patients. Pharmacological drugs are recommended
whenever the PIOD is sustained over 2 weeks. Some recent
studies suggest that anti-inflammatory agents such as oral and
intranasal corticosteroids can play a major role in respect of
PIOD patients. Systemic or topical steroids can improve OD
in chronic rhino sinusitis. Regarding intranasal corticosteroids
(ICS), there are limited documents evaluating the effectiveness
of their independent use. Studies mostly suggest ICS in
combination with OT might be beneficial for patients. Also,
short-term treatment is recommended because no difference
was observed between short-term and long-term use of ICS.
For symptoms lasting more than 2 weeks, patients can start
using ICS. Regarding side effects, it depends on the amount of
drug that can reach the olfactory cleft. The Kaiteki position is
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helpful in which an individual lay on one side, the head tilted,
and the chin lifted at 20-40 degrees [52]. A meta-analysis
conducted on OD recovery after four weeks post-COVID-19
treatment with topical steroids showed that ICS did not affect
the rate of full recovery, while olfactory improvement within
four weeks was statistically significantly more significant in
the intervention group [23]. Thus, considering the low risk
of these agents and limited side effects, a short-term trial as
a complementary drug is recommended. Oral corticosteroids
(OCS) have limited evidence of effectiveness and therefore,
are not a part of routine clinical management. Interestingly,
it was shown that patients with any cause of OD concluded
that an initial short course of OCS can be practical while
continuing them can have some side effects without more
points. Nevertheless, before initiation, all risks and benefits
should be evaluated for each patient [20].

It seems that an OCS trial can be helpful in patients who
experience only olfactory symptoms of COVID-19. Similar
to ICS, OCS, in combination with OT therapy, is proven to be
more effective than OT therapy alone. In a non-randomized
control trial with patients who suffered OD symptoms
for more than one month, a combination of ICS and oral
prednisolone for 40 days was significantly helpful. Thus, in
refractory cases, it can make improvements. OCS therapy
should be used based on the patient’s conditions, and a 3-4-
day trial can be helpful initially [52]. Moreover, there are other
non-steroid pharmacological agents which can be useful. It
should be considered that no study specifically evaluates the
efficacy of non-steroidal agents on the COVID-19 associated
olfactory symptom. Therefore, the drugs are recommended
based on their mechanisms of action and effectiveness on
any causes of OD. Theophylline is proven to be effective in
neural generation by influencing cell massages. One study
on hyposmia showed approximately half of the patients
benefited from theophylline [28]. Moreover, another study
showed greater doses of theophylline could make more
improvement in OD [53]. Sodium citrate can reduce calcium
in the mucosa, which will be reduced the negative feedback
and increase odorant sensitivity. A randomized clinical trial
concluded that almost one-third of OD cases benefited from
sodium citrate and improved their olfactory function[54].
Similarly, a cohort study showed significant improvement in
OD in patients with PIOD after using sodium citrate [55].
However, some other studies have sparse outcomes.

Caroverine is a reversible antagonism of N-Methyl
D-aspartate (NMDA) receptor and produced promising
results. Although the exact underlying mechanism of
caroverine on the neuroepithelium is not fully understood,
an RCT study demonstrated that patients with hyposmia
and anosmia showed improvement in odor identification
following using 120 mg/daily of caroverine [56].

Alpha-lipoicacid (ALA)isa fatty acid that stimulates nerve
growth factors expression, substance P and neuropeptide Y all

of which have neuroprotective capabilities. In a prospective
study, This also showed moderate olfactory improvement in
61% of its users [57]. Vitamin A can aid in the regeneration
of olfactory neuro epithelium. Several studies showed it
improves olfactory function after systematic treatment in
patients with mixed causes of olfactory loss. Furthermore,
a study found that using 10000 units Vit A combined with
OT can improve olfactory dysfunction compared to OT alone
[58].

Regarding zinc sulfate, some studies showed
improvement in olfactory function compared with placebo
and mometasone propionate. Zinc sulfate can potentially
shorten the duration of OD symptoms without affecting the
recovery rate. Considering the limitation of these studies, all
of these therapeutic agents need more investigation to be a
part of OD management. [20,59]. Some studies investigated
the effects of probiotics on COVID-19, and one showed that
14-day administration of L.lactis W136 intranasal spray
could reduce the olfactory dysfunction rate in COVID-19
patients. [60].

Topical intranasal insulin also showed improvement in this
regard. A clinical trial showed that intranasal administration
of 40 U insulin in approximately 60% of patients improved
odor threshold and increased the detection of odors [61].

Conclusion

Based on documents, the COVID-19 virus can cause
abnormalities in olfactory system structures. Opacification of
olfactory cleft, olfactory bulb deformation and degeneration
in the delayed phase, T2 and FLAIR hyper-intensity, and
decreased PET metabolism in the olfactory cortex are
neuroimaging findings of COVID-19 with OD. Additionally,
the virus or inflammation can affect some brain regions
associated with the olfactory system, including the cingulate
cortex, corpus callosum, and insula. Various reports showed
that a high proportion of infected patients had olfactory
system-associated symptoms and the recovery rate varies
based on the patient's condition, such as age. Generally,
younger patients with mild clinical manifestation are more
likely to experience OD, especially the persistent type. In
many cases, OD symptoms resolve up to 2 weeks after their
initiation; these symptoms can persist in a low percentage of
patients. As predictors of OD recovery, many factors, such as
sex, age, and severity of COVID-19, have been discussed in
numerous studies with varying results.

Regarding management, the most effective was olfactory
training (OT), a non-pharmacological treatment that
should continue for at least three months. Some research
indicates that topical corticosteroids improve odor threshold
and recognition, while others indicate that the effect of
corticosteroids on olfactory function and the adverse effects
of steroids are yet unknown. Oral corticosteroids can be
helpful in limited situations, and this decision depends on
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each patient's condition. Moreover, some non-steroid agents
can be helpful due to their effectiveness on neuro generation,
among which vitamin A had promising effects. Other drugs
such as zinc sulfate, theophylline, and probiotics, produced
conflicting results. Most research suggests olfactory
training as the initial treatment for post-infectious olfactory
impairment.
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